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ABSTRACT

Mixtures of Dipel 36B, a highly concentrated commercial
formulation of Bacillus thuringiensis (B.t.), and Orthene (R) (0,5-dimethyl
phosphoramido-thicate) , an organophosphous insecticide, were applied by
aircraft at volume rates varying from 2.35 1/ha to 14 1/ha (0.25 to 1.5
U.S. gallons/acre) to white spruce and balsam fir trees infested with
spruce budworm, Choristoneura fumiferana (Clem.). All plots received
20 Billion International Units of B.t./ha (8 BIU/acre) with or without
420 g active ingredient of Orthene/ha (0.6 oz/acre). The trees on all
test plots except one which had been sprayed with B.t. the previous year,
were in the same state of vigor in relation to budworm density. |

Drop density in the plot sprayed at 14 1/ha was 3-6 times
higher than in those sprayed at 2.35 to 4.7 1/ha. Foliage protection
generally increased with drop density in all formulations tested. The
number of spores and crystals per drop and standard error increased
linearly with drop size. An analysis of 16 B.t. aerial spray applications
over a 4 year period indicated that coverage is also related to form—
ulation used, airmass stability and relative humidity at spray time.

B.t. deposits varied markedly on the 4 quadrants of the trees indicating
that branch samples for population reduction and defoliation assessments
should be taken from the 4 sides.

The viability of B.t. spores on white spruce foliage was
drastically reduced after 1 day of weathering but a high level of
biological activity by the spore crystal-camplex was maintained up to
20 days post-spray probably due to the maintenance of crystal activity.

The addition of about 10% of the operational rate of Orthene (i.e. 6-8 oz
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Al/acre) to B.t. suspension, significantly increased budworm mortality,
and reduced emergence and oviposition in the field. The B.t.-Orthene
treatments did not deleteriously affect spruce budworm larval, pupal or
egg parasites (mainly Glypta fumiferanae, Phaogenes hariolus and
Trichogramma sp., respectively). The volume rate of 2.35 1/ha (0.25 GPA)
was generally less effective than the higher volume rates. The 14 l/ha
rate of B.t.-Orthene gave 59% protection of current growth on white spruce
and balsam fir carrying low to moderate levels of budworm density. The
formulation containing Dowanol TPM and Orthene applied at 2.35 1/ha gave
61% protection to current growth on heavily infested balsam fir trees,
due in part to the toxicity of Dowanol. Viable egg mass density in the
spray plots indicated low budworm populations for the following year.
Because of the characteristically delayed effects of B.t. and
B.t.-Orthene, applications should be made in two consecutive years,

particularly where populations are high.

CAN/Fo/46—10/CC—-X/110
Morris, O.N. (Oswald N.)

Laborator tests and field
trials © low volume
ASEK c. 1



LABORATORY TESTS AND FIELD TRIALS OF
LOW VOLUME AERIAL APPLICATION OF Bactllus thuringiensis -
orTHENE (R) COMBINATIONS AGAINST THE SPRUCE BUDWORM

Choristoneura fumiferana (Clem.)

by

0.N. Morris, J.A. Armstrong and M.J. Hildebrand

INTRODUCTION

The spruce budworm, Choristoneura fumiferana (Clem.) is
known to be highly susceptible to cammercial preparations of Bacillus
thuringiensis (B.t.) (Yamvias and Angus 1970, Morris 1973a) and even
more so to mixtures of B.t. and low or sublethal concentrations of
chemical pesticides (Morris and Armstrong 1973, 1974; Hopewell 1974;
Morris 1975a). Aeriallapplication rates of the cambinations used so
far with appreciable efficiency in spruce budworm control trials range
froni 4.7 LhE 0 21.1 Lha (0.5 to 2.25 U.S. .gallons/acre), If B.t.
is to be used econcmically over large areas of forests, it would be
advantageous to apply even lower volume rates if the appropriate
_formulétions and spray technology were available. The currently
available commercial formulations of B.t. are not effective enough to
allow this.

This report presents the results of aerial spray trials with
a new highly concentrated B.t. formulation, at application rates of

2.35 1/ha to 14.0 l/ha of B.t.-Orthene(R) (0,S-dimethyl phospharamidothioate)



mixtures against spruce budworm on white spruce (Picea glauca (Moench) Voss)
and balsam fir (4bies balsamea (L.)) at the Petawawa Forest Experiment
Station, Ontario. The project was jointly supported by C.C.R.I., P.F.E.S.

and Abbott Laboratories, Chicago.

MATERIALS AND METHODS

Laboratory Tests

Prior to field testing, the high potency B.t. formulation
(Dipel (R) 36B, Abbott Laboratories, Chicago, Illinois) which was to be
used in the field was bioassayed in the laboratory to determine how
its potency campared with the wettable powder formulation previously
used. The additives to be used, viz. Sorbo (Atlas Chemical Industries,
Montreal) and Dowanql TPM* (Dow Chemical Co., Midland, Michigan) were
also tested for their effect on B.t. spore germination and vegetative
cell replication (Morris 1975 b) and mortality of 4th instar budworm
larvae when applied with or without B.t. All bicassays were done by
incorporating the materials into artificial diet as previously described
(Morris 1975b); see Tables 1-7).
Field Tests

The five test plots consisted of mixed white spruce and
balsam fir stands varying in height fram 9 to 15 m. The trees had been
infested with spruce budworm for the previous 5 years but the population
densities on one of the plots had been brought to a moderate level by
the application of B.t. or B.t. + Orthene during the previous year

(Morris and Ammstrong, 1974). In that year, 20 BIU of Dipel WP + 42 g

* Tripropylene glycol methyl ether.



Orthene/ha, gave 45% defoliation on white spruce and 19% on balsam fir
trees carrying pre-spray larval budworm populations of 10 and 4 per 45 cm
branch tip, respectively. This treatment was used as a camparison
standard in the 1975 trials.

The spray formulations and application logistics used in the
present trials are summarized in Table 8. The Cessna Agtruck used was
equipped with 4 AU3000 Micronair emission units calibrated to deliver
droplet sizes ranging in diameter fram 40-180 microns. Pre-spray
budworm density and larval develcpment were assessed one day before
spray application and estimates of expected tree conditions were made,
based primarily on the ratio of the number of current year's buds per m’
of foliage to larval density. The method of recording meteorological
oconditions at spray time and during the biological assessment periods
was similar to that already reported (Morris and Hildebrand, 1974).
Meteorological data for the present trials are summarized in Tables 11
and 12. Deposit samples were recorded at ground level using the sample
unit earlier described (Morris and Hildebrand, 1974).

The residual activity of B.t. on two open grown white spruce
trees in one of the spray blocks was determined by rearing 4th instar
spruce budworm larvae on branches collected from the four cardinal sides
of the trees at 0 (immediately after sprav), 1, 5, 10, 20 and 30 days
post-spray. Three to 4 replicates of 50 larvae each were used per

weathering period except for the checks in which 2 replicates of 50 were
used.

Residual activity was also determined by a spore viability

test. Four 1l0g samples of needles were stripped fram the branches



collected at each sample time. To each sample was added 100 ml
pl'wsphaté buffered saline plus 0.025% Tween 80 and this was shaken

on a wrist action shaker for 15 min. A calibrated loop ful (0.0l ml)
of each wash was treaked on 3 brain heart infusion agar plates and
incubated at 299C overnight. The number of colonies developing on the
media was used as an estimate of the number of viable spores per unit
weight of foliage.

Estimates of budworm and non-target Lepidoptera population
reduction due to treatments were based on number of larvae collected fram
two 45 am branch tips per sample station (1 tree per station) within
treated and untreated plots. The number of current vear's buds on all
sample branches were counted and corrected percent population reductions
were calculated on the basis of larvae per branch, per m? of foliage
and per bud. The drum method of DeBoo et al (1973) and Martineau and
Benoit (1973) was used to remove larvae fram the branches at all sampling
times except at pre-spray when larvae were hand-picked. All dead larvae
collected were diagnosed for the incidence of B. thuringiensis, nuclear
polyhedrosis virus, microsporidia and fungus infections.

To determine the effects of the treatments on feeding activity,
canvas mats 0.9 m®> in area were placed under 3 white spruce trees per
plot. Frass collected at the first post-spray assessment and at the end
of pupation was cleaned, air-dried and weighed. The frass drop rate was
calculated in mg/m?/day and related to the mean plot deposit of active
ingredient and to defoliation. Fettes' (1951) branch sampling method
supported by aerial color photography were used to estimate defoliation.

Lffects of the treatments were observed on amergence of field collected



pupae and on oviposition rate as indicated by an egg mass survey
conducted at the end of the test season.

Larval parasitism was recorded at the time of budworm density
assessment; of all plots. In addition, a special study was conducted
along the lines suggested by I.W. Varty (Maritimes Forest Research Centre
N.B.) in which ten L4 larvae collected fram each of 20 white spruce trees
per plot were reared on artificial diet at room temperature at 5 larvae
per rearing cup. Larvae were reared to adult and all emerging parasites
were identified. Percent parasitism was related to pre-spray spruce
budworm density. The densities of Apanteles sp. and Glypta sp. cocoon on
foliage samples used for defoliation estimates were also recorded and
related to budworm population densities occurring at the pre-spray and
two post-spray sampling periods.

Finally, a cost analysis of materials used and aircraft rental

was made to campare cost per hectare of applying each formulation.

RESULTS AND DISCUSSION

Laboratory Tests

Results of the bioassay of Dipel 36B incorporated in artificial
diet (Table 1, Fig. 1) indicated that the potency of this formulation
was about the same as that of the wettable powder when campared at
equivalent active ingredient (international units of potency) application
rates. At 6 hr incubation time, 10% Sorbo substantially reduced B.t.
replication in trypticase soy agar liquid culture but when the broth
suspension was smeared on solid media, growth was normal indicating that

the effect was bacteriostatic rather than bacteriocidal (Table 2). Sorbo



at 35 to 50% concentration apparently killed the vegetative cells since
negligible growth occurred both in broth and on solid media (Table 2).
Dowanol TPM at all concentrations tested were decidedly bacteriostatic

but not ba;:teriocidal (Table 3). Sorbo at concentrations above 25%

and 10-30% Dowanol TPM in liquid culture inhibited spore germination

(Table 4). This was apparently a cambination of delayed and concentration
effects since 0.01 ml of broth culture spread over petri dish agar surfaces
resulted in normal germination and growth.

Results of a bicassay of B.t. + Sorbo in artificial diet (Table 5)
suggested a certain incampatibilitv of the two in terms of budworm |
mortality, with 50% concentration of Sorbo resulting in lower mortality
than 10%. Sorbo alone, however, was not insecticidal. In a second
experiment, (Table 6), 30% Sorbo, at least with the higher B.t. concentration
(6400 TU/1 of diet) also appeared to be slightly incampatible. A 25%
concentration of Dowanol alone in diet killed 96% of the test larvae. No
vegetative cells were found in larvae killed by B.t.-Dowanol cambinations,
indicating that the observed mortality may have been due entirely to
the adjuvant or a cambination of toxic crystal protein and adjuvant.

The apparent incampatibilities noted with B.t.-Sorbo and
B.t.-Dowanol were shown to be at least partly due to interaction of
the materials with the diet. When foliage was dipped in the cambinations
and fed to budworm larvae (Table 7) neither of the two adjuvants decreased
B.t. potency and both reduced feeding activity when campared with B.t. alone.
Field Tests

Results of the spray plane calibration (Fig. 2) indicated that

the mean number of drops/am® for Dipel 36B + Sorbo, Dipel 36B + Dowanol TPM



and Dipel wettable powder + molasses, were 52.5 (range 11.8 to 136.0)
over a distance of 60 m, 35.8 (6.2 to 159.0) over 93 m and 23.1 (0.4 to 47.0)
over 39 m. Difficulty was encountered with the operation of the two
outboard Micronairs during the Dipel-TPM calibration tests at 2.35 1l/ha
(0.25 gallons/acré) which would at least partly account for the reduced
coverage. Drop sizes as indicated by mean spot sizes generally decreased
with distance from the flight line.

Development of untreated budworm over the entire test periocd is
sumarized in Table 9 and development in treated areas at each population
assessment period is given in the appendix. In general, larvae were
mainly L3 and L4 at time of application.

Estimates of tree vigor based on the number of current year buds
per m* of foliage indicated that with the possible exception of the
Dipel WP + Orthene plot, the pre-spray tree conditions in all the test
plots were similar (Table 10). The ratio of bud density to pre-spray
larval density anticipated a relatively lower defoliation on the Dipel WP
treatment plot than on other plots even without treatment.

Meteorological conditions at spray time were satisfactory for
all spray applications (Table 11). All were done under conditions of
stable air mass, temperature inversion, low windspeed, high humidity
and low turbulence. Meteorological records for the two post-spray
assessment periods indicated normal climatic conditions at Petawawa at
that time of year (Table 12).

Deposit rates at ground level in spray plots are given in
Table 13. Dipel WP + molasses applied at 14 1/ha gave the smallest

average drop size and best coverage (40 drops/cm?) even with the lowest



deposit rate of active ingredient (2.47 BIU/ha). The good break-up of

this spray was probably partly due to characteristics of the spray mixture.
Studies on the physical behavioral characteristics of the droplets on
Kromekote cards in the laboratory by W. Haliburton (C.C.R.I.) indicated
that spread factor was approximately 2 at high relative humidity. The
drops appeared to exhibit primary and secondary spreads, the latter due

to the presence of Orthene or molasses or both. Dipel 36B + Orthene
formulation gave a higher active ingredient deposit rate but poorer
coverage than the wettable powder formulation. The spread factor for

both Dipel-Sorbo formulations was approximately 2 at 55-57% R.H. for drops
.above 170 um diameter. There was only a slight increase in drop spread
due to the presence of Orthene. The deposit rates of active ingredient
and coverage rates in the Dipel-Dowanol formulation were the lowest

with or without Orthene present. The physical characteristics of this
latter formulation were such that it was not possible to generate small
uniform drops witl; the rotary drop generator used for the other formulations.
Small drops produced via a pneumatic nozzle and injected into a winnowing
tunnel at 60% R.H. dried to non-adhering spheres if airborne for more

than 2 to 3 seconds so that only a few of the larger cnes made discrete
spots on paper and their original sizes ocould not be determined because

of unknown degree of evaporation. Rough data indicated a stfong effect

of evaporation on drops between 60 and 70 ym diameter at 60% R.H. The
spread factor of larger drops (115 um diameter) was about 2 with or without
Orthene. Less than half as many viable spores deposited with this
formulation than with Dipel-Sorbo even though the emitted rate was the same.

An analysis of the relationship between drop size and the number



of spores and crystals (Morris 1973b) indicated a linear relationship
for sizes between 20 and 94 um (Table 14). It was not possible to
count spores and crystals in larger drops due to heavy concentration of
the tracer dye used in the tank mixes. A camparison of all the B.t.
formulations applied by us since 1973 (Table 15) showed that even under
unstable spray conditions B.t.-molasses formulations deposited at ground
level with greater efficiency than B.t.-Sorbo or B.t.-Dowanol.

Data on the survival of spores on white spruce (Fig. 3) showed
a significant reduction in spore viability with only one day of weathering.
Viability decreased steadily with time. It is known that 1 day of direct
sunlight in May can inactivate over 90% of Dipel 36B spores and white
spruce trees themselves (in the dark) can inactivate 78% in 14 days,
(Morris and Moore 1975). A combination of the two could understandably
cause rapid inactivation in the field. This phenomenia is further
supported by the data on spore survival on the cardinal sides of the trees
(Table 16). These data also show differential déposits on the 4 sides
with the north side receiving considerably heavier deposit than the others
with the wind blowing in a W.N.W. direction. Tﬁese results indicate that
samples for determining population density and defoliation should be
taken from 4 quadrants of the sprayed trees. Results of residual activity
studies by spruce budworm bicassay (Table 17) did not entirely reflect
foliage deposits inactivation for the reason that both spores and crystals
are ingested by the larvae and ultra violet radiation does not appear to
affect the crystals (Burgess et al 1975, Cantwell 1967, Morris and Moore
1975) . Note however, that while substantial mortality occurred over the

30 day weathering period, a significant decrease in the incidence of B.t.
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infection occurred after day 1, indicating a decline in spore activity.

Larval population reductions were generally greater on cambination
treatnent‘Plots than on B.t.-alone plots (Tables 18, 19, 20; Fig. 4).
When pupal mortalities due to treatments were included, the total budworm
mortality due to treatment was low on the Dipel WP plot probably due to
very low pre-spray population densities and ranged from a low of 41% on
balsam fir to 98.9% on white spruce in the other treatment plots. The
three highest reductions (98.9 and 97.2 and 90.0) were on trees carrying
budworm populations ranging from 0.60 to 0.89 larvae per bud (25 to 46
larvae per branch) which may have accounted in part for the high larval
mortality. Orthene alone applied at 10 times the rate (420 g/ha) of that
used in the cambination resulted in 92.6% larval mortality on white spruce
with pre-spray populations of 0.26 / bud campared with 51.5% by Dipel
alone on white spruce with 0.27 larvae/bud (Table 21). Changes in actual
budworm density an B.t. plots as the season progressed are presented in
Fig. 4. B.t. + Orthene apparently caused high mortality of the associated
species, Dioryctria renicullella (Table 22).

The incidence of B.t. and NPV among dead larvae collected in
the test plots was generally lower than expected (Table 23). This
corroborates the data on residual activity whefe B.t. incidence was low
in spite of high larval mortality. The incidence of microsporidia was
high in all plots (average 63.6%) and indicated a general increase in
the Petawawa budworm population since the incidence during the previous
year on 5 test plots averaged only 26%, (Morris and Armstrong 1974).

Feeding activity was lowest on the Dipel-Sorbo-Orthene plot

based on the ratios of frass drop rate to larval density and to spray
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deposit rate (Table 24) but this was not reflected in foliage protection
probably due to high larval density. Protection on the Dipel WP + Orthene
and Dipel 36B alone treatment plots carrving low population (0.25 to 0.27/bud)
were 59% ané 52%, respectively, and were significantly different fram
untreated checks (Table 25). Seventy five percent of balsam fir foliage
was saved on Dipel WP + Orthene plot and 61% on the Dipel-Dowanol-Orthene
plot. Note that the percentage defoliation on the check plots I and II
were not significantly different. Protection of 50% or more of the current
year's growth is generally considered not to seriously affect continued
tree survival. \

No consistent difference was observed between defoliation at
the upper and middle thirds of sample tree crowns on the basis of branch
sample examinations (Table 26). This is at variance with aerial photographs
of defoliation taken fram a helicopter on July 4 at peak browning of
defoliéted trees. In plots where considerable defoliation was indicated
by branch tip examination, the top 1/3 or % of the large trees were
generally green and the lower parts reddish brown when viewed fram the air.
The discrepancy is probably related to the relatively small size of the
sample trees. The branch-tip examination method represents a weakness
in estimation of budworm damage on white spruce probably because the
method was originally developed for balsam fir. Furthermore, protection
of the top 1/3 of the crown is of the greatest importance since this is
where growth takes place.

An analysis of the relationship between spray coverage and
defoliation (Tables 27 and 28) indicated that on white spruce trees

carrying 0.25 larvae per bud (14.4 per 45 am branch) 29 droos/am® of Dipel
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WP + molasses + Orthene were required for less than 50% defoliation.
The plot received an average of 48 drops/an® for a 41% defoliation (Table 27).
On balsam fir with a much lower population density (Table 28) 15 drops/am’
gave the required protection. Dipel-Sorbo-Orthene required 39 drops/cm’

for acceptable protection of white spruce but the mean plot coverage

was only 14. On balsam fir the mean plot coverage was 15 when 22 were
required for less than 50% defoliation. White spruce trees with a larval
density of 0.27/bud required about 10 drops/cm® of Dipel-Sorbo to give
acceptable protection; This plot received 1l for a 48% defoliation. On
balsam fir over 44 drops of this formulation were needed to give adequate
protection whereas the plot received only 12. Actual plot coverage of
Dipel-Dowanol TPM formulations were generally far below the level required
to protect white spruce satisfactorily. On balsam fir plot coverage by

the Diéel—Dowanolﬂthhene (but not Dipel-Dowanol) was well within the
desired range.

Based on pupal emergence data, all treatments, especially Dipel-
Sorbo-Orthene, resulted in significant pupal mortality (Table 29). The
differences in pupal mortality between males and females ranged from
10-53% in treatment plots compared with 15-20% in the check plots indicating
that some of the formulations affected female pupae more than males. The
number of viable eggs deposited in pupal rearing cages by emerged females
was also lowest in the Dipel-Sorbo-Orthene treatment.

Results of the egg mass survey (Table 30) showed that field
oviposition rates of viable egg masses in the two check plots were not
significantly different. The oviposition rate on the Dipel-Sorbo-Orthene

plot was significantly lower than that on both check plots. The density
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.of viable egg masses per 9.3 m? of foliage on the first 3 plots forecasts
low populations of budworm in the coming vear.

Data on the incidence of parasitism (Tables 31-33) indicated
that the _treatrrents had no detectable deleterious effect on larval
parasitism (mainly Glypta fumiferanae). Pupal parasitism was generally
low on all test plots with a range of 1.6 to 5.1%. The sprays had no
apparent effect on pupal parasites (Table 34). Egg parasitism by
Trichogramma Sp. was not affec.ted by the treatments and was very high in
all test plots (Table 35).

Due to the delayed effects of B.t. and other microbials, it
would see:ﬁ that repeating treatments in two or more successive years is
desirable. The Dipel WP + molasses + Orthene plot has been treated with
B.t.-Orthene the previous vear. Highlights of the two-year treatment are
sumarized in Table 36. It is apparent that the treatments continuously
reduced the budworm density and maintained defoliation at acceptable
levels without damaging larval, pupal or egg biotic control agents.

The data tabulated in the appendix indicate that the Dipel WP
+ Orthene and Dipel 36B + Orthene treatments severely delayed budworm
development. About a week after spray application the percentage of
budworm reaching pupation was 2-4 campared with 11-43 on the other plots.

Lastly, the cost per hectare of the 14 1/ha formulation was
double the others (Table 37). Further experiments on high volume
application of the high potency flowable + chemical insecticides, are
warranted, since large spray operations of wettable powder formulaticns

would be logistically more difficult and highly expensive.
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CONCLUSIONS

The following conclusions were drawn fram these data:
Moderate concentrations of Sorbo and Dowanol TPM (circa 25%)
were bacteriostatic but not bacteriocidal to B.t. and did not
reduce the efficacy of the pathogen.

Drop density in the plot sprayed at 14 1/ha was 3-6 times
higher than in those sprayed at 2.35 to 4.7 1/ha. Foliage
protection generally increased with drop density in all
formulations tested. The number of spores and crystals per
drop and standard error increased linearly with drop size.

An analysis of 16 B.t. aerial spray applications over a

4 year period indicated that coverage was related to formulation
used, airmass stability and relative humidity at spray time.
B.t. deposits varied markedly on the 4 cardinal sides of the
trees indicating that branch samples for population reduction
and defoliation assessments of aerial sprays should be taken
fram the 4 sides.

The viability of B.t. spores (Dipel 36B) on open grown white
spruce trees was drastically reduced after about 1 day of
weathering but a high level of biological activity was
maintained by the crystal spore camplex up to 20 days post-spray.
The addition of a low concentration of Orthene to B.t. mix
substantially enhanced budworm larval mortality and reduced
moth emergence and oviposition. The treatment effectively
reduced the population density of Dioryctria reniculella, an

important lepidopterous defoliator associated with budworm.
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5. The estimation of budworm density based on an 18" branch tip
unit is less desirable than number-per-bud basis for micro-
bial control tests.

6. ;E!-ecause of the characteristically delayed effects of microbial
control agents, B.t. or B.t.-chemical insecticide cambinations
should give acceptable foliage protection if applied to the
same plot two successive vears, particularly where budworm
populations are high.

T B.t. + a low concentration of Orthene did not deteriously
affect larval, pupal or egg parasitism (mainly Glypta fumiferanae,
Phaeogenes hariolus and Trichogramma sp., respectively).

8. Volume rates of 0.5 to 1.5 GPA appear to be generally more
effective than 0.25 GPA against spruce budworm. Viable eqg
mass densit;y in spray plots indicated low budworm populations
for the following year. |

. The Dipel wettable powder of B.t. was twice as costly to apply
as flowable concentrates and is logistically more difficult to

handle in large scale operations.
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Table 1

Bioassay of Dipel 36B against 4th Instar
Spruce Budworm on Artificial Dietl

Concentratiqx Number of Corrected2 Percent of LTSg
(IU) /1 of Diet ILarvae Pe_roe:}t Cadave.rs (days)
Mortality B.t. infected

0 (Check) 5x 20 (9) 0.0 -

8,000 5x 20 2.2 54.5 -
16,000 5x 20 39.6 69.0 -
64,000 5 %20 87.9 85.4 4.0
128,000 5 x 20 97.8 95.0 3,5

1

Rearing period 7 days at 22% 19C,70-75% RH and 18 hr/day lighting.

LD

50 31,010 IU/1 of diet; 95% confidence limits

23,100 and 47,100 IU/1 diet

Calculated fram camputer generated histograms. See appendix for
mortality curve and histograms.
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Table 2

Effect of Cammercial Sorbitol (Sorbo) on
the Replication Rate of Bactllus thuringienstis

Concentration

of

B.t. Culture

Sorbo in

6

Number of Vegetative Cells/ml x 10  in Liquid
Culture Media and Cell Growth on Solid

Three replicates per concentration.
at 9 replicate plates per concentration.

Media (%) Trypticase Soy Agar Media after indicated

Incubation time (hr)

2 4 6

No. Cells TSA No. Cells TSA No. Cells TSA
0 (Control - No Sorbo) 0.5 ++++ 2.6 ++++ 43 ++++
1 0.5 ++++ 2.6  ++++ Z7 ok
5 0.5 ++++ 2.4 ++++ 12 ++++
10 0.5 ++++ 0.5 ++++ 0.5 Pk
35 0.5 + 0.5 + 0.5 +
50 0.5 + 0.5 + 0.5 +
1

Cultures were smeared on TSA media

Sorb is 70% Sorbitol in water.



Table 3

Effect of Dowandl TPM on

the Replication

of Bacillus thuringiensisl

Concentration Number

of Vegetative Cells/ml x 10°
of Dowanol in Liquid Culture Media and Cell
TPM in B.t. Growth on Solid Trypticase Soy Agar Media
Culture Media after Indicated Incubation Time (hr)
(%)
2 4 6

No.Cells TSA No.Cells TSA No.Cells TSA

0 (Control - No Dowanol) 0.5

++++ ? ++++ 107 +4++
10 0.5 ++++ 0.5 ++++ 0.5 + 4+ +
25 0.5 + 4+ + 0.5 + ++ + 0.5 ++++
35 0.5 ++++ 0.5 ++++ 0.5  ++++
50 | 0.5 ++++ 0.5 ++++ 0.5 ++++
3 &

Three replicates per concentration.
at 9 replicates per concentration.

?  Spectrophotameter light burnt out.

Cultures were smeared on TSA plates



Table 4

The Effect of Cammercial Sorbitol (Sorbo)

and Dowanol TPM on Bacillus thuringiensis Spore Germjnationl

Concentration of pH of 24 hr Visual Growth on
additives (%) TSB Culture Germination TSA
Sorbo 10 5.8 ++ + + + + + +
20 5:9 ++ + + + 4+ + +
25 6.1 + + + + + + + +
35 6.7 0 ++ + +
50 6.8 0 + + + +
Dowanol 10 Sl 0 + + + +
20 4.6 0 + + + +
25 4.4 0 + + + +
30 4.5 0 + + + +
Control 5.8 + + + +
L

Three replicates per concentration and 2 smears per replicate.



Table 5

Mortality of 4th Instar Spruce Budworm Larvae
k= Fed Artificial Diet Mixed with B. thuringiensis and Sorbo

Experiment 1

Treatment Number ofl Corrected Percent Percent of LT

IU/1 of Diet Larvae Tested Mortality Cadavers 50
3, B.t. + (days)
T 16,000 IU alone 2 x 100 38 68.9 -
o 16,000 IU + 10% Sorbo 2 x 100 12 57.5 -
i

16,000 IU + 50% Sarbo 2 x 100 4 *48.0 -~
{

64,000 IU alone 2 x 100 75 85.4 4.0
- 3
; 64,000 TU + 10% Sorbo 2 x 100 65 87.5 5.7
{ 64,000 TU + 50% Sorbo 2 x 100 47 83.9 2

Check 1 x 100 (9) 0.0 -

1 Ten larvae per container. Rearing conditions : 22 + 19C, % RH 68-76,

lighting 18 h/day.



Table 6

Mortality of 4th Instar Spruce Budworm Larvae
Fed Artificial Diet Mixed with B. thuringtienstis
and Sorbo or Dowanol TPM

Experiment 2
rreacants e, o e B
Tested Recovered Mortality B.te +

16,000 IU alone 4 x 25 96 17 37
64,000 IU alone 4 x 25 96 27 75
30% Sorbo 4 x 25 88 0 0
30% Sorbo + 16,000 IU 4 x 25 77 19 26
30% Sorbo + 64,000 IU 4 x 25 83 6 * 69
25% Dowanol TEPM 4 x 25 80 96 0
25% Dowanol TPM + 16,000 IU 4 x 25 61 79 0
25% Dowanol TPM + 64,000 TU 4 x 25 72 87 0
Control 4 x 25 100 (0) 0

i

Five to 10 insects per creamer. Rearing conditions : 22 + 1°C, 63 * 4% FH,
18 hr/day lighting.



Table 7

D-brtali_ty and Feeding Activity of 4th Instar Spruce Budworm

Fed Foliage Dipped in B. thuringiensis -

Sorbo or Dowanol TPM Suspensionl

Number of Corrected Percent of Frass

Treatment Larvae Percent Cadavers Wt. (mg)
Mortality B.t. + per larva

Dipel 36B 4 x 25 87 95.4 1.2
Dipel 36B
+ 30% Sorbo 4 x 25 96 93.8 0.2
Dipel 36B
+ 25% Dowanol TPM - 4 x 25 99 78.8 0.1
Control 4 x 25 (2) 0 28.1
1

Dipel 36B at 0.5% concentration.
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Table 8

Summary of Bacillus thuringiensis Formulations -
Petawawa Forest Experiment Station 1975

-

BIUOE B.t. Treated Total loads Dibel Chevron EXi0 . oo
Treatments Ortl (g) Dgte}s, Area Volume (1) WP Sticker Red Orthene pH
per ha (ha) (1) kg/load ml/load Dye g/load
gm/load

Plot 1 - Dipel WP, 10% CIB

1lst spray, 7.0 l/ha 10 + 21g May 24 362 2536 5x507 40 380 609 55 4.2
Plot 1 - Dipel WP, 10% CIB

2nd spray, 7.0 1/ha 10 + 21g May 25 362 2536  5x507 40 380 609 55 4,2

Piot 2 - Dipel 36B :
Sorbo : Water 20 + 42g May 28 194 908  2x454 0 550 546 144 4.1

50 s 30 220, 4.7 1ha

Plot 3 - Dipel 36B :
Sorbo : Water 20 May 28 196 915  2x458 0 550 550 NONE 4.1

50 3 30 : 20, 4.7 }/ha

Plot 4 - Dipel 36B :
Dowanol TPM : Water 20 + 429  May 29 288 674 1x674 0 809 309 427 3.9

75: 3 15 ¢ 10, 2,35 1/ha

Plot 5 - Dipel 36B :
Dowanol TPM : Water 20 May 29 320 749  2x375 0 450 450 NONE 3:9

79 ¢ 15 % 10; 2.35 1/ha

Mixing sequence : Water + Sorbitol or Dowanol TPM + Dipel + Sticker + Dye. Density (in descending
order) : 1.108, 1.041, 1.099, 1.038 and 1.036.



Table 9

Spruce Budworm Development at Petawawa Forest Experiment Station, 1975
Expressed as Percentages of Various Instars

Daks White Spruce - Balsam Fir .

Lo L3 Ly Lg Lg P Lo Ly Lyg Lg Lg P
May 19 45.0 50.0 5.0 0 0 0 3.0 60.0 9.0 0 0 0
May 22 46.0 = 47.0 7.0 0 0 0 45.0 46.0 9.0 0 0 0
May 24 26.0 §5.0 17.0 2.0 0 0 32.0 62.0 3.0 3.0 0 0
May 26 1.5 33.8 53.6 8.8 2.3 0 6.0 55.1 36.1 1.3 0 0
May 28 %0 22.6 39;4 31.4 5.6 0 2.9 * 39.7 43.9 11.8 2.9 0
June 10 0 3.2 8.0 13.0 57.1 18.1 0 9.9 15.6 22.4 50.3 1.8
June éO 0 0 0 0.2 2.5 " 97.3 0 0 1.4 2.0 7.3 '79.3

Spray dates : May 24-25 and May 28-29.
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Table 10
Estimate of Tree Vigor in Treatment and Check Plots Based
an the Number of Current Year's Buds per of Foliage
Total Area*  Total Total* Buds/m? Ratio
of Number Number of Buds/
Foliage of Buds Foliage Larvae
Treatment Examined Pre-spray Pre-spray
(m2 Larvae
wS / bF wS / bF wS bF WS bF wS bF
Dipel wp + Orthene, 14 1/ha 14.4 /15.8 386 /135 10508/6472 729.7/409.6 8.8 / 15.2
Dipel 36B + Orthene, 4.7 1/ha 15.2 /15.8 1189 /548 8590/6494 565.1/411.0 L7 4 2.7
Dipel 36B alone, 4.7 l/ha 14.9 /15.8 743 /534 10166,/8054 i 682.3/509.7 3.7 / 4.7
Dipel 36B + Orthene, 2.35 1/ha 13.7 f14.5 2077 /612 8483/6462 619.2/445.7 Led. ) 2.7
Dipel 36B alone, 2.35 l/ha 16.0 /15.8 1735 / 859 8782/6474 548.9/409.7 1.5/ 2.8
Check I 15.3 /15.6 1149 /644 9404 /7831 614.6/502.0 2.8 / 4.3
Check II 17.0 /15.2 1126 / 410 10214/5863 600.8/385.7 3.3 7 4.3

* All branch samples carbined.



Table 11

Meteorological Conditions at Time of Application of Bactllus thuringiensis
Orthene Combinations, Petawawa Forest Experiment Station, 1975

Spray Time of Wind Stability Ratio R.H. % Temp ©C Turbulence
Treatment Date Application ivanioe) Factor
Speed (range in | '
(m/sec) Dir. brackets) 20m ém 20m  6m
Pl Dipel WP + Orthene :
7 1/ha 24 May  0545-0809 1.07 N 39.1 (439-1.0) 83-63 92-59 15.9 15.3 1.13
7 1/ha 25 May 0532-0742 1,25 SE 15.2 (103-1.1) g82-67 87-68 12.7 11.6 1.50
P2 Dipel 36B + Orthene
4.7 1/ha 28 May 0546-0630 2.15% WNW 1.6 (2.4-1.0) 94-88 92-86 9.6 9.1 0.9
P3 Dipel 36B alone
4.7 1/ha 28 May 0705-0745 2.01 wWNW 2.9 (7.5-1.7) g8-82 86-79 12.5 11.3 1:7
P4 Dipel 36B + Orthene
2.35 1/ha 29 May 0540-0630 1.1 W 37.2 (148.1-4.9) 80-73 94-73** 8.4 6.7%* 0.5
P5 Dipel 36B alane
2.35 1/ha 29 May 0706-0737 1.4 W 8.0 (22.7-1.6) 77-68 71-64 12.8 11.6 1.2

* PEquivalent to 4.8 mph

** Dry bulb sensor not functioning for part of sample period, data based on
available valid measurement.



Table 12

Meteorological Conditions Following Aerial Spraying of
Bacillus thuringiensis - Orthene Cambinations
Petawawa Forest Experiment Station, 1975

: Percent
enperature °C Relative Humidity Solar Radiation Rainfall
Inclusive Dates Mean Max. Mean Min. Degree Days Mean Max. Mean Min. Cumulative Mean Cumulative Mean
above 5.550C (cal/am?) (cal/cm2/day)  (cm) am/day
May 24 - June 19 23.3 11.3 291 93 39 11,380 422 6.8 0.252
May 28 - June 19 22.0 10.9 252 93 37 9,700 442 6.5 0.282




Table 13

Spray Deposit Rates at Ground Ievel on Plots Treated with
Bacillus thuringiensis - Orthene Combinations
Petawawa Forest Experiment Staticn, 1975

Deposit Rates per acre (ha) Percent of Av. No. Dia. Drop Ratio of
Treatment B. thuringiensis Orthene Bmitted Drops/cm” of Av. Drop Density/
BIU No. Viable (9) Volume vol. (um) BIU Deposit
Spores x10 Depositedl

Dipel WP + Orthene,

14 1/ha 1.0 (2.47) 13.4 0.7 {1.73) 12.2 39.7 93 39.?
Dipel 36B + Orthene,

4.7 1/ha 2.5 (6.18) 1l.2 0.19(0.47) 3L.5 13.9 126 5.5
Dipel 36B alone,

4.7 1/ha 1.78(4.40) 11.0 0.13(0.32) 222 11.6 119 6.5
Dipel 36B + Orthene,

2.35 1/ha 1.70(4.20) Hu2 0.13(0.32) 213 6.3 114 P
Dipel 36B alone,

2.35 1/ha . 1.9 (4.70) 4.0 0.14(0.35) 23.1 10.9 98 5.7

1 calculated fram colorimetric analysis of glass plate deposits.



Table 14

Relationship of Drop Size to Numbers of Spores
and Crystals of Bacillus thuringiensis
Based on Data from Aerial Application of Dipel
Wettable Powder in Suspension at 7 1l/ha

i o e
Examined Average Std. Err. Average Std. Err. Average Std. Err.
- 18 19.6 112 75.3 12.2 | 34.4 6.2
i. 15 33.1 1.07 164.3 13.6 4.5 7.6
i 8 47.5 0.91 215.4 42 .4 1603.3 36.5
11 93.8 5.18 289.2 58.8 144.0 29.8

Note: Only the smaller drops were countable due to heavy concentration
of dye in larger drops. Number of drops/am? at sampling site
was 63.6. -



Table 15

Ground Coverage Efficiency of Various B. thuringiensis Forrmulations
Rerially Sprayed under Various Meteorological Conditions

Application Mean Group % Relative Est. Vol. Group % i GEou
Formulation Rate Stability Mean Humidity  Deposit Deposited Drop/cm? Fe /c[;nz
1/ha Ratio  S.R. Range (% of Emitted) R
MOLASSES FORMULATIONS
Thuricide 16B, 50% water, chitinase 4.7 +174.0 +63.1 34-38 8l 98
Thuricide 16B, 50% water alone 4.7 +: 39,2 Very 57-64 34 37
Dipel WP, 90% water, 10% CIB + 14.0 + 27.1 Highly  75-99 12 40
Orthene Stable
Dipel WP, 90% water, 10% CIB + 21.0 + 12.0 75-99 30 39 43 55
Orthene )
Dipel WP, 90% water, 10% CIB + 14.0 + 7.9 +4.3 75-90 29 25
Orthene
Dipel WP, 90% water, 10% CIB alone 14.0 + 7.9 70-90 13 25
Dipel WP, 50% water, 50% CIB + 4.7 + 3.6 Stable ? 27 18
Fen.
Chitinase, 50% water, 50% CIB 4.7 + 1.3 50 18 16
Dipel WP, 90% water, 10% CIB + 7.0 + 1.0 75-85 19 21 20 20
Orthene
Thuricide 16B, 50% water + 4.7 -1.1 -5.2 o 14 17
Fen.
Dipel WP, 50% water, 50% CIB + 4.7 -7.0 Unstable 63-69 27 17
Orthene
Dipel WP, 50% water, 50% CIB 4.7 -17.5 63-69 33 25 15 16
SORBO and DOWANOL FORMULATIONS
Dipel 36B 75%, Dowanol 15%, 2:35 372 +12.4 73-94 2] 6
water 10%, Orthene
Dipel 36B 75%, Dowanol 15%,water 10% 2,35 8.0 61-74 23 11
Dipel 36B 50%, Sorbo 30%, water 20% 4T 2.9 Stable  79-86 22 12
Dipel 36B 50%, Sorbo 30%, water 20% 4.7 1.6 86-92 32 25 14 36
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Table 16

Survival of B. thuringiensis spores on
Four Cardinal Sides of White Spruce Trees
Aerially Sprayed at Wind Direction of WNW

Number of Colonies/gm of Foliage
1 Day Post-spray* 5 Days Post-spray*

Cardinal Quadrant

N 31.7 3.9
s | 21.4 1.6
E 15.0 2.3
W 19.7 ' 3.8

* Trees 1 and 2 cambined.



Table 17

Residual Activity of Bacillus thuringiensis
Applied by Aircraft to White Spruce

Number Cumulative Temperature Percent R.H. Number2 Corrected 'Percent of
of Days Solar Rainfall Larvae Percent Cadavers
of Radiation (1) Mean Max./Mean Min. Mean Max./Mean Min. in Mortality B.t. NPV Micro-

Weathering (Cal/cm?2) (eC) Bioassay + + sporidia
.l..

0

(spray date) 0 0 - - ' 149 63.8 38.0 0 34.0

1 660 0.0 22.87'6.7 94 7 159 51.7 26.0 0 37.0

5 2190 4 21.6/10.7 92 33 175 28.0 5.0 0 58.0

10 4120 4.4 20.97/10.1 93 34 192 40.9 4.0 0 89.0

20 8380 6.4 21.3/10.2 « 93 37 171 69.8 13.0 0 84.0

30 14050 6.5 23.3711.2 92 34 193 23.1 2.0 2 88.0

Check 14050 6.5 23.3/11.2 - - 88 (60.8) 8.0 0 54.0

Application rate of Dipel 36B was 20 BIU/ha depositing at 3.75 BIU/ha at ground level. Spray date May 28.
Foliage collected from 4 quadrants of 2 trees at each bioassay date and tested separately.

2 Larvae for days O to 5 and check, were field collected; others were fram laboratory stock.



Table 18

Corrected Percent Budworm Population Reduction on White Spruce and Balsam Fir
Calculated on Number of Budworm per Bud

Larval Reduction

Percent :
Treatment per acre (ha) Pre-spray Density Post-spray # 1 Post-spray # 2 Pupal Total Reduction
. Mortality
viS bF w3 bF wS bF wS bF
Dipel WP : 8 BIU + 0.6 oz *
Orthene (20 + 42g) :
1.5 GPA (14 1/ha) 0.25 0.07 0.0 0.0 48.5 45,2 35.2 23.1 40.8
Dipel 36B : 8 BIU + 0.6 oz
Orthene 0.5 GPA ,
(4.7 1/ha) 0.60 0:37 357 0.0 85.6 0.0 ge.l 98.9 84.1
Dipel 36B : 8 BIU alone
0.5 GPA 0.27 0.21 0.0 0.0 51.5 0.0 51,2 86.2 41.0
Dipel 36B : 8 BIU + 0.6 oz
Orthene 0.25 GPA
(2.35 1/ha) 0.89 0.36 88.3 4.0 90.4 9.7 36.7 97.2 71.4
Dipel 36B : 8 BIU alme _
0.25 GPA (2.35 1/ha) 0.66 0.38 76.2 20.3 73.4 14.3 40.1 90.0 74.6
Untreated Check I 0.3 0.39 (42.9) (53.8) (77.1) (84.6) 15.6 (63.8) (68.5)
Untreated Check II* 0.30 0.23 (40.0) (56.5) (76.7) (73.9) 12.8 (89.6) (84.8)

* Check plot II campared with spray plot 1.

Check plot I campared with other spray plots.



Corrected Percent Population Reduction on White
Calculated on Number of Budworm per 18" (4

Table 19

Spruce and Balsam Fir,
6 am) Branch Tip

% Larval Reduction

Total %

Percent
Pre-spray Density Post-spray # 1 Post-spray # 2 Pupal Reductionl
Treatment per acre (ha) Mortality
wS bF wS bF wS bF wS bF

Dipel WP : 8 BIU + 0.6 oz

Orthene* (20 + 42g)

1.5 GPA (14 1/ha) 14.4 2.5 0.0 10.6 22.0 0.0 35,2 38.4 21.1
Dipel 36B : 8 BIU + 0.6 oz

Orthene

0.5 GPA (4.7 1/ha) 25.2 11.9 0.0 0.0 60.6 0.0 88.1 95.5 80.0
Dipel 36B : 8 BIU alone

0.5 GPA 16.2 3 by B 0.0 0.0 0.0 0.0 51.2 35.8 13.6
Dipel 36B : 8 BIU + 0.6 oz

Orthene

0.25 GPA (2.35 1/ha) 46.1 13.7 75.9 25.8 83.8 28.8 36.7 85.0 54.7
Dipel 36B : 8 BIU alone

0.25 GPA (2.35 1/ha) 38.1 19.0 T2:57 49.8 53.7 47.1 40.0 80.1 68.3
Untreated Check I 26.8 13.8 (60.8)2 (44.7’)2 (80.3)2 (75.8)2 15.6 (83.3)2 (75.7)2
Untreated Check IT* 25.0 9.0 (59.4)2 (50.0)2 (78.2)2 (73.8)2 12.8 (81.0)% (77.2)2

* Check plot II campared with plot 1; check plot I compared with all other treatment plots.

1L

Actual percent reductions in check plots.

Post-spray 2 density less percentage pupal mortality, corrected by Abbott's formla.



Table 20

Corrected Percent Budworm Larval Population Reduction

on White Spruce and Balsam Fir

calculated as Number per m? of Foliage

Treatment per acre (ha)

Corrected % Reduction

Pre-spray Density Post Spray 1 Post Spray 2

wS

bF

wS

bF

wS

bF

Dipel WP *
8 BIU + 0.6 oz Orthene
(20 + 42g) 1.5 GPA
(14 1/ha)

Dipel 36B :
8 BIU + 0.6 oz Orthene
0.5 GPA (4.7 1/ha)

Dipel 36B :
8 BIU alone
0.5 GPA

Dipel 36B
8 BIU + 0.6 oz Orthene
0.25 GPA (2.35 1/ha)
Dipel + 36B
8 BIU alone
0.25 GPA
Untreated Check I

Untreated Check II*

1734

402.

185.

585.

491,

318.
273.

35.

183.

160.

168.

200.

180.

110.

21

80.

74.
(61.

(65.

3)

9)

33.6

0.0

10.6

16.8

26.5

(48.2)
(59.6)

0.0

55.8

0.0

712.7

51,9

(91.1)

(92.3)

15.8

39,7
(82.9)
(86.4)

* Campared. Check plot I campared with all other treatment plots.
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Table 21

Corrected Percent Population Reduction and Foliage Protection
on White Spruce and Balsam Fir Aerially Spraved with Orthene

Percent Percent
Pre—sprayl Population Current
Treatment Density Reduction Growth Remaining
wS bF wS bF Protected
wS bF
6.0 oz Al/acre
(420 g AI/ha)
in 0.5 gal (4.7 1) ~0.26 0.10 92.6 14.5 88.4 82.5
Untreated Check 0.30 0.23 (78.2) (73.8) 23.3 46.4
1

Based on number of budworm larvae per bud.



Table 22

Corrected Percent Population Reduction of Non-Target
Lepidoptera Larvae Associated with the Spruce Budworm
on White Spruce and Balsam Fir Treesl

Treatment Pre-spray Density Percent Reduction

Dipel WP + Orthene, 14 1/ha 0.0016 0.0

Dipel 36B + Orthene, 4.7 l/ha 0.0214 79.4

Dipel 36B alone, 4.7 l/ha 0.0151 80.1

Dipel 36B + Orthene, 2.35 l/ha 0.0211 69.2

Dipel 36B alone, 2.35 l/ha 0.0258 76.7

Untreated Check I 0.0079 (16.5) )
Untreated Check II 0.0114 (31.6) "
1

Data based on number of insect per bud. White spruce and balsam fir

pooled at final post-spray population density assessment. Insects
were nearly all Dioryctria reniculella of which 96.1% occurred on

white spruce. Corrected by Abbott's formula.



Table 23

Diagnosis of Dead Spruce Budworm Larvae
Collected fram Branch Samples frcom Test Plots,
Petawawa Forest Experiment Station, 1974

; i P £
Treatments ngiiazo Percent eroiggegtegagsvers
Collected  D22@ B.t. BV Microsporidia
Pre-spray’ 14,324 15.2 0.0% 0.1 40.0
Dipel WP + Orthene?
14 1/ha
Pre-spray 748 30.3 0.0 0.0 41.0
Post-spray 1,174 23.4 101 0.5 35.5
Dipel 36B + Orthene?
4.7 1/ha
Pre-spray 2,005 13.4 0.0 0.0 31.0
Post-spray 1,797 29.4 4.8 2.0 47.0
Dipel 36B alone?
4.7 1/ha
Pre-spray 1,724 20.9 0.0 0.0 28.0
Post-spray 1,607 24.5 4.0 LB 56.0
Dipel 36B + Orthene3
2.35 1/ha
Pre-spray 3,083 12.8 0.0 1.0 49.0
Post-spray 941 34.0 3.0 6.5 48.3
Dipel 36B alone3
2.35 1/ha
Pre-spray 3,241 20.0 0.0 0.0 45.0
Post-spray 1,117 24.9 4,0 4.8 44.8
Untreated Check I3
Pre-spray 1,878 4.5 0.0 0.0 46.0
Post-spray 1,596 17.4 0.0 0.5 45.3
Untreated Check II3 ,
Pre-spray 1,645 6.6 0.0 0.0 38.0
Post-spray -1,185 L¥ .7 0.0 B 49.8
1 All plots cambined.
2 Treated with 4-12 BIU/acre the previous year.
3 No previous history of treatment by B.t.
* Non-spore forming bacterial incidence was 17.2% among pre-spray

dead larvae.



Table 24

Estimate of Spruce Budworm Feeding Activity
on White Spruce Sprayed with B. thuringiensis - Orthene Cambinations

1
Ratio Frass

Wt. (mq) Ratio Frass Ratio Frass Ratio of Frass
Frasé /m’i'g/na Wt./Pre-spray Wt./BIU Wt./Spore Drop Rate/% Defoliation
Treatment 4 Density Deposit Rate Deposit Rate et 3 :
ot Plot
Only
Dipel WP + Orthene,
14 1/ha 32.1 128.4 38.2 0.9 1.9 0.7
Dipel 36B + Orthene,
4.7 1/ha 11.8 19.7 5.1 0.4 0.2 0.2
Dipel 36B alone,
4.7 1/ha 93.7 347.0 62.5 < | 1.9 1.8
Dipel 36B + Orthene, _
2.35 1/ha 47.8 53.7 25,2 3.6 0.9 0.6
Dipel 36B alone, 2.35 l/ha Frass accidentally destroyed by road widening crew.
Check I 108.9 1l1.l - - 1,2 1.4
Check II 95.6 318.7 - - 3 [ 1.2

: Budworm density based on number of budworm per bud.

2

3

Trees under which mats were placed.

All white spruce trees per treatment plot.



Table 25

percent of Current Year's Growth Protected on
white Spruce and Balsam Fir Sprayed with
B. thuringiensis - Orthene Cambinations

Percent of Current Growth Remaining¥

Treatment wS (Pre-spray Density)! bF (Pre-spray Density) !
Dipel WP + Orthene, 14 l/ha 59 (0.25)° 75 (0.07)

Dipel 36B + Orthene, 4.7 1/ha 30  (0.60)° 48 (0.37)%C
Dipel 36B alone, 4.7 l/ha 52 (0.27)° 43 (0.20)%
Dipel 36B + Orthene, 2.35 1/ha 30  (0.89)° 61 (0.36)°
Dipel 36B alone, 2.35 l/ha 35 (0.66)% 32 (0.38)°
Check Plot I 31 (0.35)° 49 (0.39)%°
Check Plot II S 30 (0303 51 (0.23)°

! Density based on number of budworm per bud. Equivalent figures based on
budworm per 18" branch for wS are 14.4, 25.2, 16.2, 46.1, 38.1, 26.8 and
25.0, and for bF are 2.4, 11.9, 11l.1, 13.7, 19.0, 13.8 and 9.0.

* Means within a colum followed by the same letter are not significantly
different at 5% level (SNK test).



Table 26

Camparison of Defoliation at Uppei and Mid

Crowns of Sample Trees

Percent Defoliation

Upper Level Mid Level
Treatment
wS ~bF wS bF

Dipel WP  Orthene,

14 1/ha 39.8 27.0 47.4 28.4
Dipel 36B Orthene, :

4.7 1/ha 94.3 56.8 77.9 56.8
Dipel 36B alone,

4.7 1/ha 51:8 60.8 55.1 68.2
Dipel 36B Orthene,

2.35 1/ha 73.0 42.9 82.6 43.8
Dipel 36B alone,

2.35 1/ha 67.2 1847 74.3 70.8
Untreated Check I 75.0 54.8 77.0 57.2
Untreated Check II 78.6 57.3 75.1 50.5

1

Twenty-five branches fram each tree species per treatment plot.



Table 27

Analysis of Relationship between Ground Deposit and Percent Defoliation — White Spruce
Petawawa Forest Experiment Station, 1375

ot Percent Percent .
Budworm Pre-spray  BIU Drops/cm? e Bl Drop
Stability Density* Deposited/ (Range) (Range) pefoliatien Density/
Ratio  per bud/per branch  ha g an?
Dipel WP + Molasses 39.1,15.2 15.9 (10.0-19.4) 68.2 (50.9-81.1) -
+ Orthene, 14 1/ha 0.25/14.4 2.7 29.1 (23.4-34.2) 44.8 (17.1-66.6) 41 47.7
67.6 (41.4-94.2) 22.8 ( 6.7-52.9)
Dipel 36B + Sorbo 3.0 ( 0.6- 4.8) 73.3 (32.3-99.2)
+ Orthene, 4.7 1/ha 1.6 0.60/25.2 6.2 14.3 ( 9.0-18.6) 69.7 (46.1-98.4) 70 13.8
38.6 (22.6-48.0) 50.7 (32.5-98.9)
Dipel 36B + Sorbo
alone, 4.7 1/ha 2.9 0.27/16.2 4.4 10.0 ( 0 -19.8) 49.4 (18.0-87.3) 48 10.9
30.0 (23.8-34.0) 49.3 (30.0-71.0)
Dipel 36B + Dowanol TPM 1.5 ( 0.2- 2.8) 68.5 (32.0-98.7)
+ Orthene, 2.35 1/ha  37.2 0.89/46.1 4.2 6.2 ( 4.0- 9.4) 78.5 (43.0-96.7) 70 5.9
23.3 (12.4-32.0) 67.0 (55.0-93.0)
Dipel 36B + Dowanol TPM 2.9 ( 0.6- 5.0) 79.9 (48.1-99.6) 65 9.2
alone, 2.35 1/ha 8.0 0.66/38.1 4.7 8.3 ( 5.6-12.6) 59.9 (37.0-95.1)
21.0 (14.0-36.8) 42.5 (14.2-78.9)
Untreated Checks
1l and 2 - 0.337/25.9 - = (30.0-99.5) 70 i

* Check plots 1 and 2 densities 0.35, 0.30

per bud respectively (26.8, 25.0 per branch, respectively) .



. Table 28

Analysis of Relationship between Ground Deposit and Percent Defoliation — Balsam Fir
Petawawa Forest Experiment Station, 1975

Plot Percent Percent Plot
et . StabiliqyIﬂxﬁxﬁg;giﬁ;spray BIU Drops/cm? Defoliation Plot Drop ’
Ratio per bud/per branch Depo;;ted/ (Range) (Range) Defoliation Density/cm

Dipel WP + Molasses 39.1 14.5 ( 8.0-19.8) 25.7 ( 6.5-57.6)

+ Orthene, 14 1/ha 15.2 0.07/ 2.5 237 28.1 (26.4-31.0) 27.3 (10.8-36.1) 25 31.6
59.5 (38.6-95.8) 21.9 (12.5-36.9)

Dipel 36B + Sorbo

+ Orthene, 4.7 1/ha 1.6 0.37/11.9 6.2 2.7 (0 -10.2) 57.5 (13.0-94.3) 52 14.5
22.0 (12.0-36.4) 48.4 (24.7-74.6)
63.1 (48.6-91.6) 26.8 (19.1-38.1)

Dipel 36B + Sorbo

alone, 4.7 1/ha 2.9 0.21/11.1 4.4 2:5. ({0 = 6.4) 60.2 (33.0-98.4) 57 12.4
14.0 (10.2-20.4) 55.2 (25.0-97.1)
44.2 (35.6-52.6) 52.2 (11.1-92.5)

Dipel 36B + Dowanol TPM

+ Orthene, 2.35 1/ha 37.2 0.36/13." 4.2 3.3 ( 1.0- 7.6) 44.2 (10.3-60.8) 39 6.6
18.5 (11.2-34.8) 30.0 (15.2-76.6)

Dipel 36B + Dowanol TPM 0.38/19.0 4.7 4.4 ( 0.2- 9.4) 69.4 (41.2-98.2)

alone, 2.35 1/ha 8.0 13.2 (11.0-16.2) 73.4 (29.2-99.6) 68 3.3
30.3 (17.2-44.6) 58.0 (32.0-82.3)

Untreated Checks

1 and 2* - 0.31/11.4 - - 49

* Check 1 and Check 2, 0.39 and 0.23, respectively.



Table 29

Pupal Emergence and Adult Oviposition Rates of Spruce Budworm
Collected fram Plots Sprayed with B. thuringiensts - Orthene Combinations

Number of Pupae Average Number Egg

Treat t Caged Average Wt. (g) Percent Emergence * Masses,/Fmerged Females
Males Females Total Males Females Total Males Females Total Successful Total
Emerged

Dipel WP + Orthene, -

14 1/ha 201 254 455 0.072 0.080 0.077 73(147) 62(158) 68 33 3.3
Dipel 36B + Orthene,

4.7 1/ha 227 244 471 0.059 0.081 0.071L 19( 44) 9( 24) 14 2.9 2.9
Dipel 36B alone, _

4.7 1/ha 249 226 475 0.062 0.085 0.073 69(174) 27( 63) 48 8.1 8.1
Dipel 36B + Orthene,

2.35 1/ha 260 203 463 0.058 0.074 0.065 76(198) 33( 69) 55 6.6 6.6
Dipel 36B alone,

2.35 1/ha 426 341 767 0.059 0.080 0.068 84(358) 31( 96) 58 12.8 12.9
Check Plot I 222 201 423 0.066 0.084 0.062 85(198) 74(150) 80 3.7 3.8
Check Plot II 215 201 416 0.069 0.098 0.083 97(209) 77(155) 87 4.8 Bad.

* Actual number in brackets to indicate if there were sufficient males in cages to fertilize females.



Table 30

Results of Egg Mass Survey of Plots Treated with
' B. thuringiensis - Orthene Cambinations

Average Number Egg Mass
per 100 sg. ft. of Foliage!

Treatment Emerged Unemerged
WS bF TotAl s oF Total
Dipel WP + Orthene,
14 1/ha 373 1430 gab 2148 2292 2223P
Dipel 36B + Orthene, "
17 1/ha 232 42 142 3443 3353 3402°
Dipel 36B alone,
4.7 1/ha . 383 pp3b  jaab 366° 2823 374
Dipel 36B + Orthene,
2.35 1/ha 76P g2 4ob 3153 2102 2633¢
Dipel 36B alone,
2.35 1/ha 106  pg@  gob 2873 5132 2503
Check Plot T 119° 3738P  43b 2262 3193 2723b¢
Check Plot IT 6520 152 512 2277 g6 1562 i
' One sq. ft. = 0.093 m®. Means within a colum followed by the same

letter are not significantl

after transforming data to log (x + 1).

y different at 5% level.

(SNK test used



Table 31

Percent Larval Parasitism based on Larvae collected fram
White Spruce and Balsam Fir Sample Branches
During Population Density Assessments

Treatment No. Live Larvae Collected Percent qf Larvae Parasitized

Pre-sprayl PS#l Post-spray#2 Pre-spray PS#l Post-spray#2

Dipel WP + Orthene,
14 1/ha 521 748 151 0:18 0.13 0.0

Dipel 36B 4 Orthene,
4,7 1/ha 1734 1158 309 0.0 0.0 159

Dipel 36B alone,
4.7 1/ha 121 834 380 0.0 0.0 1:8

\ Dipel 36B + Orthene,
2.35 1/ha 2689 477 174 0.11 0.0 1.7

Dipel 36B alone,

r 2.35 1/ha 2594 493 246 0.0 4.3 3.3
{
Untreated Check I 1793 951 367 0.0 0.0 2eD
i Untreated Check II 1536 723 255 0.07 0.0 3:9
1

Large majority 3rd and 4th instars at pre-spray, mainly 5th and 6th at
post-spray 1 and mainly pupae at post-spray 2.
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Table 32

Percentage Parasitism of 4th Instar Budworm Larvae Collected fram

White Spruce on Test Plots and Reared on Artificial Dietl

Pre-spray? Number Percent Parasitism by3 , Total
Treatment Budworm Larvae Glypta Apanteles Apanteles Apanteles Apanteles Lypha WMinthemia Percent
Density Reared fumiferanae fumiferanae absonus  morpisi sp. setifacies fiumiferanaelarval
Parasitism
Dipel WP + Orthene, 0.25 200 1.0 0.0 0.0 0.0 0.0 0.0 0.0 1:0

14 1/ha

Dipel 36B + Orthene,
4.7 1/ha

Dipel 36B alone,
4.7 1/ha

Dipel 36B + Orthene,
2.35 1/ha

Dipel 36B alone,
2.35 1/ha

"heck I and II
Cambined

0.60

0.27

0.89

0.66

0.33

200 10.0 0.0 0.0 0.0 0.5 0.0 0.0 10.5
200 14.0 1.5 0.5 0.5 0.5 1.0 0.0 18.0
200 14.0 0.0 0.0 6.0 0.0 0.0 0.0 14.0
200 10.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0
1100 7.8 0.0 0.0 0.0 0.0 0.0 1.0 8.8

Based on parasites emerged and dissected fram laboratory reared larvae collected fram test plots.

Based on number of larvae per bud.

Parasites identified by I.W. Varty, Maritimes Forest Research Centre, Fredericton, N.B.



Table 33

Density of Apanteles spp. and Glypta sp. Cocoons
on Foliage Based on Number of Cocoons per Bud

Treatment per 1

acre (ha)

Density of

Apanteles Glypta

AHG

Dipel WP +Orthene
1.5 GPA (14 1/ha)

Dipel 36B + Orthene
0.5 GPA (4.7 1l/ha)

Dipel 36B Alone
0.5 GPA (4.7 l/ha)

Dipel 36B + Orthene
0.25 GPA (2.35 1/ha)

Dipel 36B Alone
0.25 GPA (2.35 1/ha)

Untreated Check I

Untreated Check ITI

.0038

.0081

.0086

.0058

.0075
.0064

.0130

0.0010 0.0049

0.0033 0.0115

0.0027 0.0114

0.0022 0.0080

0.0033 0.0109
0.0041 0.0106

0.0104 0.0235

Ratio of 2
Pre-S PS 1&2 PS 2/AG
/AG /AG
32.7 28.6 4,08
42.6 10.4 4.78
21.1 8.3 4,82
78.8 5.0 4.40
46.8 6.0 4.12
34.9 16.5 14.15
12.4 4.7 1.91

1 Cocoons fram white spruce and balsam fir cambined.

2 Pre-S =

1 and 2, respectively;

pre-spray density;
A+G

PS 4 1and PS # 2 =
= Apanteles and Glypta cambined.

density post-spray



Percentage Parasitism among Pupae Collected fram Test Plots and
Reared in the Laboratory and Total Budworm Parasitism

—_——

P —

Table 34

Percent Parasitized by Total Percent*
Number  Omatoma G%ypta Phaeogenes Apecthis Aplomya Ictoplectis Unidentified Percent Budworm
Treatment Pupae fumiferanae fumiferanae hariolus ontario ecaesar conquisitor Tachinids Pupal Parasitism
Reared ' Parasitism
Dipel WP + Orthene,
14 1/ha 455 - 0.22 1.30 0.44 - = 3.10 51 6.1
Dipel 36B + Orthene,
4.7 1/ha 471 - 0.21 3.18 - 0.21 - - 0.21 3.8 14.3
Dipel 36B alone, Parasites escaped
4.7 1/ha 475 - 2 = = = = = - 18+
Dipel 36B + Orthene,
2.35.1/ha 463 - 0.22 2.59 0.65 0.43 - =2 3.9 17:9
dDipel 36B alone,
2.35 1/ha 767 - 0.13 0.52 0.52 0.26 0.13 - 1.6 11.6
“heck I & II
cambined 839 0.12 0.36 1.81 - - - -~ 2.4 132
* Larval and pupal



Table 35

Percent Parasitism of Egg Masses Collected
from Plot Spraved with Bacillus thuringiensis -
Orthene Carbinations - Petawawa Forest Experiment Station, 1975

Nurber Egg %

Treatments Masses Examined Parasitizedl
Dipel WP  Orthene, 14 1/ha 305 89.2
Dipel 36B Orthene, 4.7 l/ha 485 96.7
Dipel 36B alone, 4.7 l/ha 513 89.5
Dipel 36B Orthene, 2.35 l/ha 484 8h.6
Dipel 36B alone, 2.35 1l/ha 456 76.5
Check Plot I 423 77.1
Check Plot II 305 79.0

5

Parasitism by Tﬁchagra:ma sp; 75-100% of eggs in egg mass parasitized.



Table 36

Results of Aerial Application of Bacillus thuringiensis -
Orthene Cambinations to the Same Plot in Two Succeeding Years

1974 * 1975 =*
Treatment per acre 4-12 BIU of B.t. 8 BIU of B.t.
+ 0.3 - 0.6 oz + 0.6 oz
Orthene Orthene
Deposit per acre 0.75 - 3.67 BIU 1.0 BIU
+ 0.06 - 0.28 oz + 0.7 oz
Orthene Orthene
Number of live budworm / 18"
branch - Pre-spray wS 18.2 14.4
bF 8.0 235
Number of dead budworm / 18"
branch - Pre-spray wS 0.7 2.4
bF 1.0 2.2
Number of live budworm / 18"
branch - Post-spray (peak wS 9.4 2.6
pupation) . bF . 0.7
Incidence of Microsporidia
(¢ of Cadavers) 19.3 37.5
Percent defoliation estimate **
wS 59.5 (65.4) 43.4 (76.7)
bF 25.6 (32.9) 2T+2 (53.6)
Average number egg mass
per 100 sq. ft. foliage
Total 389 (high) 123 (mod)
Successfully emerged 166 (mod) 25 (low)
Percent larval parasitisml 2.2 0.2
Percent pupal parasitism2 4.1 8.3
Percent egq parasitism3 56.6 81.5

There were 3 plots in 1974 which were cambined to form the 1975 plot.

Based on parasites collected during population density assessment.
Percentage parasitism based on larval rearing in 1975 was 3.0.

2 Based on rearing of field collected pupae.

3 Data from egg mass survey
** Untreated checks in brackets.



Table 37

Cost Analysis of Applications -
Petawawa Forest Experimental Station, 1975

Treatments

Dipel WP  Dipel 36B Dipel 36B Dipel 36B Dipel 36B
ITtems + Orthene + Orthene Alone + Orthene Alone

14 1/ha 4.7 1/ha 4.7 1/ha 2.35 1/ha 2.35 l/ha
Area, acres (ha) 2x893 (2x362) 480 (194) 484 (196) 712 (288) 791 (320)
Bl $5358.00 $1379.00 $1390.00 $1540.00 $1724.00
Molasses 52.00 - - - =
Orthene 318.56 85.36 - 112,72 -
Sorbitol - 306.72 306.72 - -
Dowanol TPM - = - 216.27 243.00
Dye 65.79 11.78 11.78 8.83 9.80
Chevron Sticker 375 1.12 1:12 0.90 1.00
Aircraft Rental* 3576.00 964.00 964.00 1424.00 1582.00
Total $9374.10 $2749.98 $2673.62 $3391.82 $3559.80
Per Acre $10,50 $5.73 $5.52 $4.76 $4.49
Per Hectare $25.94 $14.15 $13.63 $11.76 $11.12

$2.00 / acre or $4.90 / hectare.



APPENDIX

Larval Development at Pre- and Post-Spray

Assessment Dates
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~ PLOT 1|
x PRESPRAY
* MAY 22;

1

2X

975,

4 BIU + 0,3 0OZ ORTHENE

*

w 0.5 GPA =

*

AAARAAAAARAAAARR AR A AR R AR R A A AR A AAKNA AN A A AR KA A

I0 OF 11 111 Iv Vv Vi EMERGED DEaAp PARA= ASSOC LIvVE
‘REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBw SITES SpP S84 1
I RARARX AREkA AR ARKAKAKR Ak RHAAN AXAk Ak X Kk khk k& ARAA AR HEAKRA X LR B AkRhAR AAARA  ARAAAAA R
LL SPECIES
50 159 344 18 0 0 0 0 227 1 .9 . 52]
( 30.5%) 66,0%) ( 3.,5%) ( J0%X) ( «0%) L0%) [ «0%)
IS ONLY
25 113 257 16 0 0 0 0 122 0 7 386
( 29.3%) bbb%) ( 4d,1%) ( «0%) +0%) L0%)  ( «0%)
F ONLY o
25 46 B7 2 0 0 0 0 108 1 e 135
( 34.1%) 64.,4%) ( 1.,5%) ( «0%) «0%) L0%) ( «0%)
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* PLOT 2 DIPEL:SOKBO:HR0 +0RTHA
* PRESPRAY 50 30: 20 *
* MAY 25, 1975, 20.5 GPA %

t*i***t*t*t**t*******t****t***t***i**#*t**i

O OF 11 111 Iv v VI EMERGED DEAD PARA= ASSOC  LIVE
REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAEL PUPAE SBw SITES SP S3n
kA kA K AkAh XX AAAKAkX AAARARA AAARARRKX KAk A AKX L E S B & & AAXAARR LEEE ARXARR AXA kR kA Rk kk &
\LL SPECIES
50 213 943 321 128 130 2 1 268 O 74 171571
( 12.3%)  ( S4.3%X)  ( 18.5%) ( 7,4%) ( 7.5%) ¢ 1%1 s 1%) ' -
IS ONLY
25 134 567 242 114 130 2 1 166 0 72 1189
( 11.3%)  ( 47,6%) ( 20,3%) ( 9.,6%) ( 10.9%) ¢ «2%) . 1%
F _ONLY )
25 79 376 79 14 0 0 0 102 0 2 548
( 14.4%) ( 68.6%) ( 14,4%) ( 2.6%) ( 0X) HOEY I .0%)

1



« PLOT 3
x PRE=SPRAY
® MAY 27,

1975,

 KKAAKRKKARRARRRKARRRRRRRAKARARARK AR KA R AR A A

*

DIPEL:SORBO:H20 x
503 30: 20 *
ﬁOQB upﬂ *

*

AAAAAARAAAAAAAAA AR AAAAARARARRAAARARRARAAKRAR

0 OF 11 111 IV v VI EMERGED DEAD PARA= ASSOC  LIVE
REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBw SITES SP SBa 11
AARK ook Rk AXAK AKX ARkA AR X AARAAKX AAkRKANAX AAKRARAR (L EE & 8 & 1 LE X & Ak ARK Ak kAR Thk kA kk Kk
LL SPECIES
51 4] 607 445 151 33 0 0 ug7. o0 80 1211
( 35.2%) 47.5%) 34.8%) ( 11,820 € 2.6%) L0%)  ( .0%)
S ONLY
26 24 325 228 133 33 0 286 0 77 743
( 3.2%) 43.7%) 30,74)  ( 17.9%) ( 4,4%) 0%)  ( L0%)
F_ONLY B R
25 17 282 217 18 0 0 0 161 0 3 534
( 3.2%) 52,8%) 40,6%) € 3.8%) ¢ .0%) %) U W 0%)
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x PLOT 4 DIPEL:TPM:H20 +0RTH =
* PRE=SPRAY 75: 15: 10 . "
* MAY 28, 1975, . 20,25 GPA =

****t***ttt****tit**tﬁttt*ttt****ti*ik**t*t

N0 OF 11 111 lv v VI EMERGED DEAD PARA=- ASSOC  LIvVE
[REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBw  SITES sP S3a 1
k ok kk Xk Aok ok kX ARERA AKX AR AAKR kKRKkkA i AAkAA AR LRSS E KAk kAR LT X ] ARk R X AAkAAA AEkR k kg %
\LL SPECIES
49 40 690 1088 750 121 0 0 394 3 85 2689
( 1.5%) (€ 25,7%) ( 40.5%) ( 27,9%) ( 4.5%) ( .0%) ( .0%)
VS ONLY
25 24 443 823 676 111 0 0 156 3 85 2077
( 1.2%) ( 21,3%) ( 39,6%) ( 32,5%) ( 5.3%) ( .0%) (  ,0%)
JF_ONLY -—
24 16 247 265 74 10 0 0 238 0 2 612 |

( 2.6%) ( 40.,4%) ( 43,3%) ( 12,1%) ( 1.6%) ¢ «0%) ( 0X)




CARARXARKAKARAARKRAKAKKRARARRRRARARRRARR KR A KA

*# PLUT &5 DIPEL:SORBO:H20 -
15z 152 10 ®

* PRE=SPRAY
* MAY 28,29 ,1975, d0,25 GPA &

AAARAAAAARAA AR AR A A A AN A AAA A AR AAAARARAARKALKA &

0 UF 14 111 IV v VI EMERGED DEAD PARA= ASSOC  LIVE
REES INSTAR INSTAR INSTAR INSTAR ~ INSTAR PUPAE PUPAE SBw SITES SP S8
KRk Ak AAKX KRR AAKARK AN AKX KK ARA Xk k% t 8 & & 8 8 9 Rk Rk kX% (R B8 & & | LEE R AkkAKX Ak Kk AX kXA AKRA %Ki
LL SPECIES
50 195 8718 890 524 107 0 0 647 0 126 _ 2594
( 7.5%) 33,847 U 36.3%) ( 20.2%) ( #Hal¥) ( &04) € 0%
S ONLY
25 123 578 512 421 101 0 0 252 0 117 1735
£ 7.1%) 33,3%) € 29.5%) [ 2Ue3%) ( 5.,8%) (0% ( L0%)
F_ONLY i o
25 72 300 378 103 6 0 0 395 0 9 859
( 8.4%) 34,9%)  ( 44,0%) ( 12,0%) (7% (  ,0%) (  ,0%)




*# CHECK PLOT |
* PRE=SPRAY

* MAY 23,

1915,

t*t**tt**titi*t********t*it*#t**ltti*}ﬁt!kt

%
]
*

tt**it******k*k*i*it*it*****tt**l********it

—d

V0 UF I1 110 Iv v VI EMERGED VDEAD PARA= ASSOC LIVE
[REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBW SITES SP SBa
& & & Ak hkkki AARAAA AARAAA R AKXk At i Ak A kAR KA AR AR AXAR AR K& LEE T ; AAAKX AXkA KK RAA A AR
\LL SPECIES '
49 749 896 138 10 0 0 0 85 0O 48 1793
( 41.8%) 50:08) T 1.1%9) T« 6%) I 0% +L0%) «0%)
WS ONLY
24 405 622 112 10 0 0 0 37 0 48 1149
( 35.2%) SHI%) € 9.7%) 29%) T« . 0%) S0Z)  ( 0%)
\F ONLY i - o
25 344 274 26 0 0 0 0 48 0 0 644
( 53.4%) 42,54) ( 4,0%) ( J02) 0%) ~0Z) +O%)

1
*



ARAAAARAAARAAARAAAAAAAAARAAA A RA A AR A KA R A AR AKAR

x CHECK PLOT 2 "
x PRE=SPRAY %
* WNSe=MAY 23 BF=MAY Zﬂ; 1975. *x

AARAAAAAAAAARARA A ARARAARR AR A A RARA AR AR AAAARAR

NO OF Il 111 IV v Vi EMERGED DEAD PARA= ASSUC LIve
[REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBw  SITES . SP S3n
khk AKX ARAKXAAR Ak kAKX RARAAX RAARA K KAKXAKRK KAk AREKX ARRARAARX L8R & ARAKEN AA A KK Ahkh Kk K
\LL SPECIES
50 279 947 279 30 1 0 0 109 _ 1 63 1538
( 18.2%) 61,7%) ( 18.,2%X) ( 2.,0%) ( «1%) .0%) e 0%)
vS ONLY
25 167 687 246 25 1 0 0 B9 1 59 1126
( 14,.8%) 61.,0%) ( 21.,8%) ( 2.2%) ( «1%) .0%) e 0%)
3JF ONLY e
25 112 260 33 5 0 0 0 20 0 Y 410
( 27,.3%) 63.4%2) ( B8,0%x) ( 1.,2%) ( e 0%) «0%) +0X%)

1



ARRARAKRKAKAKRKARRARRARRRARRKARKARRRARRARA A RAR K
£ PLOT ex 4 BIU + 0,3 0Z ORTHENE *
* POST=SPRAY | al,5 GPA ®
%

*

* JUNE 6, 1975,

**i**t*t*t**ittt***ttk**t***t**t*tt*****tt

NO OF 11 111 Iv v VI EMERGED . DEAD PARA= ASSOC  LIVE
TREES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBW SITES SP 8834 |
AAAAR AARAAR ARARAR ARARKA AR Rk AR LR B R & § ARAKAA AAAKAA LR BT AAkAAR ARkA XK AEkR AR A A
ALL SPECIES
50 5 48 73 148 457 17 1 176 471 748 |
( «7%)  ( 6,4%) ( 9,7Z) ( 19.,8%) ( 61.0%) ( 2.3%) < o 1%)
NS ONLY |
25 5 33 53 135 437 17 1 139 1 46 680
( «7%)  ( 4,8%) ( 7.8%) ( 19.8%) ( 64,2%) ( 2.5%) ( o 1%)
3F_ONLY o
25 0 15 20 13 20 0 0 37 0 1 68

( «0%)  ( 22,1%) ( 29.4%Z) ( 19,1%) ( 29,4%) ¢ «0%) e 0%)




tijttﬁi*ttttt***li**ﬂt***t**ﬁ*tiitt*tttt#*t_"

x PLOT 2
x POST=SPRAY

1

* JUNE 9, 1975,

AAKARARANAA AR A AAA AR ARAAAARAA A A A AAARAAAARAARAR

DIPEL:SORBO:H2O +0RTH=»

50:

30: 20

*

20,5 GLPA *

0 OF II 1v v Vi EMERGED DEAD PARA= ASSOC  LIVE
REES INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBW SITES SP S8A 1
Ah Ak RAkAAKK AA AR AR KkAARX Ahkhk Ak AARAKAR AAhkAhhkk LEE ¥ AKRKAK AAKKARR ‘AR A AR kk %
LL SPECIES
S0 Y 149 240 611 44 4 0 156 1158
( e 3%) ( 12.,8%) ( 20,7%) 52.6%) ( 3,8%) ( e 3%)
S ONLY
25 2 72 125 319 43 4 0 150 597
( «3%) ( 12,0%) ( 20.8%) 53:.1%) € 7.2%) o T%)
F_ONLY N
25 2 17 115 292 1 0 0 6 561
{ 4% T 13,2%) € 13.,7%) ¢ 20,5%) 52,0%) (  .,2%) (  .0%)




AARARAKAARRAARAARAKNARRKRAAAARAAAARKAARNARAAARNARA KA X

= PLOT 3
x PUST=SPRAY |
* JUNE j2 & 13,

AAARAAKA A A A AR A AR AAAA AN AAA KR AR A A AN AR AARAR A A R

DIPEL:SORBO:HZU A

50:

19755

30: 20 *
d0,5 GPA *

10 OF I1I E11 Iv v vI EMERGED DEAD PARA= ASSOC LIVE
'REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBw SITES SP SBa 1
kA AR K AARA A Ak ARXAkAk% Ak kg & F & 8 & L 2 8 &5 8§ 1 Kk Ahhkk HAA K KX Kk i AARAR KA kA% AAAAAA X
\LL SPECIES
50 ) 67 16 141 340 205 7 259 0 52 834
( .6%) 8.0%) ( 9,0%Z) ( 16,8%) ( 40,4%) ( 24.4%) ( 8%)
IS ONLY
25 0 28 27 50 150 165 7 148 0 49 420
( +0%) 6.6%) ( 6,3%X) ( 11.,7%) £ .39.1%) ( 38,6%) ( 1.,6%)
F_ONLY _— -
25 5 39 49 91 190 40 0 111 0 3 414
€ 1.,2%) 9.4%) ( 11,8%) ( 22.,0%) ( 45.,9%) ( 9.7%) ( .0%)




AKAAKRRRARRAKR KRR ARARKARRRA KA AR RARKRARAR AKX A

% PLOT 4

# POST=SPRAY 1

ARKAAAARARKAARARARAA XA A AARARARARKRARA RN R AR R AR R ARR

751

DIPEL:TPM:H20 +0RTH =

15: 10

*

0,25 GPA %

0 OF I1 I11 IV v vI EMERGED DEAD PARA= ASSO0C L1VE
'REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAELE SBW SITES SP Sda 1
kAR K Ak Ak Ak RAKAR KARAAR kAR Kk kX I8 8 & & 4 AKKALR KARKRA XAk Kk AhkkKkR AAAkAK AKARKAA %
LL SPECIES
50 1 26 54 102 167 127 2l 196 6. 70 . 437
( +2%3 6 S.2%) ( 10.8%) ( 20.5%) 33:.5%) © 25.5%) £ 4.2%)
IS ONLY
25 0 0 7 18 S1 92 18 130 0 69 168
( oO%) +O%) [ 3.8%) ( 9.71%) 27.4%) ( 49,5%) ( 9,7%)
\F_ONLY e
25 1 2b 47 84 116 35 3 66 0 1 309
( A% [ B8:3%)  15:1%) I 26:,9%) 37.2%) € 11.28) K 1.0%)




t*tl*t**t#*****t**tttit*******tl******{?i*tm

* PLOT 5
* POST=-SPRAY |

* JUNE 16,

1975,

DIPEL:TPM:H20

75:

152 10

®
*

20,25 GPA =
AAKRKARARAR AR KA AR A A AR R R AR AR A ARARRAARARAAAR AR K

]

NO OF L1 111 v v vl EMERGED DEAD PARA= ASSOC LIVE
IREES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBW SITES SP  SBa |
kx kAR RAkAAARA AAKkARK AAARN L ok ok k& kKAkkk AR AAARKR X KARAKAR LE R E 3 *AAKk%k kA Ak ARk Ak &
ALL SPECIES
S0 2 18 32 11 163 201 13 197 2l R - YRE
( JUZ)  C 3,.6%) ( 6,3%) ( 15,2%) ( 32.,2%) ( 39,7%) ( 2,6%)
VS ONLY
26 1 7 8 27 41 133 : 5 132 8 78 217
( e2%) ( 3.,2X%) ( 3.6%) ( 12.2%) 18,5%) ( 59,9%) ( 2.3%)
IF_ONLY _
24 1 i1 2y 50 122 68 8 65 13 2 276
( 4%)  ( 3,9%X) ( 8,5%) ( 17.6%) ( 43,0%) ( 23.9%) & 2.8B%)




AAARAAAAAARAAR KRR AR ARAR R AR R AR RAARR AR AAKARARRAXA ) |

* CHECK PLOT 1 - * :
* POST=SPRAY 1 * ;
* JUNE 10, 1975, *

ARKAARARAAAKRAARKARRKRAARRAAARRRAARR R AR AR AR A AR KRR K

0 OF 11 111 1V v VI EMERGED DEAD PARA= ASSOC  LIVE
REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAEL sgw SITES SP SBA 1
ARR K ARARAK Aw A A AR ARKKRARK AAkRAA AKX Ak AkAARX AKAXAKK K L2 2 & 8 & 1 LEY £ 'S .88 AAAKKRK AKARAAAA R
LL SPECIES

50 1 54 93 139 561 103 0 144 0 28 951

( J1%)  ( 5.,7%) ( 9.8%) ( 14,6%X) (59,0%) ( 10.8%) .0%)

1S ONLY

25 0 18 40 63 319 96 0 80 0 28 536
( J0%) ¢ 3,4%) € 7.,5%) € 11,8%) ( 59.5%) ( 17.9%) ( .0%)
F ONLY _ o a
25 1 36 53 76 242 7 0 64 0 0 u1s

( 2%) (¢ B,7%) ( $2.8%) ( 18,3%) ( S8,3%) ( [I.,72) «0%)




KRARRAARKK KRR A KRR R AR AR AR AR R A KRR R A AR AARRRAAR
* CHECK PLOT 2

« POST=SPRAY |

* JUNE 10 & 11, 1975,

t**!*****#*!****ii****i*i******it******k**i |

* ¥ »

NO OF Il 111 1v v Vi EMERGED DEAD PARA= ASSOC LIVE
TREES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBw SITES SP S3n 1
AKXARK KA AKXk AKX ARAKAR AAKARK ARk kA% kX Ak & AhkA A A% RAAR AKX Kok ik 'E R B K 1 Ak kxk AR A A A A w
ALL SPECIES
50 4 51 75 119 312 162 10 131 NS - -
( e5Z2) ( 7.0%) ( 10,2%) ( 16,2%) ( 42,6%) £ 221%) £ 1.4%)
WS ONLY :
25 3 31 49 73 204 140 8 115 0 72 500
( «6%) ( 6,1%) ( 9,6%) ( 14,4%) ( 40,2%) ( 27.6%) ( Lo BX)
BE ONLY e
25 1 20 26 46 108 22 2 16 0 0 223 .

( f4%) € B,9%) ( 11,6%) ( 20,4%X) ( 48,0%) ( 9.8%) ( «9%)




AXARAARRARNARKAAARARAAAARARARARARAARAARN AR R RA A AA R

® PLOT 7} 2X 4 BIU #+ 0,3 0Z DORTHENE
* POST=SPRAY 2 21,5 GPA *
x~ JUNE 18, 1975. *

ARAAKRAKRARARRAAAA AR AAARRAAARARAARAARANARARAAARKR

NO OF 11 111 IV v vI EMERGED DEAD PARA= ASSOC LIVE
TREES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAL SBw SITES SP SBa 1
kA k% ARARKAAR AAAAAK KAXAXK kAR KN ARANARRA AKkkAhA K AKX AR K XA AR AARAR KA K AA A AAAA %
ALL SPECIES
50 0 3 3 9 24 112 10 99 0 22 151
( SOE) € 1921 [T 1.9%) U S.6ZY T 14.9%1 U 89627 U 6.20) - i T
¥S ONLY
25 0 1 1 6 6 105 9 B8 0 22 119
( 20%) 1 J8%) dB%) U G.TXY £ UuI%) € 82.0%) 1 71.0%)
3F ONLY
25 0 2 2 3 18 ) & | 11 0 ) 32
( 0%} € B6.1%) 1 6,123 (¢ 9,1%) (€ S4,5%) € 21.2%) ( 3.,0%)




AAARRAARAAAKNAARA AR AR R AR AA AR AR AR AR AR A A A A A A A &

x PLOT 2 DIPEL:SORBOIH20U #0RTHx
* POST=SPRAY 2 50: 30: 20 A
* JUNE 19, 1975, 0.5 GPA *

RARRAAAAA AR AR AAN AR R A KA A AR ARAARN R AR AAAARA AR &

0 OF 1.l I11 1v Vv vI EMERGED DEAD PARA= ASSOC LIVE

'REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBw SITES SP S3a |
ch KRR AKRRKAR AARRRK ARRRAK RAKKKAR AKRARK kK& KKK KAR KKK KXkhk Khkhkk  RKRAR  ARAAKA #
\LL SPECIES
50 0 0 4 14 72 219 23 110 6 25 309
( o0%) «0%)  1.2%] ¢ 4.,2%] ( 21.7%) ( 66,07 { 6,9%]) SR e RS
IS ONLY
25 0 0 2 2 16 71 18 50 & 23 21
( 0%) ( e0%) ( 1.8X) ( 1.,8%) ( 14,7%) ( 65.1%) ( 16,5%)
\F ONLY
25 0 0 - 2 12 56 178 5 60 [/ 2 2Zre

( «0%) 0%) ( «9%)  ( 5.4%) ( 25.1%) ( 66,4%) ( 2,2%)




AXKKARAARARAARAAAAAAAAAA N AAA KA RAAARAAAAAA R AR

= CHECK PLOT 1 =
x POST=SPRAY 2 *
* JUNE 18, 1975S. *

KAAARAARKRAARKRAARAARARAAARRA AR ARARRARARANAARNAR

0 OF 11 Il 1V Vv VI EMERGED DEap PARA= ASSOC LIVE
'REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBw SITES SP SBa 1
r Ak Ak ARKRRR KAKAKR RARAKR KARAKK KKRAAK Ak kAR XRARRK Aaxhn AEkkAK  RARAK  ARAAAkR A
\LL. SPECIES -
50 0 0 2 3 43 319 125 134 9 41 567
( 0%) ( W0%) ( J4x)  ( .6%) ( B,7Z) U 64,87) [ 25.4%) -
S ONLY
25 0 0 0 | 9 197 114 92 9 41 207
( L0%) ( 0%) «0%) o3%) (1 2.8%) ( 61.4%) ( 35.5%)
IF ONLY
25 0 0 2 2 34 12¢€ 11 42 0 0 160

( 0%) 0%)  ( 1,2%) ( 1,2%) ( 19,9%) ( 71,3%X) ( 6,.4%)




AARRARAARARAR AR AARNRARRAAAN A AN A A AARAAARA AR AARKR

* CHECK PLOT 2
* POST=SPRAY 2

* JUNE 20,

1975,

*
| 4
]

ARAEAA AR AR AN AA AR AR A A A AR A AR AARAARN AR A AA A AN AAR

0 OF Il il 1V v vI EMERGED DEAD PARA= ASSOC LIVE
REES INSTAR INSTAR INSTAR . INSTAR INSTAR PUPAE PUPAE SBW SITES SP SBA 1(
kA K R KARKRK KAKRKR KAKR KK KAk kK& KARKK K RARAAR kKK K Krkhk AAKKR  KRAAR AARAKA 41
LL SPECIES
50 0 0 1 4 24 226 138 76 10 45 255
( 0%) ( «0%) o341 U TLDR) T BIXF [ 57.5%) U 35,1%)
3 ONLY
25 0 0 0 0 - - 118 52 6 41 157
( «0%2) ( «0%) «0%)  ( o0Z2) ( 2,2X) ( S4,9%X) ( 42,9%)
= ONLY
25 0 0 | a I8 75 20 24 i 4 98
( «0%)  ( «0%) e8X) [ 3,4%) ( 15,3%X) ( 63.,6%) ( 16,9%)




AAARAAAAAAAAAAAAAA AR A ARARARAAAAAAKARARAAAR AR

* PLOT 3
®* POST=S5PRAY 2

* JUNE 19,

1975,

DIPEL:SUORBD:HZ20 Tk
50: 30:; 20 &
20,5 GPA ®

AARKAAAAKRAAARAAAARARAAAAAAAR A A AAAARAAANARAAAAR

NO OF 1§ 111 1V v VI EMERGED DEAD PARA= ASSOC LIVE
TREES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBw SITES SP SBa 1
ARRK K KRARKR KKk RA RARRKR AAARKK AAAKAK AAAKKR Kkokok kK AKAkk ARAAR  AAAAR  AARAKA *
ALL SPECIES
50 0 0 3 23 91 263 32 134 7 23 380
( LTI 2 0% od%) L DBgbXk) { 22.1%) 63.,8%7) ( 7.8%) o -
NS ONLY :
25 0 0 1 8 14 140 28 60 4 23 163
( «0%) ( 0%) ( «5%) ( 4,2%) ( 7.3%) 73.3%) ( 14,7%)
BF ONLY -
25 0 0 2 15 LT i q 74 3 0 217
( 0%) oDX) %) ( 5H,8%X) ([ 34,8%2) 55.7%) ( 1.,8%)




AAARAAARARRAKAARARARARAARAAARARARAAARAAAARAAAR &

o « PLOT 4 DIPEL:TPM:HZ0 #+DRTH =
* POST SPRAY 2 75: 15: 10 *
x JUNE 19, 1975, 90,25 GPA

ARRAXARAARRARARNRARRAAA R AR AR A A AANRAAARAAARAARAAX

NO OF 11 111 IV v VI EMERGED  DEAD PARA= ASSOC  LIVE
TREES INSTAR  INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBW  SITES SE S8a 1
ARAKK AAKKRR KAKRKR ANARRK AKK KRR KARKA K AKKKRK kA hkAK Ktk RhdhE  hibdad o RERrer
ALL SPECIES
50 0 0 2 10 40 T 36 124 3 55 1 i
[ 0% € 8§ [0 { 680 -0 0y sy rInes ' e
WS ONLY
- s 4 g g 6 54 32 55 3 35 61
(20X € L0%) C 1,1%) (  .0%) ( 6.5%) ( 58.1%) ( 34.4%)
BF ONLY
- - 4 1 10 34 68 q 69 0 , i 5 '

( .0%) ( 0%)  ( «9%) ( B,5%) ( 29,1%) ( 58,1%) ( 3.,4%)




KAk A A A AN A A A AR A A AR A A AR A A AR AN A AR A A AN AR AR A A A AR K

— * PLOT S DIPELITPMIH20 %
* POST=SPRAY 2 75: 15: 10 *
\ * JUNE 19, 1975. 20,25 GPA
AAXAAAAARAARAKRAAR R AR AAAARARAA AR A XA A AN AARARA K
VO OF 55 I11 1V v vi EMERGED DEAD PARA= ASSOC  LIVE
REES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBW SITES sP SBa 1
kAAKNR AAKAKAR KAk ARA®R RARRA AR AAEXARARAAR AAXAAKR AXARAR ANEAXA RN A AR AAkAAK Ak Ak ARAA Ak AAx %
\LL SPECIES
50 0 1 0 14 58 173 62 81 8 36 246
U 0%y ( .15 Y | 0¥y ( 4,5%) ( 18.8BX%) ( 56.2%) ( 20,1%) N
¥S ONLY
25 0 0 0 3 24 106 54 50 3 16 133
( 0%) J0%y I JOX) (0 1.6%) ( 12.8%) ( 56.7%) ( 28,9%)
JF ONLY
25 0 e 0 11 35 &7 B 31 5 F Tiea i b
( JOX) X .B8%) JOZ) ( 9,1%) ( 28,1%) ( 55.,4%) ( 6.6%)

1
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