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FOREWORD 

Philosophically, the raanipulaticn of pest peculations should 

be achieved through the introduction of natural agents. These agents, 

whether pathogens or other should seek to influence the pest populations 

to oscillate at a density which can be tolerated by the host. To this 

end the Canadian Forestry Service has fostered long range research over 

a period of several decades. 

Hie most serious pest of eastern Canadian pulp species is the 

spruce budworm (Choristcneura fumiferana Clem.) and the most promising 

pathogen emerging from the research program has been Bacillus thuringiensis 

(B.t.). Numerous field tests by a variety of investigators yielded degrees 

of premising results. A diversity of conclusions attributed to differences 

in formulation, concentration, weather and timing prompted the Canadian 

Forestry Service to consolidate the efforts of several agencies in a well-

supported series of tests in 1973. The Chemical Control Research Institute 

agreed to take the lead role. The object of the exercise was to test the 

most successful B.t. formulations in a concerted attempt to resolve the 

inconsistencies which had developed between field evaluations by different 

agencies and, hopefully, to be in a position to advise clients on the 

feasibility of using a biological control agent where the spruce budworm 

threatens valuable spruce - balsam stands. The inter-establishment project 

was successfully completed and recommendations are being prepared. Follow-

up experiments to modify and improve techniques are being planned for 1974 

and beyond. 

James J. Fettes, 

Director, 

Chemical Control Research Institute, 

February, 1974 
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ABSTRACT 

Two conrrercially available formulations of Bacillus thurinqiensis 

Berliner, Thuricide 16B and Dipel WF-, were applied to experimental 

forest blocks in Algonquin Park, Ontario and Spruce Woods, Manitoba. The 

materials, with and without the addition of chitinase, ware tested against 

the spruce budworm (Choristcneura fumiferana Clem.). A separate test with 

chitinase alone was also carried out. The materials were assessed in terms 

of control of the target insect, protection to host trees, and effects 

on non-target organisms such as domestic honey bees, birds, small mammals, 

and aquatic and terrestrial invertebrates. The tests indicated that the 

Bacillus thurinqiensis formulaticns gave limited protection to the trees 

and did not have any deleterious effects on other forms of life in the 

sprayed areas. 

RESUME 

Eeux preparations conrrerciales de Bacillus thuringiensis Berliner, 

le Thuricide 16B et le Dipel WP , ont ete appliquees sur des blocs 

experiirentaux du pare Algonquin, en Ontario, et de Spruce Woods, au 

Manitoba. Les deux produits, avec et sans chitinase, ont ete mix 5 l'essai 

contre la tordeuse des bourgeons da l'epinette (Choristoneura fumiferana 

Clem.}. La chitinase, enployee seule, a elle aussi fait l'objet d'un essai. 

Les insecticides ont ete evaluea en fonction des trois points suivants: 

l'efficacite contre l'insecte cible, la protection offerte aux arbres hotes 

et les effets sur les organisnes non vises comne les abeilles demestiques, 

les oiseaux, les petits marmifSres et les invertebres aquatiques et 

terrestres. Les essais ont montre que les preparations de Bacillus 

thuringiensis offraient aux arbres un certain degre de protection et qu'ils 

n'avaient aucun effet nuisible sur les autres formes de vie des zenes traitees. 
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A. Laboratory Study of Conparative Toxicity Against Fifth-

Ins tar Larvae 

by 

P.C. Nigam 

JMBODUCTICN 

A study for canparati\*2 effectiveness of commercial formulations 

of Bacillus thuringiensis (B.t.) and fenitrothion field formulations against 

spruce budworm Choristoneura fumiferana (Clem.) was carried out at the 

request of the Canadian Forestry Service by the Insect Toxicology Section 

of the Chemical Control Research Institute during 1973. 

The bacterial spores and protein crystals become pathogenic when 

they are ingested by the larvae of certain lepidopterous insects. In order 

to determine the pathogenicity of the B.t. formulations under laboratory 

conditions, foliage of the host species of the insect is sprayed with or 

without insects present. Foliage treated with the known dosage is then 

fed to a predetermined number of insects. The mortality due to treatment 

after a certain time period is recorded. When chemical insecticides are 

sprayed on the infested host plants, the mortality of the past results 

from the combined effect of contact and stomach toxicity. 

This preliminary report describes a laboratory study of Dipel 

® 
and Thuricide 16B , with and without chitinase for stomach toxicity and 

fenitrothion formulations for contact toxicity against laboratory reared 

fifth-instar spruce budworm larvae using larch foliage, Larix laricinia 

(Du Eoi) K. Koch, as diet. 



MITTHODS Al-JD MATERIALS 

Tlieir Formulations: 

insecticides were used in this study. The details of 

tlieir formations and sources are as follows: 

(i) DipeP- Provided by Abbott Laboratories, Abbott Park, 

North Chxcago, Illinois 60064. The concentrations of active ingredient 

(B.t.) in the wettablo powder (WP) was 3.2% or 16,000 International 

Units of Potency (IU) per mg or at least 25 billion viable spores per 

qram. List No. 5188. 
(R) 

(ii) Thuricide IIP 16B - Provided by International Minerals 

and Chemical Corporation, Libertyville, Illinois 60048. The concen 

tration of active ingredient (B.t.) in the aqueous concentrate (AC) 

was 0.65% or 3,300 International Units of Potency per mg or at least 

5 million viable spores per mg. 

(iii) Premium Grade Sumithicn® (Fenitrothion) - Provided by 

SumitaiD Chemical Co., Ltd., Osaka, Japan. The concentration of active 

fenitrothion was 98.7%. Lot No. 993. 

The Dipel and Thuricide concentrate were diluted to 0.016, 

0.031, 0.063, 0.125 and 0.250% concentrations of active B.t. Brilliant 

Sulfa Flavine (BSF) at 0.25% concentration was used as a tracer dye. 

The Thuricide aqi^ous concentrate was diluted to various 

concentrations with 0.25% BSF dyed distilled water. 

The 0.25% stock solution of B.t. from Dipel WP was prepared 

using 7.8 grams Dipel WP, 44.5 ml CIB* molasses, 0.18 ml Chevron sticker 

Cargill Insecticides Base, supplied by Cargill, Minneapolis, Minn. 
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and 0.25 gins of BSE, with distilled water being used to bring the volume 

up to 100 cc. The stock solution (0.25% B.t.) of Dipel was further 

diluted to the lower concentrations with diluting solution (containing 

CIB molasses 44.5%, 0.1B% Chevron sticker, 0.25% BSF, and distilled 

water) . Chitinase obtained frcsn Nutritional Biochemicals, Cleveland, 

Ohio, was mixed in the stock solution of B.t. and in the diluting 

solutions. The B.t. concentrations were formulated fresh every day and 

were used within 3 to 4 hours. 

The premium grade Sumithicn was diluted to 0.5% active 

fenitrothion concentration with solvent mixture containing 2% Arotex 

3470 in No. 2 refined fuel oil. The formulations of biological and 

chemical insecticides used in the laboratory study wsre different to 

those used in the field. The field formulations cannot be used in 

laboratory studies as they contain very high concentrations of the 

active ingredients. 

Spruce Budworm Larvae: 

Second-instar hybernated larvae of spruce budworm were received 

from the Insect Pathology Research Institute, Sault Ste. Marie. The 

larvae were reared on artificial diet to the fifth-instar at C.C.R.I. 

The fifth-instar larvae used for the experiments were sorted in batches 

of 10 larvae in creamer cups at least 2-3 hours before exposure to 

insecticide (Fig. A-l). The larvae ware supplied with a diet of larch 

foliage during the experiments - The infestation of microsporidia in 

the fifth-instar was approximately 85.95%. 
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Larch Foliage: 

Larch foliage was used in these expsrinents as host material 

for spruce budworm larvae. These experiments were conducted in the month 

of October when spruce and balsam fir foliage were not suitable for 

feeding the insects. Natrro and European larch were used in the 

experiments depending upon the availability of green foliage (Fig. A-2) . 

Sufficient suitable foliage was collected from natural stands and 

plantations in the Ottawa area to carry out the experiments. 

Insecticide Treatment: 

The spraying procedure was similar to that described by Nigam 

(1970). A modified Potter's tower (Fig. A-3) was calibrated to deposit 

volumes of dyed fenitrothicn equivalent to 0.1, 0.2, 0.3, 0.4, 0.5, and 

0.6 gallons per acre (gal/ac) and volurtes of dyed B.t. solutions 

equivalent to 0.5, 1.0 and 2.0 gallons per acre. The calibration of the 

tower was carried out in tine units by using a micro-syringe or micro-

pipette for the standard deposit on the required surface area (9 cm 

No. 1 Whatman filter paper circles). The deposits of insecticides were 

determined by the colorimetric method as described by Rayner (1956) . 

Thirty larvae per dosage in replicated groups of ten were 

sprayed to determine the contact toxicity of fenitrothion. Three two-inch 

twigs of larch foliage were sprayed with B.t. formulations per replications 

for stcmach to>dcity studies. Thirty budworm larvae were released on the 

treated foliage for each concentration, i.e. ten larvae in each replication 

of the concentration. 



The deposit of active ingredient (AI) was calculated in ug/cm2, 

oz/acre and Intematicnal Units of Potency {IU) and is presented in 

Tables A-XIV to A-XVII. Two types of controls (i.e. non-insecticide 

sprays) were used: (1) controls treated with dyed diluting solutions 

or dyed diluting solution + chitinase and (2) controls without any 

treatments. 

Cbservations and Analysis of Data: 

There were slight differences in observation techniques for 

contact and stomach toxicity experiments, the details are presented 

under separate headings. 

(i) Contact Toxicity: The larvae were held at 21°C and 

55-60% EH in plastic dixie cups (Fig. A-4) after treatment and fresh 

larch foliage was provided. Mortality counts vasre made at 24, 48, and 

72 hours after treatment and corrected for control mortality according 

to Abbott's formula (1925). 

(ii) Stomach Toxicity: The larvae were released on the treated 

larch foliage in plastic dixie cups (Ilg. A-4) and were held in 21°C and 

55-60% RH for observations. Mortality counts were made at 3, 5, and 

7 days after treatment. As the treated foliage dried up it was replaced 

by untreated fresh foliage. The control mortalities of the saire day 

experiments were pooled and used for calculating the corrected % mortality 

by Abbott's formula. 

The data was not analysed for probit analysis as several 

experiments will be repeated for critical evaluations. 



- A6 -

H5SULTS AND DISCUSSICN 

The details of Bacillus thuringiensis tests are presented 

in tabulated form as Experiment 1-12 (see appendices). The data for 

seven days after treatment of B.t. formulations applied at the rate 

of 0.5, 1.0, and 2.0 gpa are summarized in Tables A-XIV to A-XV and 

A-XVI, respectively. The concentraticns of active B.t. sprayed and 

dosages deposited are given in |jg/cm2, oz/acre and IU/cro2. The 

corrected percentage mortalities for 24, 48, and 72 hours after 

treatment of 0.5% fenitrothion applied at the rate of 0.1 to 0.6 gpa 

are summarized in Table A-XVTI and details are presented in Experiment 

13. 

It is clear from Tables A-XIV to A-XVI that Thuricide alone 

has the lowest toxicity at all dosages. The addition of chitinase to 

Thuricide enhances its toxicity at all dosage levels. Dipel appears 

to be better than Thuricide + chitinase at all dosage levels except at 

0.1252 concentration (Table A-XIV). The toxicity of Dipel and Dipel + 

chitinase appears to be the sama at the dosage rates applied. In order 

to analyse the effect of chitinase on tha toxicity of Dipel further 

experiments at lower dosages are needed. The results of B.t. treatments 

on the basis of present data can be surmarized tentatively in the 

following descending order of toxicity. 

Dipel = Dipel + chitinase > Thuricide + chitinase > Thuricide 

Ihe toxicity of Thuricide and Thuricide + chitinase is 

ascending with increasing gpa or deposit. The sane is true for Dipel and 

Dipel + chitinase but the effects are not so dramatic as in the case of 



- A7 -

Thuricide due to initial high mortality at the dosages used in the 

experinents, 

It can be safely interpreted that addition of chitinase 

increases the toxicity of Tliuricide approximately 1.5 to 3.0 tiires 

depending upon mortality level and dosage at which it is compared. 

When a comparison of Dipel and Thuricide + chitinase is carried out, 

the toxicity varies 1.5 to 2.0 tines depending upon the mortality level 

and dosage at which it is compared. 

It is difficult to compare fenitrothion with B.t. formulations 

under the present plan of experiments as fenitrothicn is tested only for 

contact toxicity and B.t. for stomach toxicity. Several more critical 

expsrinents are required, where both insect and host foliage will be 

sprayed together with fenitrothion for investigating its corrplete 

effectiveness. Cn the basis of present data, Dipel appears to be irore 

effective than fenitrothicn (Tables A-XIV to A-XII) . However, the 

critical evaluation of efficacy of B.t. formulations and comparisons 

with fenitrothion can be dene only after further experimentation. 

AND CCNCLUSICHS 

It can be conducted from these experiments that Dipel alone 

and Dipel + chitinase are more effective than Thuricide + chitinase or 

fenitrothion. Applications of Dipel could cause higher insect rrortality 

of spruce budworm larvae in the field and eventually better protection 

to foliage, if it is made available in an active form to the insect at 

the feeding site. These studies will continue further, for precise 

evaluation of conparati^ efficacy of Dipel, Dipel + chitinase and 

fenitrothion. 

_ — 
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APPENDICES 

EXPERIMENT NO. 1 

Objective: To determine the stomach toxicity of Thuricide to fifth-

instar laboratory reared spruce budworm. 

Plan of Experiment: 

Rate of Application: 

Treatment: 

Concentration(s) of Bacillus 

thuringiensis (B.t.): 

Replications: 

No. of larvae per treatment: 

Total No. of larvae utilized: 

No. of larvae for untreated check: 

Experimental Code: 

Date: 

0.5 gal/ac 

Seven {five concentrations of B.t., 

one dye check, one untreated check) 

0.016%; 0.031%, 0.063%; 0.125%; 0.250% 

3 

10 x 3 -= 30 

30x7 = 210 

Ninety (ST 14, 15 and 16 pooled) 

ST-14 

October 12, 1973 



EXPERIMENr NO. 2 

Objective: To determine the stanach toxicity of Thuricide and chitinase 
to fifth-instar laboratory reared spruce budwarm. 

Plan of Experirrent: 

Kate of Application: 

Treatrrent: 

Concentration(s) of Bacillus 

thuringiensi s (B.t.) : 

0.5 gal/ac 

Sevan {five concentrations of B.t. 
and chitinase, one dye and chitinase 

check, one untreated check) 

0.016%; 0.031%; 0.0631; 0.125%; 0.250% 

Replications: 

No. of larvae per treatment: 

Total No. of larvae utilized: 

10 x 3 = 30 

30x7= 210 

No. of larvae for untreated check: Ninety (ST 17, 18 and 19 pooled) 

Experimental Code: ST-17 

Date: October 15, 1973 
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EXPERIMENT NO. 3 

Objective: To determine the stomach toxicity of Dipel to fifth-instar 
laboratory reared spruce budwonn. 

Plan of Experiment: 

Rate of Application: 

Treatment: 

Concentration (s) of Bacillus 

thuringiensis (B.t,): 

Implications: 

No. of larvae per treatment: 

Total No. of larvae utilized: 

No. of larvae for untreated check: 

Experimental Code: 

Date: 

0.5 gal/ac 

Seven {five concentrations of B.t., 
one dye check, one untreated check) 

0.016%; 0.031%; 0.063%; 0.125%; 0.250% 

3 

10 x 3 = 30 

30 x 7 = 210 

Oie hundred (ST 22, 23 and 24 pooled) 

ST-22 

October 24, 1973 

TABLE NO. A-III 
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EXPERIMENT NO. 4 

Objective: To determine the stomach toxicity of Dipel and chitinase to fifth-

instar laboratory reared spruce budworm. 

Plan of Experiment: 

Rate of Application: 

Treatment: 

Concentration{s) of Bacillus 

thuringiensis (B.t.): 

replications: 

No. of larvae per treatment: 

Total No. of larvae utilized: 

0.5 gal/ac 

Seven (five concentrations of B.t. 

and chitinase, one dye and chitinase 

check, cne untreated check) 

0.016%; 0.031%; 0.063%; 0.125%; 0.250% 

3 

10 x 3 

30 x 7 = 210 

No. of larvae for untreated check: Cne hundred (ST 25, 26 and 27 pooled) 

Experimental Cede: ST-25 

Date: October 25, 1973 

k I 
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EXPERIMENT NO. 5 

Objective: To determine the stomach toxicity of Thuricide to fifth-instar 
laboratory reared spruce budworm. 

Plan of Experiment: 

Rate of Application: 

Treatment: 

1.0 gal/ac 

Seven (five concentrations of B.t., 
one dye check, one untreated check) 



EXPERIMENT NO. 6 

Objective: To determine the stcmach toxicity of Thuricide and chitinase to 
fifth-instar laboratory reared spruce budworm. 

Plan of Experiment: 

Rate of Application: 

Treatrrent: 

Concentraticn(s) of Bacillus 

thurinqiensis (B.t.)": 

Replications: 

No. of larvae per treatment: 

Total Wo. of larvae utilized: 

1.0 gal/ac 

Seven (five concentrations of B.t 
and chitinase, one dye and chitinase 
check, one untreated check) 

0.016%; 0.031%; 0.063%f 0.125%; 0.250% 

3 

30 

30x7= 210 

No. of larvae for untreated check: Ninety (ST 17, 18 and 19 pooled) 

Experinental Code: ST-18 

October 15, 1973 

TABLE NO. A-VI 

B.t. 

Cone. Dosage 

% B.t. fig/an2 

0.016 0.0175 

.031 .0350 

.063 .0701 

.125 .1401 

.250 .2803 

Dye + chitinase 

Chock 

Pooled Check 

Day: 

Mortality Counts After 

Days 7 Days 
% Corr. "" % corr. % c5rF 

D/T Mort. Mort. D/T Mort. Mort. D/T Mort. Mort." 

4/30 13 

3/28 11 

8/30 27 

13/30 43 

21/29 72 

1/30 3 

0/30 0 

0/90 0 

13 

11 

27 

43 

72 

3 

8/30 27 

14/28 50 

20/30 67 

22/30 73 

28/29 97 

1/30 3 

0/3 0 0 

0/90 0 

27 

50 

67 

73 

97 
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EXPERIMENT HO. 7 

Ib determine the stench toxicity of Dicel to fiff-h , , 
laboratory reared spruce bud™™! fifth-instar 

Plan of Experinent: 

Rate of Application: 

Treatment: 

Concentration(s) of Bacillus 
thuringiensis (B.t.l; 

replications: 

No. of larvae per treatment: 

Total No. of larvae utilized: 

No. of larvae for untreated check: 

Experimental Code: 

Date: 

1.0 gal/ac 

Seven (five concentrations of B t 
cne dye check, one untreated check) 

0.016%; 0.031%; 0.0631; 0.125%; 0.250* 

3 

30 

30x7= 210 

&e hundred (ST 22, 23 and 24 pooled) 

ST-23 

October 24, 1973 

TABLE NO. A-VII 

Mortality Counts After 

Cone. 

% B.t. 

Dosage 

Mg/cm2 
I Corr. ?s cnrr 

DA net. .tort. DA tort. ££ 

0.016 0.0175 

-031 .0350 

.063 .0701 

-125 .1401 

■250 .2803 

Dye 

Check 

Pooled Check 

5/30 17 

9/29 31 

8/30 27 

14/30 47 

19/30 63 

0/29 0 

V30 3 

1/100 1 

16 

30 

26 

46 

63 

0 

17/30 57 

21/29 72 

24/30 80 

27/30 90 

30/30 100 

1/29 3 

3/30 10 
4/100 4 

55 

71 

79 

90 

100 

0 

D/T 

26/30 87 
22/29 76 

28/30 93 

29/30 97 

30/30 100 

3/29 10 

5/30 17 

6/100 6 

86 

74 

93 

97 

100 
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EXPERIMENT NO. 8 

Objective: To determine the stomach toxicity of Dipel and chitinase to 

fifUi-instar laboratory reared spruce budworm. 

Plan of Experiment: 

Rate of Application: 

Treatment: 

Concentration(s) of Bacillus 

thuringiensis {B.t.)T~ 

Replications: 

No. of larvae per treatment: 

Ic-tal No. of larvae utilized: 

1.0 gal/ac 

Seven (five concentrations of B.t. 
and chitinase, one dye and chitinase 
check, one untreated check) 

0.016%; 0.031%; 0.063%; 0.125%; 0.250% 

3 

30 

30 x 7 = 210 

No. of larvae for untreated check: One hundred (ST 25, 26 and 27 pooled) 

ExperiJTBntal Code: ST-26 

Date: October 25, 1973 

TABLE NO. A-VIII 
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EXPERIMENT NO. 9 

Objective: To determine the storach toxicity of Biuricicte to fifth-instar 
laboratory reared spruce budworm. ' ' 

Plan of Experiment: 

Rate of Application: 

Treatment: 

Concentration (s) of Bacillus 

thuringiensis (B.t.): 

Replications: 

No. of larvae per treatment: 

Total No. of larvae utilized: 

2.0 gal/ac 

Seven (five ccncentrations of B.t., 
one dye check, one untreated check)' 

0.016%; 0.031%; 0.063%; 0.125%; 0.250*. 

3 

30 

30x7= 210 

No. of larvae for untreated check: Ninety (SI1 14, 15 and 16 pcoled) 

Experinental Ctode: ST-16 

October 12, 1973 

i 
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EXPERIMENT NO. 10 

r 

Cbjectiw: To deterrrdne the stcmach toxicity of tfiuricide and chitinasc to 
fifth-instar laboratory reared spruce budworm. 

Plan of Experiment: 

Rate of Application: 

Treatment: 

Concentration(s) of Bacillus 
thuringiensis (B.t.)l 

Implications: 

No. of larvae per treatment: 

Total No. of larvae utilized: 

2.0 gal/ac 

Seven (five concentrations of B.t. 
and chitinase, one dye and chitinase 
check, one untreated check) 

0.016%; 0.031%; 0.063%; 0.125%; 0.250^ 

3 

30 

30 x 7 = 210 

No. of larvae for untreated check: Ninety <ST 17, 18 and 19 pooled) 

Experimental Code: 

Date: 

ST-19 

October 15, 1973 

TABLE NO. A-X 

B.t. 

Cone. Dosage 

I B.t. iig/cm2 

Da 

Mortality Counts After 

Days 7 Days 

% Corr- " " Corr. "%-•- corr 
DA Mort. Mort. DA tort. tort. DA Mort. Mort! 

0.016 0.0350 

.031 .0701 

.063 .1401 

.125 .2803 

6/30 20 

9/30 30 

12/29 41 

21/30 70 

.250 .5605 28/30 93 

Dye + chitinase 

Check 

Pooled Check 

2/30 7 

0/30 ' 0 

0/90 0 

20 

30 

41 

70 

93 

7 

15/30 50 

21/30 70 

24/29 83 

30/30 100 

30/30 100 

2/30 7 

0/30 0 

0/90 0 

50 

70 

83 

100 

100 

20/30 67 

24/30 80 

27/29 93 

30/30 100 

30/30 100 

2/30 7 

0/30 0 

1/90 1 

67 

80 

93 

100 

100 
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EXPERIMENT HO. 11 

Objective: To determine the stomach toxicity of Dipel to fi 
laboratory reared spruce budworm. '" 

Plan of Experiment: 

Pate of Application: 

Treatment: 

Concentration(s) of Bacillus 

thuringiensis (B.t.): 

Implications: 

No. of larvae per treatment: 

Total No. of larvae utilized: 

2.0 gal/ac 

Seven (five concentrations of B t 
one dye check, one untreated check) 

0.016%; 0.031%; 0.063%; 0.125%; 0.250! 

3 

30 

30x7= 210 

No. of larvae for untreated check: One hundred (ST 22, 23 and 24 pooled) 

Experimntal Code: ST-24 

Date: October 24, 1973 



r 
- A20 -

EXPERIMENT NO. 12 

Cbjectiw: To determine the storach toxicity of Dipei ^ chitinase to 
tifth-mstar laboratory roared spruce budworm. 

Plan of Experiment: 

Rate of implication: 2.0 gal/ac 

Treatment: g^ (fivo concentrations of B t 

and chitmasG, one dye and chitinasc 
check, one untreated check) 

Concentration(s) of Bacillus 0.0161; 0.031%; 0.063%; 0.125%- 0 250 
thuringiensis (B.t.) : v.±^j,a, u.zdu 

Implications: 3 

No. of larvae per treatrrent: 30 

Total No. of larvae utilized: 30 x 7 = 210 

No. of larvae for untreated check: One hundred (ST 25, 26 and 27 pooled) 

ExperinBntal Code: ST-27 

Date: October 25, 1973 

TABLE NO. A-XII 

B>t- Mortality Counts After 
5 Days -^ — y 

Cone. Dosage % Corr. % corr ^ 
I B.t. jkj/W DA Mort. tot. DA tort, tort." DA tort. 

0.016 0.0350 9/30 30 30 25/30 83 82 27An on 
.031 .0701 17/30 57 57 24/30 80 79 27/3S 90 S 
• 063 .1401 17/30 57 57 30/30 100 100 30/IS 100 100 
• 125 .2803 27/30 90 90 29/30 97 97 30/30 Ton ! 
-250 .5605 17/30 57 57 30^30 100 100 3^30 JJS 

Dye + chitinase 0/30 0 0 1/30 3 0 2/W 1 
Check o/3O 0 3/30 10 4/30 1, 
Pooled Check o/lOO 0 6/100 6 g/ioo 9 
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EXPERIMENT NO. 33 

Objective: To determine the contact 
instar Oratory reared' 

Plan of Experiment: 

Rate of Application: 

Treatment: 

Concentration (s) of insecticides: 0.5% 

to fifth~ 

0.6gal/ac 

Implications: 

No. of larvae per treatrtBnt: 

Total No. of larvae utilized: 

3 

30 

30x7= 210 

No. of larvae for untreated check: Thirty 

Experi^ntal Code: Exp-SBL 73 
Date: 

October 29, 1973 

Insecticide 

Fenitrothicn 
0.5% 

TABLE NO. A-XIII 

. M°rtalitY_Counts 
5_ 

CorrT 
Mart. 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

Check 

0.056 

.112 

.168 

.224 

.280 

.336 

0/29 

7/28 

10/27 

21/30 

21/29 

0 

25 

37 

70 

72 

30/30 100 

0/30 

0 

25 

37 

70 

72 

100 

0/29 

7/28 

10/27 

21/30 

24/30 

0 

25 

37 

70 

80 

30/30 100 

0 

25 

37 

70 

80 

100 



TABLE NO. A-XIV 

Toxicity of B.t. formulations at 0.5 gai/ac against fifth-instar laboratory 

reared spruce bu<3.-/orm - seven days after treatment 

Ccnc. of 

active B.t, 

0.016 

.031 

.063 

.125 

.250 

Dosage (AT) Corrected Percentage Mortality After Sewn Days 

;g/cm2 IU/cm2 oz/acre Ohuricide Ihuricide & chitinase Dipel Dipel & chitinase 

0.0088 

.0175 

.0350 

.0701 

.1401 

4.38 

8.76 

17.53 

35.06 

70.12 

0-013 

.025 

.050 

.100 

.200 

0 

2 

25 

44 

54 

Untreated check mortality (%) 11 6 
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TAELE NO. A^ 

Itoxicity of B.t. formulations at 1.0 gal/ac against fifth-instar laboratory 

reared spruce budworm - seven days after treatrrent 

Corrected Percentage Mortality After Seven Days 

Hiuricide Ihuricide & chitinase Dipel Dipel £ cfritinase 

7 

33 

55 

78 

97 

Untreated check mortality {%} 11 



TABLE NO. A-XVI 

Toxicity of B.t. formulations at 2.0 gal/ac against fifth-instar laboratory 

reared sprues butfworm - seven days after treatment 

CctlC of 

active B.t. 

Dosage (AI) Corrected Peraentage Mortality After Seven Days 

yg/cm2 IU/an2 oz/acre Ihuricide Thuricide & chitinase Dipsl Dipel & chitinase 

0.016 

.031 

.063 

.125 

,250 

0.0350 17.53 0.050 

.0701 35.06 .100 

.1401 70.12 .200 

.2802 140.23 .400 

.5604 2S0.46 .800 

21 

40 

69 

97 

97 

Untreated check mortality 
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Fig. A-l Creaite Cups 

Fig. A-2 Larch Foliage 

._ . 
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CONTACT TOXICITt TOt/SB I. l'otter'0 nozzle 
intermediate design 2. Hanostat micropipct buret 

3. Apcer multi-ratio gear motor 4. Air intake ports 

and hinged cover 5. Exhaust pipe S. Exhaust fan -

ElB-t>trt>ltoa» model ZB9Z-4S-O&-OBa 7. Exhaust fan nuitoh 
S. Gralab Universal Timer - electric S, Timer euitah 

10. Timer light It. 1'oaer BUitBk IS, Pouer light 
l£. Cast airpuiap - pressure vacuum senior model 

14. Flask filtering pyrex IQQQ ml. 15, Air pressure 

autc expansion I'alve model S4OC 16. Koby air purifier 

17. Mercury manometer - Pyrex U - tube 90 cm. 

18. Airtube to ncszle - Tygon (I.I). 1/4" O.V. 1/8") 

19. Glass cy Under 20. Cylinder clamp £ I, Sliding 

tray 22, Sliding t-rau guide rods 23. Windex-glass 

14. Uindou - glass Si. Plywood stand on casters 1/4" 

plyaood - U, 2.7" H. 19" D. IS" ZC, I'lyvood touer 
l/S" plyucod f. IS" H. 42" D, IS" 

. 
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Fig. A-4 Plastic Dixie Cups 
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B. Simulated Aerial Sprays in a Young White Spruce Plantation, 

Shawvillc, Quebec 

by 

W.W. Hopewell 

INTRODUCTION 

The tests reported here wexe supplemental to the experiments 

carried out in Algonquin Park, 1973, by the Chemical Control Research 

Institute on efficacy of some cormercial preparations of Bacillus 

thuringiensis (B.t.) for control of spruce budworm, Choristoneura 

fumiferana (Clem.). The opportunity to contribute to the investigation 

of the efficacy of certain B.t. formulations was taken while field testing 

an experimental device and procedure (Hopewell 19741) for applying simulated 

aircraft spray in measured doses to individual small trees. The spray 

formulations were identical to those used in the Algonquin Park experiments 

as described by Marris and Hildebrand (Part E of this report) , plus two 

additional B.t. treatments containing a ^ry small amount of fenitrothion. 

It should be noted that in these tests all trees were white spruce, Picea 

glauca (Itoench) Voss, while in the Algonquin Park experiments, most were 

balsam fir, Abies balsamsa (L.) Mill. 

The main objectives ware: 

1. To field test the device and technique for applying rreasured 

' W.W. Hopewell, 1974. A device and technique for applying measured 
amounts of simulated aircraft spray to individual small trees, 

(Manuscript in preparation). 

Bl -
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doses of pesticide in the form of an aerial spray deposit to individual 

small trees. 

2 To determine the activity, under natural weathering conditions, 

of the two comrercial preparations of B.t. when applied as aerial sprays to 

small trees infested with spruce bu&rorm. 

3 To determine the effect of small amounts of fenitrothion 

added to the B.t. preparations and applied in the sare way. 

4. To contribute to the CCRI study on evaluation of comrercial 

B.t. preparations and their possible registration for use against spruce 

budworm. 

MATERIALS AND METHODS 

Selection of Study Trees 

The tests were carried out on a privately-owned tree farm near 

Shawville, Que., in an area comprised of white spruce 3 to 20 feet in 

height, from plantings over the past 20 years. The 8-acre test area 

was marked off in 5 sections 150 feet wide and up to 500 feet deep. Trees 

8 to 10 feet in height and with at least moderate bud*;orm infestation, 

as indicated by abundance of mired needles, were selected and numbered. 

Four brandies on each test tree were selected and tagged with plastic 

ribbon 18 inches back from terminal buds, one branch in each quadrant at 

4 to 5 feet above ground level. A count of mined needles and number of 

new shoots en each brand* from the tag outward to the tips was made 

and recorded. 
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Spray Application 

Prior to application, a portable shelter 8 feet in height and 

surrounding a ground surface area 7 x 7 feet was erected around the tree 

to be treated. A measured 2.2 ml of the test mix (for a nominal applic 

ation rate of G6 fl. oz. per acre) was emitted from a spinning disc spray 

device being moved systematically over the enclosed area. 'Hie device was 

fixed to the end of a 7 ft. horizontal arm on an 8 ft. vertical shaft 

{Fig. B-l) . Power to the spinning disc and feed mechanism was supplied 

from a variable voltage source (2 to 6 volts). Cne in every five test 

trees was left as an untreated check for determination of normal 

population levels. To eliminate the possibility of bias, trees were 

identified by nuirber only so that treatment to each tree was not known 

to the person making post-spray observations. 

Spray treatment was carried out during tlie period May 23 to 30. 

At the beginning of this period tlie new shoots were generally conpact with 

bud caps on; by the end of tlie period shoots were extended 1 to 3 inches. 

Spray Solutions 

All the spray formulations ware made up in 100 ml volumes. 

Hie required amounts of Dipel wi® Thuricide 16B®, technical grade 

fenitrothion (SumithionH , and Brilliant Sulfo Flavine dye (BSF) were 

transferred to 125 ml erlenmeyer flasks at tlie laboratory and the 

remaining ingredients (water, Cargill Insecticide Base molasses (CIB), 

Chevron sticker, Arotex 3470, chitinase) added just before use in the 

field. The chitinase was made up as an aqueous solution containing 1 mg/ml 

for ease of measuring. All components were part of those used in the 

L 
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Algonquin Park experiJiisnts and described in Section E of this report. 

•She composition of each spray mix is given in Table No. B-I. 

TABU HO. B-I 

Conposition of Formulations, Shawville, 1973. 

Treatment 

A. Dipel 

B. Dipcl + chitinase 

C. Thuricide 

D. Thuricidc + chitinase 

E. Qiitinase 

F. Thuricide + fenitrothion 

G. Dipel + fenitrothion 

H. Fenitrotliion 

Conponents 

Dipel WP 

Chevron sticker 

ESF dye 

Water:molasses 1:1 to make 

As for A + 0.5 mg chitinase 

Thuricide 16B 

ESF dye 

Water 

As for C + 0.5 mg chitinase 

Chitinase 

BSF dye 

Chevron sticker 

Water:inolasses 1:1 to make 

'Ihuricide 16B 

Fenitrothion (tech.) 

BSF dye 

Water 

Dipel WP 

Fenitrothion (tech.) 

Chevron sticker 

BSF dye 

Waterrmolasses 1:1 to make 

Fenitrothion (tedi. Sumithion 

Arotex 3470 

Fuel oil 

Automate red dye 

11.9 g 

0.2 ml 

0.1 g 

100.0 ml 

50.0 ml 

0.1 g 

50.0 ml 
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Spray Deposit Sampling 

Samples of spray cfeposit w-re taken at two positions (A & B) 

during application, on opposite sides of the tree and approximately tavo 

feet from the stem. The sample units, a pertri dish for colorjjretric 

assessmnt of deposit density, and a Kromekote card* for droplet count, 

were mounted on staked holders about 4 feet above ground taal and clear 

of overhanging foliage (Fig. B-3). 

Post-spray Observations 

The final count of living budworm larvae and pupae was done en 

June 8, 11, 12 and 13, i.e., 2 weeks i 2 days after treatment. Eadi 

18-inch branch was collected and processed using the technique and 

apparatus (Fig. B-2) described by BeBoo et al. (1973) and Martineau 

and Benoit (1973) . Number of larvae (by instar) and pupae were counted 

and recorded. 

RESULTS flHD DISCUSSICH 

The effect of the various treatments was evaluated by comparison 

of the irean infestation levels of the branch samples from trees in each 

treated group against levels from untreated check trees. The infestation 

level on each tree was the nuirber of living budworm per 100 shoots based 

en totals of shoots and budworm on the 4 sample brandies of each tree. 

The rean infestation and standard deviation for each treatment group was 

determined and the results are given in Table No. B-II. 

* Kruger Paper Co., Montreal, Que. 
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Fig. B-l Spray devise in use at Shawville 

Fig. B-2 Modified use of the sampling apparatus for 

determining larval densities on branch samples 
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Fig. B-3 Arrangeirent for treatrrent test trees and sanpling 
spray deposit. 

Test tree (A) surrounded by portable shelter (B) and 

sarrples of deposit collected on staked holders (C) 

. 
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The results indicated that: 

1. None of the B.t. treatments reduced msan infestation 

levels compared with check trees. 

2. Chitinase did not improve effectiveness of either Dipel 

or Thuricide sprays, 

3. A small amount of fenitrothion (0.4%) combined with 

Dipel and Thuricide formulations resulted in a reduction in budworm 

infestation levels (a) compared with died: and (b) conpared with 

either Dipel or Thuricide treatments. 

4. Fenitrothion at an average deposit of 5.9 oz. M/acre 

(applied at a nominal 10 oz. AI in 69 fl. oz/acre) gave greatest 

reduction of infestation, i.e., 31% below check trees. 

5. Fenitrothion applied at an aerial operational dosage 

rate of 3.3 02. AI in 22 fl. oz/acre and giving an average measured 

deposit of 2.2 oz. AI in 14.5 fl. oz/acre resulted in a 14% decrease 

in population density compared with the mean check population. 

The data on budworm development distribution at 14 days 

post-spray have been simmarized for each treatment and are given in 

Table No. B-III. The data show the percent of surviving budworm in the 

4th and 5th instar {L4 + L5) combined, LG and pupae. There are two cases 

where distribution varies significantly from the checks, i.e., Thuricide 

alone and Dipel + fenitrothion, where development seems to have been 

retarded to the extent that few had pupated. However, in the latter 

case, there were only 2 trees in the test and results could be attributed 

to natural variation. 

The actual deposits as determined by sampling were summarized 

and the averages for each treatment given in Table No. B-IV. The deposit 
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data give save clues to the physical characteristics of the formulations 

when applied as sprays. The Dipel treatments showed higher percent 

recovery of emitted spray over Thuricide. This appears to be a result 

of much larger drop size frcm Dipel fornulaticns than was obtained fron 

Thuricide sprays; even with a much lower average deposit of Thuricide 

than Dipel {ca 30 vs 46 fl. oz/acre, respectively) there were more 

2 

drops/an (ca 28 vs 20) . The Thuricide spray formulations appear to be 

more readily dispersed into fine drops than Dipel sprays. 

In general, the spray coverage was good with averages ranging 

from 23 to 55 fl. oz/acre and 15 to 40 drcps/cm , with the nominal output 

rate of 66 fl. oz/acre. The diamater of drops of average volume was 

calculated from the deposit data on fl, oz/acre and drops/cm2 (Table No. 

B-IV) , and ranged from 110 p to 150 p. It is likely that this wide range 

of average drop diameters reflects differences in the formulations and 

meteorological conditions at tine of application. 

.AND CONCLUSIONS 

Applications of the two conrrercial preparations of Bacillus 

thuringiensis, Dipel WP and Thuricide 16B, did not result in a significant 

decrease in the mean budworm infestation levels on small spruce trees 

2 weeks after treatment. Also, the addition of chitinase to the 

formulations did not increase their activity against budworm within this 

same tine period. It is possible that with this slow acting organism 

{compared with chemical pesticides) more tima is required for its total 

effect to beccjte evident. 

A small fenitrothion content (0.43) in the B.t. spray mixtures 
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gave man population reductions as great as obtained with 10 times the 

anount of fenitrothion alone, ihis suggests synergistic action and 

significant potentiation over either active ingredient used alone, and 

should be further studied. 

Two treatments (Thuricide, Dipel + fenitrotliion) resulted in 

apparent retardation of budworm development (very little pupation) during 

the observation period. Ihis would require further study to clarify or 

determine if significant. 

Eenitrothion applied at a rate used in operational aerial 

sprays (3.3 oz. AI in 22 fl. oz/acre) and giving a measured deposit dose 

of 2.2 oz. Al/acre in this treatrrent, gave only slight reduction of 

infestation levels on white spruce trees. When applied at a rate of 10 

oz. AI in 69 fl. oz/acre and giving an average measured deposit of 5.9 

oz. Al/acre, the maan population reduction due to treatment was about 30%, 

The device and technique for applying simulated aerial spray 

deposit on small trees gave generally good results. Spray coveraqe in 

seme cases was more variable than expected, apparently a result of air 

2 

turbulence. However, the average number of drops/on (15 to 40) is in 

the range expected from aircraft emission. The diameter of drops of 

average volume (110 to 150 y) was also within the range encountered with 

aerial spray deposits. 

1 

Thanks are extended to Mr. Gso. Eades viio kindly allowed full 

use of facilities on his tree farm near Shawville, Que., under ideal 

conditions for this experiment. Invaluable assistance in all phases of 
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work was provided by Mr. M. Hcbbs, WUle Mr. Herman Enerson made a 

substantial contribution to the field phase. The interest and helpful 

suggestions cf Dr. R.F. E^ao are gratefully acknowledged. The B.t. 

preparations were supplied by International Minerals and Chemicals Corp., 

Libertyville, 111., and Abbott Laboratories, North Chicago, 111. 
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TABLE MO. B-II 

Budworm Infestation levels on Each Group of Test Trees 

{Maans and Standard Deviations, Differences 

from Check Trees) 

Treatment 

A. Dipel 

B. Dipel + chitinasG 

C. Thuricide 

D. Thuricide + chitinase 

E. Chitinase 

F. Thuricide + fenitrothion 

G. Dipel + fenitrothion 

Ii . Ftenitrothion 

Bsnitrothion 

l 

H 

Untreated Checks 

Di fference 

from checks 

-2 

0 

28 

33 

20 

-17 

-10 

-31 

-14 

0 
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TABLE NO. B-III 

Budworm Development Distribution in Each 

Treatment Group at Final Count 

Treatment 

A. Dipel 

B. Dipel + chitinase 

C. Thuricide 

D. Thuricide + chitinase 

E. Chitinase 

F. Thuricide + fenitrothion 

G. Dipel + fenitromion 

H . Fenitrothion 
1 

II . Fenitrothion 
2 

Untreated Checks 

No. of Total No. Per Cent in Stage 

L 



TAHLE WO. B-IV 

Summary of Deposit Data for Each Tmatrent 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H . 

1 

H . 
2 

Treatment 

Dipel 

Dipel + chitinase 

Ihuricide 

Thuricide + chitinase 

Chitinase 

Thuricide + fenitrothion 

Dipei + fenitrothion 

Fenitrothion 

Fenitrothion 
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C. Assessment of Effecti-veness by Mistblower and Serial 

Application, Spruce Woods, Manitoba 

by 

R.F. CeBco and L.M. Caiipbell 

INTPODUCTICM 

Ffecent field evaluations in Canada and the United States ha\*2 

shown that larvae of the spruce budworm, Choristoneura fumiferana (Clem.) 

are highly susceptible to infection by improved conmercial preparations 

of the bacterial insecticide Bacillus thuringiensis Berliner (B.t.) 

currently available (Dulmage 1973, Tripp 1972, Yamvrias and Angus 1970). 

Also, recent studies have indicated that spray efficacy (i.e. increased 

stress on larval feeding habits) may be enhanced in terms of foliage 

protection by the addition of small quantities of the enzyme chitinase 

to spray mixtures (Dimcnd 1972, Smirnoff 1971, Smirnoff et al 1973) . 

As part of the 1973 field program of the Chemical Control 

fesearch Institute (C.C.R.I.) to evaluate B.t. and B.t. + chitinase sprays, 

a study was undertaken at the Spruce Woods Provincial Park and Forest area 

in Manitoba where serious infestations of the spruce budrorm had occurred 

during the past few years. The project also was designed to satisfy the 

research requirement in the license granted to the Parks Branch of the 

Manitoba Cepartmsnt of Tourism, Ifecreation and Cultural Affairs for 

application of fenitrothion to approximately 9,000 acres of the most 

seriously threatened stands. Major objectives of the study were: 

- Cl -
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(1) To complimsnt the main C.C.K.I, study at Algonquin Park in 

Qitario through geographical replication of certain B.t. 

spray treaterrents. 

(2) To determine the efficacy of B.t. sprays applied at 4 

billion Intematicnal Units (IU)/acre on budworm infesting 

pure stands of white spruce, Picea glauca (Mjench) Voss. 

(3) To determine the effectiveness of the same rate of 

application {i.e. 4 billion IU) selected for aerial 

experimentation at Algonquin Park, but in larger volurrcs of 

water-molasses spray mixture base. 

(4) To determine the effectiveness of dilute B.t. sprays (also 

containing 4 billion IU/acre) using ground application 

equipment. 

{5) To contribute data on the efficacy of B.t. sprays for 

possible federal registration, particularly for use in parks 

and other anenity areas where treatment of trees by synthetic 

organic chemicals is not feasible. 

MATEKEALS MD METHODS 

The Study Area 

Average stocking of white spruce in the Spruce Woods area is 

low compared to densities in eastern forests - about 300 stems/acre. 

Individual trees, or groups of trees ranging upwards to a few hundred in 

lumber, occur randomly throughout the rolling grassland countryside 

(Fig. C-l). Since many trees are open-growing, foliage and branch 

retention is great, and the crowns may extend to ground level. The forest-

A 
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grassland complex is characterized by these tall, mature (aid majestic) 

spruces which commonly reach 70 ft. in height and 12-18 in. in trunk 

diameter. 

Other major tree species include troubling aspen (Populus 

tremuloidss Michx.), balsam poplar {P. balsamifera L.) and bur oak 

(QUGrcus ™acrocaspa Michx.). In addition, several thousand acres of 

coniferous plantations (mostly jack pine, Pinus banksiana L., and Scots 

Pine, P. sylvestris L.) ha^ been established in the Spruce Wcods during 

the past 50 years. The predominance of white spruce in the grassland 

environment, however, is the single most important aesthetic quality of 

this uniqua recreational resource in central Canada. 

Populations of the spruce budwonn have been reported in the 

Spruce Woods since the inception of the Forest Insect and Disease Survey 

of the Canadian Forestry Service in 1937. Populations of the insect 

ranging from 20-30 per 18 in. branch tip were recorded by the authors in 

1968 and 1969 during the course of other studies. At that tima, the 

heavily foliated trees had sustained only minimi injury do- to budworm 

feeding; in fact, the visual appearance of most trees was excellent. By 

1972, staff of the Northern Forest Research Centre (N.F.R.c.) at Winnipeg 

had recorded dramatic increases in budworm population densities (to 50 

or more/18 in. branch), and crown tcp-kilOing die to serious foliage 

depletion was observed for the first time in many areas. Subsequently, 

the Manitoba Parks Branch proposed aerial spray treatment for the 

protection of the spruce trees during 1973, and two areas were reserved 

for experimental applications of B.t. 

Aerial spray blocks were located near the northern boundary of 
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the Spruce Woods Provincial Forest, whereas the area selected for 

treatment by mistblower was located within the southern half of the 

Spruce Woods Provincial Park (Fig. C-2) . Stand canposition of these 

selected treatment areas was characteristic of the Spruce Vfoods, 

although trees in both areas had sustained more serious budworm injury 

during 1972 than trees at most other locations. 

Experimental Design 

Two 100-acre blocks were established for (non-replicated) 

aerial spray treatment. Another 100-acre area was reserved for 

untreated check-tree sampling. The spray treatment blocks were 

separated by a buffer strip approximately 0.5 miles wide. 

An area of approximately 30 acres was delineated for ground-

spray applications. Naturally-segregated groups of 25 trees were 

utilized for establishment of treatment replicates. Two groups 

(replicates) were sprayed for each treatment. Again, two similar 

groups of trees were selected as the untreated check. Groups of 

treated and untreated trees were at least 1,000 feet apart. 

Spray Treatmants_ 

Aerial spray treatments were applied during optimal meteoro 

logical conditions which occurred during the period June 8-10 (Table C-I) 

against mostly fourth (ty - and fifth fl^) - instar larvae (Fig. c-3) . 

Treatments were approximately one week late due primarily to a prolonged 

period of high wind. Spray ingredients were mixed sequentially as for 

the treatments at Algonquin Park (Section D, this report) , but did not 

include chitinase due to supply shortages. Also, sugar beet molasses 



- C5 -

was used in place of Cargill's Insecticide Base (Table C-II). 

Applications were made by Cessna Agwaqon {of similar basic 

design to the Agtruck used at Algonquin Park.) equipped with four 

Micronair AU2000 emission units (Fig. C-4). The aircraft was 

calibrated to deliver the prescribed volunes of spray mixtures (e.g. 2 

and 4 U.S. gal/ac) as clouds of uniformly small droplets approachinq 

100 microns in size (mass median diameter) . The aircraft was guided 

over each 50 ft. swath by flagmen located along the northern and southern 

boundaries of each 100-acrc block. Flying height was 10-20 ft. over 

treetops and about 60-100 ft. above ground level depending upon tree 

size. All sprays were applied irrmadiately after mixing, as carefully 

as possible to each block of trees. 

Ground spray treatments were applied by trailer-mounted John 

Bean model 51 Rotomist equipped with an optional air cone attachment 

(Fig. C-5). Maximum delivery of this mistblower was approximately 

12,000 cu. ft./min., at a -velocity (100 nph) sufficient to allow spray 

droplets to reach the tops of the tallest trees. Applications were made 

during the night of June 9 and early morning of June 10 (2200 - 0230 hrs.) 

using spotlights for careful delivery of sprays to peripheral trees of the 

selected clunps. Applications of B.t. treatrrents were mixed as for 

aerial sprays, but at higher dilution rates (Tables C-I, C-II). 

FenitroUiion, at approximately 6 oz. Al/acre, was applied as a standard 

treatment for comparative purposes. 

Spray Deposit Analysis 

Aluminum support stands containing Kruiiekote cards and glass 
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slides were located along two transects at right angles to swath 

direction in each of the aerial spray blocks (20 sealing stations/ 

block) . Droplet collections en the cards and plates were used for 

visual estimates of droplet density (no./cm ) and size characteristics, 

and for colorrretric analyses of spray volume deposits (oz./acre) at 

ground level. 

Droplet deposit collections were not made in the ground 

treatment sprays. Instead, volume delivery estimates on a per acre 

basis were calculated assuming tree stocking at 300 fifty-foot trees/ 

acre and uniform distribution of spray coverage. Knitted volumes of 

spray mixtures and areas of treatmant in each plot were then used as 

bases for calculations of actual spray volumes emitted/acre. 

Larval Infection and Mortality 

The sanpling technique developed by EteBco et aL. (1973) and 

the apparatus as modified by Martineau and Benoit (1973) were enployed 

in the study for obtaining indices of budworm densities. In both of the 

aerial spray blocks, samples of two 18 in. branch tips were taken from 

the mid-crown region of each of 20 randomly selected trees. Collections 

were made three tines before treatment and three times after. Curves 

were fitted to the average numbers obtained, and Abbott's formula (1925) 

was used to correct for natural population decline. Extrapolations from 

the curves were then made to determine density differences between treated 

and untreated populations of the budworm at five and ten-day intervals 

after treatment. 

A similar procedure was followed for determining larval 
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densities after mistblower treatments. Fewer trees (10/treatment) 

were sampled, however. 

Representative collections of dead larvae collected from 

B.t. treated trees were analysed for the presence of B.t., virus and 

microsporidia by staff of the Integrated Control Section of C.C.R.I. 

These collections were made five and ten days after treatment. 

Foliage Protection Assessments 

A modification of the method developed by Fettes (1951) was 

used to determine defoliation levels on both treated and untreated 

check trees. With the assistance of staff of the Northern Forest 

Research Centre, a total of 40 brandies from the mid-crown region of 

selected trees in each of the two aerial spray blocks and the companion 

untreated area were collected for detailed examination of current-year 

foliage condition. The average percent defoliation was then calculated 

in each case. 

Exfoliation was not systematically evaluated in the groundspray 

plots. An arbitrary visual assessment, satisfactory (less than 50% 

defoliation) , unsatisfactory (50-100% defoliation} was made 12 days after 

treatments to estimate foliage protection levels and crown condition. 

Post-Treatrrent Effects 

Notations were made of the general condition (i.e. healthy, 

moribund, dead) of larvae and purpae after treatment with B.t. sprays. 

Also, branch samples were used for obtaining indices of both pupal and 

egg mass densities in both treated and untreated populations of the 

spruce budworms. 
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Fig. Ol An exanple of distributicn patterns of white spruce 

in the Spruce Woods area of Manitoba 
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Fig. C-4 The Cessna Agwagoi spray aircraft fitted 

with Micrcnair HJ 2000 units 

Fig. 0-5 The model 51 Jcim Bean Rotcmist fitted with 
an cpticnal 35° angle discharge head permitting 

spray delrvery to 65° vertical pattern 



TABLE NO. C-I 

Serial and Ground Spray Treatments and Meteorological Conditions 

During Applications at the Spruce Woods, Manitoba, 1973 

Treatment 

Meteorological Conditions 

Application 

Rate (Al/acre) 

Vol. (gal) spray 

mix/acre 

Area treated 

(Acres) 

Spray date 

(June) and 

time 

Wind Iterrp R.H. Sky 

(°F) (%) Condition 

Dipel 

Dipel 

Untreated Check 

Dipel 

Ihuricide 

Fenitxothion 

Untreated Check 

4 billion IU 

4 billion IU 

4 billion IU 

4 billion IU 

6 02. 

A. Aerial Applications of Dipel 

2 100 10 (0610-0835) 

4 100 8 (1950-2145) 

9 (0800-0835) 

100 - -

B+ Mistblower Applications of Dipel, Ihuricide and fenitrothion 

14 0.5 10 (0100-0230} 0-2 Overcast1 

18 0,5 9 (2310-2350) 2-4 Overcast 

29 0.5 9 (2100-2235) 2-5 Overcast 

1.0 -

Approximately 0.2 in, rain immediately after application 
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TABLE NOJXCI 

and Ground Spray 

Quantity/ 

Ingredient 

1. Dipel treatment at 4 

i 

Water 

dye 

IU U» 2 gal- total mix/acre 

50 gal. (approx.) 

190 gm 

25 It.-

16 oz. 

50 

Water 

ESFdye 

t rt 3. Dipel treatmant at 

Water 

MolaSSeS 
4. Thuricide treatnent at 4 bilUon IU 

Water 

,. . • - -

Atlox 3409 emulsifier, 

oil) 
Oievron sticker 

ingredients 

190 ^ 
J2.5 ^ 

50 Si. 

20 
gal. total mix/acre 

oz. 

r 

39 oz. 

1-6 oz" 
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RESULTS AND DISCUSSION 

1 

Aerial spray deposit nBasureirents indicated that droplet 

collections at ground level were about average under the conditions 

of application (Table C-III) - Droplet size was small (ca. 100-130 p) 

and uniform. Due primarily to low relative humidity (43-72%) , spray 

volunBS at ground level averaged less than 20% of the emitted quantities. 

2 2 
Droplet densities (ca. 31/an for sprays at 2 gal/ac, and 67/cm at 

4 gal/ac) , however, were considered adequate for control of budworm 

larvae on the heavily-branched spruce. 

Larval Infection and Mortality 

The aerial applications of Dipel induced high levels of B.t. 

infection in budworm larvae {Table C-IV) . Mortality rates in treatment 

blocks, however, were not dramatically different fran the natural 

population decline rate in the untreated area (Fig. C-6). Reduction 

levels 10 days after treatment at 2 gal/ac were 43% and 61% at 4 gal/ac. 

Populations of larvae in both treatment blocks, however, wsre significantly 

lower than in the untreated area 10 days after the spray applications. 

The mortality rates were unsatisfactory primarily due to the excessively 

high population densities on the trees initially (Table C-V) and the 

lateness of spray applications (Fig. C-3) due to incleroit weather. The 

very high naturally-occurring microsporidia infection levels {Table C-IV) 

apparently did not iirprove the efficacy of the B.t. treatments. Although 

many sickly larvae and blackened cadavers could be readily detected on 
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branches of trees a few days after treatment, as many (or more) healthy-

appearing larvae were present and feeding on the new shoots. 

Ifesults of qroundspray applications by mistblcwcr (Table C-V) 

were basically similar to those results of the aerial treatments. At 10 

days after treatment, the highest mortality of larvae occurred on trees 

treated with Thuracide 16B. The Dipel treatment by mistblower was 

greatly influenced by rainfall after application, and most of the 

insecticide was probably washed off irrmadiately. The 20% reduction 

level attained, then, should not be construed as a failure of the Dipel 

formulation by mistblcwer application. Also, the criteria cited as 

reasons for poor population reduction in the aerial spray blocks {i.e. 

high population densities, late spray applications) apply equally as 

well to the inferior results in the groundspray areas (Table C-IV, 

Fig. 0-7) . 

Foliage Protection 

The visual appearance of trees (with reference to foliage 

retention} was indistinguishable between aerial treatment blocks and 

the untreated check area. In all cases defoliation of new shoots 

approached 50% or more (Table C-VT). Top-killing of trees by the 

1973 budworm infestation was equally apparent in all three blocks. 

Similarly, defoliation of trees treated with B.t. by mistblower was 

severe, and differences between sprayed and unsprayed trees could not 

be detected. Basically, then, none of the B.t. sprays provided 

satisfactory overall protection of the foliage en new shoots (Fig. C-8), 

but many small shoots which apparently received good spray coverage were 
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protected by the sprays (Fig. C-9)]. 

Post-Larval Effects 

Assessments of pupal densities 10 and 15 days after spray 

treatment indicated that fewer pupae occurred after B.t. treatnent than 

after chemical spray treatment (i.e. fenitrothion). Also, 50% (or nore) 

fewer live pupae were found in the B.t. blocks than in companion untreated 

areas (Table C-VTI). Surveys of egg mass densities indicated fewer in 

the B.t.-treated blocks, but differences between these and the density 

in the untreated area were statistically not significant (Table C-VIII) . 

These observations, therefore, support the probability of effects of the 

spray on budworm populations after the larvae stage and, subsequently, 

also indicate that it is possible that some protection of the forest 

may carry over for a second year after B.t. treatment. 

1 It should be noted that the application of fenitrothicn at 6 oz. AI/ac 
by mistblower also gave unsatisfactory results. Aerial treatrrents of 
fenitrothion and carbaryl, when applied under good meteorological 

conditions in the Spruce Woods, did provide acceptable levels of foliage 
protection, however (V. Hildahl, C.F.S., Winnipeg, Personal Communication) 



TABLE NO. C-III 

Summary of Dipel Aerial Spray Deposits, Spruce Woods, Manitoba, 1973 

Treatment and 

emitted volumes 

at 2 gal. mix/ac (256 oz/ac) 

Dipel at 4 gal, mix/ac (512 oz/ac) 

Droplet Characteristics1 Spray Deposit Volume2 
Approx. 

Mote: All information on droplet sizes and spray volumes is approximate 

1 Data based on. droplet stains on Krcmekote cards as read visually by Microcard Reader 

2 Data based on droplet collections from glass plates; fluorimetric analysis 

3 For > 90% of all droplets 

k Upper size class mean of largest droplet(s) collected 
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TAHLE NO. C-IV 

Incidence of Disease Microorganisms in Spruce Budworm Larvae 

Collected 10 and 15 Days After Treatment With 

Bacillus thuringiensis, Spruce Hoods, 

Manitoba, 1973 

Incidence of Infection1 

Disease Microorganisms 

Approx. 10 Days 

postspray 

Approx. 15 Days 

postspray 

Bacillus thuringiensis 89.1% 93.4% 

Microsporidia 81.8% 93.4% 

Virus 3.6% 7.0% 

Based on random collections of larval cadavers (L4 - Lg) from branch 

samples of trees in aerial spray block treated with Dipel (4 billion 

IU in 2 gal. spray mi>cture/acre). Nunbers of larvae examined at 10 

and 15 days intervals after spray were 55 and 91, respectively. 



TABLE NO. C-V 

Surmary of Larval Population Trends of Spruce Budwrrci After Spray 

Treatmentsi Spruce Wbods, Manitoba, 1973 

Treatment 

Average nunfoer of live budworm larvao/18 in. hrancb. tip (May, June) 

31 1 2 

Presprav 

3 fl 7 

''ost spray 

9~~10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

5 days 10 days 

Post - Post 7 

s -or ay] sprayJ 

Corrected percent 

reduction 

5 days 10 days 

POSt 7 

sprayz spray* 

Aerial Applications 

Dlpel (2 aal mix/ac) 78 

D.i.cel (4 aal mix/ac) 

d Check 

Dipel 

Thiir icicle 

ated Check 

89 

88 

75 

25 

IS 

33 

9 

7 

19 

12 

15 

21 

18 

d frcm curves. Figures 6, 7 

2 Corrected by ftjacpU-'S formula (]925); diffcrencos in formulation lr-vels one day before spray and at 5 an:: 10 days after spray 

** Significantly different from untreated check at 1% confidence level 

a 

Total arco selected for misfc&lovor sprays [iresami^lod once as a simile block 

43** 

61** 

32 20 

BO** 73** 

51** 43** 

I 

0 



TABLE NO. C-VII 

Densities of Pupae of the Spruce Buriworm After Spray Treatments, 

Spruce Woods, Manitoba, 1973 

Treatrcent 

Average number of budworm pupae/18-in. branch tip 

Approx, 10"days after spray" Approx. 15 _days_after spray 
Live Dead % Living1 Live " Da ad % Living 

A, Aerial Applications 

Dipel (at 2 gal. r 

Dipel (at 4 gal. mix/ac) 

Untreated Check 

Dipel 

Thuricide 

Fenitrothion 

Untreated ChecJc 

o 
to 

living of total nurrfoer collected 
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TABLE NO. C-VIII 

1973 Spruce BudwDrtn Egg Mass Density Surveys at 

the Spruce Vfoods, Manitoba* 

Average no. egg masses/ Average lenoth of 

Treatrrent 100 sq. ft. of foliage egg masses (inn) 

A. terial Application 

Dipel (2 gal. mix/ac) 670 4.4 

Dipel (4 gal. mix/ac} 599 4.6 

Untreated Check 809 4.8 

B. Mistblowar Application 

- not sanpled due to small size of spray plots 

1 Sanpled July, 1973, approxiimte ly 6 weeks after treatrrent 
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Fig. C-8 Severe 
defoliaticn of branches of a tree treated 

with Dipel at 2 gal/ac 

^_ 
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Fig. C-9 Protecticn of foliage of a new shoot from tree 
in Dipel plot treated at 2 gal/ac 
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SUMARY AND CCHCLUSICHS 

The results of applications of coim^rcial preparations of 

B.t. by aircraft and by mistblcwer in the Spruce Woods area of Manitoba 

clearly indicated that this biological insecticide can induce a 

significant mortality of spruce budworm larvae on white spruce hosts. 

The degree of foliage protection, at the concentration used (4 billion 

IU/acre) at least, did not provide acceptable protection of foliaqs, 

howe\er. Major obstacles hindering direct ccrrpariscn of those results 

with those obtained at Algonquin Park (Section E of this report) were 

(1) forest conposition, (2) extremely high population densities and 

advanced morphological dewlopirent of budworm larvae, (3) a period of 

extreme wind and low relative humidity durinq the cptimal spray period, 

and therefore, (4) the spray treatrrent of a highly unusual spruce 

budworm infestation. 

It may be concluded, however, that the potential for the use 

of Bacillus thuringiensis for control of spruce budworm is good providing 

soire or all of the following stipulations can bo mat: 

(1) Larvae population densities should not exceed 20-30 (L3)/18-in. 

branch tip as infection of all larvae is not possible by either 

aerial or ground spraying techniques. Larval densities in 

excess of this range are too great for control levels in the 

vicinity of 80% population reduction to be ireaningful in 

terms of obtaining satisfactory foliage protection. 

(2) Timing of sprays is critical, especially in Manitoba where 

larval de^lopitont appears to be faster than in eastern forests. 

Applications of B.t. against L4 to Lfi larvae feeding voraceously 
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and i.n largs nurbcrs appears to be a useless exercise. In 

Manitoba, or at other locations where B.t. must bo applied 

under sudi conditions, two heavy applications (ca. 4 billion 

IU in 2-4 gal/ac) during the period L2 to L should be 

considered. 

2 

(3) A heavy coverage (50 + droplets/cm ) of small droplets 

{ca. 100 m or smaller) may be required for adequate tree 

crown penetration and distribution to the maximum number 

of budworm feeding sites. It is apparent, at least from 

the Manitoba experience, that large volumes (e.g. 2-10X 

those for chemical sprays) may be required to obtain 

desirable levels of foliage protection. Accordingly, 

areas for treatment may be restricted due to financial 

and physical limitations of a spray program. 

(4) The surprisingly high incidence of a naturally-occurring 

microsporidial disease organism did not have additional 

significant inpact on budworm larvae sprayed with B.t. 

(based at least on the observations made) and considering 

the severe defoliation in both treated and untreated areas. 

An adjuvant such as chitinase (not available for the Manitoba 

experiments) or any other ingredient or adjuvant to improve 

spray deposit and efficacy should be considered as the added 

stress of naturally occurring agents of control may not be 

sufficiently effective in reducing budworm damage in the 

year of treatment. 

It is strongly reconmended, therefore, that research of B.t. 

spray efficacy continue. Experiments using new formulations, spray 
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dosages, and adjuvants should receive prims consideration. The 

ii^ortance of immediate and satisfactory control levels of spruce 

budworm using new and highly potent B.t. sprays cannot bo ignored 

it now appears to be within the realm of possibility. 
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In order to provide gocd data for comparison it was 

necessary that the applications be identical in all aspects and where 

there were uncontrollable factors these should be measured. In selection 

of the plots caro was taken to ensure that they were as uniform as 

possible with respect to tree type, tree condition and budworm 

population density. She plot selection is descried in Section E 

(Morris and Hildebrand) . Spray aircraft, with the most efficient spray 

dispersal equipment available were to be selected, the mixing and 

loading facilities were to be such that batches of material could be 

prepared with accuracy, and the system could be washed between mixes 

to prevent any cross contamination. The uncontrollable factor in a 

spray application is the weather. Armstrong (1973) has described 

the effect of meteorological conditions on spray drift and deposit. 

Once the spray is released from the aircraft the spray cloud moves 

according to wind speed and direction, the rate of fall is affected 

by temperature conditions and during the time of droplet settling the 

spray drops are affected by the relative humidity. Temperature and 

relative humidity are very important when an aqueous spray is used. 

A check on the information describing the previous aerial 

applications of B.t. reveals that, in many cases, only partial 

information was collected to describe the meteorological conditions at 

the tine of spray application. Thus, there is the possibility that 

interpretation of the results did not take in to account the affect 

of meteorological conditions on the spray cloud and the test may have 

been a test of the effect of these paraneters on droplet deposition 

and not on the efficacy of the formulation on the budvorm. With this 

knowledge, it was decided that for the 1973 trials it was absolutely 

1 
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essential that every care be taken to rrcasure the weather coiditions 

at the tine of spray application. 

In this publication is described tlie calibration of the spray 

aircraft, the equipient used to measure the gather conditions at the 

time of spray application, the control of the operation in terns of 

camunications and the equiprrent used to mi.x the insecticide formulations. 

Comments are also giuan on the effect of weaker on spray deposition 

and the efficacy of the spray. 

CALIBRATION OF SPRAY AIBCRM-T 

Prior to the tine of spray application sufficient Dipel and 

Thuricide were obtained to permit single lots of the conpleted 

formulations to be made. A rate of application of 0.5 gal/ac (US) was 

accepted as the treatment. It was agreed that the material should be 

applied using Micronair AU 3000 units with a fan blade setting to 

produos a spray cloud with the droplets in the 50-100 micron size range. 

Arrangements were made to hire coimercial spray aircraft for the 

application (sec Acknowledgements section) and before the date of 

application the aircraft, a Cessna Agtruck and a Piper Pawnee, were 

checked to ensure that they would deli^r the required 0.5 gal/ac using 

the fully formulated material, i.e. the required amount of active 

ingredient plus any additives, stickers, dye and solvent. To facilitate 

a quick check on drop size characteristics of the spray cloud a series 

of sample cards were prepared in the laboratory sprayed with the 

formulation at the equivalent of 0.5 gal/ac and with the correct drop size 

range. With the delivery rate determined adjustments ware then made to 
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the Micronair fan blades to alter the spaed of rotation in order to 

ascertain the appropriate setting required to produce the correct 

drop size range. A line of Krcnekote1 cards was laid out across the 

grass runway at the Lake of Two Rivers airstrip such that the aircraft 

could fly an upwind flight at right angles to the line of cards. A 

strip of 4" wide calculator paper tape was laid out parallel to the 

line of cards and just beside it. The cards and tape extended for a 

distance of about 400 feet. The aircraft then made an upwind pass 

emitting the dyed spray at the required rate; the spray was started 

about 400 yards before the line of cards and emission was continued 

for about 400 yards after flying over the cards. Flights were made 

about 50 feet above ground level. These runs were repeated using 

fresh cards and tape for each run with different Micronair blade 

settings until the desired drop size was achieved. This final setting 

was used for all spray applications. From available information in 

the Micronair AU 3000 Handbook2, a swath width of 200 feet at flying 

height of 50-100 feet above the tree tops was accepted and used for 

determination of swath spacing and flight pattern of the spray blocks. 

LOCATION OF METEOFQLOGICAL EQUIPI-EI-JT 

Hie precise location and description of the spray blocks is 

given by Morris and Hildebrand (Section E). Since it was essential 

that the sprays be carried out under known optimum meteorological 

1 Kromskote cards available from Kruger Pulp and Paper, Montreal, Canada. 

2 Micronair AU 3000 Handbook, Micronair (Aerial) Ltd. Berrforidge Fort, 

Isle of Wight, U.K. 
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conditions it was necessary to have a set of sensors in the spray blocks 

at the tine of spray application. Ideally the weather conditions should 

be measured in each spray block at the time of its own spray treatment. 

However, the plan of the experiment dictated that the treatments be 

applied as quickly as possible to ensure a uniformity in development 

of the target insect and the host trees. The spray blocks were set out 

with a minimum one mile separation to prevent cross-contamination. 

It was accepted that, considering the topography of the area provided 

(Annie Bay, Lake Opeongo, Algonquin Park) , and the necessity to complete 

all sprays in as short a time span as possible, it would be impossible 

to move the meteorological tower and equipment to each individual block 

for its own particular application. It was therefore decided to place 

the tower in an area most suited to provide data for all tests. 

The plan of operation was to treat the large block of 2,500 

acres first and then treat the four 100 acre blocks. With the 

restricted load capacity of the aircraft working off a grass strip 

(load limit about 125 gallons) and the volume of material to be sprayed, 

it was estimated that, if the weather was normal, two spray sessions 

would be required to complete the spray on the large block. The small 

blocks would be completed in the same, or less, time. The meteorological 

tower, equipment and trailer were positioned adjacent to the 2,500 acre 

block and left there for the complete set of applications. Figure D-l 

indicates the position of the tower relative to all spray blocks and the 

distance of the tower from the airstrip. The site of the tower was also 

checked to ensure that the tree type and topography of the area were 

generally the same as for the other blocks. The tower and trailer were 

put in position and checked to ensure that all systems were functioning 

about one week before the estimated spray date. 



FIG. D-l Aerial Spray Plots 

Algonquin Park 1973 

1 mi 
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METEOROLOGICAL MEASUREMENTS 

Sensors to measure wind speed, wind direction, turbulence, 

wet and dry bull, temperatures, and texture differentials were raited 

on a portable tc^r (Armstrong 1971). teasurenents were recorded at 

heights of 18 feet and 80 feet above ground 1^1. At ground level ^ 

barometric pressure was recorded on a recording microbarograph. 

Temperature differentials were deterged bet^cn 6 and 18 feet and 

between 18 and 80 feet. The information from the wind and temperature 

differential sensors was recorded on Esterl^e-Angus' strip chart 

recorders; the wet and dry bulb readings were taken manually at 15 

minute intervals using remote sensing equipment. Tine tree height rn 

the region of the tower was about 30 feet, thus measurements at 18 

feet were considered to represent conditions at about mid-crown 

position and the maasurerrcnts at 80 feet were considered to represent 

those at the point of spray emission. The spray aircraft flew at 

a nominal altitude of 100 feet. Preliminary trials and studies with 

the meteorological sensors (see Armstrong 1973) have indicated that the 

weather conditions most important in affecting the drift of the spray 

oloud are tea in the air mass above the trees. Thus, for control of 

the spray the mateorological conditions indicated by the sensors at the 

top of the taver and the tenperature differential between 18 and 80 

feet were used. 

With the remoteness of the tcwer site, the person in charge 

Esterline Angus. Division of Esterline Corp., Box 2 400 
Indianapolis, Indiana, 46224, U.S.A. ' 
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of the meteorological equipment found it more ccnvenient to live in 

the trailer at the tower site. Mien the biological assessment 

indicated that the budworm were in the right stage for treatment the 

sensors and recorders were activated. On the particular morning or 

evening of the spray the system was started about 2 hours before the 

earliest expected tine of spray. Thus, on a spray morning records 

started at about 0400 hours {before sunrise, earliest expected spray 

time about 0600 hours) and in the evening the records were started 

about 1700 hours. Continuous records were taken until one hour after 

completion of spray application. 

Unfortunately no good pictures of the meteorological tower 

and sensors were available from this particular study. Figure D-2 

is a photograph from a different experimental site but showing the 

tower, prior to extension, with the full set of sensing equipment 

in position. 

COM41IJICATICMS 

With the remoteness of the tower and the experimental blocks 

frcm the airstrip, it was essential that there be a gcod radio link 

between the experimental blocks and the airstrip. A base radio (Motorola) 

with antenna mounted at the top of the tower was set up at the tower 

site. A second base radio was set up at the airstrip with its antenna 

mounted on a 60 foot tewsr. The crews working in the test plots carried 

portable radios and were in constant contact with the tower base radio 

which could relay messages to the airstrip. Thus, for all spray 

applications, it was possible to relay information about position of 

aircraft, readiness to spray etc. Good radio contact was maintained 
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at all times. Unfortunately there was no radio link between the ground 

and the spray aircraft. 

To permit transmission of last minute instructions to the 

pilot, a visual ground system using clotli marker strips was employed, 

the strips were bright orange cloth cut to approximately 1,5 feet by 

10 feet. The signals employed were: a large square, indicating 

"hold", i.e. conditions are not good now, or there is a delay in plot 

preparation but shortly the spray can be applied; a cross, indicating 

"cancel the spray", return to the airstrip; an arrow pointing in the 

direction of the wind, indicating "OK" that the spray can be started 

and also giving final indication of wind. The signals were placed in 

a pre-determined clearing of sufficient size for easy visibility by the 

pilots. 

Upon receipt of information from the meteorological tower 

that conditions were good for a spray, the pilot was ordered to proceed 

to the particular block. The ground crews in the block, and the 

meteorological tower operator were informed of the time of departure 

of the spray aircraft. Prior to take-off, the pilot was given last 

minute instructions as to wind speed and direction and also told en 

which side of the block he should comrence spraying (spraying always 

started on the down-wind side with the pilot working up-wind flying 

at right-angles to the wind direction). At the spray block he first 

checked the ground signals and then proceeded according to directions. 

Upon corrpletion of the spray, the ground crew informed the meteorological 

tower operator that the spray was completed and whether or not a 

satisfactory application had been made. If swaths had been skipped the 
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pilot was informed as soon at he returned to the airstrip and, if 

necessary, adjustments to flight plan were made for the next load. 

All personnel resided in Uhitney for die duration of the 

spray. A normal telephone existed between the airstrip (a telephone 

booth near to the strip) and the place of residence of the crews; 

thus on a potential spray date one person went to the airstrip and 

made radio contact with the neteorological tower. Cn confirmation 

of possible good weather approaching a telephone call to Whitney 

alerted all ground personnel who could then proceed to their posts 

where they were in connunication via the radio link. 

AIISTRIP, MIXIMG AND IffiPING FACILITIES 

The airstrip used was located irrmediately to the west of 

Lake of TWo Rivers, about 15 air miles from the 2,500 acre plot. The 

operations control trailer which served as a field office and laboratory, 

the stock of insecticidal material, mixing and loading facilities and 

all supplies for the spray aircraft were located at the airstrip. 

All sprays were formulated in water. To ensure that there 

was no contamination between the different spray mixes sufficient water 

had to be available to prepare the formulations and to wash out the 

mixing and loading systems between each spray batch. A 500 gallon 

tank plus two smaller tanks, to give a total water reserve of about 

600 gallons were positioned close to the mixing rig. Hie mixing rig, 

a trailer mounted unit consisting of a 300 gallon main mixing tank and 

a secondary 125 gallon -tank with its own power source, pump and mster 

was positioned about 15 feet from the reservoir tank. All insecticides 
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Fig. D-2 The rn-teorological tcwer prior to extension with 
the full set of sensors mounted 
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and reserve materials (such as additives) were stock-piled in an 

enclosure. Extra water was brought from a nearby stream using 

mixing rig as a tank trailer. 

E OF SPPAY APPLICATIONS 

The sprays were to be applied with the budworm at peak of 

the third instar (Morris and Hildebrand, Section E). The sprays were 

also to be applied over the shortest possible time span so that all 

tests would be with the insect in the sane stage of development and 

With the trees at the sane stage of foliage development. The 

conditions at the tine of spray application were to be: (1) wind 

speed less than 8 miles per hour, (2) inversion temperature conditions, 

and (3) minimal conditions of turbulence. Since water sprays were 

being used relate humidity was an important factor but was not used 

as a limiting parameter to determine the suitability of spray 

conditions. 

A good comparison of the effectiveness of a spray application 

can only be made when it is possible to determine the conditions of the 

weather in such a way as to be able to apply a comparison value. Yates, 

Akesson and Cheng (1967) have evaluated the use of toe stability ratio 

for comparing toe meteorological factors affecting a spray cloud. The 

stability ratio (S.R.) is deri^d from a formula using toe wind speed 

and a temperature differential between two heights and yields a 

number which may be positi^ (indicating stable weather and good spray 

conditions} or negative (indicating unstable weather and bad spray 

conditions). Tne numerical valus obtained indicates toe degree of 
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stability or instability. The formula for calculation of the stability 

ratio is given in Appendix I. 

Oho sprays to bo applied were Thuricide and Dipel alone, each 

of these materials with chitinase added and a separate chitinase spray. 

Since care was to be taken to prevent cross contamination, and to have 

the most efficiait sequence of mixing, the sprays ware to be applied 

in the following sequence: (1) Ihuricide alone, (2) Thuricide + 

chitinase, (3) Dipel alone, (4) Dipel + chitinase, (5) chitinase alone. 

With this order of sequence it was not necessary to wash the system 

between the applications of Thuricide alone and Thuricide + chitinase 

or between Dipel alone and Dipel + chitinase. The mixing - tank 

cleaning regimen was: (1) prepare and apply Thuricide alone, 

(2) prepare and apply Thuricide + chitinase, (3) wash all tanks, hoses 

and aircraft, (4) prepare and apply Dipel alone, (5) prepare and apply 

Dipel + chitinase, (6) wash all tanks, hoses and aircraft, (7) prepare 

and apply chitinase alone. 

The allocation of treatments to particular plots is described 

by ftorris and Hildebrand (Section E). One of the aims of the study 

was to measure the effects of B.t., B.t. + chitinase mixtures, and 

chitinase alone on domestic honeybees and other non-target organisms. 

The 2,500 acre block was needed to meet the requirements of the 

environmental impact study group. Buckner et al. (Section P) describe 

the studies done in this large block and the other small blocks. 

SPRAY POEMULATiaSI 

The formulations of the different sprays are given in 

Appendix II. Tne Thuricide arrived in the form of a liquid suspension 
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and all that was required was to mix it with an equal volume of water 

and add the required amount of dye. For the Thuricide + chitinase the 

arount of chitinase needed was first dissolwd in water to ensure 

corplete mixing; to this was then added tlie required amount of 

Thuricicle and dye. The Dipsi however, arrived in the form of a 

stable powder. In the preparation of this formulation it was 

necessary to add molasses, Chevron sticker, dye, and water. The mixing 

protocol was to first measure the required amount of water into the 

spray tank. Five to ten gallons of this water was then transferred to 

a 25 gallon container and a slurry with the necessary amount of Dipel 

powder was prepared. When the slurry was ready the molasses and 

sticker wore added to the water and finally the slurry was mixed in. 

In preparation of the Dipcl + chitinase the sams routine was followed 

except that after the slurry was made, and before addition of the 

molasses and sticker, the chitinase was mixed in the water. In the 

preparation of the chitinase alone the chitinase was mixed in the water 

and then to it was added the required amount of molasses and Chevron 

sticker. All spray preparations were applied to the experimental plots 

ijmediately after mixing. 

SPRAY APPLICATION 

Thuricide Alone (Plot 1) 

This spray was applied in two lifts; the first during the 

evening of 29 May and the second the morning of 30 May. The spray was 

applied under very good weather conditions {see Table D-I) with a S.R. 

+ 39.2, moderate to light turbulence (= 0.114) and a wind of 3.0 miles 
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per hour. The spray en the morning of the 30 May was, as expected for 

a morning spray applied under better conditions with a S.R. = + 76.1 

and a wind speed of 1.2 miles per hour. The weather was very calm, 

turbulence factor was 0.07 and cool with a mean temperature for the 

period of spray application of 9.5^ at 80 feet. During the course 

of the night before the spray on the 30 May, the tenperature fell 

sufficiently to result in frost formation (ca O°C). At 0745 hours 

the tenperature at 18 feet was 5°C. 

Thuricide + Chitinase (Plot 4) 

This spray was applied the evening of 30 May. Applications 

were made under conditions of a very strong inversion, light wind 

(S.R. a + 174.2, wind speed of 1.6 miles per hour) and little 

turbulence (factor = 0.102) . This spray was applied under the most 

adverse conditions of relative humidity with values of 38% and 345 at 

18 and 80 feet respectively. Again, this data is shewn in Table D-I. 

Dipel Alone (Plot 2) 

The development of the budvoirm was progressing to the extent 

that it was necessary that all sprays be completed as quickly as possible. 

The Dipel alone was applied the morning of 31 May under unstable 

conditions (S.R. == -7.5} and a turbulence factor of 0.218. On this 

particular morning there was a heavy ground fog which did not clear 

off until the sun was high enough to warm the air thus resulting in 

lapse conditions. The wind speed at the time of application was 2.7 

miles psr hour and the relative humidity at 80 feet was 69% (Table D-I). 
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Dipel + Chitinase (Plot 3) 

This plot was also treated the- morning of 31 May. The 

meteorological data are shown in Table D-I. At the tine of application 

the wind had dropped slightly (wind spaed 2.2 miles par hour) to give 

slightly better conditions (S.R. = -7.0, and turbulence of 0.187), but 

still unstable and not ideal for spray application. The relative 

humidity was the sams as for the Dipal alone plot. 

Chitinase (Plot 5) 

Tlais plot was treated the evening of 31 [-lay under conditions 

of slight inversion (S.R. = + 1.3}. The wind spaed was 3.7 miles per 

hour and there was a moderate degree of turbulence ( = 0.207). The 

relative humidity at the time of application was 50%. 

SUMMARY -AND CCNCLUSICMS 

In general, all aspects of this portion of the B.t. project 

proceeded without problems. "Hie major difficulty occurred in the 

formulation of the spray materials which was attributable to the type 

of spray concentrate used and the mixing equipment at hand. There 

were also slight problems associated with lack of communication with 

the spray aircraft. 

Formulation of Sprays 

(i) Thuricide Sprays 

Ths Thuricide concentrate arrived in 55 gallon (US) drums. 

The original plan was to pump the concentrate into the water in the spray 



TABI£ NO. D-I 

Msteorological Conditions at the Tina of Bacillus rtmringiensis 

Applications in Algonquin Park 

Plot 

No. 

1. 

1. 

2. 

3. 

4. 

5. 

Treatment 

Date of 

_Spray 

Ihuricide alone 29/V-pn 

Thuricide alone 30/V-am 

Dipel alone 31/v-am 

Dipel + chitinase 31/V-am 

Ihuricide + 

chitinase 30/V-pn 

Chitinase alone 31/V-£m 

S.R.1 

+ 39.2 

+ 76,1 

- 7.5 

- 7.0 

+ 174.2 

+ 1.3 

Turbulence 

Factor2 

0.114 

0.07 

0.218 

0.187 

0.102 

0.207 

Wind Dry bulb 
Speed 

(nph) 

3.0 

1.2 

2.7 

2.2 

Dir+ 

SSE 

wsw 

18 80' 

E.H.% 

18 30 

1.6 SSW 16.1 18,1 38 34 

3.7 mm 14.8 15.0 50 50 

S.R. - Stability ratio, see Appendix I for derivation of the value 

Turbulence factor, a nurrber derived fran the frequency and anplitude of the 
vertical moverrent of a Bi-vane. See appendix 1. 
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mixing tank. The ihuricide was a thick, vicous slurry which could 

not be punped by the available equipment. The only way the material 

could be handled was to transfer the concentrate by hand, in 4 

gallon lots, to the mixing tank. The required volume of water was 

first punped into the mixing tank and a recirculation pump was started. 

The Thuricide was then added. It mixed readily with the water. When 

all the Thuricide was in, and to ensure a good mix, a 2" portable 

centrifugal punp was used as a recirculation punp for about 15-20 

minutes. This purp was also used for loading the spray aircraft 

permitting an aircraft to be loaded in 1-2 minutes. 

(ii) Dipel Sprays 

The major problem with the Dipel was in the preparation of 

the slurry. This was a time consuming job and unless one had a powerful 

paddle mixing system (which was not avilable at the airstrip) it had to 

be done by hand. The formulation used required that the slurry be 

mixed with water to which was then added molasses {see Appendix II for 

formulation ingredients). To ensure complete mixing the slurry-water 

mix was recirculated using a portable 2" punp; the required amount of 

molasses was then added slowly. As the density of the mix increased 

with the increasing proportion of molasses in the mix the efficiency 

of the mixing system decreased. This problem was resolved by increasing 

the time of mixing. 

Spray Applications 

The nurrber of applications, and the necessity to complete all 
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within a very limited tine span dictated the necessity of applying two 

sprays (Dipel alone and Dipel + chitinase) under less than ideal 

conditions. This could only have been prevented, under the particular 

conditions that existed in 1973, by having an extra spray aircraft 

more ground equipment and larger crews to permit two blocks to be 

sprayed at the sane time. These costs were beyaid the available budget. 

Communications With the Spray Aircraft 

As stated, there was no radio comnunication with the spray 

aircraft and once departed from the airstrip the only comnunication 

was the set of visual ground signals. Ihe plot boundaries were 

delineated by marker balloons to assist the pilots (f-torris and 

Hildebrand, Section E); also, prior to the experiment the pilots were 

sent on practice runs to familiarize themselves with the route to and 

from the spray blocks and with the general terrain and layout of the 

blocks. On two occasions the ground crews in the blocks reported that 

the pilots had missed runs; with the conrounication net between the 

blocks and the airstrip it was possible to notify the pilot after the 

particular load and corrections were made at the time of the next load. 

Meteorological Conditions and Their Effect on Spray Ceposit 

Data are given in Table D-II showing meteorological conditions 

at the tine of spray application and the percentage of spray deposited. 

Morris and Hildebrand (Section E, Table E-V) also indicate the deposits 

in terms of International Units of potency of B.t. and the quantity of 

viable spores deposited. 



TABLE NO. D-II 

A Correlation of r-feteorological Conditions at the Tine of Spray 

Application With the Percentage of Spray Deposited 

Spray 

Plot 

alone-

Thuricide + chitinase 

Dipel alone 

Dipel + diitinase 

Chitinase alone 

Deposit 

34.1 

81.4 

33.0 

2S.7 

18.0 

o 

I 

1 Ttoo application sessions - evening and morning sprays (See Table D-I) 



- D21 -

The block which received the best deposit was Thuricide + 

diitinase (81.4% deposit) which was sprayed under conditions which gave 

a S.E. = + 174.2. This strong lapse condition offset the effect of the 

low R.H. (= 34%). The next best deposit was in the Thuricide alone 

block (34.1% deposit) which was sprayed under conditions of 

S.R. - + 39.3 and + 76.1 for the two spray days, and an R.H. which was 

between 50 and 73%. The Dipel alone and Dipel + chitinase, although 

sprayed under lapse conditions (S.R. - -7.5 and 7.0) bensfitted frcm 

the relative humidity which was high enough (69%) to assist in 

preventing evaporation of the droplets and thus helped the deposit rate. 

These blocks received 33.0 and 26.7% of the spray emitted, respectively. 

The chitinase alone block was sprayed under conditions barely suitable 

for spraying (S.R. = +1.3) and this combined with the low relative 

humidity (50%) resulted in an unsatisfactory deposit. 

The too Thuricitis sprays and the chitinase alone spray show 

a correlation between stability ratio and percentage of spray deposited. 

The inconsistoncy in the case of the Dipel sprays can possibly be 

explained by the diaracteristics of the spray formulation. Dr. O.N. Morris 

has reported (personal conmunication) that microscopic examination of the 

Dipel formulation shewed a large amount of inert material (inert ingred 

ient from the Dipel powder) , whereas the Thuricide formulation did not have 

inert material. An analysis of the physical properties of the spray 

formulations by W. Bopewell (C.C.R.I.) shoved that the Thuricide spray 

formulation had a density of 1.096 grn/ml, the chitinase alone spray formu 

lation had a density of 1.099 gm/ml, and the Dipel spray formulation had a 

density of 1.159 gm/ml. It therefore appears that the presence of inert 

ingredients and the greater density of the Dipel formulation provided 

diaracteristics which permitted a good deposit even when applied under lapse 

conditions. 
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GENERAL COMMENTS AND RECOMMENDATICHS FOR Tim; APPLICATION OF B.T. SPRAYS 

The analysis of factors affecting spray deposit and of the 

efficacy of the deposit provided information which indicated that certain 

recoivmendations for the application of B.t. sprays can bo made. The 

2 

drop size {approximately 100 micron) and droplet density {> 50/cm ) 

recomrended by the manufacturer were sham to be necessary to achieve 

satisfactory control. Being water based, the sprays were susceptible 

to evaporation. The addition of molasses was an advantage in that it 

acted as an anti-evaporant and permitted a good deposit e\en when the 

spray was applied at low relative humidities. The presence of inert 

material in the Dipel spray formulation was also an apparent advantage 

in that the spray droplets ware heavy enough that a good deposit was 

achieved e^n when the spray was applied under lapse conditions. 

It is therefore reconmsnded that to ensure a good deposit of 

a B.t. formulation and attain good effect of the spray the spray be 

applied using an emission system that will produce a spray such that the 

majority of droplets are less than 100 microns in size; and that the 

deposit have at least 50 drops per square centirretre. The addition of 

an anti-evaporant/anti-drift adjuvant is considered essential to ensure 

good deposit uncbr less than ideal conditions. The spray must be applied 

under stable weather conditions. 

The physical character!sties of B.t. are such that adequate 

mixing can only be achieved with a mechanical agitation system. A large 

capacity (approximately 50 gallons per minute) positive displacement pump 

is required to pimp material of these physical characteristics. This is 

particularly important under cool weather conditions. 
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APPENDIX I 

Stability Ratio 

The stability ratio is determined from the expression: 

T T 

_A^ xl05 

where ^ is the terrperature in degrees centigrade at the lew position 

T2 is the tenperature in degrees centigrade at the high position 

u is the wean wind speed in cm/sec at the position of the 

high tenperature sensor. 

Turbulence Factor 

The wind sensors used by C.C.R.I. are a Bi-Vane unit. Ihe 

vertical movement of the vane indicates the amount of turbulence in the 

air mass. Ihe turbulence factor is determined from a calculation of the 

frequency and amplitude of the vertical movement of the Bi-Vane 

multiplied by a factor to give a nimber less than unity. The number 

obtained is a relative valuD only. 

. 



APPENDIX II 

Bacillus thuringiensis Formulations. Algonquin Park, 1973 

(Information Abstracted From MDrris and Hildabrand, Section E) 
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E. Assessment of Effectiveness of Aerial Application, 

Algonquin Park, Ontario 

by 

O.N. Morris and M.J. Ilildebrand 

INTRODUCTION 

Conrrercial Bacillus thuringiensis Berliner (B.t.) preparations 

formulated in North Amsrica contain spores and toxic crystals {endotoxin) 

as active ingredients. Most of the European industrial products contain, 

in addition, an exotoxin which is toxic to a variety of non-lepidopterous 

insects. This toxin is not present in the registered American products. 

The spore is essentially the hardy form of the bacteria and the endotoxin 

is a toxic protein prcduced within the bacterial cell. The node of action 

of the ingested endotoxin is to modify the gut of the susceptible insect 

so as to facilitate entry of the bacteria into the hemocoel {Louloudes and 

Heimpel 1969, Fast and Morrison 1972, Luthy 1973) where lethal septicemia 

develops. 

The spruce budworm, Clioristcneura fumiferana (Clem.) is known to 

be highly susceptible to conmercial preparations of B.t. (Yaravrias and 

Angus 1970, Morris 1973). However, past attempts to control this important 

forest defoliator by aerial application of B.t. have net with mixed results 

due mainly to inferior formulation and application technology and the 

peculiar feeding habits of the budworm (Smirnoff 1973, Klein and lewis 

1966, Angus etal. 1961, 1970). Recently, Smirnoff et al. {1972), Dimond 

(1972) and Smirnoff et al. (1973) have shown that the addition of a small 

- El -
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amount of the enzyire chitinase to a water suspension of B.t. enhances 

its effectiveness in terms of both population reduction and foliage 

protection. 

Chitin (N-acetyl-D-glucosarnine) is present in the peritrophic 

rrembranes of insects in a free state and partly bound in the form of 

glycoprotein complexes (Jeuniaux 1971) and chitinase, its hydrolysing 

enzyme occurs naturally in the digestive juices of sorre larvae (but not 

in adults) , the enzymatic activity being confined to the midgut region 

(Saxena and Sarin 1972). It is also of interest to note that Beauveria 

bassiana (Beds.) Vuill., an insect pathogenic fungus of very wide 

geographical distribution, contains substantial amounts of chitinase as 

a constitutive enzyire (Leopold and Samsinakova 1970). 

There is at present a need to develop alternative means to 

chemical insecticide control of insect pests in an attempt to avoid or 

reduce several problems associated with their intensive use, e.g., 

resistance, target pest flareback, destruction of natural enemies, human 

health and environmental pollution (Adams 1972). The need is particularly 

pressing in the national and provincial park systems and in urban areas 

where chemical sprays are not permitted. During 1973, experiments were 

designed to determine the efficacy of commercial Bacillus thuringiensis 

with or without chitinase in reducing defoliation by spruce budworm of 

balsam fir, Abies balsamaa (L.) Mill. 

MATERIALS AND METHODS 

Plot Description and Preparation 

The test plots (Fig. E-l) consisted of balsam fir stands 

sparsely mixed with white spruce, Picea glauca (Moench) Voss, located in 
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of spray mixture. The Thuricide 16B (lot #IW 30091) used was a specially 

formulated slurry for forestry applications with a potency of 4 billion 

International Units of active ingredient per quart and contained 5 million 

viable spoies per milligram. Hie recomiiended dosage rate for spruce 

budworm on the label is 1-2 quarts per acre of conmercial product. The 

Dipel wettable powder (Lot 2462XD) had a potency of 16,000 International 

Units por milligram and contained 25 billion vicble spores per gram. The 

potency of two pounds of Dipel is therefore equivalent to 1 gallon 

Thuricide 1GB. Brilliant Sulfo Flavine dye (Chemical Developments of 

Canada Ltd., Toronto) was used as a fluorescent tracer at the sane 

concentration as used by Dimond (1972). Prior to field use, the dye 

was tested for compatibility with B. thuringiensis. Chevron Spray Sticker 

(Chevron Chemical (Canada) Ltd., Oakville, Ontario), containing a mixture 

of alkyl olefin aromatic polymers as active ingredient was added at the 

concentration of 400 ml/25 gal. water as reccmrended by Dr. W.A. Smirnoff 

(Laurentian Forest research Centre, Quebec) . Cargill Insecticide Base 

(Cargill, Minneapolis, Minn.) was used as the molasses ingredient. The 

chitinase (NBC, Chio and Cal Biochem, California) used was of microbial 

origin (Streptcmyces griseus) and contained over 40 units of activity per 

mg. Water source was a stream nearby the Lake of Two Rivers airfield in 

Algonquin Park; pll of the water was 7.0. Mixing sequence of the 

ingredients was as follows: A. Thuricide: (1) water (in mixing tank) ? 

(2) chitinase in solution; (3) dye concentrate; (4) Thuricide; B. Dipel: 

(1) water (in mixing tank); (2) chitinase in solution; (3) dye concentrate; 

(4) molasses; (5) Dipel, in slurry; (G) sticker. Tank mixtures of dye 

and bacteria were never allowed to remain in contact for more than 1 hour. 

The Cessna Agtruck and a Piper Pawnee used, were both fitted with 4 
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Micronair AU 3000 emission units which were calibrated to deliver the 

desired dosage rate with droplet sizes in the 50^100 micron range. 

Applications were made during the mornings and evenings of May 

29-31 when budworm developments was 58% - 3rd, 40£ - 4th and 1% - 5th 

instar at the rate of 4 billion International Units of active ingredient 

in 0.5 U.S. gal/ac. Swaths were 200 ft. wide with the planes flying 

about 100 ft. above tree tops. 

Deposit Analysis 

Spray sample units (Fig. E-2) consisting of two 7.5 cm x 5 cm 

glass plates, two 37 urn diarreter Millipore filter menforanes and one 10 mm 

x 10 mm KronBkote card were placed in clearings adjacent to each of the 

48 sample trees per treatment. In addition, vertical sample units were 

installed at 4 sample tree locations per plot at 10 ft., 15 ft. and 25 ft. 

levels of tree crown to measure vertical distribution of droplets. 

Itie units were collected 30 minutes after spray application. 

Spray card analyses were performed to determine drop size and density 

(Smirnoff et al., 1973) . Deposits on the glass plates were evaluated by 

fluorometric analysis. Millipore filters were placed directly onto 

nutrient agar and incubated for 24 hours at 29°C. Ihe number of bacterial 

colonies developing was used to estimate the rate of viable spore deposit. 

Biological Assessment 

Duplicate {for population sampling) and quadruplicate (for 

defoliation and egg mass survey studies) 18-inch branch tips ware collected 

from the upper and middle thirds of each of 48 sample trees per plot at 

intervals of 5, 15 and 26 days post-spray. Pre-spray samples were 
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collected from the Thuricide alone, Dipcl + chitinase and two untreated 

check plots on May 12-16 and on other plots on May 22-23. Branch tips 

were examined at the field laboratory at the Petawawa Forest Experiment 

Station (EeBco et al_, 1973, Martineau and Benoit 1973} and data 

collected throughout the test period for the following studies; 

1. Spruce budworm larval mortality. 

2. Incidence of introduced and naturally occurring pathogens. 

3. Budworm population reductions die to treatments. 

4. Foliage protection due to treatment. 

5. Effect of treatments on larval feeding activity and 

de\eloprtEnt. 

6. Post-larval effects. 

Iii addition, canvas mats were placed under 4 trees per plot to collect 

falling non-target insect species in an attenpt to determine the effect, 

if any, of treatments on non-target arthropods. 

Pupae collected from each plot were sexed, weighed and the 

emerging adults mated in 3' x 21 x 2' plastic screen cages housed in an 

open iretal storage shed located at the Petawawa Forest Experiment Station. 

Data ware collected on moth errergence, oviposition, fecundity and egg 

viability. An egg mass survey was carried out after oviposition in the 

field was completed and expressed as the number of egg masses per 100 

square feet of foliage. 

To estimate the relationship between B.t. deposits and population 

reduction or defoliation, the means of four ranges of deposits per plot 

were conpared with the percent population reductions or percent 

defoliation at the corresponding sample stations. The data were analysed 
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using probits and regression lines fitted to determine dosage-mortality 

relationships. 

Studies on the Residual Activity of B.t. 

In residual activity studies, branches were collected fran a 

single tree that was well exposed to sunlight for most of the day in 

the Thuricide 16B sprayed block. Only that portion of the tree receiving 

the most sun was sanpled. Collections were made 5, 15 and 42 days post-

spray and the foliage was bioassayed in the field laboratory for residual 

activity of spray deposit. Two to four replicates of 100 healthy field 

collected {5 and 15 days post-spray) or laboratory reared (42 days post-

spray) 4th- and 5th-instar budworm larvae per sunlight exposure period 

were used in the assays. Untreated checks consisted of 100-400 larvae 

on unsprayed foliage. 

RESULTS AND DISCUSSICN 

Formulation, Application and Deposit Analysis 

Results of pre-application compatibility tests (Tables E-II and 

E-III) indicated that the tracer dye used in the field tank mixtures had 

no detrimental effect on B.t. viability or pathogenicity. 

Temperature, relative humidity and solar radiation were about 

seasonal for the whole sanpling period (Table E-IV) . The daily rate of 

solar radiation, however, was highest in the first few days post-

application so that an early decline in viability of sunlight-exposed 

bacteria was expected. Cumulative rainfall throughout the test period 

and the precipitation rate for each sample period were low. 

fe 
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The stability ratios and turbulence factors corresponded well 

with rates of micrcbial deposits (Table E-V). Thuricide + chitinase 

deposited at ground level with highest efficiency (81%) followed by 

Thuricide alone, and chitinase alone * Dipel + chitinase. Note that 

both Dipel treatments were applied while the stability ratios were 

negative. This indicates a meteorological condition of lapse rather 

than inversion, and deposits of the spray under these conditions vere 

greatly reduced. Data from Millipore filter rrerrbranes indicated that 

there was no relationship between deposits of viable spores and 

International Units of active: ingredient. The Thuricide alone/Thuricide + 

chitinase deposit ratios were 0.42 and 0.35 in terms of International 

Units and viable spores, respectively. Corresponding figures for Dipel 

alone and Dipel + chitinase vere 1.23 and 0.64 indicating that only half 

as many viable spores were deposited as expected from the latter formulation. 

In view of Yamvrias and Angus' (1970) finding that the most pathogenic 

preparation of B. thuringiensis var alosti for C. fumiferana is that 

containing a mixture of both spores and crystals, it may be concluded that 

viability counts alone are not reliable indices of spray deposit and 

coverage. 

The drop measurement data (Table E-VI) shew that the Thuricide 

+ chitinase plot received considerably better droplet distribution than the 

Thuricide alone plot but this may sinply be a reflection of higher volume 

deposited. There was no difference in droplet density between the two 

Dipel treated plots. It was evident that coverage in the Thuricide + 

chitinase plot was the best of all treatments both in terns of volume and 

droplet density. 
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Inere were little or no differences in deposit rates or drop 

distribution between 10 ft., 15 ft. and 25 ft. tree height levels 

indicating that all levels of the trees received essentially similar 

coverage in cadi treatment (Tables E-VII and E-VIII). Trees which 

received Thuricide + chitinase treatment received the best coverage at 

all levels. 

Larval Development 

Figures E-3 to E-10 shew larval development for each spray plot 

separately and for all plots combined on pre-spray and post-spray sampling 

dates and development on too unsprayed check plots. From these data it 

was evident (Fig. E-ll) that in the tims period of June 14-17 the two 

untreated and the chitinase alone treated populations were 75% - 88% 

6th instars, compared with 653 for Thuricide and Thuricide + diitinase 

and 53% - 59% for Dipel and Dipel + chitinase treated populations. It is 

evident that chitinase did not affect the rate of budworm development but 

that the bacteria did. A similar retardation in development tine of B.t. 

fed tobacco budworm, Heliothis virescens {F.), has been reported by Dulmage 

and Martinez (1973) who found development tine to be directly related to 

the amount of the endotoxin cansmred by this budworm. 

Effect of feathering on Residual Activity of B. thurinqiensis 

Results of tests on the residual activity of B.t. (Table E-IX) 

show a drastic reduction in spore activity 15 days post-spray. The 

incidence of bacterial septicemia among larvae feeding on test foliage 

dropped from 41% to 10% between the 5th and 15th day after spray application. 
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There was still some activity up to 42 days post-spray. Fran the data 

it appears that solar radiation has considerable effect on B.t. spore 

viability. This observation supports Angus et al. (1970) who reported 

that about 65% reduction in viability of D.t. spores take place after 

4 hours exposure to direct sunlight. Frye et al. (1973) and Ahred et al. 

(1973) have reported that solar radiation and rainfall caused drastic 

inactivation of commercial B.t. spores following 24-48 hours of exposure 

to sunlight. Vfe have cbserwBd 93% reduction in the viability of spores 

of comiBrcial Dipel after 43 hours of direct exposure to sunlight. These 

observations stress the need for nethods of protecting entcmopathogens 

from such rapid decline in activity. Korris (1972) , for example, has 

shown benzyl cinnamate to be potentially effective in this regard. 

Effect of Treatments on Populaticn Raduction and Mortality of Target and 
Non-Target Arthropods ~ ' ; 

The data (Table E-X) indicate that the Dipel and Dipel + 

chitinase treatm-nts (but not Thuricide with or without chitinase) were 

highly effective in reducing budworm populations on balsam fir despite their 

relatively low deposit rates. Dipel + chitinase treatment was nearly twice 

as effective (94%) in reducing budworm population as the operational dosage 

of fenitrothion (55%) at 26 days post-spray. Part of tills difference in 

effectiveness was most probably due to the relatively high pre-spray 

populations of the budworm in the Dipel plots resulting in sore mortality 

from eventual starvation. This argument is strengthened by the fact that 

the numerical difference in pre-spray density between Dipel and Dipel + 

chitinase is almost identical to the percentage difference in population 

reduction between the sane treatments. 



- Ell 

These observations suggest that the addition of chitinase to 

the B.t. spray does not cause significantly higher larval mortality than 

does B.t. alcne. Dinoid (1972) reported similar levels of spruce budworm 

population reduction with B.t. and B.t. + chitinase. The data on larval 

mortality (Table E-XI) and incidence of pathogens among recovered larvae 

(Table E-XII) adds further support to these results. Granted that the 

dead larvae found on the sample brandies may not reflect the true total 

mortality due to larval fall and wind distribution, the data, nevertheless, 

show that the mortality rate as well as the incidence of septicemia were 

highest in the Dipel-alone plot for all three sample periods. There was 

no difference in incidence of bacteria in dead insects between the two 

Thuricide treatments (Table E-XII). 

Regression analyses, however, for Dipel and Dipel + chitinase 

(Fig. E-12) deposits in relation to population reduction reveal that, for 

both applications, given the respective prc-spray population densities, a 

population reduction of 66% (probit 5.4) took place with a deposit of 

15.9 fl. oz/acre (Log 1.2). To achieve 72.63 reduction {probit 5.6), 

31.6 ft. oz. of Dipel-alone (Log 1.5) and 17.5 fl. oz. Dipel + chitinase 

(Log 1.24) per acre deposit would be necessary. Thus, only half as much 

Dipel + chitinase as Dipel-alone was required to produce the same 

population reduction. A deposit of 30.2 fl. oz. of Dipel + chitinase 

reduced the population by 93%. 

There was no difference in population reduction at upper and 

middle tree crowns from which samples were taken (Table E-XIII). The 

incidences of naturally occurring nuclear polyhedrosis virus and micro-

sporidia were extremely low for all plots (Table E-XII). 
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Data on mat collections (Table E-XIV) suggest that none of the 

treatments, including fenitrothion at 4 02. Al/acre, had no substantial 

detrirrental effect on mortality of non-target arthropods. This is of 

sane importance because evaluation of safety of microbial or chemical 

insecticides should include safety for beneficial and other non-target 

organisms in the treated ecosystem. Indeed, one of the most important 

reasons for the current interest in pathogens of pest insects lies in 

their relative specificity and harmlessness to beneficial organisms. 

Exotoxin free commercial B.t. is generally considered a safe insecticide 

(Bailey 1971, Vail et al. 1972). 

Effect of Treatments on Current Defoliation and Feeding Activity 

Thuricide + chitinase was the only treatment causing substantial 

protection from defoliation of the balsam fir trees (Table E-XV). The low 

efficacy of the Dipel treatments is largely due to the fact that 

meteorological conditions at the tine of spray v*2re less than ideal, 

resulting in low deposit rates. The difference between 41% and 90% 

defoliation on the Thuricide + chitinase plot and Thuricide-alone or 

untreated check plot was statistically significant at the 99% level of 

confidence. Regression lines show the relationships between spores 

deposited (Fig. E-13) or total fluid deposits (Fig. E-14) and current 

defoliation. 

In order to determine the effect of the addition of cMtinase 

to Thuricide, the mean deposit at 10 sampling stations on the Thuricide-

alone plot was calculated as 22.5 fl. oz/acre. The rtean percent 

defoliation at these stations was 72.2. This deposit, with a log 

equivalent of 1.35 when superimposed on the Thuricide + chitinasc regression 
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line (Fig. E-13) , indicated 54% defoliation {probit 5.1). 

It is clear, then, that the addition of chitinase to the 

Ihuricide increased its foliage protection efficiency by 18.2%. This 

was supported by the data on the effects of treatncnts on feeding 

activity (Table E-XVI) which shewed the population en the Thuricide + 

chitinase plot with the lowsst frass weight/population density ratio. 

Cn the frass/density basis, it was shown that the treatments depressed 

feeding activity with the following decreasing order of efficiency: 

Thuricide + chitinase > Dipel + chitinasG > Dipel alone > chitinase 

alone > Thuricide alone > untreated check. 

An unanswered question at this point is whether differences in 

pre-spray population densities and in spray deposit rate, if taken into 

account, would change the general defoliation results. To this end, the 

ratio of percent defoliation/pre-spray density was calculated for each 

treatment and expressed in logarithmic form (Table E-XVI I). The ratios 

were then adjusted for deposit differences using the formula: 

RL x PD 

DR 

where RL represents log of the ratio of defoliation/pre-spray density, 

PD = sum of means of all population densities and DR = deposit rate in 

fl. oz. per acre. The results surnriarized in Table E-XVII show that with 

adjustments for variations in population densities and deposits rates 

between plots, the effectiveness of the treatrrent in terms of foliage 

protection decreased in the order: Thuricide + chitinase > Dipel + 

chitinase > Dipel alone > Thuricide alcne > chitinase alone. The data 

closely approximate the observations on feeding activity (Table E-XVI) . 
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The present observaticns support the findings of Smirnoff et al. 

(1973) that diitinase increases the effectiveness of B, thuringiensis in 

protecting balsam fir trees from excessive defoliation by the spruce 

budworrn. 

Post-Larval affects 

The average weight of both male and female pupae, ovipositicn 

rate, and egg viability in laboratory and field (egg mass survey) were 

lower in the Dipel-alone treated plot than in all other plots (Table 

E-XVTII). The plot treated with fenitrothion (operational dosage) had 

the highest egg mass density at the end of the season. Tlie weight of 

females from the Dipel spray plot was about one-half that from the 

untreated check. Pupae from B.t. treated plots were generally lower 

in weight than those fron the diitinase alone treated plot and from 

untreated check plots. Male and female pupae from the Thuricide + 

chitinase treated population shewed the lowest percent moth emergence but 

none of the treatments appeared to have affected sex ratio emergence of 

moths. Previous evidence of these and other post-larval effects of B.t. 

have been well documented. Increased development time, appearance of 

teratologies, increased general debility of survivors, decreased pupal 

weights and sizes, moth emergence, fecundity, fertility, pupation and 

adult longevity have been reported by Angus (1965) , Burgerjcn and Biache 

(1967), Morris (1969), Soliman et al. (1970), 7>bdallah and Abul^sar 

(1970) , and Dulmage and Martinez (1973). These observaticns focus 

attention on the often made suggestion that different criteria be used 

in judging efficacy of bacterial and chemical insecticides, Microbial 

agents produce long term effects which are usually reflected in succeeding 
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generations of treated insect populaticns. A good example of this 

long term effect with B. thuringiensis was recently reported by Grison 

et al. (1969) who found that the efficacy of the bacteria aerially 

applied against a leaf roller, Zeiraphera diniana CM,, was maintained 

for at least two generations after application. Since the bacteria is 

not transmitted from one generation to the next, the long term effect 

of this pathogen is likely a reflection of the general debilitating 

effect produced in survivors of the generation against which the pathogen 

was initially applied. 

_SUMMAIg' AND CONCLUSIONS 

In 1973, spruce budworm infested balsam fir and white spruce 

trees in Algonquin Park were aerially sprayed with Thuricide 16B 

(International Minerals and Chemicals Corp., Libertyville, Illinois) 

or Dipal l-fettable Powder (Abbott Laboratories, North Chicago, Illinois). 

The sprays were formulated with and without chitinase, an enzyme which, 

when inqested by insects, renders the pest more susceptible to bacterial 

infection, and with a tracer dye, Brilliant Sulfo Flavine PFA. Test 

plots were 100 acres in size, except for the Thuricide alone treatment 

plot which was 2,500 acres. 

Applications were made May 29-31 when the budworm larvae ware 

mostly in the 3rd instar at the rate of 4 billion International Units 

{in 0.5 U.S. gallons of liquid suspension) per aero. A Cessna Agtruck 

and a Piper Pawnee, both fitted with 4 Micronair AU 3000 emission units, 

were used for all applications. A variety of meteorological equipiient 

was used to determine the best conditions for tine of spray and for 

recording weather conditions during the entire test period. 
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Spray deposits collected on glass plates, Hillipore marrbrane 

surfaces, and Kromakote cards were analysed for volmre and viable spore 

deposit rates and for droplet density and size. 

■ 

Efficacy of the treatments was assessed by studying larval 

development, effect of weathering on residual activity of the pathogen, 

effect of treatments on population reduction, target and non-target 

insect mortality, feeding activity, current growth defoliation, pupal 

weights, moth energence, fecundity and egg viability. 

The following conclusions were drewn from the results: 

1. The fluorescent tracer dye used in the spray mixtures 

had no detrimental effect on B.t. viability or pathogenicity. 

2. Eighty-one percent of emitted Thuricide + chitinase and 

18% - 34% of the other suspensions were deposited at ground level. The 

lew deposit rates on Dipel treated plots was due to inferior meteorological 

conditions under which application took place. Drop densities (16-98/cm2) 

and drop sizes (91-111 urn) were within expected ranges. Deposit rates at 

three crown levels were approximately equal. No direct relationship 

exists between viable spore deposit and voluma deposit. 

3. B.t. treatment with or without chitinase retarded development 

of spruce buckorrn. 

4. fesidual activity of B.t. was drastically reduced after 5 

days exposure to weathering. 

5. Dipel and Dipel + chitinase (but not Ihuricide or 

Thuricide + chitinase) treatments were highly effective (752 and 94%, 

respectively) in reducing spruce budworm population densities on balsam 

fir and, in this regard were superior to fenitrothion at 4 oz. Al/acre. 

Addition of chitinase to Dipel increased population reduction. 
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6. The incidence of naturally occurring micrasporidia and 

polyhedrosis virus was extrenely low in all treated and untreated 

populations. 

7. None of the treatments, including fenitrothion at 4 02. 

Al/acre, had any observable detrimental effect on non-target arthropods. 

8. Thuricide + chitinase treatment resulted in significant 

foliage protecticn of balsam fir trees when differences in pre-spray 

populations and spray deposits are disregarded. If these criteria are 

calculated in the defoliation estimates, Dipel + chitinase was also 

effective in foliage protection. Fenitrothion at the dosage evaluated 

was less effective than Thuricide + chitinase in protecting foliage. 

9. The treatments inhibited feeding in the following decreasing 

order of efficiency: Ohuricida + chitinase > Dipel + chitinase > Dipel 

alone > chitinase alone > Thuricide alone. 

10. There was no direct relationship between larval mortality 

and foliage protection in any of the treatments. The fonrer criterion 

should not be used to judge efficacy in the year of application. 

11. Pupal eights, ovipositicn rates, and egg viability wsre 

reduced by B.t. treatments. 

12. Both Ohuricide 16B and Dipel WP were considered effective 

for control of the spruce budworm. 

We are indebted to R.F. DeBoo and J.A. Armstrong of C.C.R.I. 

for directing and supervising the spray applications and to W.W. Hopewell 

and W.A. Haliburton, C.C.R.I., for their technical assistance in the 

spray deposit and spray coverage measurements. Vfe greatly appreciate 
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the provision of laboratory facilities and other assistance during the 

field season by Mr. J.C. McLeod, Director of the Petawawa Forest 

Experiment Station, and his staff, lhanks also go to the International 

Minerals and Chemicals Corp., Abbott Laboratories, and Modem Air Spray 

{Quebec} for their valuable cooperati.cn and technical assistance during 

the entire project and to the many technicians and sumrrer students who 

willingly braved the elemsnts to conplete the job. 
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TABLE NO. E-I 

Surrmary of B. thuringi&nsis Formulations - Algonquin Park 19 73 

Treatments 

Dipel 

Dipel chitinase 

Thuricide 

Thuricida chitinase 

Chitinase 

Fenitrothian 

(operational dosage)2 100 - 4 os. Al/acre (applied at 20 oz. spray mixture/acre) 

Only the middle 100 acres of *» 2/500 acre bloc* 
sailed for post-treaty biological assessi^nt. 

ccaiducted at Petawawa Forest Experinent Station, Chalk River, Ontario. 
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TABLE NO. E-II 

Effect of Brilliant Sulfo Plavine Dye1 On Viability 

of Bacillus thuringiensis Spores2 

Contact Time 

(hrs.) 

Spray Tower Deposits of Viable Spores/cm' 
Treated Check 

1 

2 

4 

6 

24 

48 

6.9 

7.4 

7.0 

7.8 

9.1 

6.9 

5.9 

6.3 

4.7 

5.0 

4.7 

4.3 

4.9 

4.6 

5.3 

1 The dye was added to the Thuricide suspension at the concentration 

used in field trials {Table E-I). 

2 Thuricide 16B diluted 10 and sprayed onto 10 replicates of 

Millipore filter meirbranes. Incubaticn on nutrient agar for 24 

hours at 29°C. 
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TABLE NO. E-III 

Conpatibility of Brilliant Sulfo Flavine Dye 

With Comnercial Bacillus thuringiensis1 

for Spruce Budworm Mortality 

Corrected Percent2 

Treatment Mortality - 5 Days Post-Treataent 

"HiuricidG 16B alone 98.9 

Thuricide 16B + BSF 94.6 

BSF alone 3.0 

1 B.t. and BSF dye were allowed to stand for 2 hours before 
contaminating foliage 

2 Five replicates of 20 each, 4th-instar larvae. Corrected by 
Abbott's formula (1925). tortality refers to insects which 
died from bacterial septicemia. 



TABLE NO. E-IV 

Meteorological Conditions Following Aerial Sprays, Algonquin Park - 1973 

relative 

Temperature (°C) Humidity (%) 
Inclusive Dates Mean Min. Keanjto. Mean Min. Msan Max. 

May 29 - June 4 6 

May 29 - June 11 7 

May 29 - June 18 6 

22 

23 

22 

23 

33 

34 

97 

98 

98 

Cumulative 

Solar 

Radiation 

(Cal/cin2) 

3042 

8420 

20495 

Average 

Solar 

Radiation 

(Cal/cn\2/Day) 

608 

359 

503 

Average 

Cumulative Daily 

Rainfall Rainfall 

(Inches) (Inches) 

0.5 

3.0 

4.5 



L A 

TABLE NO. E-

Deposit Rates on Plots Treated With Comrsrcial Bacillus thuringiensis 

(and/or Chitinase} of Fenitrothion 

I 

1 Best SDray conditions indicated by large SR accorrpanied by small turbulence factor and high relative humidity. 
High and low refer to tower positions (See Section D for details). 

5 As determined by fluoranetric analysis. 

3 As determined by agar plate counts. 
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TABLE HO. E-VI 

Suimary of Drop MDasurerrents On 

Kronnkote Cards 

Treatments 

Thuricide 16B alone 

Thuricide 16B + chitinase 

Dipel alone 

Dipel + chitinase 

Chitinase alone 

Fenitrotiiion (operational) 

Droplet Dia. Drop 

Density Ifean oz. of Av. 

(N/cm2) Al/cm2 Vol. 



TABLE HO. E-VII 

Deposit Rates {Fluid Oz. U.S.) at Three Levels of Balsam Fir Tree 

Canopy Following Application of Coimercial Bacillus thuringiensis 

and/or Chitinase at 0.5 Gallons Per Acre1 

Treatment 

Thuricide alone 

Thuricide + chitinase 

Dipel alone 

Dipel + chitinase 

Chitinase alone 

Letosi 

10' 

Qz./Ac. Percent-1 N/an 

(at elevations above ground level) 

nz./Ac. Percent" n/ct^2 Oz./Ac. Percent" I; 

1 Four sarrple stations per treatrent with one sample unit at each tree level. 

2 Percent of emitted rate deposited as determined by fluoronetric analysis. 
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TABLE NO. E-VTII 

Dsposit fetes of Viable Spores at Three levels of 

Balsam Fir Tree Canopy Followinq Applications of 

Coimiercial Bacillus ttiuringiensis 

Ho. of Viable Spores Per Acre at 

Treatments 

Thuricide alone 

Thuricide + chitinase 

Dipel alone1 

Dipel + chitinase1 

Data from 25' level accidentally destroyed. 



TBBUE HO. E^ 

Effect of ̂ feathering on Residual Activity 

of ISiuriciaa 16B - Algonquin Park, 1973 

No. Days 

of 

^feathering 

5 

15 

42 

Cumulativel 
Rain 

(Inches) 

0.45 

3.0 

4.79 

Radiaticn 

Cal/cm2 

No. 

Larvae Percent Mortality 

Larvalh Puoal Total 

3042 400 (400} 51,5 

8420 400 (400) 19.7 

40709 240 (100) 2C.5 

18.2 69.7 

25.3 45.5 

4.6 32.1 

Percent of dead 

Larvae Infected 

by B.t. 

40.6 

9.6 

4.2 

Percent 

Moth 

Emergence' 

26 

33 

60 

I 

w 

I-1 

I 

1 lemperature Range: mean zc±n.*/ir&3n max. temp. (°C) - 44.8/71.5 
Humidity Range: mean min./nnean max. R,H- (%) a 31.4/97.8 

2 Two to four replicates of 100 larvae each. Number of untreated checks in brackets. 

3 Corrected for natural mortality (Abbott's formula, 1925). 

' Percentage of live moths from surviving pupae. 
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TABLE NO. E-X 

corrected1 Percentage Population Reductions for Spruce Budworm 

Cn Balsam Fir Due to Treatment by Commercial 

Bacillus thuringiensis (and/or Chitinase} 

Or Fenitrotliion 

Treatirents 

Eiuricide alone 

IViuricide + chitinase 

Dipel alone 

Dipel + chitinase 

Chitinase alone 

Fenitrothion3 

Untreated check A1 

Untreated check B1 

Untreated check Cl( 

1 Corrected by Abbott's formula. Untreated check A used for chitinase 
alone. Untreated check B for all other plots except femtrothion. 

2 Number of larvae per 18" branch tip. 

3 Operational dosage of 4 oz. AI per acre. 

" For operational fenitrothicn spray only. 



TABLE MQ. E-XI 

Larval Mortality an Balsam Fir Sprayed With Conmsrcial 

Bacillus thuringiensis and/or Chitinase 

Cumulative Total Nuntoers Collected 

S alive.) 

5 Days 15 Days 26 Days 

Percent Mortality (Uncorrected) 

5 Days *T5 Days" 26 Days 

1 



TABLE MO. E-XII 

Incidence of Pathogens maag Larvae From Balsam Fir Trees 

Sprayed With Comnercial Bacilli thuringiensis and/or GhitiJiase 

Treatments 

Thuricide alone 

Ihuricide + chitinase 

Dipel alone 

Dipel + chitinase 

Chitinase alone 

Untreated check 

Total 

No. Larvae 

Collected2 

155S1 

2733 

1629 

2752 

1765 

2581 

1924 

I 

1 Collected from all plots combined. 

1 Post-spray collection only. 

* Nuclear polyhedrosis virus. 
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TABLE NO. E-XIII 

Itelationship Between Vertical Spray Deposits and 

Population reduction on Balsam Fir Treated 

With Thuricide + Chitinase 

, . , , qnrav Detxisit Populaticn Iteducticn (%) 
!t IS! S!/Ac P5 Days Post-Spray 

10-15 ^.6 69.8 

25-30 49.5 61.0 
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tortality of Non-^t ̂ ropods Collected 

Under Balsam Fir Trees in 

Treated and Untreated Plots* 

Treatirents 

Thuricide alone 

Tnuricide + chitinase 

Dipel alone 

Dipel + chitinase 

Chitinase alone 

Ifenitrothion 

Untreated checks A & B 

12197 

14375 

27443 

4791 

12632 

14375 

10890 

■ Based on 

and unsprayed trees 

fan on 
on*, seiectea 



TABLE NO. E-XV 

Percent Defoliation on Balsam Fir Trees Sprayed With Bacillus thuringiensis 

{and/or Chitinase) or Fenitrothion 

■A 

TreatiiEnt Corrparisons Set Set #2 

Set vs. Set #2 No/Set Variance MearT(¥) No/Set Variance Mean I*) T Values 

Untreated check B Thuricide alone 

Untreated check: B Dipel + chitinase 

Untreated check B Dipel alone 

Untreated check B Ihuricids + chitinase 2~ 

Thuricide alone Thuricide + chitinase 43 

Dipel 4- chitinase Dipel alcne 

Untreated check A Chitinase alone 

Untreated check G Benitrothion 

43 

47 

44 

30 

30 

44 

45 

25 

138.43 

307.8 

215.73 

921.64 

921.64 

215.73 

1086.16 

89.53 

86,8 

84.64 

40.57 

40.57 

84.63 

62.12 

25.41 

0.5001 

.59 

1.1514 

6.8116* 

9.4607* 

0.62 

.0520 

1 

Hiqhlv siqnifleant differences at 99% level of confidence. Confidence interval of mean were 6.99 for 
Untreated'eheck B vs. Thuricife 4- chitinase cor^>arison and ±6.05 for Thuricide alone vs. Thuricide + c 

comparison. 
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Effect of 

Bacillus 

TABLI? HO. E-XVI 

Treatments on Feeding Activity of Budworm on Balsam Fir Trees 

*PPlication 

Treatrrents 

Ihuricide alone 

Thuricide + chitinase 

Dipel alone 

Dipel + chitinase 

Chitinase alone 

Fenitrothion 

Untreated check 

Population 

Density 

13.55 

12.03 

19.79 

12.39 

11.17 

6.35 

18.86 

wt. (rag.) Frass-

per Sq. Ft. 

10065 

1922 

5931 

2425 

7858 

813 

15682 

Ratio 

Wt./Density 

743 

159 

299 

195 

703 

127 

831 

1 Average nunter of larvae par 18" branch tip for all sables. 

2 Total of 36 sq. ft. canvas matting were placed under 4 sample trees 
^ plot. iSs *ere collected at the end of the pupation period. 



TABLE NO. E-XVII 

Analysis of Defoliation Estates Taking Pre-Spray 

Population levels and D-posit Differences Into Account 

Ratio of 

Treatirents 

Thuricide alone 

Thuricicfe + chitinase 

Dipsl alone 

Dipel + chitinase 

Chitinase alone 

Pfenitrothicn (Oper. Dosage) 

Untreated check A 

Untreated check B 

Untreated check: C 

I 

3 

1 Average nurrber of larvae/18" branch tip, 



TABLE NO. E-XVXI1 

Effect of Treats en ttrth Er^rcpnce and Opposition in Plots Sprayed With 

Bacillus thurixigiensis (and/or Chitinase) or Fenitrothion 

Laboratory Feared Pupae and Egg Mass Survey 

Treatments 

Thuricide alone 

Hiuricide + chitinase 

Dipel alone 

Dipel + chitinase* 

Chitinase alone 

Fenitrothicn 

Untreated check. 

Nuntoer Pupae Average Pupal 
(Caged) Wt (mg.) 

Fenales Males Females 

240 

207 

216 

226 

200 

254 

235 

220 

207 

218 

224 

200 

189 

185 

70.2 

70.7 

50.0 

64.7 

76.1 

69,0 

73.4 

93.0 

8G.2 

64.2 

83.9 

110.3 

90.0 

119.9 

Av. No. Egg 

% Total Energence Masses/feirale 
Males ^males -total Total Viable (Erterged) 

97 83 

52 45 

80 56 

96 85 

89 57 

83 56 

90 

49 

68 

90 

77 

71 

3.1 

3.8 

1.6 

2.5 

2.5 

3.4 

2.8 

3.3 

1.2 

2,2 

2.4 

3.0 

Av. No. 

Egg Masses/ 

100 sq.ft. 

FoliageA 

134 

155 

63 

132 

93 

195 

84 

H 

o 

insect material destroyed by error before sc^e data v/as recorded. 

Egg mass survey of 32 to 47 balsam fir trees per plot. 
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FIG. E-1 Aerial Spray Plots 

Algonquin Park 1973 

1 
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Fig. E-2 Spray deposit sanple unit shewing (L - R) a Krorekote 
card, 2 glass plates and 2 Millipore filter neiiDranes. 
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FIG. E-7 Spruce Budworm deveJopment on key dates on Balsam Fir - Chitinase alone 



m
 

I 
C
O
 

C
D
 

C
L
 

O
 

3
 

a
 

<
 

7
7
 

P
E
R
C
E
N
T
 

P
E
R
C
E
N
T
 

O
 

S
 

_
 

to
 

Z
 

a
 

i
n
 

o
 
o
 

3
 

c
r
 

a
.
 

P
E
R
C
E
N
T
 

P
E
R
C
E
N
T
 

A
 

0
>
 

a
 

a
 



100 

1D I;! prc-sproy - May 12 

&0 

40 

1 3 4 5 6 P 

IN STAR 

100 

40 

3 4 5 6 p 

100 

60 

post-spT&y III — June 27 

4 5 6 

INSTAR 

I 

s 

I 

FIG. E -9 Spruce Budworm development on key dates on Balsam Fir - Untreated check A 
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F. Impact of Aerial Treatment on Non-Target 

Organisms, Algonquin Park, Ontario 

and Spruce Woods, Manitoba 

by 

C.II. Buckner, P-D. Kingsbury, B.B. McLsod, 

K.L. Mortensen and D.G.H. Ray 

IHTFODUCTICM 

Impact studies upon selected coirponents of the environrrent 

were carried out on all treatment plots and suitable untreated check 

plots in Algonquin Park, Cntario and Spruce Woods, Manitoba treated 

with various formulations containing the bacterial insecticide 

Bacillus thuringiensis Berliner (B.t.). These experimental treatments 

were conducted to determine the suitability of B.t. as a biological 

control agent of spruce budworm, Choristcneura fumiferana (Clem.), the 

most destructive defoliator of Canadian forests. The comrercial 

preparations of B.t. applied were Thuricide 16B {International Minerals 

® 
and Chemicals Corp., Libertyville, Illinois) and Dipel WP (Abbott 

Laboratories, North Chicago, Illinois). Both of these products were 

applied with and without the chitin hydrolysing enzyire chitinase. 

Formulations applied and methods of treatrrent are described in 

Sections C (Spruce Woods, Manitoba) and E (Algonquin Park, Ontario) of 

this report. 

Studies of environnental effects of B.t. on non-target insects 

have consisted primarily of toxicological studies in laboratories. These 

- Fl -
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studies have established ths non-pathocpnicity of B.t. for vertebrates 

which ingest, inhale or come in contact .rift the bacteria (Laird, 1973). 

ae thermostable exotoxin produced by somB strains of B.t. has been 

shown to eAttit oral toxicity at high doses in mioa, and toxicity to 

a variety of non-lepidopterous insects including honeybees, however, 

this exotoxih is not present in the conr^rcial preparations, fturici* 

and Dipel. B.t. infeots nm-target lepidoptera and may reduce their 

populations. Very little is k*» about to fate of B.t. foliations 

in aquatic ecosystem, but storing on Moresby Island, British 

Coluntoia, in 1960 regaled no adverse effects on coho salmon fry or 

aquatxc insects in streams within exp=riI,Bntal B.t. treatment areas 

(Todd and Jackson, 1961). 

The studies descried within this report ware conducted to 

determine if any undesirable siefc-effects en non-target organisms occur 

when forests are treated with B.t. to control spruce budworm. Studies 

such as these are essential before B.t. can be registered for operational 

use against spruce budwom in Canada. The nuirber of agents of the 

forest ecosystem monitored for sida-effects was limited by the 

availability of manpower and suitability of the treatment plots chosen 

by the entomologists for each typ3 of impact study. Bird and small mammal 

populations were monitored on all treat^nt plots in both Algonquin Park 

and Spruce Woods. Impact studies on other environmental extents were 

Ximited to taatan* Plots in Algonquin Park. Damstic honeybees, non-

target insects and parasites of spruce budworm were ironitored on all 

ftigonquin Park treatment plots. Studies of aquatic fauna ware limited 

to the 2,500 acre ^uricide treatment plot in Algonquin Park as it was 
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the only treatment area containing an aquatic system suitable for 

a monitoring program. 

METHODS AND MATERIALS 

Plot Cescription - Algonquin Park, Ontario 

All the Algonquin Park plots were established in the typical 

fir-spruce (Abies balsamara L., Picea glauca (M^ench) Voss) stands 

comron to the area. Scattered hardwoods were present in all plots. 

The understory was fairly sparse and the ground cover light. The 

forest floor was covered with a thin duff layer overlying gravel 

deposits except where precairbrian outcrops emerged. 

The treated portion of the Opeongo River consisted of lengthy 

riffle areas one to three feet deep separated by slower flowing stretches 

up to ten feet in depth. The river bed consisted of boulders and rocks 

covering gravel and coarse sand. Sandbars which had been deposited on 

the inside of sore curves in the river and in deeper, slower flowing 

portions the sand bottom were covered with soft organic debris. The 

river opening varied from about 30 - 60 feet and was rarely wider than 

the river itself as dense growth of alders, Alnus spp. and willows, 

Salix spp. crcwded right to the river's edge. The control stream, 

Costello Creek, was shallow and slow flowing with only one riffle area 

con-parable to the riffle areas of the Opecngj River, (Fig. F-l). 

.. 



AQUATIC STATIONS 

I and 2 

AQUATIC CONTROL 
STATION 

FIG.F-1 Aerial Spray Plots 

Algonquin Park 1973 
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Plot Description - Spruce Woods, Manitoba 

Plots in the Spruce Woods area contained mixed habitats 

including mature spruce stands, poplar (Fopulus spp_.) bluffs, areas 

of dense brush and open fields. White spruce predominated the treed 

areas with pockets of poplar, burr oak Quercus macrocarpa Michx. and 

brush in moist areas. Soils varied from rich leaf and needle litter 

in heavily forested areas to sandy loam in open areas. 

Birds 

Breeding bird populations on all Algonquin Park and Spruce 

Woods treated and untreated check plots were measured using methods and 

techniques similar to those described by Buckner and Turnock (1965). 

IVenty acre plots were censused before and after treatment by counting 

all singing and sighted birds along predetermined parallel lines and 

recording this information on plot maps. The resulting bird populations 

were expressed as numbers of birds per 100 acres. Special attention was 

paid to groups of birds inhabiting certain ecological areas such as upper 

crown foragers, spacies inhabiting shrubbery and mid-crown areas of the 

forest, or others which prefer the forest floor or lower crown habitat. 

In Algonquin Park, daily monitoring of populations ccmrenced 

on the untreated checks, Thuricide alone and Dipel + cliitinase plots 

on May 11-12, on the cliitinase-alone plot on May 17 and on the Dipel-

alone and Thuricide + chitinase plots on May 20. The pre-spray census 

terminated approximately one week prior to treatirent. The various plots 

were treated between the evening of May 29 and evening of May 31. The 

post-spray monitoring corm-nced iimcdiately after treatment and continued 

for an additional eight or nine days. 
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Breeding bird populations en Spruce Woods plots were 

monitored prior to treatrent aid at i^ekly intervals for three weeks 

after treatment. No census was obtained from the lover dosage treatment 

plot the week after treatment or from the untreated chock plot two 

weeks after treatment. 

Scientific and comron names of all birds mentioned in this 

report are listed in the Appendix. 

Small Mammals 

Small manmal populations on all Algonquin Park and Spruce 

Woods treated and untreated check plots were censused approximately 6 

weeks after treatm-nt by use of snap-back traps positioned on standard 

90 x 4 yard trap lines located in each plot. A standard three 

consecutive night trap period was used (150 trap nights per line). All 

small maiunal specimens taken were subsequently identified, scxed, aged 

and dissected to determine breeding condition. The lapse of a six week 

interval between treatment and trapping ensures that any litter being 

carried by females at the tine of application have tine to leave the 

nest and become available for trapping. The absence of any particular 

age group from the sample could reflect an inpact of the pesticide 

application upon that portion of the small manmal population. 

Domestic Honeybees 

Seven colonies of dorrestic honeybees, Apis rrellifera L. , 

were placed on each of the five Algonquin Park treatment plots and en 

an untreated check plot. The bees were newly purchased packages 

containing 3 pounds of bees (approximately 12,000 bees) and a mated 
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queen. All colonies were set up and maintained at the headquarters 

bee yard near Ottawa until about 4 days prior to treatment. Upon 

arrival at the treated and untreated check plots, each colony was 

fitted with a pollen collecting trap attached to the base of the 

colony. Pollen brought into the colony by foraging bees was collected, 

bagged, labelled daily and returned to the laboratory for weighing. 

Daily counts of adult honey bee mortality were recorded by collecting 

the dead bees which had been removed from the colony and deposited 

in the dead bee trap at the hive entrance. Relative activity of each 

hive was measured by an electronic counter placed at the hive entrance 

to measure the activity of the beas entering and leaving the colony. 

Hive weights were taken three times during the program period. Each 

colony was weighed on May 29 (just prior to treatrent) , on June 7 

(just prior to their removal from the treatment area) and again en 

June 15 {after their return to the headquarters bee yard). 

Young brood was observed in each colony throughout the 

monitoring period to assess the impact of the insecticide upon that 

portion of the hive. 

The bee yard in the Thuricide treatment plot was located in 

an open area in the centre of a 2 mile square treatnBnt area. This 

larger plot was enployed to assess the impact upon honeybee colonies 

When the entire normal foraging area is treated with B. thuringiensis. 

Non-Target Insects 

Non-target insects were sampled from several ecological 

habitats on all Algonquin Park treatment plots and an untreated check 

plot. Forest floor fauna was sanpled by pit-fall (snooth-walled one 



- P8 -

quart oil-can) traps consisting of quart oil cans dug into the 

forest floor at two chain intervals along a 20 chain line. 

Random sarrples of non-target insects from ground flora 

were made by use of a sweep net in similar habitat in each of the 

plots. All specimens collected ware preserved immediately and later 

identified as to Order and Family. Non-target insects were also 

collected from foliage of three tree species contrail to all plots. 

Two 18-inch branches were cut and the insect material was removed 

carefully, preserved, and later identified to Order. 

Collections of this type were made fran trembling aspen, 

Populus tremuloides, alder, Alnus rucpsa, and red maplef Acer rubrum. 

Pitfall trapping was conducted over six-day periods before 

treatment, six days after treatirent and thirty days after treatnent. 

Foliage samples and sweep net collections were obtained at the same 

times except that no pre-treatmant sweep net collections were made. 

Parasites of Spruce Budworm 

The incidence of parasitism amongst spruce budworm collected 

from all treated and an untreated check plots in Algonquin Park was 

determined from larval collections. Samples of spruce budworm were 

brought back to the laboratory and were reared to determine the 

incidence of parasites. Three separate collections were made: pre-

treatment {2nd to 3rd-instar larvae) , 14 days post treatment (5th to 

Gth-instar larvae) and pupal collections. All larvae were reared on 

clean fir or spruce foliage and the numbers of emerged parasites recorded. 

No 14 day post treatment (5th and 6th instar larvae) collections were 

obtained from Dipel and Dipal + chitinase plots because of a scarcity 

of larvae on these plots at this tirre. 



Aquatic Fauna 

Bottom fauna populations at two stations in the Opeongo River 

Within the Thuricide-alone treatment plot and at an untreated check 

station in Costello Creek were monitored from two weeks before to four 

weeks after treatment by taking periodic groups of foot-square Surber 

sanples {Surber, 1936). Station 1 in the Opeongo River was situated 

on a shallow sandbar bordering a long riffle area and was several 

hundred yards upstream from Station 2 which was located in the centre 

of the treatment plot on a rock-strewn sand and gravel bottcm at the 

foot of a very fast riffle. Ihe untreated check station in Costello 

Creek was situated on a shallow bottom of coarse gravel and sand at 

the foot of a small rapids immediately downstream from where the creek 

emerges from Costello Lake. Organisms were hand picked from samples 

while live and were preserved and later identified to Order. Bottom 

fauna populations at Stations 1 and 2 in the Opeongo River were also 

sampled by collecting rocks from the riverbed and removing all the 

organisms present on them. A Surber sanpler was set in the current 

at Station 2 to sample drifting organisms before, during and after 

treatment. 

Aquatic insect and fish populations were also monitored by 

direct observation by divers using scuba equipment. Three days and one 

month after treatment estimates of fish populations in a half-mile 

section of ri\er were made by divers floating downstream with the 

current making visual counts. Divers also collected water, clams and 

crayfish for examination for the presaice of B.t. by microbiological 

techniques. E.t spores per ml. in water samples were determined by 
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the plate-dilution frequency technique described by Harris and Sonrncrs 

(1968) . Positive identification of B.t. was made by staining snBared 

cultures and examining them for the characteristic B.t. crystal. Clams 

and crayfish collected from an untreated area were set out in buckets 

of water on the Thuricide + chitinase and chitinase-alone plots to be 

exposed to the treatments applied there. Mortality in these buckets 

was compared to mortality amongst untreated check groups and groups 

collected from the Opeongo River after it was treated. 

RESUL1S AND DISCUSSICH 

Birds - Algonquin Park, cntario 

Resident song bird populations ware well established in breeding 

and foraging territories on all Algonquin Park plots by mid-May. Bird 

populations on all plots throughout the monitoring period are presented 

in Tables F-I to F-VI. 

The small forest song bird conplex was fairly evenly distributed 

over the project area except that fewer nurrbers of species were recorded 

on the Dipsl-alone plot and larger nuirbers of species were recorded on 

the Thuricide-alone plot (Table F-VII). 

Population fluctuations en the treatment plots paralleled those 

recorded on the control plot with few exceptions. 

Several species of warblers and sparrows were observed to vary 

somewhat from the norm in several of the treatment plots. Black and 

white warbler populations varied in the chitinase-only plot; the 

chestnut-sided warbler in the Dipel-alone plot; the Magnolia, Nashville 

and Mourning Warblers in the Thuricide + chitinase plot, the Ovenbird 
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in the Thuricidc + cMtinase and Dipcl-alone plots; and the white-

throated sparrcw in the Thuricide-alone, Thuricide + chitinase 

Dipel + chitinase and chitinase-alone plots. An analysis of variance 

for these species (Table F-VIII) indicated that the fluctuations vere 

not significant relative to the treatments. 



TABLT F-l 

Small Songbird roDul.itians, L'r.treatet' Chrck 

^pressed As Kir^s Per 100 Acres 

Algonquin Provincial ?s.r'<, Ontario 

1973 

Chestr.ut - rta dod J5 15 21 23 48 54 66 3D 30 30 36 63 12 12 



IASLE F-l 

Family 

(ContdJ Magnolia Warbler 

Nashville Warbler 

Ovenbird 

Yell&w Warbler 

Mourning Warbler 

Bay-breasted Warbler 

Icreridae 

Unidentified 
Species 

Jtfid.-wingsd Blackbird 

Chipping Sparrow 

WhiCe-threatad Sparrow 
Evening Grosbeak 

Rose-breasted Grosbeak 

Purple Finch 

Ar:.ericsr. Goldfinch 

Totals 

Small Songbird Populations, Untreated Check Plot 

rMpressei as Birds Per 100 Acres 

Algonquin Provincial Park, Ontario 

1573 

113 

0 0 
0 0 0 0 

178 2 

0 0 0 0 

210 



taslt: f-ii 

Snail Soiighird Population Census, Thuriei^e Treatment Plot 

Expressed As 3irds cer 100 Acres 

Algonquin Park, Ontario 

1973 

?RE-SPRAY P05T-SPFAY 

DAY DAI 

Fanily Species 'nv Hay May May May !'av Vay *'ay May I*ay 

11 12 13 U 15 X6 17 18 19 22 

■IS -17 -IS -15 -14 -13 -12 -11 -10 -7 

A_ve. SO. 

of birds 

per dav 

. Ave. Mo. 
May !"3Y Jun Jun Jun J-Jn Jun Jun Jun - . ,_. 

30 31 1 1 3 4 5 7 S f x S 
^■2 +3 +4 +5 +6 +6 +91 +0 1 

Seolspacidae 

Picidae 

Tvrannidae 

fervidaa 

Sitticae 

Tufdidae. 

Sylviidae 

Fluffed Cro-jse 

American Woodcock 

Ralry Wcodpeckcr 

Black-blacked Woodpecker 

Pilaated Woodpecker 

Yellov-bellied Sapsucker 

Yellov-shafced Flicker 

Eastern Phoebe 

Olive-sidec Flycatcher 

Blue Jay 

Gray Jay 

Common Raven 

Black-tapped chicleatlse 

Nuthatch 

Red-brtasted Nuthatch 

Brown Creep&r 

Winter Wren 

Pcibin 

Wood Thrush 

Veery 

Ruby-croirr.ed Kinglet 

Gcldpn-crov-ned Kinglet 

Red-eyed vireo 

0 

2 

D 

14 

0 

0 

0 

7 

0 

0 

6 

1 

3 

15 

12 

6 

0 

9 

3 

6 

0 

0 

2 

U 

0 

2 

10 

0 

0 

0 

6 

12 

3 

12 

0 

o 

12 

n 

o 

o 

6 

12 

3 

0 

0 

0 

12 

9 

0 

G 

12 

12 

0 0 

0 0 0 0 

0 12 

0 0 

0 0 

0 0 0 0 



TASLE F-II - (Cont 

Tastily Species 

SflHftll Songbird Population r§n?uti Thurlcide Treatment Plot 

Expressed \s Birds Per 100 Acres 

uin Park, Ontario 

1973 

_PRE-SPRAY 

DAY 
PO! 

fay May May ><ay May May Hay y.Ay tfay & 

11 12 13 H 15 16 17 is 19 ; 

-IP. -17 -16 -15 -U -13 -12 -11 -11 -■ 

DAY 

J1 +5 +8 +9 

Ave. Ka. 

d£ bird a 

pP r cjv 

Elackburnian Warbler 12 3 3 

31ack-throated Green 

Warbler 0 2 0 
Black-throated Slue 

warbler 0 0 0 

Black £ \Thite Warbler 12 14 6 

6 

6 

0 

15 

1 

0 

0 

10 

13 

0 

0 

12 

0 

0 

0 

18 

3 

5 

2-4 

0 

0 

0 

72 

o 

19 

24 

54 

0 0 0 e 6 12 6 12 

5 6 fi 24 18 24 IE 12 

0 0QO00Q1S 

43 18 hi LS 30 18 18 IS 

5 

15 

2 

29 

Chestnut-sided 1'arbler 

Magnolia l-'arbler 

Mourning Warbler 

Kyrtla Parkier 

Nashville Warbler 

Ovenbird 

Yellow Warbler 

Brovn-headed Cowbird 

Connon Crackle 

Red-i.-ir.sed blackbird 

Rusty Slackbiri 

Unidentified Speci 

ca Sparrow 

I-fllite-Chroated Sparrow 

Evening Crasbeak 

Rose-breasted Crosbeak 

Air.ericsn Cnld finch 

Purple Finch 

Total 

2 

0 

0 

0 

12 

10 

0 

3 

0 

0 

0 

21 

6 

0 

0 

0 

0 

24 

18 

0 

& 

0 

0 

0 

10 

16 

0 

0 

0 

0 

0 

48 

36 

12 

3 

0 

9 

0 

15 

21 

0 

0 

0 

0 

0 

1h 

30 

0 

0 

3 

a 

3 

36 

36 

0 

0 

0 

6 

0 

18 

51 

0 

1 

2 

1 

22 

23 

2 

0 

g 

0 

0 

24 

43 

16 

24 

18 

0 

60 

0 

6 

18 

0 

0 
6 

6 

24 

0 

0 

24 

12 

12 

0 

0 

30 

0 

21 

0 

0 

0 0 

12 12 

0 0 

0 0 

30 36 18 18 

12 30 60 60 54 66 

0 0 0 0 

6 

20 

0 

0 

21 

47 

2 

123 174 255 276 ?fi2 136 lfl6 



Small Songbird Population Census, Dipel Treatment Plot 

Expressed as Birds Per 100 Acres 

Algonquin Park, Ontario 

1973 

Panily 

pqE-EPRAY POST-SPRAY 

Species DAY Ave. No. DAI 

May 20 Kay 21 May 22 May 23 of Birds Jun 1 Jun 2 Jun 3 Jun 4 Jun 

-11 -10 -9 -8 per day +1 +2 +3 +4 +5 

Ave. Ho. 

Jun 7 Jun S of Birds 

■4-7 +B per day 

Anatidae 

Picidae 

Paridae 

Troglodytidae 

Turditiae 

Sylviidse 

Vlreonidae 

Parulidae 



tABLE F-IIT (Cont'd) 

Songbird Population Census, Mpe] Treatment Flan 

Expressed A5 Birds Per 100 Acres 

Algonquin Park, Ontario 

1973 

Unidentified Species 

Totals 

12 

31S 156 156 

13 

6 6 
15 I? 

'52 L08 

0 0 n 0 

1-56 163 192 144 

15 

170 

i 



TABLE F-

Staell Songbird Population Census, Dip^l P3uS thiLir.ase Treatment; Plot 

As Birds Per 300 .Acres 

in Parl-, Or.tarlo 

1973 

Faraily 

PFE-SFRAY POST SPRAY 

DA* DAY 

Ave. 

y May of bird"; Jim 1 May ^ay Hay May Hay May lHay 

12 13 11 15 16 17 IB 19 20 per 

-1? -19 -17 -16 -15 -H -13 -M -11 tlav +1 

jfl 2 Jun 3 Jim 4 Jun 5 Jon 7 Jun 8 p£ bird; 

per 

f-2 +3 +i +5 +? +P day 

Ardeidae 

Picidae 

Arc-eric an Bittern 

P.uffed Grouse 

Yellow-sifted Flicker 

0 0 1 

0 0 1 

3 0 3 

0 0 

0 0 

0 G 

Cscvidac 

Siteidae 

"ur^idae 

Eylviidse 

1'iceonldae 

?aru]idae 

Gray Jay 

Blue Jay 

CoKinCrl CTOM 

Black-capped Chickadee 

Red-breasted Nuthatch 

Brown Creeper 

Winter I.'ren 

toerican Robin 

Wood Thrush 

Veery 

Ruhy-erovned Kinglet 

Ce-dar Valuing 

Vlreo 

Black and '.-."Mte Warbler 

Tennessee V'arbler 

Nasliville Karbler 

0 

it 

4 

5 

0 

0 

9 

2 

0 

5 

23 

0 

33 

I 



TABLE F-IV tCnnt'd") 

Small Songbird Population Census, Dipel ?llj£ Cbitinese Treatment Plot 

^nroi'sp^ As nirr^ T>er 100 Acr6s 

Algonquin Park, Ontario 

1973 

Totals 52 19 5 152 216 195 108 135 168 24& 164 72 204 156 201 111 



-r r-v 

Te trannldae 

?colopacidae 

Spec i 

?.uf^ed Grouse 

Yellow-Shafted Flicker 

Yellow-bellied SapSurk 

r.KT>rt5fiut! As PirHp ner 100 Acres 
Alpo7.qi.iin Pr.rk, Ontario 

-10 

6 

12 

0 

0 

DAY 

12 

0 

6 

0 

-fi -7 

Ave. '.-a. 

of Birds 

per day 

POST-SP^AY 

DAY 

Jun 1 t« 3 
+ 3 + 5 

un 5 Jun 7 

+ 6 

6 

IS 

0 

0 

3 

18 

□ 

0 

■+■ 

Ave. No. 

of hirds 

per day 

6 

10 

0 

2 

Sittidae 

Tvoglcdytidae 

Turd idac 

Vireouidae 

Black-capped Chickadee 

d Suthatch 

Pinter wren 

Sob in 

IJood Thrush 

Veery 

Kinglet 

Fed-eyed Virca 

Black and Khite Warbler 

Nashville Warbler 

Yellcw Warbler 

Warbler 



TABLE F-V (Cont'd) 

Snail SOnflMrd Population Cc,.Su*, T^ri.ule n«S ChIti«W»e Treatt*nt Plot 

Expressed As Birds Per 100 Acres 

Algonquin park, 

Family Species 

(Contd) 

Ici.eridae 

Myrtle Warbler 

Bl2ck-:broated Green Warbler 
Blackburn:an Warbler 

Chestnut-sided Batbler 
Ovenbird 

Warbler 

Ruscy Blackbird 

Red-Ringed Plackbird 

Rose-breasted Grosbeak. 
Purple Finch 

Evening Grosbeak 

Uiito-throated Sparrgw 

Chipping 

Ave. I'o, 

V.ay 20 Hfty 21 H3y 21 May 23 °' 31rds 
: -■■ -s -7 Per dav 

DAY 

0 

& 

0 

IS 

E 

0 

0 

0 

24 

36 

24 

0 

0 

6 

0 

4£ 

AS 

18 

0 

0 

0 

0 

6 

24 

36 

0 

3 

0 

24 

37 

19 

0 

May 31 

+ 1 

0 

0 

73 

24 

12 

0 

Juq 1 

+ 2 

0 

a 

o 

66 

24 

0 

6 

Jun 2 

+ 3 

0 

6 

60 

18 

0 

6 

Jun 3 

+ & 

0 

D 

3 

42 

12 

0 

0 

Jun 1 

4 5 

0 

0 

14 

24 

6 

0 

0 

Jun 5 

+ 6 

0 

0 

24 

54 

12 

0 

0 

Ave. No. 

of birds 
Jun 7 
+ s per day 

0 

0 

IE 

36 

12 

a 

5 

0 

0 

10 

36 

15 

2 

2 I 

ro 

t 



TAELE 7-VI 

Snail Songbird Population Census, Chicinase Only Trsatnefrt 

repressed As Birds Per 100 Acres 

Algonquin Park, Ontario 

1973 

"araily Species 

Kay 17 

-14 

SPR.W POST S?FAY 

CAY 

uy IB 

-13 

May 19 

-12 

Kay 20 

-11 

Ave. TIo. 

of birds 

pc^r dav 

DAY 

+1 

■Tun 2 

+2 +3 

Jun Jun 5 

+5 +7 

JUTl 

+B 

Ave. No. 

of bi 

aer day 

PIcldae 

Tyramldae 

Corvidae 

Paridae 

Hairy Woodpecker 

luxdidae 

Yellm,—snafced Flicker 

Crested Flycatcher 

Blue Jey 

3lack-capped Chickade-e 

w~hiEe-breasted Suthatch 

Hint-ex Wren 

Brown Thrasher 

Ane r i c an Ro b In 

!,rood Thrush 

Veery 

Ruby-croUned Kinglet 

0 

12 

0 

9 

0 

6 

24 

0 

3 

0 

12 

12 

Q 

2 

0 

0 

2 

4 

1 

19 

0 

0 

0 

D 

6 

0 

0 

0 

24 

6 

12 

6 11 

3 

3 
CO 

Parulidae 

Red-eyed Vireo 

Black and White Warbler 

Black-throated Green Warbler 

Chestnut sided 1-,'arbler 12 12 



f-vi (Cont 

Small Songbird Population Census, Chitinase Only Treatment Plot 

as Firds cpt 1GP Acres 

Algonquin Park, Cntario 

1973 

Family 

Parulidae (Contd) Kafptolia Warbler 

?RE SPRAY POST SPRAY 

DAY 
Ave. Ko, 

DAY 

May 17 Nay IS May 19 Kay 20 of birds Jun 1 Jun 2 Jun 3 Jud 4 Jun 5 Jun 7 Jun 

-14 -13 -12 -11 oer dav +1 +2 +3 +4 +5 +7 +8 

15 12 IE 12 

of "birds 

per day 

15 

Nashville Watbier 

Yellow Warbler 

Yellflwtfhroat 

Ovenblrd 

Corjnon Crackle 

Chipping Sparrow 

White-throated Sparrow 

Song Sparrow 

Evening Grosbeak 

Hose-breasted Grosbeak 

Purple Fltich 

American Goldfinch 

42 

0 

12 

60 

S 

27 

0 

0 

6 

0 

Q 

Unidentified Species 

46 

3 

6 

42 

1 

7 

20 

21 

3 

9 

57 

4 

9 

1 

16 

6 

0 

0 

Totals 300 243 168 255 241 25S 230 25S 210 210 234 234 233 
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TABLE HO. F-VII 

Nurrber of Families and Species of Birds Recorded on Plots 

Algonquin Park, Ontario, 1973 

Ho of Families Ho. of Species 

Untreated Check 

Thurici de-alone 

Dipsl + chitinase 

Dipel-alone 

lhuricide + chitinase 

Chitinase-alone 
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TABLE HO. F-VIII 

Analysis of Variance of Seven Species of Birds that Apparently 

Diverged From the Norm in Bacillus thuringiensis Treated 

Areas, Algonquin Park, Ontario, 1973 



- F26 -

Birds - Spruce Woods, Manitoba 

Bird populations on the Spruce Woods plots throughout the 

monitoring ^riod are presented in Tables F-IX and F-X. 

Population fluctuations of breeding birds en the 4 gal/ac 

treatment plot paralleled those on the untreated check plot amcng most 

species over the pie-treatment and post-treatrrent census period. 

Populations of chipping sparrows, Vesper sparrows, Cowbirds, Cape May 

warblers, 0rang3-crowned warblers, Fed-eyed Vireos, the too species of 

Chickadees, Blue Jay, and Mourning Dove all remained nearly constant. 

Similar results were obtained from the 2 gal/ac treatment plot except 

that data for the first week post spray was not collected. 

Small Mammals - Algonquin Park, Cntario 

A total of 53 specimens representing 6 species were trapped 

from the 6 plots. This represents a lew population level in the park 

area. Twenty-one specinens were trapped en the untreated check plot, 

4 on the Thuricide-alone plot, 14 from the Dipel-alone plot, 7 from the 

Thuricide 4-chitinase plot, and 6 from the chitinase-alone plot. Cnly 

one specinen was trapped on the Dipel + chitinase plot. 

The woodland i imping mouse, Napaeozapus insignis (Miller) was 

the most abundant species trapped with a total of 27 specinens taken, 

followed by deer mouse, Peromyscus maniculatus (Wagner) with 12 specinens. 

less abundant species taken were: the short-tailed shrew, Blarina 

brevicauda (Soy) (7 specimens), the cornnon or masked shrew, Sorex cinereus 

Kerr (4 speciirens) , the red-backed vole, Clethricncm/s gapperi (Vigors) 

(2 specinens), and the eastern chipmunk, Tamias striatus (Linnaeus) (1 

specinen), see Tables F-XI to F-XV. 



FAMILY SPECIES 

TABLE F-IX 

Sird Populations, Dipel 4 &al/..-ere Plot 

('"reeling Eir^s Per 100 Acres) 

Tirucewoods Provincial Forest, Manitoba 

J973 

CONTROL 

Pre Spray ifeek 1 wee'* 2 Week 3 

0 

0 

0 

0 

0 

0 

0 

1 

1 

5 

5 

5 

0 

0 

0 

0 

17 

0 

TREATMENT PLOT 

Pre Spray Week 1 Weak 2 Week 3 

3 
to 



Breeding Bird PopjLatior,s, Dipel 4 8al/fl.re riot 

(Breeding Uir^s Per 100 Acr^s) 

Sprucewoods rrpvincial Tores:. Manitoaa 

1973 

FAMILY SPECIES 
CONTROL 

TREATMENT P 

Pra Spray ^eek 1 Ueek 2 

Parulidae 0TBrtg9-crowned Warbler 

Nashville Uarbler 

Cape May Warbler 

Myrtle Warbler 

Brewer's Blackbird 

Ccrwbird 

Purple Finch 

Pine Siskin 

American Goldfinch 

Ked Crossbill 

RuEaus-sided Tavhee 

Vesper Sparrc-

Slate-coloured Junto 

Chipping Sparrow 

CLay-col cured Sparrcr. 

10 

0 

10 

□ 

0 

0 

4 

0 

a 

2 

8 

0 

10 

15 

35 

5 

Spray Week 1 ^eek 2 Week 3 

to 

00 



TAS14 F ~a 

Breeding Bird Population Census, Dipel 2 gal/acre Plot 

(breeding Pairs Per 100 Acres) 

Sprucewooi Provincial Forest, "anitoba 

1973 

FAMILY SPECIES CONTROL PLOT 

Pre Spray U'eek 1 Week 2 fleck 3 're Spray Weak 1 Week 2 Week 3 

0 

0 

0 

0 

1 

1 

5 

5 

5 

0 

0 

0 

17 

0 

10 

10 

0 

0 

5 

10 

0 

5 

10 

0 

10 

0 

id 

25 

5 



———————-— — 

JTABL- F -X CCOS'T'D) 

g Bir^1 Population Census, Dipel 2 gal/5cre Plot 

(Breeding Pairs P^r 100 Acres) 

Sprtic fwpoi Provincial Forest , 

1973 

FAMILY 3PECIES 

!j1"ovtl— neade^ Covb ird 

?ur?le Finch 

?ine Siskin 

American Goldfinch 

Red Crossbill 

Rufous-sided Towhee 

Slate-colored Junca 

Chipping Sparrow 

Clay^colored Sparrow 

COKTSOL 

Untreated 

PLOT 

Pre Spray Reek 1 Week 2 Week 3 

0 

Li 

0 

0 

0 

5 

10 

0 

60 

5 

0 

10 

0 

0 
0 

D 

0 

0 

0 

5 

45 

0 

0 

0 

a 

2 

8 

0 

0 

10 

15 

5 

0 

Pre Spray L'eek 1 Veek 2 Ueek 3 

5 

1L 

0 

75 

0 

0. 

5 

0 

90 

0 

0 

5 

30 

0 

0 

0 

0 

0 

10 

60 

0 

5 

10 

20 

65 

5 

0 

o 

1 



TABLE NO. F-XI 

Small Mannal Population Census, Untreated Check Plot 

Algonquin Park, Ontario, 1973 

SELES E3MAIES 

SPECIES 

Sozex cinereus 

Blarina brevicauda 

Percmyscus maniculatus 

Napaeozapus insignis* 

Totals 

* One specimen of N. insignis trapped but was so badly mutilated by predators that sex and age could not 
be determined 

Preg. - Pregnant 

8. Preg. - Not Pregnant 

With p. Scars - With Placental Scars 



TABIE NO. F-XII 

Small Mairmal Populations Census, Biuricide Treatment Plot 

Algonquin Park, Ontario, 1973 

FEMALES 



TABLE NO. F-XIII 

Small Mammal Population Census, Dipel Treatrtient Plot 

Algonquin Park, Ontario, 1973 



TABLE NO. F-XIV 

Small Mammal Population Cfensus, Thuricide Plus Chitinase Treatment Plot 

Algonquin Park, Cntario, 1973 



TABLE NO. F-XV 

Small Mammal Population Census, Chitinase Only Treatment Plot 

Algonquin Park, Ontario, 1973 

MALES 

SPECIES 

Blarina brevicauda 

Cle thrionony-s gapperi 

Napaeozapus insignis 

Totals 
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Individual animals representing the three main age groups 

(juvenile, sub-adult and adult) were trapped and approximately 80% 

of all adult female specinens contained placental scars indicating 

the recent birth of a litter. 

This indicates that small marrmal populations continued 

breeding throughout the treatment period. 

An analysis of variance of small mairmal populations on 

the treated and untreated check plots indicated no significant 

differences relative to treatment (Table F-XVI). 
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TABLE HO. F-XVI 

Analysis of Variance of Small Martmal Populations 

on Treated and Untreated Check Plots 

in Algonquin Park 
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n 

Small Marmials - Spruce Weeds, Manitoba 

Small mammal populations were very lew throughout the Spruce 

Vtoods area with only two specinens trapped from the 2 gal/ac treatment 

plot and 3 specimens from the 4 gal/ac treatment plot. Mo specimens 

<,\ere taken on the untreated check plot. In all, 4 specimens of 

P_. maniculatus and a single specimen of the wsstem chipmunk, Eutamias 

minimus (Backman) were trapped (Tables F-XVII and F-XVIII). 

, 





r 

TABLE HO. F-XVIII 

Small Mammal Population Census, Dipel 2 gal/ac 

Spruce Woods Provincial Forest, Manitoba, 1973 
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As this portion of the Spruo, Vfoods Provincial Forest is 

poor habitat for many species of smali «als and since populations 

wore generally depressed throughout the area, the data collected 

probably reflects the normal population fluctuation rather than the 

result of tiie treatment of the area with B.t. This conclusion is 

supported by a chi~sguare analysis of the data (Table P-XIX). 
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TABLE NO. F-XIX 

Chi-Square Analysis of Spruce Woods Provincial Forest 

Small Mammal Data 

Contribution to Chi-Square 

Species 

P. maniculatus 

E. minimus 

Total 

Chi-Square = 1.875 with 2 degrees of Freedom 
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Domestic Honeybees 

Adult honeybee flight activity recorded from colonies 

on the treatment plots paralleled those taken from the untreated 

plot. Plight activity did not decrease as a result of th 

(Table F-XX) and increased considerably when renv^d to a 

favourable habitat upon being returned to the headquarters bee yard 
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TABLE NO. F-XX 

Adult Flight Activity Counts (Average of Seven Colonies) 

Algonquin Park, Ontario, 1973 

* Indicates treatment date 

** Indicates two day cumulative total 
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Mortality of adult bees caused by their transfer from the 

headquarters bee yard to the treament area declined to a normal level 

by the tine the first treatment was applied. There was no significant 

increase in mortality among foraging bees as a result of the 

application of the insecticides (Table P-XXI). Observations of young 

brood within the colonies regaled that it also was unaffected. Again 

sane bees were destroyed as a result of the rrove (Junt 12) but mortality 

rate quickly returned to a normal law and no further significant 

mortality occurred. 

The weight of pollen collected daily by foraging bees and 

gathered in pollen traps within each eoleny is presented in Table F-XXII. 

Pollen collecticns from the treatment plots paralleled those 

from the control, but sone variation was recorded for collections taken 

from the Thuricide treatment plot. An analysis of variance was applied to 

the data which indicated that the variations were insignificant 

(Table F-XXIII). 

The colonies from each of the treatment plots gained weight 

ccnparable to the untreated check plot through the post spray period in 

Algonquin Park. This same situation continued when the colonies were 

relocated and the more rapid increase in weight reflects the more suitable 

foraging habitat offered by the headquarters bee yard as compared to a 

forest habitat (Table F-XXIV). 
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TABLE HO. F-XXI 

Adult Honeybee Mortality (Average of Seven Colonies) 

Algonquin Park, Ontario, 1973 

Total 33.2 74.3 48.8 32.9 37.2 

Transferred to HGadquarters Bee Yard 

4.0 

1.0 

1.7 

5.8 

11.2 

7.3 

3.0 

34.0 

9.7 

0.5 

0.5 

0.7 

Rain 

5.8 

3.8 

1.8 

22.8 

0.9 

2.3 

2.2 

1.7 

3.3 

3.7 

1.5 

15.6 

2.6 

0.7 

2.7 

5.6 

7.7 

4.1 

2.0 

25.4 

63.7 

4.3 

0.6 

0.4 

2.1 

6.3 

4.4 

6.6 

24.7 

* Indicates treatrent date 

(1) Cumulative total (three day) 

Hi l 
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TABLE NO. F-XXII 

of Pollen Collected (grams) (Average of Seven Colonies) 

Algonquin Park, Ontario, 1973 

Date 

May 30 

31 

June 1 

2 

3 

4 

5 

6 

Total 

Untreated 

Check 

52.9 

80.9 

70.1 

12.0 

46. 

26. 

63, 

36. 

.2 

.5 

.3 

,2 

388.1 

Thuricide- Dipel 
Alone + 

Chitinase 

(Plot 1) (Plot 2) 

60.6 

7.3 

26.7 

16. 

9 

26.3 

18.1 

37.3 

52.6 

* 34.8 

29.8 

15.5 

18.6 

42.6 

30.8 

38.1 

Dipel-

Alone 

(Plot 3) 

59.6 

* 39.1 

24.4 

6.7 

11.3 

10.9 

19.8 

17.7 

Thuricide 
+ 

Chitinase 

(Plot 4) 

* 17.2 

54.6 

51.7 

9.4 

32. 

20. 

57.6 

30.8 

.2 

.5 

201.7 262.8 189.5 274.0 

Transferred to Headquarters Bee Yard 

30.7 42.5 44.1 
61.5 75.6 59.9 

No Pollen Collected 

Total 427.8 

36.9 

109.0 

69.1 

96.6 

403.8 

45.7 

Rain 

98.5 

70.7 

103.1 

436.1 

33.6 

82.5 

56.9 

84.6 

361.6 

61.5 

79.3 

28.2 

94.3 

64.4 

98.5 

426.2 

Chitinase-
Alone 

(Plot 5) 

30.7 

33.0 

33.6 

22.2 

38.3 

11.0 

72.5 

19.2 

260.5 

52.8 

49.9 

18.9 

65.0 

46.5 

70.1 

303.2 

Indicates treatncnt date 

(1) Cumulative total 

(2) Cumulative total 
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tabu; f-xxiii 

t for Significant Differencas in Pollen Collection 

Between Hives on Control and Treatment Plots 

Plot 

Untreated Check 

Thuricide Alone 

Dipel + Chitinase 

Dipel Alone 

Thuricide + Chitinase 

Chitinase Alone 
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TABLE NO. F-XXIV 

Bee Hive Weights (pounds) (Average of Seven Colonies) 

Algonquin Park, Ontario, 1973 

Thurxcide- Dipel Dipel- Ihuricida Chitinase-
Alone + Alone + Mone 

Untreated Chitinase Chitinase 
Check (Plot 1) (Plot 2) (Plot 3) (Plot 4) (Plot 5) 

May 29 

Pre-spray weight 46.8 

June 7 

1st. Post-spray 

weight (Algonquin 

Park) 49.2 

44.7 48.2 47.0 46.8 45.4 

48.2 52.0 49.4 49.2 47.8 

Percent weight 

gain on treatirent 

plot 4.9 7. 7.4 5.1 5.1 5.3 

June 15 

2nd. Post-spray 

waight {II.Q. Bee 

Percent weight 

gain en II.Q. Bee 

Yard 

Overall post-

treatrrent percent 

weight gain 

55.2 

12.2 

17.9 

55.2 56.8 57.6 57.8 

14.5 9.2 16.7 17.5 

23.4 17.4 22.6 23.5 

55.1 

15.3 

21.4 
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TABLE NO. F-XXV 

Nurrber of Forest Floor Organisms Collected in Pitfall Traps on Untreated Check 

and Treatment Plots, Algonquin Park, Ontario, 1973 

Sampling Period 

Diplopoda 

Chilopoda 

Arachniaa 

Gastropoda 

Orthoptera 

Hemiptera 

HomDptera 

Coleoptera 

lepidoptera 

Diptera 

Hymenoptera 

Total 



TABLE NO. F-XXVI 

Nunfoer of Insects Collected From Foliage of Three Tree Species on Untreated 

Check and Treatment Plotsr Algonquin Park, Ontario, 1973 

to 



Total 

tepidaptera 

Hy^noptera 

Colecptera 

Heniiptera 

TABLE NO. F-XXVI (Cont'd) 

of Insects Collected From Foliage of Three Tree Species on Untreated 

Check and Treatment Plots, Algonquin Park, Ontario, 1973 

Uh treated 

Check 

16 31 

229 139 

0 0 

o 0 

o 0 

U 

11 

0 

<j 

0 

Spray 

— 

is 

0 

3 

1 

i 

+30 

0 

0 

l 

3 

n 

° 
0 

Thuricide + 

+30 Pre +6 +30 Pre +30" Pre +30 

41 



TABI£ HO. F-XXVTI 

of Insects Collected After Treatment by Sweep Net on Untreated 

Check and Treatment Plots, Algonquin Park, Ontario, 1973 

Sampling Pericd 

Odonata 

Orthoptera 

Hemiptera 

Hcmoptera 

Coleoptera 

Trichoptera 

lepidoptera 

Diptera 

Hymsnoptera 

Total 

Untreated 

Check 

Spray Day 

Thuricide 

Spray Day 

£ 3U 

13 14 31 

Dipel + 

Chitinase 

Spray Day 

4? T3TF 

16 12 

Dipel 

Spray Day 

+5 3 5$ 

14 

Thuricide + 

Chitinsse 

Spray Day 

+5 +3(7 

19 13 

Chitinase 

Spray Day 

5 3& 

43 31 
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Parasites of Spruce Budworm 

Ihc mc.Ld.no3 of parasites in spruce budworm larvae «a puono 

collected from the untreated check and treatment plots in Algonquin 

Park is presented in Table F-XXVXLI. Ml the parasites which e^rgBd 

from the budworm belonged to the Order Hymenoptera. 

The incidence of parasites decreased steadily after treadrcnt 

W the Ihuricidc plot but to a lesser extent than on the untreated 

check plot. Ihe incidence of parasites on the Ihuridde + cMtinase 

plot shewed an opposite trend with an increase fton no parasitism 

amongst the sanplc of 2nd- and 3rd-rnstar la,™ to a high incidence 

of parasites manq Pup,^ collected fro. this plot, results from tlie 

Dipel and Dipal + cliitinnse plots are too incomplete to sho* a 

definite trend. Bie incicfenoa of parasites anx^ng budTOrm on the 

chitinase-alone plot first increased and to decreased. Sam of these 

changes may be due to the variation in sample si2e used or may result 

from changes in the budworm pcpulations themselves. Share is, hov/ever, 

no evidence that tho treatments had significant effects upon this group 

of spruce budworm parasites. 



TABLE NO. F-XXVIII 

Incidence of Hyrrenopterous Parasites in Spruce Budworm Larvae and 

Pupae From Untreated Check and Treatment Plots, 

Algonquin Park, Ontario, 1973 
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iVguatic Fauna 

Pre-spray Surber sanples showed significant differences between 

the benthic invertebrate populations at Stations 1 and 2 in the Opeongo 

River. She bottom fauna at Static 1 was toice as abundant In terns of 

the total number of organise per square foot than at Station 2. Midge 

larvae (Diptera: O^roncmidae) were the most abundant organisms, but 

there were also very dense population of caddisfly larvae (Trichoptera) 

and mayfly nymphs (Ephaneroptera). Midge larvae were also the most 

abundant organisms at Station 2, but populations of other aquatic insects 

at this station were relatively la,. The bottom fauna of the untreated 

check station and Station 2 ware very similar when sailed two weeks 

before treatment. 

Significant reductions in the bottcm fauna populations of 

Station 2 and the untreated check station occurred before treatrcnt began. 

Station 2 was located en a flat bottom and during the two-weeks period 

between the first pre-treatrant series of bottcm sanples and the sanples 

taken tine day before treatment depth of water dropped from 18 in. to 

6 in. and the direction and velocity of the current over the bottom was 

radically altered. These changes resulted in reduction of the midge 

larvae and mayfly nynph populations at this station to very low levels. 

During the sane period before treabrent began a freshet at the untreated 

check station caused by heavy rains caused a similar severe reduction in 

bottom fauna when a log lying across the creek bottan was undermined and 

much of the substrate held back by this log was swept downstream. 

Populations of aquatic insects at the untreated check station were greatly 

reduosd when this occurred. As a result of these fluctuations in water 
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level bottom fauna populations at Station 2 and the untreated check 

station verc at very low levels when treatment occurred. Station 1 

was relatively unaffected by changes in v/atcr level as it was located 

on an elongated sandbar sloping gently from the bank of the river 

down to about four feet of water. Bottom organisms could escape the 

effects of decreasing water levels by moving along the sandbar to 

deeper water as the level of the river dropped. 

There were no inrnediate effects of the bacterial spray on 

the bottom fauna populations at Station 1 or 2 (Tables F-XXX and 

F-XXXI). Over the next four waeks the total number of benthic 

organisms per square foot at Station 1 declined steadily but this was 

directly attributable to the emsrgence of adult caddisflies, mayflies 

and stoneflies. The mass emergence of mayflies and caddisflies during 

this period was evident from the swarms of adults seen over the Cpeongo 

River. Swarms of mayflies were seen from the day before treatment to 

two weeks after treatment. Adult caddisflies appeared in large numbers 

shortly after treatment and were still present four v,eeks later. The 

large number of caddisfly larvae and pupae and mayfly nymphs found on 

rocks during this period (Table F-XXXII) also show that large numbers 

cf these organisms were emerging at this time. Caddisfly larvae at 

Station 1 could be seen to have been moving from the sandbar onto rocks 

Where they pupated before emerging as adults. Mayfly nymphs also 

moved onto rocks in large numbers subsequent to swimming from them to 

the surface and eirorging as subimagos. Stonefly nymphs were not found 

in large numbers on rocks during their period of emergence as they 

crawled out at the river's edge and emerged as adults from dry land. 
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Botten, fauna populations at Station 2 slowly increased fro, 

their lew pretzeatmant lavela in the four weeks after treatment, but 

not to the sane extent as at the untreated cheok station (Table F-XXIX). 

At both stations increases in the nofe of benthic organise per square 

foot were dua prirnarly to increase in midge larvae populations. Mayfly 

nymph populations also increased at the untreated check station, but 

the emergence of surviving mayflies, stcneflies and caddisflies at 

Station 2 kept the populations of these groups at lewis close to or 

below pre-treatment lewis. 

Drift net samples taken at Station 2 before, during and 

after treatment showed that the number of larval aquatic insects caught 

per hour during treatment was from four to five tir.es greater than 

before or after treatment (Table F-XXXIii). mis appears to have been 

due to the short (half-hour) sanpling periods using during treatment 

and the much Icnger (nine to thirty-eight hours) sailing periods used 

at other tunas. With the longer sampling periods, the net's efficiency 

was reduced as it became clogged with algae and debris. Also, when the 

net was left in place for long periods of tiire many organisms escaped 

from it as was seen by the large nunbers of Uve mayflies and stcne 

flies found clinging to the outside of the net when it was recovered 

after long sanpling periods. The number of adult mayflies and midges 

captured per hour in the drift net during treatment increased by frcm 

70 to 110 tines and from 20 to 360 tines, respectively, over the pre-

treatrent averages. This is strong evidence that the spray products 

affected adult aquatic insects swarming over the river, but this 

knockdown was caused by physical interaction between toe spray 

formulation and the swarming insects and wasn't the result of a toxic 



TABLE NO. F-XXIX 

Bottom Fauna Populations at the Untreated Check Station, Costello Creek, as Msan 

l^untoers and Standard Deviations of Organisms/Sq. Ft. 

Algonquin Park, Ontario, May 14 to June 28, 1973 

Nurrber of Days Before 

or After Treatment 

Nurrfoer of 

Samples 

Trichoptera 

Epherreroptera 

Plecqptera 

Coleoptera 

Diptera 

Turbsllaria 

Nematcda 

Oligochaeta 

Hirudinea 

Arrphipoda 

Hydracarina 

Gastropoda 

PelecyDoda 

Tbi 

-14 + 2 + 14 28 

o 



TABLE NO. _F-XXX 

Bottcm Fauns Populations at Station 1, Opeongu River, Hiuricide Treatment Plot 

as Tfean Nurrbers and Standard Deviations of Organisms/Sq* Ft. 

Algonquin Park, Ontario, May 14 to June 28, 1973 

Nunber of Days Before 

or After__Treat]Tgnt 

Number of 

Samples 

Trichoptera 

Epheneroptera 

Plecoptera 

Odonata 

Coleoptera 

Diptera 

Turbellaria 

Nematoda 

Oligochseta 

Hirudinea 

Anphipoda 

Hydracarina 

Gastropoda 

Pelecypoda 

-14 

172.3 i 

75.3 ± 

20.3 ± 

6.3 ± 

5.7 ± 

270.3 ± 

G.3 ± 

2.3 t 

0.7 t 

0,3 ± 

0.3 ± 

19.0 ± 

85.5 

47.9 

3.8 

1.7 

5.2 

77.0 

1.7 

0.9 

0.5 

0.5 

0.5 

7.9 

-1 +4 +14 

153.5 ± 3.5 122.0 t 100.0 122,0 + 52.0 

21.5 ± 0.5 

6.0 t 1.0 

29.0 ± 

192.5 t 

14.0 ± 

1.5 ± 

1.0 

65.5 

6.0 

0.5 

0.5 i 0.5 

23.5 ± 10.5 

25.5 ± 12.5 12.0 ± 7.0 

2.0 

242.0 ± 

4.5 ± 

4.5 ± 

7.0 ± 

19.5 

1.0 1.0 ± 

71.0 

4.5 

4.5 

7.0 

266.5 ± 

4.0 ± 

0.5 ± 

2.0 ± 

1.0 ± 

0.0 

15.0 * 9.0 10.0 i 5.0 

+ 28 

25.5 r :.5 

61.0 i 28.0 .72.0 ± 53.0 29.5 ± 7.5 15.5 ± 1.5 

84.5 

4.0 

0.5 

1.0 

0.0 

2.5 1.5 

3.5 32.0 i 14.0 

5.5 ± 4,5 

188.0 ± 19.0 

0.5 ± 0.5 

1,0 ± 1.0 

1.0 ± 1.0 

14.5 ± 14.5 

G.5 - 1. 

i 

3 
I-1 

r 

Total 579.3 ± 213.4 503.0 ± 105.0 514.0 4 259.0 432.5 ± 172.5 260.5 i 40.5 
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TABLE NO. F-XXXII 

Nurrfoer of Aquatic Insects Picked Fran Pocks* at Two Stations In The 

Opeogo River, Thuricide Treatment Plot 

Algonquin Park, Ontario, May 14 to June 12, 1973 

Station 1 

Days Before or After Treatment 

Trichoptera - Fam. Hydropsychidae 

- % pupae 

- Other families 

Epherreroptera 

Plecoptera 

Odonata 

Goleoptera 

Diptera 

Total 

-14 +14 

LO 

I 

128 242 208 

* All organisms picked by hand in the field fron two rocks 8" to 10" in dianeter 
taken frcm one foot of fast flowing water near Surber sarroling sites 



TABLE NO. F-XXXIII 

Number of Qrganisns/^our Collected in a Drift Net at Station 2, 

Opeongo River, Before and After Treatment With Thuricide 

Algonquin Park, Ontario, May 28 to June 2, 1973 

Hours before _(-) or after (+) treatrrent 

started sampling period bequn* 

Duration of sanpling period (hrs.) 

Trichoptera - larvae 

Epherreroptera - nymphs 

Plecoptera - nymphs 

Diptera - larvae & pupae 

Ibtal aquatic insect larvae, 

nymphs & pupae 

Epherreroptera - adults 

Diptera - adults 

Ibtal - adult aquatic insects 

-261 

18 

0.9 

3.5 

0.8 

0.3 

5.6 

0.3 

0.7 

1.1 

+ 1 

1.8 

2.7 

0.4 

0.6 

5.6 

0.1 

0.4 

0.6 

12 

20 

22 

10 

32 

16 

8 

2 

2 

28 

14 

12 

26 

16 

12 

2 

30 

16 

200 

216 

+ 2 

38 

0.6 

2.8 

0.6 

0.1 

4.0 

0.03 

0.4 

0.4 

+ 40 

16 

1.2 

3.5 

1.3 

6.1 

0.6 

0.8 

1.5 

a 

* Duration of spraying period was about two hours 
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reaction. The effect of such a knockdown on populations of these 

insects would be negligible as they emsrge over considerable periods 

in tremendous numbers and are probably more severely affected by heavy 

rains than by a non-toxic spray of very short duration. in addition, 

the knockdown was only partial as swarms of midges and mayflies were 

observed in the spray area inmediately after treatment. 

Observations made by scuba divers floating along a half mile 

stretch of the river revealed normal fish and aquatic invertebrate 

populations three days and one month after treatment. Twenty brook 

trout, Salvelinus fontinalis (Mtchill) and thirty comrm white suckers, 

Catostomus comrersoni (Lacepade) were seen three days after treatment 

and twenty-cne brook trout, fifteen ccmicn white suckers and twelve 

smallKiDuth bass, Micropterus dolomieui (Lacepbde) , were seen one month 

after treatment. On both occasions observations of normal abundance 

and behaviour were made upon sponge, hydra, planarian, crayfish, aquatic 

insect, clam and fish populations. 

Culturing of water, clam and crayfish samples collected by 

divers revealed the presence of viable B.t. spores in river water and 

clams for a short period after treatment. A sanple of river water from 

Station 2 taken thirty minutes after treatment began contained 1,730 

B.t. spores per ml. but the bacteria had disappeared from the river 

water a month later. Clams collected from the sane location too days 

after treatment contained viable B.t. spores, but no soores were found 

in clams collected a month later. A bucket of water exposed to treatment 

on Plot 4 contained 22,800 B.t. spores per ml. and heavy growth of the 

bacteria was cultured from clams which lived in this water for two 

weeks without suffering noticeable pathological effects. After being 
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■;: 

refrigerated in darkness for two months 7,800 B.t. spores per ml. were 

cultured from this sanB water. No viable B.t. spores were found in 

crayfish collected fran the Cpecngo River or exposed to treatment in 

a bucket of water on Plot 4. Ihere were no significant differences 

in the survival tines of untreated check groups and groups of crayfish 

exposed in buckets to the treatments on Plots 4 and 5 or collected 

from the Cpecngo River after Plot 1 was treated. 

AND CCHCLUSICHS 

Birds 

There were no significant reductions in bird populations 

apparent in areas treated with B.t. with and without chitinase. 

Fluctuations in the populations of soms species of warblers and sparrows 

on Algonquin Park treatment plots wore found not to be significant 

when subjected to statistical analysis. No significant consistent 

declines were found when similar species and families exposed to 

treatments of Dipel on Algonquin Park and Spruce Woods plots were 

compared. 

Manmals 

Small mammal populations were at low levels on both Algonquin 

Park and Spruce Woods plots. Evidence that small mammals continued 

breeding through the treatment periods and statistical analysis of 

trapping data indicate that under the conditions of application B.t. 

treatments with or without chitinase did not harm the small mammal 

complex inhabiting treatment areas. 



- P67 -

Dorrestic Honeybees 

There was no evidence from the data collected that any of the 

formulations of B.t. with or without chitinase applied in Algonquin 

Park affected domsstic honeybee colonies, even when the entire 

foraging area of the colonies was treated. 

Non-Target Insects 

No dramatic reduction of non-target insects occurred on any 

of the Algonquin Park treatment areas. There was sorre suggestion of 

impact upon ground beetle, milliped and lepidcpterous larvae populations 

on some treatment plots, but these groups also declined on the 

untreated check plot and in light of this population reductions on 

the treatment plots wDre not significant. 

Parasites of Spruce Budworm 

There was no evidence that B.t. treatments with or without 

chitinase significantly affected hymDnopterous parasites of spruce 

budworm. 

Aquatic Fauna 

Fish and bottom fauna populations in a river exposed to aerial 

treatment with Ihuricide suffered no adverse effects up to four vcelcs 

after treatment, but an insignificant knockdown of adult midges and to 

a lesser extent of adult mayflies occurred due to a physical interaction 

with the spray products. Viable B.t. spores were present in river water 

and clams immediately after treatment but had disappeared after four weeks. 
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A third of the B.t. present in a budget exposed to an aerial application 

of Thuricide and chitinase remained viable after being kept refrigerated 

and in darkness for two months. 
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APPENDIX 

Scientific and Cornnon Names of Small Forest Birds 

Monitored in Algonquin Park, Cntario and 

Spruce Woods Provincial Forest, Manitoba 

1973 

Family Scientific Name Common Nairn 

Ardeidac 

Anaticiae 

Tetraonidae 

Scolopidae 

ColumbidaG 

Cuculidae 

Picidae 

Tyrannidae 

Corvidac 

Paridae 

Sittidae 

Ccrthiidae 

Troglodytidae 

Botaurus lentiginosus (Rackett) 

Anas rubripes Drewster 

Bonasa unbellus (Linnaeus) 

Philohela minor {Gnelin) 

Zenaidura macroura (Linnaeus) 

Coccyzus erythropthalmus (Wilson) 

Colaptes auratus (Linnaeus) 

Sphyrapicus varius (Linnaeus) 

Dryooopus pileatus (LinnaGus) 

Dendrocopus villosus (Linnaeus) 

Picoides arcticus (Swainson) 

Myiarchus crinitus (Linnaeus) 

Soyomis phcebc (Latham) 

Tyrannus tryannus (Linnaeus) 

Enpidonax minimus (Baird & Baird) 

Perisoreus canadensis (Linnaeus) 

Cyaiocitta cristata (Linnaeus) 

Corvus brachyrhynchos Brehm 

Corvus corax Linnaeus 

Parus atricapillus Linnaeus 

Parus hudsonicus Forster 

Sitta carolinensis Latham 

Sitta canadensis Linnaeus 

Certhia familiaris Linnaeus 

Troglodytes troglodytes (Linnaeus) 

Troglodytes aedon Vieillot 

American Bittern 

Black Duck 

Ruffed Grouse 

American Woodcock 

Mourning Do\*2 

Black-billed Cuckoo 

Yellcfl'^-shafted Flicker 

Yellow-bellied Sapsucker 

Pileated l*Jcodpecker 

Hairy Woodpecker 

Black-breasted three-

toed Wcodpecker 

Creasted Flycatcher 

Eastern Phoebe 

Eastern Kingbird 

Least Flycatcher 

Gray Jay 

Blue Jay 

Cormron Crow 

Common Raven 

Black-capped Chickadee 

Boreal Chickadee 

White-breasted Nuthatch 

Rsd-breasted Nuthatch 

Brown Creeper 

Winter Wren 

House Wren 
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Family 

Mimidae 

Turdidae 

Sylviidae 

Bcmbycillidae 

Vireonidae 

Parulidae 

Icteridae 

Frangillidae 

Scientific Narre 

Toxostcma rufum (Linnaeus) 

Turdus migratorius Linnaeus 
Hylocichla mustelina (Qnelin) 

Hylocichla fuscescens {Stevens) 
Ilylocichla ustulata (Nuttall) 
Sialia sialis (Linnaeus) 

Regulus calendula (Linnaeus) 
Ffegulus satrapa Licktenstein 

Bcmbycilla cedrorum Vieillot 

Vireo olivaceus (Linnaeus) 

Ltendroica fusca (Muller) 

Mniotilta varia (Linnaeus) 
Ctendroica vixens (Guelin) 

Dendroica pensylvanica (Linnaeus) 
Dendroica magnolia (Wilscn) 

Vermivora ruficapilla (Wilson) 
Seiurus aurocapillus (Linnaeus) 
Dendroica petechia (Unnseus) 

Oporornis Philadelphia (Wilson) 
Etendroica castanea (Wilson) 

Geothlypis trichas (Linnaeus) 
Itendroica caerulescens (Gnelin) 

\termivora celata (Say) 
Dendroica tigrina (Grelin) 

Vennivora peregrina (Wilscn) 
Wilsonia canadensis (Linnaeus) 

Quiscalus quiscula (Linnaeus) 
Agelaius phoeniceus (Linnaeus) 
Molotlims ater (Boddaert) 
Euphagus carolinus (Muller) 
Euphagus cyanooephalus (Wagler) 

Spizella passerina (Bechstein) 
Zonotrimia albicollis (Qnelin) 
Hesperiphona vespertina (Cooper) 
Pheuctictus ludovicianus (Linnaeus) 
Caxpodacus puxiDureus (Qnclin) 

Cormoi 

Brcwn 'Ihraslier 

Robin 

Wood Thrush 

Veery 

Swoinsai's 

Eastern Bluebird 

yned Kinglet 

Golden-crashed Kinglet 

Cedar Waxwing 

fed-eyed Vireo 

Blackbumian Warbler 
Blade and White Warbler 
Black-throated Green 
Warbler 

Chestnut-sided Warbler 
Magnolia Warbler 
Nashville Warbler 
Ovcrbird 

Yellow Warbler 

Mourning Warbler 

Bay-breasted Warbler 
Yellcwbhroat 
Black-throated Blue 
Warbler 

Orange-crowned Warbler 
Cape May Warbler 

Tennessee Warbler 
Canada Warbler 

Carmen Grackle 

Red-winged Blackbird 
Brown-headed Coftbird 
Rusty Blackbird 

Brewer's Blackbird 

Chipping Sparrow 

White-throated Sparrow 
Evening Grosbeak 

Pose-breasted Grosbeak 
Purple Finch 
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Family 

APPENDIX (Cmt'd) 

Scientific Naire 

Spinus txistis (Linnaeus) 

Spinus pinus (Wilson) 

Loxia curvirostra LinnaBus 

Pipilo erythrophthalmus (Linnaeus) 

Pcoecetcs gramincus (Qnelin) 

Junco hyemalis (Linnaeus) 

Spizella pallida (Swainson) 

telospiza rcelodia (Wilscn) 

Loxia leucoptera Grrelin 

Cormcn Haire 

American Goldfindi 

Pine Siskin 

R2d Crossbill 

Rufous-sided TOAiiee 

Vesper Sparrow 

Slate-coloured Junco 

Clay-coloured Sparrow 

Song Sparrow 

White-winged Crossbill 
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G. Suirmary, Conclusions and ItecomiBndations 

by 

R.F. DeBoo and O.N. Morris 

The spruce budworm situation in Canada and border regions of 

the United States has proven to be one of the rrost difficult to manage 

from the viewpoint of sound silvicultural practice, with the rapid 

advent of multiple-use concepts In forestry, the birfworm has beccre 

a major problem in the conservation of forest stands for both economic 

and aesthetic purposes. Tne implementation of protection program, 

notably the aerial application of synthetic organic insecticides, still 

remins as the forester's major alternative to leaving important forests 

to depredation by the insect. 

Forest protection policy in Canada varies from Province-tc-

Province, frcm year-to-year, and ewn in certain contiguous forest zones 

within a province during budworm attack years, ifeasons for this 

variability are many, but decisions to inplement spray programs are 

related basically to economics. Values attached to fibre-producing 

forests and to aesthetic areas such as parks may be sufficiently high to 

warrant consideration for spray treatmant. m recent years, for example, 

fibre forests have been successfully treated with chemical sprays at costs 

of less than U.OO/acre. Practical alternatives to chemical insecticides 

are few, however, and even though costs of $2.00/acre or more might be 

economically justified, the use of chemicals for the protection of 

certain forest stands (e.g. national parks) is not permitted. Cne 

- Gl -
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acceptable approach to alleviating the budworm problem under such 

conditions at present is through the use of highly selective and non-

hazardous insecticides. The bacterial insecticide Bacillus thuringiensis 

(B.t.) has shown the greatest potential to fill this requirement. 

Research by staff of the Canadian Forestry Service during the 

past decade has indicated that B.t., particularly the new and more potent 

strains currently produced comiGrcially, has good infectivity against 

spruce budworm larvae. Fieldwork by the Laurontian Forest Research 

Centre also has indicated that the addition of the enzyme chitinase to 

B.t. spray preparations results in accelerated scpticenda of infected 

larvae and subsequently may provide a higher degree of foliage protection 

during the year of application. Also, mistblcwcr and aerial trials by 

the Chemical Control Research Institute have shown that B.t. plus chemical 

insecticide corrtoinations are potentially effective in protecting trees 

from excessive defoliation. 

At the requsst of the Directorate of Program Coordination, 

Canadian Forestry Service, the Chemical Control Research Institute 

(C.C.R.I.) initiated an intensive study of B.t. and B.t. + diitinase 

sprays during 1973. The study was designed specifically to determine 

the suitability of B.t. for registered use against the spruce budworm 

in Canada utilizing to the greatest degree possible all eiq^ertise and 

facilities of the Institute. Tlie core study for aerial spray applications 

was established within the boundaries of Algonquin Park, one of Ontario's 

largest park areas. Concurrent investigations were undertaken at C.C.R.I. 

(laboratory toxicological studies using spray tcwers) in Ottawa, at a 

reoistered tree farm plantation near Shawville, Quebec, utilizing a device 

for applying measured dosages of simulated aerial sprays to individual 
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trees, and at the Spruce Woods Provincial Park and Forest area of 

southern Manitoba where both aircraft an<3 mistblower applications Wero 

evaluated, in addition, close liaise* was maintained with other 

establishments conducting B.t. experiments during 1973 (laurentian 

Forest feseard, &ntre. Insect Pathology feseard, Institute, University 

of Maine) to compare results and experiences. 

ttM results of the interdisciplinary studies by C.C.R.i. „, 

summarized as follows: 

Laboratory lexicological experiments using fifth-instar 

larvae and B.t. treated larch foliage indicated that, at those dosages 

evaluated, the potency of Dipel WP@ (Abbott Laboratories) Was greater 
than tiut of tfiuricide 16b® (currently marketed by Sandoz-Wander) . 
n» toxicity of both products increased with volume (gal/ac) and 

deposit (drops/c,2). The addition of chitinase increased ti1G toxicity 
of Thuricide approxinntely 1.5 to 3 ti^s, but ddd not appreciably d.ange 

the effica^ of Dipel sprays. In sunmary, the results of the 1973 

laboratory study indicated the following descending order of toxicity: 

= Dipel + d^itinase > Thuricide + d^itinase > ohuricide 

Field experiments utilizing a device for seating aerial 

spray applications to young white spruce trees near Shawville, Quebec, 

suggested that neither coHmarcial preparation induced significant 

eduction in larval population densities when examination, were made two 

^oks after treatment. Also, the addition of chitinase to the B.t. spray 

did not appear to increase their activity within this saire ti^spen. The 

B.t. trea^nts i^tarciad larval develops, howe^r, and apparently 



also reduced pupation. The addition of a small amount of fenitrothion 

(0.4%) to the B.t. sprays gave a moan population reduction as great as 

that obtained using 10 tines that amount of fenitrothion applied alone, 

as well as a significant improvement of budworm control using B.t. alone. 

2 

) 
2 

ranges of droplet density (15-40 drcps/cm ) and size (110-150|i) were 

similar to Uiose encountered with aerial spray deposits, and the device 

and technique for applying simulated aerial sprays ware considered to 

have provided good application results. 

Applications of Thuricide, Dipel and fenitrothion by mistblower 

to white spruces at the Spruce Woods Provincial Park, Manitoba, did not 

provide satisfactory protection of foliage due primarily to the very high 

spruce budworm population levels on the trees. Also, sprays were applied 

approximately one week late dua to inclement weather conditions during 

the L3 larval period. Highly significant population reduction (75%) was 

attributed to the Thuricide treatment, hewever. The failure of the 

Dipel treatment was attributed to rainfall (wash-off) which occurred 

immediately after application. 

Aerial applications of Dipel (4 billion IU) at 2 and 4 gal/ac 

at the Spruce Woods Provincial Forest also did not provide acceptable 

levels of foliage protection on white spruce trees. Population reductions 

of 43% and 61% were- attained, but these levels wore inadequate in terms of 

the control requirement for the larval density situation during 1973. Many 

dead and sickly larvae were observed on trees in both treatment plots, and 

significantly fewer pupae were found than in the companion untreated area. 

Good protection of foliage (<20% defoliation) was obtained, however, where 

optimal spray deposit was attained and/or where larval density was low. 
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Results of the aerial applications at 4 billion IU in 0.5 gal/ac 

of Dipel and Thuricide with and without chitinasc at Algonquin Park 

indicated that: 

1. To ensure a good deposit of a E.t. formulation and attain good 

results, an emission system that will produce spray droplets 

of less than 100 microns in diameter should be used and the 

droplet nurrbers should be at least 50/cm . The addition of 

an anti-evaporant (e.g. molasses) to the spray mixture is 

considered essential to ensure a good deposit under less than 

ideal conditions. 'Hie spray must be applied under stable 

weather conditions. The physical characteristics of B.t. are 

such that adequate mi>d_ng can only be achieved with a irechanical 

agitation system and a large capacity {approximately 50 gallons 

per minute) positive displacement pump is required to pump the 

material. 

2. Using Brilliant Sulfo Flavine FFA (Chemical Developments of 

Canada Ltd., Toronto) as tracer dye, deposits on target trees 

varied from 18% (chitinase alone) to 81% (Thuricide + chitinase) 

of the amount emitted from the aircraft. Drop densities ranged 

2 

from 16 - 98/cm and drop diameter sizes from 91 - 111 microns. 

Kesidual activity of D.t. was drastically reduced after 5 days 

of weathering. Dipel and Dipel + chitinase (but not Thuricide 

or Thuricide + chitinase) were highly effective (15% and 94%, 

respectively) in reducing very high spruce budworm population 

densities on balsam fir trees. Thuricide + chitinase treatment 

resulted in significant foliage protection on balsam fir trees 

with moderate population densities in the year of application. 
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B.t. treatments with and without diitinase retarded development 

of the budworm and reduced their pupal weights, oviposition 

rates and egg viability. 

Populations of small marrmals and birds at Algonquin Park and 

at the Spruce Woods were closely monitored before and after B.t. aerial 

spray application. At both locations, the sprays were found to have no 

impact on the densities and activities of the resident animals. 

Similarly, diitinase whesn applied with B.t. or alone, had no effect. At 

Algonquin Park, studies of domestic bees (established artificially in 

the spray areas), other non-target insects, and aquatic fauna, at 

Algonquin Park also indicated the absence of detrimental effects caused 

by B.t. or B.t. + chitinase airsprays. 

The results of the 1973 study by C.C.R.I, on B.t. and the spray 

additive chitinase have indicated that successful treatment of spruce 

budworm populations is dependent upon four major variables: 

1) Availability of chitinase at acceptable cost. 

2) Spray concentration and deposit as affected by rreteoroloqical 

conditions. 

3) Timing of spray application. 

4) Budworm population density. 

Since the addition of diitinase increased the potency of B.t. 

sprays in most experiments, its use should be considered where optimum 

protection is required. Chitinase, as available at present, however, is 

extrerrely expensive, and tlie cost prohibits its use as a spray adjuvant. 

Current efforts to produce an inexpensive preparation may soon improve 

this situation, however. 
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The C.C.R.I, studies in Quebec, Ontario and Manitoba have also 

2 

shewn that droplet density ca 50/cm (100u MMD) over budworm feeding sites 

is required to effect good control of infestations. Conditions of 

temperature inversion, high relatiw humidity and cloud cover should be 

considered for optimum deposition of spray. Alternatively, recent advances 

in aircraft guidance have sham that night-tire spraying may be the most 

suitable period for insecticide application, and this could be an extrerrely 

important step towards ensuring the efficacy of B.t. sprays against the 

spruce budworm. 

Because of the lapse between spray application and disease 

establishment the target stadium for spruce budworm larvae should be Lg, 

Later applications against larger larvae may be ineffectiw in providing 

the desired lewis of foliage protection. 

Similarly, when larval population densities exceed 20-30/18 in. 

branch tip (as in Manitoba and certain areas treated in Algonquin Park) 

chemical sprays or B.t. plus chemical corrfoinations may provide better 

results. In each of the experiments where population levels ranged from 

50-90/18 in. branch, unacceptable levels of defoliation resulted after the 

B.t. treatment. Accordingly, population trends should be followed closely 

so that applications of B.t. can be made at the beginning of a numerical 

increase rather than at the peak of the infestation. 

The mixing of B.t. sprays during May and early June may pose 

serious problems at the airstrip. Mien cold, the viscosity of the 

Thuricide 16B formulation increases; likewise, if the concentration of 

the molasses anti-drift/anti-evaporant is high in the Dipel WP spray, 

mixing will be difficult. Paddle-agitators in mixing tanks or paver 
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mixers for 45-gal. drums are required to prorate rapid mixing, 

particularly with powder preparations of B.t. 

The nature of the forest stands to be treated also should be 

considered in planning B.t. sprays by aircraft. As for most chemical 

insecticides, it was indicated that B.t. is more effective on spruce 

budworm infesting balsam fir than on spruce. For this reason, and with 

due consideration for population density, several of the following 

alternatives should be considered where spruce corrposition of the forest 

is high: 

1) Double applications - 4 billion IU at 0.5 gal/ac spaced 3-5 

days apart. 

Increased concentration of B.t. - 6 or 8 billion IU at 0.5 2} 

3) 

gal/ac. 

Increased volurre of spray mixture and/or B.t. concentration -

4, 6, 8 billion IU at 1-4 gal/ac. 

4) Ground spray application when area is small and trees accessible -

by mistblo^er, hydraulic sprayer. 

The following program1 for studies of B.t. spray efficacy outlines 

both the problein areas and planning for additional research by the C.F.S. 

during the period 1974-1976: 

(1) Biochemical studies of toxic derivatives. 

(2) Laboratory evaluation of the role of microsporidia. 

(3) Toxicological studies (laboratory). 

(4) Laboratory evaluation of sublethal effects. 

1 From minutes of inter-agency discussions held at C.C.R.I., Nov. 15, 1973, 

on use of Bacillus thuringiensis against spruce budworm (prepared by 

C.J. Sanders). 
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(5) Field evaluation of sublethal effects (follow-up) . 

(6) Search for improved formulations. 

(7) Evaluation of interaction with insecticides (stress factor) 

(8) Evaluation of interaction with virus. 

(9) Further field evaluation of the irrportance of chitinase as 

additive. 

(10) Further evaluation of environrrental impact. 

(11) Standardization of field evaluation (methodology). 

In view of the toxicological specificity of B.t. as indicated 

by the intensive studies by C.C.R.I. and other agencies, it is apparent 

that B.t., as produced conmercially by Abbott Laboratories (Dipel WP) 

and Sandoz-Wander {Thuricide 16B), should be registered for use in Canada 

against the spruce budworm. It should be ejected, at this time at least 

that tile efficacy of treatment will depend largely on the parameters 

influencing application as discussed above. Currently, parks (vhere 

treatment with chemical insecticides is prohibited) and watershed areas 

are logical choices for B.t. spray treatment. Until future studies 

definitively establish the role of B.t. for control of spruce budworm, 

results of treatments most probably will continue to be highly variable. 

In view of the urgent need for insecticides of assured environment 

acceptability, the Canadian Forestry Service and the Chemical Control 

Ifesearch Institute v/ill continue to promote research on Bacillus 

thuringiensis in the interests of modem forest management. 
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II. Scsimaire, Conclusions, et Recoirniandations 

par 

R.F. DeBoo et O.N. Morris 

Lgs invasions de tordeuses de bourgeons de 1'epinette au 

Canada et dans les regions frontieres des Etats-Unis sont devenues 

un des problemas les plus difficiles a resoudre en sylviculture. 
Avec 1'adoption rapide des notions d'amenagement forestier polyvalent, 

la tordeuse est devenue un problems majeur dans la conservation des 

peuplerrents forestiers a des fins tant economiques qu' esthetiques. 

L'execution de programmes de protection, notamment de programmes 

d'application aerienne d'insecticides synthetiques organiques, demeure 

encore le meilleur moyen dont dispose le forestier pour proteger les 

forets importantes centre les ravages de cet insecte. 

Pendant les annees d'invasions de tordouses de bourgeons de 

l'epinette, les politiques de protection varient au Canada d'une province 

a l'autre et d'une annee a l'autre et peuvent meme varier entre deux zones 

forestieres contigues au sein d'une meme province. II y a plusieurs 
raisons a cela, mais le facteur predominant lorsque vient le moment de 

decider d'entreprendre un programme de pulverisation aerienne est le 

facteur economique. La valeur qu'on accorde aux forets productrices de 

fibres et aux regions d'agrement conme les pares peut etre assez elevee 

pour qu'on envisage le recours a la pulverisation aerienne. Au cours 

des dernieres annees, par exenple, on a traite avec succes des forets 

productrices de fibres au moyen de pulverisations d'insecticides chimiques 

pour moins de $1 l'acre. A part les insecticides chimiques cependant, il 
existe peu de methodes de.traitement vraiment pratiques, et meme si des 

frais de l'ordre $2 l'acre peuvent se justifier du point de vue economique, 

l'enploi d'insecticides diimiques est interdit pour certains peuplements 

forestiers (les pares nationaux, par exemple). Un des moyens presentement 

acceptables de reduire le probleme de la tordeuse est le recours aux 

insecticides hautement selectifs et non dangereux. L'insecticide Bacillus 
thuringiensis (B.t.) est celui qui semble offrir les meilleurs possibilites 

a cet egard. 

Les recherdies effectuees par le personnel du Service canadien 

des forets au cours de la demiere decennie ont montre que le B.t., en 

particulier les nouvelles souches plus puissantes que l'industrie produit 

actuellement, est efficace centre les larves de tordeuses de bourgeons de 

1' epinette. Des travaux sur le terrain menes au Centre de recherche 

forestiere des Laurentides ont eqalement montre que 1'addition d'enzyme 

chitinase aux solutions de B.t. entrainc une septi.cemie acceleree chez 

les larves infectees et peut par la suite assurer au feuillage une meilleure 

protection pendant l'anneo d'application. En outre, des essais de pulveri 
sation par atomiseur et de pulverisation aerienne effectues par l'Institut 

de recherdie en repression chimique ont revele que des mSlanges de B.t. et 

d' insecticides chimiques peuvent prevenir la defoliation excessive des 

arbres. 

- HI -
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A la demande de la Direction generale de la coordination des 

program du Service canadien des forets, ^'^stitut de recherche^en 
recession chmique (I.R.R.C.) a entrepns en 1973 une etude^poussee 
do pulverisations de D.t. et de flanges B.t./chitmase. L'etude avait 
pour obiect precis d'analyser, en utilisant au maximum tous les moyens 
et connaissanccs techniques de l'Institut, la possibility d'enployer le 
B t comic aqent de repression de la tordeuse des bourgeons de l'epmette 
au Canada La principale etude portant sur les pulverisations aenennes 
a ete faite a l'interieur du pare Algonquin, ton des plus grands pares de 
l'Ontario Des etudes paralleles ont ete entreprises a 1'I.R.R.C. (etudes 
toxicologiques msnees en laboratoire au moyen de tours de pulverisation) a 

Ottawa dans une ferme sylvicole situee pres de Shawille au Quebec (ou 
I1 on a employe un dispositif perrrettant d'appliquer a des arbres mdividuels 
des doses de B t au moyen de pulverisations aeriennes simulees) , ainsi 
qu'au pare provincial et a la foret de Spruce Woods du sud du Manitoba 
(ou I1 on a evalue des applications faites par atcmiseur et par aeronef) . 

En plus on est reste en liaison etroite toute l'annee avec d'autres 
etablissemants experimentant le B.t. (Centre de recherche forestieres des 
Laurentides, Institut de recherche en pathologie des insectes, Universite 

du Maine) afin de pouvoir comparer les resultats et les experiences. 

Voici un resume des resultats des etudes interdisciplinaires 

menees par 1'I.R.R.C: 

Des experiences toxicologiques faites en lalx)ratoire sur des 

larves au 5e stade de developpement et du feuillagede meleze traite au 
B t ont montre qu'aux doses evaluees, le Dipel WP (£) (laboratoires Abbott) 
etait plus ef f icace que le Thuricide 16B ® {actuellement vendu par Sandoz-
Wander) . La toxicite des deux produits augnentait en fonction du volume 
(gallons/acre) et du depot (gouttes/cm2) . L'addition de chitinase a rendu 

le Thuricide de 1.5 a 3 fois plus toxique, mais n'a pas eu d'effet notable 
sur l'efficacite des pulverisations de Dipel. En resume", les resultats de 

l'etude en laboratoire de 1973 ont permis d'etablir l'ordre de toxicitS 

decroissant suivant: 

Dipel - Dipel + chitinase > Thuricide + chitinase > Thuricide 

Des experiences sur le terrain ont ete effectuees pres de 

Shawille au Quebec au moyen d'un dispositif qui simulait la pulverisation 

aerienne d1insecticides sur de jeunes epinettes blanches. Des examens 

faita deux semaines apres le traitement ont semble indiquer qu'aucune des 

deux preparations camerciales n'avaient entraine de reduction notable de 

la densite des populations de larves. On a egalement constate que 

1'addition de chitinase aux pulverisations de E.t. ne semblait par avoir 
accru leur efficacite, apres le meme laps de temps. Par centre, les 

traitements au B.t. ont retarde le developpement des larves et, apparerrment, 

auraient egalement reduit la pupation. L1addition d'une faible quantite de 

fenitrothion (0.4%) aux pulverisations de B.t. a entraine la meme reduction 
moyenne de population que si I1 on avait employe 10 fois la meme quantite de 

fenitrothion sans B.t., et a marque une nette amelioration sur le traitement 
centre la tordeuse des bourgeons de l'epinette qui n1 utilise que le B.t. 

Coime les variations de densitS (15-40 gouttes /cm2) et de grosseur {110-
150m) des gouttelettes etaient du meme ordre que celles des depots de 

pulverisation aerienne, on a juge que le dispositif et la methode employes 
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d1 exposition. Le Dipcl ainsi que le melange Dipel/chitinase 
fmais non le Thuricide ni le melange Thuricide/chitinase) ont 
bien reussi a reduire (roductions de 75% et 94% respectivement) 
des populations tres denses de tordeuses des bourgeons de 

l'epinette sur les sapins baumiers. Le traitement au melange 
Thuricide/chitinase, applique unc annee ou les concentrations 

do population etaient mxlerces, a assure une bonne protection 

du feuillage des sapins baumiers. 

Les traitements au B.t., avec et sans chitinase, ont retarde le 

developpeimnt des tordeuses et ont reduit le poids des pupes, les taux de 

ponte ainsi que la viabilite des oeufs. 

Des populations de petits mammiferes et d'oiseaux du pare 

Algonquin et de Spruce Vkxxis ont ete etroitement surveillees avant et 

apres 1'application aerienne de B.t. 

Ont a constate aux deux endroits que les pulverisations n'avaient 

eu aucun effet sur les densites de population ni sur les activitcs des 
animaux residents, De remc, la chitinase appliquee seule ou melangce au 
B t n'aeu aucun effet sur la faune. Au pare Algonquin, des etudes 
portant sur des abeilles darcstiques (etablies artificiellernGnt dans les 
zones cibles), d'auU'es insectes non vises et sur la faune aquatique ont 
Sgalentent irontre que les pulverisations de B.t. et de B.t. 4 chitinase 
n'entrainaient pas d'effets secondaires nuisibles. 

Les resultats de l'etude de 1973 de 1'I.R.R.C. sur le B.t. et 

la chitinase ont rrantre que la reussite d'un traiteraent contre les 
populations de tordeuses de bourgeons de 1'epinette est reliee a quatre 

variables importantes: 

1) La disponibilite de la chitinase a un cout aboi'dable; 

2) L'effet des conditions atmospheriques sur la concentration at 

le depot de 1'insecticide; 

3) le noi^nt de 1'application de 1'insecticide; 

4) La densite des populations de tordeuses de bourgeons de l'epinette. 

Conme 1"addition do chitinase a accru l'efficacite des pulveri 
sations de B.t. dans la plupart des experiences, on devrait en envisager 

l'empioi dans les situations qui necessitent un degre de protection maximum. 
Pour le rronent, cependant, le cout de la chitinase est beaucoup trap Sieve" 

pour qu'on puisse s'en servir conme adjuvant. Neanmoins, les efforts 

actuels en vue de produire une preparation peu couteuse pourraient bi.en 

anBliorer la situation d'ici peu. 

Les etudes de 1'I.R.R.C. au Quebec, en Ontario Gt au Manitoba 

ont egalement ncntre que la densite de gouttelettes requise dans les 

regions attaquees par les tordeuses pour reprimer efficacenent les 

invasions est d1environ 50/cm2 (dianetre mSdian selon la masse de 100m). 
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Pour obtenir un depot d1 insecticide optimal, il faut tenir cempte des 

conditions d1 inversion de la temperature, de l'humidite relative 

elevee et de la nebulosite. Par ailleurs, de recents perfectionnements 

dans lc doniaino de la navigation aerienne ont montre que la nuit est peut-

etre la periods qui convient le mieux a la pulverisation d' insecticides, 

et cette decouverte pourrait contribuer grandement a l'efficacite des 

pulverisations de B.t. contre la tordeuse des bourgeons de l'Spinette. 

Vue le laps de temps qui separe 1'application du pesticide 

de I1apparition de la maladie, le traitoment dovrait etre applique 

lorsque les larves atteignent leur troisicme stade de developpement. 

Des applications faites apres ce stade pourraient ne pas offrir le degre 

de protection du feuillage voulu. 

De meme, un pulverisation d1 agents chimiques ou de melanges 

B.t./agent diimique devrait dormer de ineilleurs resultats lorsque les 

densites de populations larvaires depassent 20-30/18 po de bout de 

branche (came e'etait le cas au Manitoba et dans certaines regions 

traitees du pare Algonquin). Dans chacun des experiences faites avec 

des niveaux de population variant de 50 a 90/18 po de bout de branche 

le traitement au B.t. s'est solde par des niveaux de defoliation 

inacceptables. Par consequent, les tendances de population devraient 

etre suivies de pres afin que les applications de B.t. puissent etre 

faites des le debut d'un accroissement numerique plutot qu'au pire de 

1' invasion. 

Le melange des insecticides au B.t. au terrain d'atterrissage 

en mai et au debut juin peut poser de graves problemes. Lorsqu'il fait 

froid, la viscosite du Thuricide 16B augmente; de plus, une forte 

concentration du Dupel l*JP en melasse servant d' anti-derivant et d'antr-

evaporant rendra le melange difficile. Pour un melange rapide, surtout 

lorsqu'il s'agit de preparations de B.t. en poudre, on devra se servir 

d'agitateurs a palettes pour les reservoirs a melange ou de malaxeurs 

mecaniques pour barils de 45 gallons. 

Un autre facteur a considerer dans la planification d'un 

programme de pulverisation aerienne de B.t. est la nature des peuplements 

forostiers a traiter. On a constate en effet que le B.t., comme la 

plupart des insecticides diimiques, est plus efficace contre les 

tordeuses qui s'attaquent au sapin baumier que contre celles qui 

s'attaquent a l'epinette. Aussi, lorsque les forets a traiter ont une 

forte proportion d'epinettes, il faudrait envisager plusieurs des 

possibilites mentionnees ci-dessous tout en tenant cenpte, par ailleurs, 

de la densite" de la population. 

1) Deux applications successives de 4 milliards UI a 0.5 

gallon/acre a un intervalle de 3 a 5 jours; 

2) Concentration accrue de B.t. - 6 a 8 milliards UI a 0.5 

gallon/acre; 

3) Volume accru de melange insecticide ou centration accrue en 

B.t. - 4,6,8 milliards UI a 1-4 gallons/acre; 
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Application d'insecticide au sol lorsque la zone a traiter 
esf Su Sendue et que les arbres sont accessories-pulve 
risation par atordseur ou par pulvensateur hydraulique. 

-ken See torits ^ la pfclo* X974-1S76: 

Etudes biochimiques des derives toxiques; 

Evaluation en laboratoire du role des microsporidi.es; 

Etudes toxicologiques (en laboratoire); 

Evaluation en laboratoire des cffcts subletaux; 

Evaluation sur le terrain des effete subletaux (suite donnee)j 

Recherche de melange ameliores; 

Evaluation de 1'interaction avec les insecti.cidcs (role du stress); 

Evaluation de 1'interaction avec les virus; 

Nouvelle evaluation sur le terrain de I1importance de la 

chitinasc coime adjuvant; 

Nouvelle evaluation de 1'effct environnemental; 

Uniformisation des mcthcdes d1evaluation sur le terrain. 

Ccnipte tenu des proprietes toxicolcgiques du B.t. qu'ont 
confirmees les Studes poussees menees par 1'I.R.R.C. et d'autres 01. 
3 rcSr? que les preparations ccrrmerciales du B.t. fabriquees par^ 
^oratories (DipelV) et Sandoz-Wander (Thuricide 16B) devraxent etre 
auSrisies pour emploi au Canada contre la tordeuse des bourgeons de 
PSnette U Sot s'attendre, pour le ma^nt du moms, a ce que l'effi-
cacite du traitenent depende dans une large mesure des parairetres 

,tion nentionnes plus haut. A l'heure actuelle, les pares (ou 
d1insecticides chimiques est interdit) de meme que les bassins 

sont des endroits tout designes pour le traitement au B.t. 
,.L) ■ !iXes 5tudes n'auront pas etabli de facon definitive le role 

m B t dans la repression de la tordeuse des bourgeons de l'epinctte, les 
resuitats des traitements continueront probablement d'etre hautement 
variables Devant le besoin urgent d'insecticides non nuisibles a 
Venvironneimnt le Service caiaadien des forets et 1'Institut de re 
en repression chiMque va continuer a preconiser la recherclie sur le 
Bacillus thuringiensis en vue d'une gestion forestiere moderne. 

Vire du canpte rendu de la rencontre inter-organismes sur emploi du 
Bacillus thuringiensis contre la tordeuse des bourgeons de 1 epmette, 
I^uellJ TelTIic^XT' lnstitut.de recherche en repression chinaque le 

15 novembre 1973 (prepare par C.J. Sanders). 
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