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ABSTRECT

Two Matacil® (Aminccarb) formulaticns were applied aerially, by a Cessnz® 1883 Ag-truck
aircraft, as double applications. They were sprayed at 70 g A.I. in 1.5L total mix/ha to
control spruce udworm, Choristonsura fumiferana (Clem.). Matacil 18GF flowable insecticide
was applied in both water and insecticide diluent ID585 while Matacil 1.8D oil soluble con-
centrate (CSC) was sprayed in ID585 and Sunspray@GN oil. Atlox® 340%F, which was used as an
emilsifier in the aguecus Matacil mixes, was also applied as a treatment at 0.04L in 1.5L
total aqueous mix/ha to investicate its insecticidal activity.

Spray deposit recorded on ground level sample units showed that aguecus 18 dsposited
more sparsely (<2.0 drops/cm? and 0.07 L/ha) than either of the oil sprays. Volume Median
Diameters (WD) and Number Median Diamoters (WD) from koth aquecus and oil mixes were <100
um. Less than 0.35 dro_::s/cm2 and <0.003 L/ha cf the Atlox sprays were recovered at ground
level. Eighty-nine to ninety-four percent larval mortality were recorded in the aguecus
Matacil 18(F blecks and 72-83% in the areas sprayed with 180F in ID585. [Defoliations in
those treatrent areas were 13.3-14.5 and 12.9-13.5% respectively. Larval reductions of 883
ard 91% were recorded in the blocks treated with Matacil 1.8D in ID585 and Sunspray 6N
respectively. The forrer experienced 8.7-19.9% defoliation and the latter 28%. There was
1.0% larval reducticn and 56% defoliation in the Atlox treated block.

Matacil 18CF sprayed in water or IDS585 was as efficacecus in contrelling spruce hudworm,
as Matacil OSC applied in IDS85 or Sunspray 6M; and Atlox 340%F was not toxic to spruce bud-
Worm.

RESUME

Deux préparations de Matacil (aminocarbe) ont &t& pulvérisées éu haut des airs par Ces-
sna 188B Ag-truck, en dcuble application 3 raison de 70 g d'ingrédient actif dans 1,5 L par
hectare, contre la tordeuse des beurceons de 1'épinette (Choristoneura fumiferana [Clem.]).
Le Matacil fluent 180F a &té utilisé en mélange dans l'eau et due diluant 585(DS85) tandis
que le concentré oléosoluble Matacil 1.8D 1'a &t& dans du DSBS et de l'luile Sunspray 6.
L'émlsifiant Atlox 340F des mélanges aqueux de Matacil, a &galement été pulvérisd 3 raison
de 0,04 L dans un mélancs agueux de 1,5 L par hectare en wie d'en étudier l'action insecti-
cide.

Les dépdts observis au sol cnt montré que le Matacil 180F en préparaticn aqueuse s'est
dispersé plus (<2,0 gouttes/cm? et 0,07 L/ha) que les pulvérisations huileuses. Ie diamdtre
moyen en volume et le diamétre moyen en nombre des mélances aqueux et huileux &taient infér-
ieurs & 100 ym. Moins de 0,35 goutte/cme et 0,003 L/ha des pulvérisations d'Atlox a é&:3
retrouvé au sol. Cn a enregistrd des taux de rortalité de 89 3 94% chez les larves des Elocs
traités au Matacil 18(F aqueux, et de 72 3 833 chez celles des blocs traitds au Matacil 187
+ D585. Les taux de dé&foliation dans les Zones traitées étaient de 13,3 3 14,5% et de 12,9 3
13,5% respectivement. ©On a enrecistré plus de 88% de réduction de larves dans les blocs
traités au Matacil 1.8D + D585 et pPlus de 91%, dans les blocs traités au Matacil 1.8D +
Sunspray 6N. Dans le prerder cas, la défoliation &tait de 8,7 & 19,9% et cans le secend, de
26%. Dans le bloc traité 3 1'atlox, la diminutien des larves &tait de 1% et la d&foliation
de S5€%.

Ll
deuse que le concentré olécsoluble plus DS85 ou Sunspray 6N; 1'Atleox 340SF n'était ras tox-
igue pcur la tordeuse.

Le Matacil 18(F rulvérisé dans l'eau ou le DS8S a ad aussi efficacerent contre la tor-
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INTRCDICTICN

Matacil ® [Aminocarbh); 4-(Dime*hylami-
no)-3 methylphenol mathyl—cc:arl':-a::*ate]1 has
been used experimentally and operaticnally
in forests in Canada and the United States
since 1967. This insecticide was first used
in forests as an emulsifiable ccncentrate
(BC) (Randall 1967), and later as an oil
soluble ccncentrate (0SC) with a phenolic
emilsifier incorporated into the formula-
tion. This latter formilation was credited
with repeated successes in controlling
larval populations of the eastern spruce
hudworm Choristoneura fumiferana {Clem.)z,
especially in eastern Canada. In 1978 con-
cern was voiced about the agquatic toxicity
of ncnylghenol, the primary solwent cunm
emulsifier in the 0S¢ fermulation. This
concern stimulated@ research inte rore
acceptable formalations of Matacil.

In 1980 a new "flowable" or suspension
concentrate (SC) forrmlaticn, Matacil 18CF,
was tested in the laboratory at the Forest
Pest Management Institute (FEMI). This
shcwed toxicity to budworm which was similar
te the old formulations. (Pers. Comm. P.C.
Nigam, B.V. Helson).

This research was conducted to deter-
mire (1) if the flowable Matacil spraved
aerially in both water and oil was as effi-
cacecus as tre old nonylphenol CSC formila-
lation sprayed in oil, and (2) if and by how
miuch does Atlox 340‘9‘5‘?8 an exogenous eml-
sifier in the agueocus tank-formilations of
the flowable, contribute to the insecti-
cide's toxicity to hudworm.

supplied by Cheragro Ltd.
Cnt., Canada.

2L.aq_:udcat,tera. Tortricidae.
3Su::p]_1.ed by Atlas Chemicals Inductrws.-s,
Brantford, Ont.

Mississauga,

MATERIALS AND METHODS

Site, Experimental Design and Block Estab-
lishkment

The trials were conducted in Gloucester
County, appreximately 25 km scuthwest of the
city of Bathurst, New Brunswick, Canada.
The experimental area was bounded by
65°30'W, 66°30'W longitude and 47°15'N,
47°35'N latitude (Fig. 1). The treatment
blocks, measuring 0.5 x 1.0 km (50 ha), were
situated in comparatively flat, mature
forests comprised of varicus combinations of
balsam fir, Abies balsaneca (L.) Mills,
spruce Picea spp. and hardwoods. Each block
was aligned in relation to a rcad and the
boundaries were defined with ballcons as
illustrated in Figure 2. Two transects were
cleared acrcss each block. These lines were
divided into 33 equal segrents and 25-30
sample trees were selected within easy reach
of the line (Fig. 3). The sample trees were
marked with a fluorescent crange cleth
cross-punched into the tree cambium. Trees,
particularly those which neighbored the
sample trees, were Judicicusly removed to
create discrete canopy cpenings and ground
clearincs approximat ely 7-8 m in diameter.
The cpenings facilitated relatively unre-
stricted movement of spray droplets in the
vicinity of the sample tree, thus improving
droplet deposition onto the tree itself as
well as at the forest floor level.

An area which was not surveyed in the
regular rectangular configuration was estab-
lished as an untreated check block and was
left undisturbed so that the larva 1 porpula-
tion dynamics of C. fumiferana, affected by
factors other than insecticidal
could be measured and recorded.

treatrents,
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Forest stand characteristics of the
blecks are presented in Table I.

Pesticide Formulations and Tank Mixes
Two different formilations of Matacil

and one of Aatlox 3409F were applied as
treatments.

Matacil® 180F, flowable insecticide
censists of wvery fine Aminocarb Technical
particles suspended with special additives
in an oil and contains 180 g (AI) litre_1.

tacil® 1.8D is an oil scluble concentrate
(0sC),; which contains 1.8 1bhs AI U.S.
gallon” ' and nonylphenol as a primary sol-
vent. These metric and imperial AlIs are
equivalent.

Table I. Egerimental site characteristics (Bathwst, N.B. 1981)

Species Nurber of Trees Tree Diameter at

Camposition per Transect Height 1.3 Metres

Conifer Hardwood Balsam Wnite Fed _m _ cn
Block Treatment* % 3 Transect fir sprwe smuwce X I S.D. X  +8.D.
1 18CF + H0 70 30 A 5 2 15.20 1.82 25.90 5.86
+ Atlox B 0 8 14.36  2.84 24.68 5.05

2 18CF + H20 g5 15 A 0 2 13.39  1.80 22.97 4.53
+ Rtlcx B 0 1 13.69 2.06 23.93 4.€6

3 180F + ICE85 50 . 50 A 14 0 15.03 2.12 26.06 6.66
B 0 2 13.28 2.63 21.33 5.52

4 18CF + IL68S 65 35 A 16 5 7 14.46 2.13 26.54 6.18
8 7 3 13.82 1.16 23.80 3.56

5 1.8D + & 60 40 A 4 5 13.17 1.39 21.62 5.71
B 8 0 13.16  1.64 21.72 6.27
6 1.8D + &N 80 20 A 1 5 13.73 2.23  22.07 4.72
B 2 6 13.21  2.56 21.66 4.44
8 1.8D + ICB85 50 50 A 5 3 13.83 1.74 22.67 5.08
B 5 3 13.52  1.12 22.8% &.18
9 Atlox + Hy0 50 50 A 4 6 13.22  1.88 24.59 6.70
B 6 4 13.89 1.58 23.236 86.35

Ceck  Untzeated a0 10 = 15 13 13.06  1.60 22.27 3.7

"Matzacil for blocks 1 to 8.



Atlox 340%F is a polyoxylene derivative
and iz used widely as an emilsifying agent
in paints throughcut North America.

Matacil 18(F was mixed for application
both in water and in insecticide diluent
(I.D.) 585 in proportions as listed in Table
II.  Atlox was added as an emilsifier only
to the aqueous solutions. Because Matacil
tends to be unstable in highly alkaline
media, care was taken to ensure that tha
solvent's pH was between 6.5-7.0. Matacil

Table II. Summary of spray formulations
(Bathurst, MN.B. 1981)
Volume
Bleock Insecticide
No.s Formulation L/ha %
*
1& 2 Matacil 18 a 0.389 25.9
Atlox 240 o) 0.020 1.3
Water c 1.083 T2e3
Rhedamine B Ped
Cya d 0.008 0.5
3 &4 Matacil 18 b 0.389 25.9
Shell ID585 a 1.081 72.1
Automate B Red c
Dye 0.030 2.0
5 & 6 Matacil 18(F b 0.389 25.9
Sunspray 6N a 1.081  72.1
Autcmate B Red c
Dye 0.030 2.0
] Matacil 1.8D b 0.389 25.9
Shell ID58S a 1.081 72.1
Automate B Red ¢
Dye 0.030 20
9 Atlox 340SF a 0.044 2.9
Water b 1.448 96.6
Rhodamine B Fed ¢
Dye 0.008 0.5

*Ingredients mixed in alphabetical order.

1.8D was mixed in Sunspray® 6-N oil% and in
I.D. 2585 while Atlox as a treatment was
mixed in water alone.

These mixes were &yed; the oil solu=-
tions with Automate® "B" red dye® and the
aqueous ones with Rhodamine® "B" red dye® in
order to facilitate spray deposit assess-
ment.

In the insecticidal sprays all Matacil
treatments were applied at 70.0 g (AI)/ha
and Atlox at 0.04 L/ha. Application volumes
for all treatments were 1.5 L/ha. A summary
of these tank mix data is shown in Table II.

Aircraft Parameters

The treatments were applied by a Cessna
188 Ag-truck fitted with four AU 3000 Micro-
nair atomizers.’ The rate of flow was con-
trolled to emit a total of 23.5 L/min and a
calculated .swath width of approximately 60
meters. The aircraft flew at 160 kn/hr and
about 15-17 m above the tree canopv. Air-
port facilities were provided at South
Tetagouche (Fig. 1), which is approximately 6
minutes ferrying time from the experimental
site. The flight lines of the aircraft cur-
ing spray were generally perpendicular to
the prevailing wind (Fig. 2). Data relevant
to the aircraft are presented in Tables IIIa
and IIIb.

Meteorological Monitoring

Weather is a very influential variable
in determining the effectiveness of a com~
pound in the field. Because ths researcher
has no direct control over these elements,
weather conditions during the trials were
monitored and the data used +o determine
suitable spray conditions and in explaining
aspects of the results.

4Supplied by Sunoco Inc., Toronto.

Supplied by Morton William Chemical Ajax,
Cntario.

Supplied by C.I.L. Willowdale, Cnt.
—"'sx'.ppl:f.ed by Micronair (aerial Ltd.,
Sandown, Isle of Wight, England.



Table IIla. A gsunmary of spray, aircraft and weather data for Matacil efficacy trials (Bathurst, N.B. 1981)
Block 1 and 2 Block 3 and 4 Block 5 and 6
1st applie. 2nd applic, 1st applie. 2nd applice. 1st applic. Znd applic.
Date 12-06-81 18-06-81 12-06-81 18-06-81 13-06-81 18-06-81
Time (hrs) 1940 0620 2100 0715 2010 2015

Insecticide

Active ingredient
(g/ha)

Solvent

Hlock size (ha)

Aircraft

Type

Speed kn/h

Applic. height (m)

Appliec. equipment

Emission rate
(L/min)

Applic. rate
(L/ha)

Blade angle

Blade rpn

Keather

Temp. °C (mean)
N % (mean)
Wind speed

(X kn/h)

Wind direction
Stabilibyx#
Cloud cover

Matacil 180F

70
H20
50

Cessna 188 Ag Truck
160
29-31 27
(4) Micronair AU 3000

23.5
1.5
25°
Max imun
Block 1 Block 2
1st 2nd 1st 2nd
13.00 10.25 13.00 10.75
80 100 B3 96

0.5 1.0 0.5 2.0

E W E SW-W
b ¥ I 4
1/10 0/10 1/10 1/10

HMatacil 180F

70
*Shell I.D. 585 o1l
50

Cessna 188 Ag Truck
160
24 27-30
(4) Micronair AU 3000

23.5
1.5
25°
Max imum
Block 3 Block 4
1st 2nd 1st 2nd
10.00 13.75 10.00 13.75
96 73 96 73
0.5 5.0 0.5 5.0
E W E W
- > + < > +
0/10 0/10 0/10 1/10

Matacil 1.8 0SC

70
Sunspray 6N oil
50

Cessna 188 Ag Truck
160
27-30 27-30
(4) Micronair Au 3000

23.5
Tub
25°
Max 1mun
Block 5 Block 6
1st 2nd 1st 2nd
16.50 22.25 17.25  20.75
73 58 69 56
0.5 T 0.5 1.0
SE-SW W SE-S W
+ 4 + ¥
0/10 o/10 0/10 n/10

*I.D.--Ingsecticide diluent.

“*l__Tnversian.
f--Lapse.

<-r =-Heutral (isothermic).



Table IIIb. A summary of spray, aircraft and weather data for Matacil effi-

cacy trials (Bathurst, N.B.

1981)

Date

Time (hrs)
Insecticide

Volume Active
Ingredient (g/ha)
Solvent

Plot size (ha)

Aircraft

Type

Speed (Km/h)
Applic. height (m)
Applic. equipment

Block 8

Block 9

1st applic.

2nd applic. 1st applic.

2nd applic.

16-06-81
0600 0715
Matacil 1.8 0ScC

70
Shell I.D. 585%*
50

Cessna 188 Ag-Truck
160

27 24-27

(4) Micronair AU 3000

19-06=-81 15-06-81

19-06-81
2020 0600
tlox 340¢9F

HzO
50

Cessna 188 Ag-Truck
160

27-30 24

(4) Micronair AU 3000

Emission rate
(L/min.)
Applic. rate

(L/ha) 1.5
Blade angle 259
Blade rpm

23.5-24.2

Weather .
Temp. °C (mean) 10.0
RH% (mean) 80
Wind speed

(X Xm/h) 0.50
Wind direction . S-sw
Stability* 4
Cloud cover 10/10

Maximum

23%5 23.5 23.5
1.5
25°
Maximum
18.0 125 13.75%5
87 77 85
1.0 0.50 <0.5
W-Nw SE-S SW
¥ + ¥
0/10 10/10 0/10

*I.D.--Insecticide diluent.

** ¥ ——Inversion.
+ --lapse.
> --Neutral (isothermic).

The meteorological data were collected
by an assembly of nonrecerding instruments.
A Heathkit weather computer model I.D. 4001
was the central instrument displaying dig-
ital readouts, which were manually recorded
&t S-minute intervals. an anemoreter/vane

to measure wind velocity and direction was
attached to the tcp of a 12.8 m mast, and
temperature probes were fitted at the 12.6 m
and 2.0 m levels to determine the atmospher-
ic stability. Wet and dry ulb terperature
readings, from which relative humidities



were calculated were cbtained from a motor
psychrometer. These instruments and equip-
ment were fitted cnto a wvehicle, and maneu-
vered to lccatiocns nearest the test bleck
where meteorological conditions could be
considered representative of those in the
block. Weather conditions were rnonitored
fram 1.5 h prior to each spray until 1 h
after. Tables IIla and IIIb summarize the
data obtained from the weather monitoring.

Communication

A radio network was established and
contact was maintained between the airport
and the base station, and ths aircraft and
mobile ground stations in the experimental
blocks. Red colored helium filled ballcons
acted as the ground markers to define the
block boundaries for the pilot (Fig. 2).

Spray Application

There is an intimate svnchrony between
the phenological development of the hosk
tree and the development of budworm (Blais
1957). Each host species develops at a dif-
ferent rate and so do the budworm on it.
Feeding responses and mobility of buadworm
and eventually accessibility with insecti-
cides are related to the phenological devel~
omment of buds, thus the timing of the ini-
tial sprays is critical if the most effec-
tive response is to ke achieved.

The timing of the first spray during
this study was based on a quantitative
assessment of the bud development of the
major tree species within 4 blocks. On the
first application date (81-06-12) the buds
on white spruce, Picea glauca (Moench) Voss,
and balsam fir were fully flared and shoot
growth from pooled samples measured X = 2.8
ecm (n = 379) and X = 2.2 cm (n = 382) re-
spectively. The second spray was applied
(Table III) primarily to replenish the ami-
nocarb of the first, which after approx-
imately 3-4 days began to dissipate. Table
IV shows the shoot development in the 4

indivicéual blocks: approximately 20% of the
buds on red spruce were still tigntly
closed, Larval develczment at that ktime is
shown in Teble V.

Table IV. Eud development prior to the
first spray. Bathurst, N.B. 1981
Mean Shoot Length
Treatment % s.D.
block Tree Species* (cm)
1 Sw 2.70 £ 0.75
Bf 1.66 £ 0.40
2 Sw 3.60 = 1.30
Sr 0.76 £ 0.25
BE 2.30 £ .57
3 Sw 2.60 £ 0.77
Sr 0.63 £ 0.19
i 1.70 T 0.35
4 Sw 2.46 £ .84
Sr 0.94 £ 1.25
BE 3.00  0.80

*Sw: White spruce; Sr: red spruce; Bf: bal-
sam fir.

Spray Assessment
RAssessment on Artifical Media.

To assess the spray efficiency of the
varicus formulaticns and tank mixes a sampl-
ing unit comprised of a Xromekote® cara (10
X 10 cm) and two glass slides (5.0 x 7.5
cm), as described by Randall (1980), was
placed in the clearing adjacent to each
sample tree. These units were placed
approximately 30 min before the spray and
retrieved agproximately 50 min after its
completion., The cards and slides were
stored in dry, dark conditicns rrior to
evaluation. The cards were sent to the
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Table V. Spruce hudworm populations (larfal instar expressed as a
percent) sampled prior te the 15% and 20 sprays.
(Bathurst, N.B. 1981)

Instar
Sampling
Block Date ené  3rd  4th gth  gth

Pre-pupa Pupa

Bk 1 June 12 2.3 30.6
June 18 0.0 14.8
Bk 2 June 12 8.5 35.5
June 138 0.8 20.5
Bk 3 June 12 7«5 30.7
June 18 0.0 16.1
Ek 4 June 12 1.9 2243
June 18 0.0 115
Bk 5 June 13 4.7 32.5
Juns 18 0.0 53
Sk‘e June 13 341 29.7
June 18 0.0 10.2
Bk 8 June 16 1.1 156.4
June 19 0.0 4.0
Bk 9 June 16 0.5 9.2
June 19 0.0 2.2

36.7 23.5 6.9 0.0 0.0
1 17.5 36.6 0.7 0.2
15.6 6.7 0.0 0.0

4 19.2 28.1 0.0 0.0

-1 14.4 19. 0.0 0.0
20.8 19.4 -4 0.7 1.5
25.2 23.7 26.5 0.4 0.0
3 26.5 42.8 0.8 1.0

6 13.7 15.6 0.0 0.0

& 29.9 38.2 0.0 0.0

5 18.2 14.5 0.0 0.0
24.9 34.4 30.5 0.0 0.0
2 21.2 36.4 0.0 0.0

1 54.5 0.1 0.3
22.2 23.4 44.7 0.0 0.0
12,6 22.0 62.4 0.3 0.5

National Aeronautical Establismment, Ottawa,
Canada where they were analyzed by a Flying
Spot Scanner (Drummond 1980) and the droplet
density and other characteristics of the
spray spectra were determined.

In the laboratory at FPMI each glass
slide was washed with an appropriate sol-
vent; i.e., Toluene with the oil mixes and
absolute alcohol with the aqueous ones.
Colorimetric analysis of the dye content was
performed using a Bausch and Lomb spectronic
100 Spectrcohotcmeter.

Thus a quantitative (number of drops
and volume of insecticide) as well as a
qualitative (types of drops) assessment of
the spray recovered at ground level were
obtained.

Assessment of Foliage and Insects.

Host tree foliage and insects were
investigated for residual aminocarb, which
also gave a quantitative assessment of the
spray which was deposited in the budworm's



feeding habitat. After the sampling units
were retrieved frem the blocks sprayed with
the two Matacil formulations, in three dif-
ferent carriers, foliage was taken randomly
from the midcrown of 10 trees in each treat-
ment. Approximately 20 g of new growth was
snipped with scissors and, without being
handled, allowed to fall into amber colored
bottles. The bottles were wraprped in alumi-
nun foil and placed in a Thermos® picnic
cooler half filled with ice. Approximately
10 g of budworm were removed from sample
branches with #0 camel hair brushes and
placed into identical bottles. The bottles
were wrapped in aluminum foil and stored as
described aktove. These foliage and insect
samples were dispatched to MNew Brunswick
Research and Productivity Council (REC),
Fredericton where they were analyzed.

Analysis of Foliage and Insects.

Analysis was carried out at REC follow-
ing the procedure of K.M.S. Sundaram et al.
(1976) except that no derivitization of the
Aminocarb was undertaken. Eminocarb was
analyzed on a Hewlett-Packard Model 5830a
gas chromatograph fitted with a flame -ioni-
zation detector. The column used was a
glass 2 m x 2 mm 3% SE 30 cn Gas Chrom Q
(800/100 mesh). Recoveries from foliage
extracts fortified with Matacil at levels of
5.0, 2.5, 1.0, 0.25 and 0.125 pe/g levels
averaged 100%. The minimm level of detac-
tion was 0.2 pg/g for a 10-g sample (P.J.
Silk et al. pers. comm.).

Biological Assessment
Larval Sampling.

Samples consisting of two 46-cm branch~
es, one each from the upper and miderown
areas, were taken from each sample tree.
The branches were cut with pole pruners with
attached baskets and lowered to the forest
floor. Each branch was pPlaced in a larce
(16.0-kg capacity) paper bag and stapled
shut to prevent larval escape. The samples

o 4

were taken to a counting mill at the field
laboratory in Bathurst. Tre nuber cf
viable buds was counted and the 1living
Spruce budworm larvae were removed by beat-
ing the flusked shoot as describeg by Mar-
tineau and Benoit (1973) or by dissecting
the buds which were still closed. In the
prespray counts the needles were also close-
ly examined under 100w larps to account for
early instars which might have still been in
mines.

Assessing Population Reduction.

Assessing the levels of spruce budworm
population decline assists in determining
the effects of the treatments. The popula-
tions in the blocks were assessed at each
sampling date by calculating the number of
larvae per bud and the number per 46-cm
branch for each sample tree. These two
methcds were used primarily to datermine
wnich might be more suitable for Ffuture
research use. The percent porulation reduc-
ticns recorded in the treatment blocks were
corrected for natural mortality using
Abbott's formila (Abbott 1925):

100 (C-T)/C = % corected centrol

where C = % living in the untreated

block
T =% living in the treated block

During this study, as often nappens in
large-scale forest trials, unfavorable
weather and logistical Suppert prevented the
simultaneous or synchrenous sampling of
treated and untreated blocks. Uniformity of
experimental conditions is a presumed and
accepted rprerequisite when arplying the cor-
rection formula, so it was necessary to
accurately determine the larval densities in
both the treated and untreated blocks on any
particular sampling date. This was accom-
plisked by using thre Seasonal population
data and generating best-fit exponential
decay curves for each block. Froem these
curves it was then possible to extract cop-
ulation densities ang compute C and T on
given dates.



Arthropod Xncckideown.

Trays, built as shcwn in Figure 4, were
placed on the forest flecor just on the drip
circle of 10 trees in blocks £2,44, #6 and
the untreated check. The sheer acted like a
net and immobilized the larvae and other
small arthropods. Trays were placed prior
to the sprays and ronitored after them to
investigate if the ‘'flowable' exhibited
unusual kneckdown of arthropods.

Assessing Defoliation.

After the hudworm had pupated and the
moths emercged two branch samples were taken
from each sample tree as described above.
These branches were evaluated, to determine
to what extent defoliation had occurred,
using FKettela's methad (E. Kettela, pers.
corm. 1981) which involved a ccmponent of
Fettes' (1950) method. The shoots frcm the
46-cm branch were removed and pooled. From
this pool, 100 shoots were assessad random=
ly. In cases where there were <100 shcots
on a branch the entire pool was used. The
damage on each shoot was assessed according
to Fektes (1950). Six derage classes (Fig.
5) were used instead of 12 as recommended by
Fettes (1950), as the authors agreed with
Kettela (Fers. Ccmm.) that 12 classes intro-
duced much more subjectivity than 6.

RESULTS AND DISCUSSICHN
Chemical Spray
Mixdng.

The Matacil flowable formulaticn mixed
with both IDS85 and water without any prob-
lem. The workers experienced no unusual
discerfort at the mixing site.

Spray Deposit.

As a carrier cf insecticidées in Canada,
water has the advantages of being easily
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zvailable and inewpensive, but has the dis-
advantage of having a high propensity to
evapcrate in conditions of low relative
humidity. This sicnificantly affects the
deposition of droplets. Drcplet density and
size spectra are important factors which
influence the efficacy of aerially applied
pasticides by determining adequate or inad-
equate coverage of the target.

In this study the droplet spectra and
volume deposits resulting from both applica-
ticns, measured on Kramekote cards at cround
level, are shown in Table VI. These might
be conservative assessments as the Flying
Spot Scanner's analytical msthod cculd not
detect dreplet stains <30 pm in diameter.
The Matacil 18(F aguecus mixes (Blocks 1 and
2) deposited <2.0 mn.omm\oaw consistently for
both applications whereas the oil mixes of
both the Matacil flowable and 1.8D showed
significantly (P = 0.05) different mean
droplet densities between the first and sec-
ond applications. Rguecus 340%F depcsited
<0.5 mHOﬂm\nSm for both applications which
represents the least deposit of all the
treatments.

Deposits expressed as droplet density
or as volume (L/ha) recovered, (as eluted
from glass slides) are usually heteroge-
necus. The results from these trials show
there was a significant difference in drcp-
let density between the block transects for
the first application only in blocks 6, 8
and 9. For the second applicaticn, signif-
icant differences between transects were
observed in blocks 5 and 8. Differences in
eluted volumes were recorded for the first
application in blecks 3 and 8 and for the
secend application, in block 8 cnly. Soms
of these differences might have been cue to
the tank formilation but a forest is a wvery
dynamic system and many other variables
might also be respcnsible for them. ter
block differences are noted in Table VI.

Droplet size is usually expressed as volume
median diameter (WD), the droplet diameter
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Fig. 5. Defoliation assessment method showing damage class

classes,
limits (as percent defoliation,) and class mean (in brackets.)
~Modification of Fettes' Method (1950)




that divides the spray volume into two egual
Farts, i.e., 50% of the volumre in droplets
<D and 50% above it. A desirable insecti-
cidal VMD for defoliating forest insects is
considered cenerally to be <100 im (Himel &
Moore 1967; Rarry et al. 1977; Joyce &
Spillman 1978). All the treatments of the
first application produced VMDs in the 60-50
um range. In the second applicaticn, while
WDs for the Matacil 1ec in IDS85 treat-
Ments remained in this range, those for 180F
in water increased o approximately 100 jm.
Matacil 1.8D in 6N il produced a dense pro-
file, consequently the Flying Spot Scanner
had difficulty in analyzing what it consig-
ered "good droplets" on the cards. Thus no
definitive size measurements of the droplets
from these treatrents were available. It
was evident that the RH recorded at +the
times of the sprays (Tables IIIa and IIIb)
influenced the evaporaticn and consequently
the VD, especially of the agquecus Matacil
treatments (Table VI). Where the RH changed
considerably the droplets of aguecus mixes
responded accordingly; oil, however, did not
éppear to respond as sensitively even to
sicnificant changes in RH. The Atlox spray
did not appear to react to small RH changes.

Although evaporation of aquecus drop-
lets seems to be a liability, it might feas-
ibly be manipulated to provide a desirable
VMD. It 1is rossible that bv knowing or
being able to predict the degree of evapora-
tion which will occur it will be feasible to
create the initial droplet size at the cor-
rect altitude which will ultimately deposit
with cptimum diameters.

Residue cn Foliace & Insects.

The Aminccarb residues reccvered from
foliage in 4 treatment blocks are shown in
Table VII. These values were calculated
from deposits which ranged from nondetect-
able to 3.6 ug/g foliage. Cnly balsam fir
foliage had recoverable levels of deposit
from both oil and aqueaus treatments of
Matacil. None of the sarples of hudworm,

comprising mainly dead ana morikunéd larvae
removed from spraved foliage, had detectable
levels of Matacil. fThis might possibly be
because the AT which affected or killed
larvae, irregardless of its mode of entry,
Was on a U g/g basis below detectable lsvels
or the insects metabolized the AT (no tests
were conducted for derivatives).

Bioclogical

The effectiveness of insecticides
Sprayed against spruce budworm is usually

" assessed primarily by the Fostspray  re-

Sponses of the insect. These responses are
normally measured by the degree of popula-
tion decline and/or the extent of host tree
defoliation. In these trials assessrents
were based on the insect responses on the
three hest species individually and as a
ccmbined unit. The phenolocical development
of the three species differad substantially
in the research area. Palsam fir and white
spruce developed similarly and ~ 10 days
earlier at the onset than reg spruce. Since
larval development is closely synchronized
with host tree development (Blais 1957), the
timing of pesticida applications tends to
affect hudworm populaticns differently in a
rultispecies complex than in a forest with a
single species as its major corponent.

During this study the Firss spray
applications coincided with substantial
shoot development of the two major host
species, balsam fir and white spruce (Table
IV) and of the hudworm larvae (Table V),
thus potentially making the larvae more wul-
nerable to the spray deposit.

Spruce hudworm densities influenced by
the insecticide treatrents are surmrarized in

Tables VIII-XI. Tables XIT and XV show how
these influences are reflected when measured
by percent mortality. Responses en balsam
fir, white and red Spruce are recorded in
Tables VIII ang XII, IX and XITI, and X and
XIV respectively, while those kased on the
ccmbined species are shown in Tables XTI and



Table VI. Summarized Matacil

and Atlox ground level deposits (Bathurst, N.B. 1981)

Q o 18% Appl. 2nd pppl.
Drm:s/cmz Volumes L/ha NMD VHD pmax Drops/cm?2 Volumes L/ha NMD VHD pmax
Block No. Treatment X + 5.D. X + 5.D. (um)  Gim) (31m) X + S.D. X £ 5.D. (um)  (im) (ym)
1 180F + water 1.76 £ 1.972  0.016 + 0.0208 50.4 1.1 142.2 1.20 + 0.868 0.059 + 0.0432 95,1 99.2  160.9
2 180F + water 1.73 + 1.938  0.017 + 0.0238  51.9  62.7 125.9  1.22 + 1.348  0.062 + 0.0823  97.0 100.1  163.6
3 180F + ID585 5.20 + 4,20 0.085 ¢+ 0.112b  58.9 78.6 141.6 0.88 + 0.77>  0.017 + 0.014b  66.6 77.6  122.1
4 180F + ID585 5.41 £ 5,470 0.075 + 0.082b  56.6 70.1  147.2 1.05 + 1.03b  0.017 = 0.016b  62.5 2.1 112.9
5 1.80 + 6N 3.81 £ 3.44D * * " » 5.24 + 5.00¢ * * * *
6 1.8D + 6N 6.56 + 5.85¢ “ * * * 11.11 + 6.64d * * * *
o 1.6D + 10585 4.61 £ 3.83b  0.062 + 0.056b  57.9 70.9 146.5 0.77 + 0.550  0.011 + 0.008° 61.8  67.4 155.8
9 Atlox 3409F + water 0.32 + 0.27d  0.002 + 0.003¢  41.3  56.1 155.6 0.23 + 0.15¢  0.002 + 0.0019  46.9  53.7 108.6

*Inconplete analysis by flying spot acanner. .
#=Cor each column only: means followed by unlike letters are significantly different at P = 0.05.



Takle VII.

Aminocarb resicue on foliage, Bathurst, N.B.
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Aminocarb Deposi
Block Treatmant Host spp. Date Sprayed Date sampled (hg/g) x + s.D.
1 Matacil 18(F + water Sw 12-06-81 12-05-81 N/D*
8E 12-06-81 12-06-81 0.20 £ 0.17
Bf 12-06-81 12-06-81 1.38 £ 1.62
3 Matacil 180 + ID585 Sw 12-06-81 12-06-81 0.30 £ 0.22
Sr 12-06-81 12-06-81 1.60 £ p.00
Bf 12-06-81 12-06-81 0.94 = 1.28
6 Matacil 1.8D + €M oil Sw 13-06-81 14-06-81 N/D
Sr 13-06-81 14-06-81 0.38 £ 0.35
Bf 13-06-81 14-06-381 0.68 £ 0.59
8 Matacil 1.8D + IDS85 Sw 16-06-81 16-06-81 N/D*
Sr 16-06-81 16-06-81 N/D*
Bf 16-06-81 16-06-81 0.20 * 0.12
Check  Not sprayed Sw not sprayed 01-Ce-81 N/D*
Bf not sprayed 01-01-81 N/D*
* nondetectable levels.
Sw White spruce.
Sr Ped spruce.
Bf Balsam fir.
XV. The prespray budwerm populations in the It became apparent when the tree
blocks assessed both on the per branch and specles were assessed individually (Tables

the per hud (shoot) bases were moderate with
wihite spruce having the highest larval
density and red| spruce the lowest. The
populations on balsam fir were fairly rep-
resentative of the combined species. The
initial populations were lowest generally in
blocks 3 and 4 and highest in the untreated
check area.

larval densities for combined species
recorded- 10-12 days after the 2nd spray
application averaged <1.0 insect/branch

except in blecks 4 and 9 and the untreated
cteck, and <4/100 shoots in all bleocks
except 8, 9 and the check. These had resid-
ual larval densities exceeding 27 larvae/100
shoots (Table XI).

III~X) that low residual populations (per
branch and per shoot) were left con balsam
fir, except in block 9 and the check plot.
Higher numbers of larvae appeared to survive
on wh.lte spruce but this might have been due
to the cons:.derably higher prespray numbers
fcund on this species. In a mixed conifer-
ous stand red spruce characteristically seem
to have much lower budworm populations. The
data for the prespray populations in

ey
CLsS

study seem to support this (Table X):
despite these low initial populatiorns, the
pPost  spray residual densities on  this

species were still unacceptably high. It is
likely that the sprays, though cptimally
timed for the other two host spacies, were



Table VI1I. Larval spruce budworm population density on Balsam fir, 4. baleamaa (Bathurst, N.B. 1981)

Population Reduction

Spray No. of

Block Spray Formulations Dates Samples Prespray 13t count 2d count  ** 34 count  #**  4th count  *x

1 Matacil 180F + Atlox + H,0 12-06-81 86 21.2% 8.3 1.4 1.0 0.5
18-06-81 0.221+* 0.093 0.023 2 0.022 6 ﬂ.ﬂ@g 10

2 Matacil 1B0F + Atlox + Hp0 12-06-81 114 14.1 6.7 1.3 1.1 0.6
18-06-81 0.133 0.083 0.021 2 0.018 6 0.011 10

3 Matacil 180F + ID585 12-06-81 78 8.5 4.7 0.8 0.8 0.4
18-06-81 0.084 0.059 L 0.01m 2 0.015 7 n.007 1

4 Matacil 180F + ID585 12-06-81 60 115 5.3 1.2 1.2 1.2
18-06-61 0.095 0.046 0.014 - 3 0.017 7 0.025 1

5 Matacil 1.8D 0SC + Sunspray 6N 13-06-81 66 9.0 3.9 1.0 0.4 0.3
18-06-81 0.077 0.043 0.015 4 0.004 a 0.006 12

6 Matacil 1.8D DSC + Sunspray 6N 13-06-01 80 21.1 10.3 0.7 0.2 0.2
18-06-81 0.192 0.115 0.007 4 0.002 8 0.004 12

B Hﬁtucil 1.8D 0SC + ID585 16-06-81 68 16.8 9.6 a5 1.3 0.3
19-06-01 0.185 0.115 0.032 4 n.028 a 0.007 12

9 Atlox 34097 + H,0 15-06-81 60 19.5 17.4 20.2 12.7 10.9
19-06-81 0.173 0.193 0.255 4 0.285 ] 0.357 12

Check  Untreated N/A 60 26.8 18.0 24.3 16.0 133

0.232 0.258 0.510 0.446 0.617

Matacil treatments at 70 q Al/ha.
* upper values dencote insects per branch.
++ lower values denote insects per bud (shool).

* (ays afler first spray sample taken.
«% (Jays after second spray sample taken.
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Table IX. Larval spruce budworm population density on White spruce P, glaura (Bathurst, N.B, 1981)
Population Reduction
Spray No. of
Block Spray Formulations Dates Samples  Pre-spray. 15t ecount * 2nd count L 3rd count  #» ath copnt L
1 Matacil 180F + Atlox + Hy0 12-06-81 10 54.5% 22.3 4.3 3.4 1.1
18-06-81 0.394++ 0.170 2 0.050 2 0.055 6 D.016 10
2 Matacil 1805 + Atlox + H,0 12-06-81 0 - = - - -
18-06-81 - - - = i -
3 Matecil 180F + I1D505 12-06-81 28 25.4 137 3.8 2.5 2.4
18-06-81 0.195 0.178 3 0.062 2 0.072 7 0.122 11
4 Matacil 180F + ID58S 12-06-81 24 25.7 21.9 B.9 745 2.6
18-06-81 0.195 0.217 3 0.338 3 0.515 7 0.051 11
) Hatacil 1.60 0SC + Sunspray 6N 13-06-81 24 27.1 9.2 1.0 1.4 1.4
18-06-81 0.221 0.096 5 0.057 4 0.023 B 0.016 12
6 Matacil 1.8) 0SC + Sunspray 6N 13-06-81 6 46.0 13.0 1.8 0.7 0.2
18-06-81 0.198 0.092 4 0.042 4 0.006 8 0.005 12
B Matacil 1.8D 0SC + ID585 16-06-81 20 53.9 22:5 8.9 4.4 2.5
19-06-81 0.432 0.213 2 0.105 4 0.544 a 1.305 12
9 Atlox 3409F + Hy0 15-06-81 20 36.2 29.0 19.7 10.5 7.6
19-06-01 0.339 0.454 3 1:332 4 2.510 a 0.286 12
(heck  Untreated N/A 30 66.3 23.5 16.7 7.6 4.2
0.365 0.297 2.307 1.502 0.132

Hatacil treatments at 70 g Al/ha.

* upper values denote insects per branch.
** lower values denote ingectg per bud (shoat).

* daya after firsl spray sample tuken.
** days aller second apray sample Laken.
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Table X. Larval spruce budworm population density on Red spruce P. rubens (Bathurst, N.B. 1981)

Population Denaity

Spray No. of

Bloeck Spray Formulations Dates Samples  Pre-spray 18t count  * 20d count  **  3d count  *¢  4LD count  *#

1 Matacil 1B0F + Atlox + H0 12-06-81 20 1.9% 4.4 2.3 2.0 1.5
18-06-81 0.082++ 0.040 2z 0.028 2 0.022 6 0.015 10

2 HMatacil 180F + Atlox + Hy0 12-06-B1 6 1.5 1.8 T2 1.7 0.8
18-06-81 0.028 0.014 2 0.015 2 0.021 6 0.007 10

3 Malacil 180F + ID5B5 12-06-81 4 7.8 0.2 0.2 0.8 0.2
18-06-81 0.047 0.006 3 0.005 2 N.016 7 0.003 1

4 Matacil 1007 + ID585 12-06-81 20 5.4 3.2 2.4 0.9 1.6
18-06-81 0.042 0.028 5 0.025 3 0.01 7 0.013 11

5 Matacil 1.0D 0SC + Sunspray 6N  13-06-81 10 3.0 1.0 0.1 0.3 0.2
18-06-81 0.032 0.009 5 0.002 4 0.002 8 0.003 12

6 Matacil 1.80 DSC + Sunapray 6N 13-06-81 22 3.6 3.2 2.5 1.5 0.6
18-06-81 0.022 0.014 4 0.014 4 0.016 g 0.006 12

] Matacil 1.80 05C + ID585 16-06-81 12 8.0 6.2 5.0 2.2 1.6
19-06-81 0.053 0.062 2 0.051 4 0.036 a8 0.032 12

9 Atlox 34091 + Hy0 15-06-81 20 9.2 7.8 13.1 8.4 7.9
19-06-81 0.061 0.066 3 0.153 4 0.097 8 0.101 12

theck  Untreated N/A 30 9.2 14.9 153 12.3 11.0

0.082 0.126 0.151 0.172 0.156

Malacil treatments at 70 g Al/ha.

*+ upper values denote ingsects per branch.
P
Ft Jower values denote inaecls per bud (shoot).

¥ days after first spray sample taken.
** days after second spray sample Laken.
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fable XI. Larval apruce budworm population density on combined species 4. halsamea, P. glauca and P. rubens (Balhurst, N.B. 1981)

Population Densily

Spray No, of
Block Sproy Formulations Dales Samples Prespray 15t count 27 count  #x  30d oyt wx g4th count ~ ##
1 Matacil 180F + Atlox + “2“ 12-06-81 116 21.8% 8.8 1.8 1.4 0.7
18-06-81 0.z21%t 0.093 0.023 2 0.022 6 0.010 10
2 Matacil 180F + Allox + 1i,0 12-06-81 120 13.5 6.5 1iad 1.2 0.6
18-06-81 0.128 0.079 0.021 2 0.018 6 0.011 10
3 Matacil 180F + IDYB5 12-06-81 110 12.8 6.8 1.6 1.2 0.9
18-06-861 0.111 0.088 0.024 2 0.029 7 0.036 11
4 Matacil 180F + ID5B85 12-06-81 112 13.3 8.5 I | 2.5 1.6
18-06-81 0.107 0.080 0.085 3 0.122 7 0.020 11
5 Matacil 1.8D0 OSC + Sunspray 6N  13-D6-B1 100 12.7 4.9 11 0.6 0.6
08-06-81 0.107 0.052 0.024 4 0.008 8 0.008 12
6 Matacil 1,80 OSC + Sunspray €N 13-D6-81 109 12.0 9.0 1.1 0.5 0.3
18-06-81 0.158 0.095 0.013 4 0.005 8 0.005% 12
] Matacil 1.00 0SC + [D5B5 16-06-81 100 23.2 11.8 4.1 2.0 0.9
19-06-61 0.219 0.129 0.049 4 0.132 8 0.270 12
9 Allox 3409F -+ Hy0 15-06-01 100 20.8 17.8 18.7 1.4 9.7
19-06-81 0.184 0.220 0.450 4 0.693 8 D0.292 12
Check  Untrealed N/A 120 32.3 18.6 20.2 13.0 10.6
0.228 0.235 0.870 0.642 0.480

Halacil Lrealments al 70 g Al/ha.

* upper values denole insecls per branch.
** lower values denote insects per bud (shoot).

* doys ufter First spray sample Laken.
** days afller second spray sample Luken.



Table XII. Larval spruce budworm population reduction and host tree defoliation on Balsam firA. balsansa (Bathurst, N.B. 1981)

% Population Reduction (corrected)

Spray No. of
Block Spray Formulations Dates Samples 18t count %  20d count  *x  3rd count  *»  4th count  #* % pefoliation
1 Mateeil 180F + Atlox + Hy0 12-06-81 86 57.7% 917 93.4 96.4 10.4
18-06-81 63.9 2 93.8 2 94.9 6 98.1 10
2 Matacil 100F + Atlox + 1,0 12-06-81 114 34.3 85.1 B6.1 . 13.9
18-06-81 57.0 2 90.2 2 92.0 6 . 10
3 Hatacil 180F + ID5B5 12-06-81 78 20.3 B84.6 82.6 90.2 10.4
18-06-81 52.8 3 91.9 2 B89.5 7 95.3 1
4 Matacil 180F + ID585 12-06-81 68 35.0 83.0 82.0 79.0 9.5
18-06-81 67.4 3 90.8 3 89.4 7 84.9 11
5 Haltacil 1.80 OSC + Sunspray 6N 13-D6-81 66 36.1 B1.8 92.0 93.3 6.1
08-06-81 63.6 5 688.0 4 97.0 8 95.6 12
6 Hatacil 1.8D 0OSC + Sunspray 6N 13-06-81 a0 32.2 94.8 98.3 98.9 23,2
18-06-01 59.6 4 97.7 4 99.4 8 98.9 12
] HMatocil 1.8D 0SC + IDSBS 16-06-81 68 25.6 78.1 B86.6 96.7 20.7
19-06-81 56.3 2 88.9 4 91.0 ] 97.8 12
9 At.lox 34097 + Hy0 15-06-81 60 0.0 0.0 0.0 0.0 62.3
19-06-81 21.5 3 5.6 4 0.0 8 0.0 12
fheck  Untreated N/A 60 N/A N/A N/A N/A 195

Matacil Lreatments at 70 g Al/ha,
¥ upper values denote insecls per branch.

** lower values denote insects per bud (shoot).
¢ days after first aspray sample taken.

** daya after sccond spray sample taken.
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Table XIII. Larval spruce budworm population reduction and host Lree defoliation on White spruce P. glauca (Bathurst, N.B. 1981)

% Population Reduction (corrected)

Spray No. of
Bloclk Spray Formulationg Dates Samples 180 count % 20d count  we 39 count  w+ 4th count  ** % Defoliation
1 Hatacil 180F + Atlox + Hy0 12-06-81 10 42.4* 79.3 75.4 07.8 3.9
18-06-81 46,5 2 793 2 Th.4 6  86.4 10
2 Malacil 180F + Atlox + H20 12-D6-81 - - - - - -
18-06-81 0 - - - -
5 Matacil 180F + ID585 12-06-81 28 0.0 3T 37.5 17.2 24.4
18-06-81 0.0 3 0.0 2 0.0 7 0.0 1
4 Hatacil 180 + ID585 12-06-81 24 0.0 0.0 0.0 16.1 31.0
18-D6-81 0.0 3 0.0 3 0.0 7 0.0 11
I
5 Malacil 1.00 DSC + Sunspray 6N  13-D6-81 24 0.0 70.0 67.4 54.8 17.3 )
18-06-81 0.0 5 36.7 4 15.8 8 0.0 12
i
5 Hatacil 1.8D 0SC + Sunspray 6N 13-D6-B1 6 23.5 83.8 1.3 26.7 27.8
18-06-81 0.0 4 67.7 4 20.0 8 92.3 12
8 Malacil 1.8D 05C + I1D5BS 16-06-81 20 3.4 42,2 527 68.4 54.1
19-06-81 0.0 2 14.5 4 11.6 8 47.1 12
9 At lox 3409F + H,0 15-06-01 20 0.0 0.0 0.0 0.0 73.4
19-06-81 0.0 3 0.0 4 0.0 8 0.0 12
Check  Untreated N/A 30 N/A N/A N/A N/A 76.3

Matacil treatments at 70 q Al/ha.

i upper values denote insects per branch.

** lower values denote insects per bud (shool).
* days after First sprey swnple taken.

#* duys after second spray gample Ltaken,



Table XIV. Larval spruce budworm population reduction

and host tree defoliation on Red spruce P. rubens (Balhurst, N.B. 1981)

% Population Reduction (corrected)

Spray No. of
Block Spray Formulations Dates Samples  15% count  * 20d count #x 3t9 count  *+ &M count  ¥* % Defolialion
1 Matacil 180F + Atlox + H,0 12-06-81 20 40.0 62.0 64.0 71.0 3.8
18-06-81 43.1 2 63.0 2 68.8 6 . 10
2 Matacil 1BOF + Atlox + HyD 12-06-81 6 0.0 0.0 0.0 0.0 1.6
18-06-81 0.0 2 0.0 2 0.0 6 0.0 10
5 Matacil 180F + 1D585 12-06-81 4 96.0 96.0 B1.0 95.0 0.1
18-06-81 96.9 3 96.4 2 79.2 7 85.7 11
4 Matacil 180F + ID585 12-06-81 20 15.8 29.4 71.0 42.9 2.0
18-06-81 20.0 3 0.0 5 12.7 7 47 .4 1
5 Matucil 1.80 0SC + Sunapray 6N  13-06-B1 10 50.0 94.4 B2.4 86.7 1.9
18-06-81 50.0 5 94.4 4 75.0 85.7 12
6 Matacil 1.80 0SC + Sunspray 6N 15-06-81 22 0.0 0.0 28.6 66.7 4.8
18-06-81 0.0 4 0.0 4 B.3 70.0 12
o Malacil 1.80 0SC + ID585 16-06-81 12 0.0 7.4 52.2 63.6 9.2
19-06-81 0.0 2 2.9 4 46.4 57.7 12
9 Allox 3409F + 0 15-06-81 20 0.0 0.0 0.0 0.0 19.7
19-06-81 0.0 3 0.0 4 0.0 0.0 12
Check Unl reated N/A 30 N/A N/A N/A N/A 26.5

Malacil Lreatments at 70 g Al/ha.
* upper values denote insecls per branch.
++ Jower values denote insects per bud (shoot).
¥ days after first spray somple Laken.
s (Juyy aller second spray sample taken.

]
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Table XV. Larval spruce budworm population reduction and host tree defoliation on combined species 4. Balsamea, P. glaueca and P. rubena

(Bathurst, N.B. 1981)

% Population Reduction (corrected)

Spray No. of
Alodk Spray Farmulat ions Dates Samples 15t count 2" count ¢ 3t count wx 4th count % % Defoliation

1 Matacil 180F + Atlox + I|20 12-06-81 116 55.3% 88.3 90.1 94 .4 14.5
18-06-81 50,3+ 82.0 79.6 BO.4 10

2 Hatacil 180F + Atlox + Hzﬂ 12-06-81 120 30.9 83.1 B82.4 89.8 13.3
18-06-81 0.0 58.0 55.0 £5.6 10

3 Matacil 100F + ID585 12-06-81 110 20.9 78.1 80.6 063.3 13.5
18-06-81 a.0r 44,2 12.1 0.0 11

4 Matacil 1B0OF + ID505 12-06-81 112 1.1 59.2 62.1 72.4 TS
18-06-81 0.0 0.0 0.0 0.0 11

5 Matacil 1.8D 0SC + Sunspray 6N 13-06-81 100 8.8 B4.3 90.2 88.9 8.7
18-06-81 0.0 40.0 75.0 68.0 12

6 Matacil 1.8D OSC + Sunspray 6N  13-06-81 108 20,1 89.8 94.7 96.4 19.9
18-06-81 0.0 79.0 89.8 87.5 12

0 Matacil 1.8D 0SC + ID585 16-06-81 100 29.3 70.9 82.8 .7 26.0
19-06-81 0.0 48.4 0.0 0.0 12

9 Atlox 3409F + H,D 15-06-81 100 0.0 0.0 0.0 1.0 56.0
19-06-81 0.0 0.0 0.0 0.0 12

Check  Untreated N/A 120 19.8 0.0 27.4 32.5 63.5
0.0 0.0 0.0 0.0

Matacil treatments at 70 g Al/ha.

* upper values denote insects per branch.
*+ Jower values denote insects per bud (shoot).

¥ days ufter First spray sample taken.
** days afler second espray sample taken.
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not as effective on red spruce bscause its
phenological develcmment was retarded and
consequently its budworm populaticn was not
optimally accessible and susceptible to thes
sprays. Since red spruce was a minor comgo-
nent of all the sprayed areas (Table I) its
late develorment might not have significant-
ly influenced the spray's overall effects.

Aqueous Matacil 180F generally con-
trolled spruce budworm as effectively as
either the 18(F in ID585 or the oil soluble
concentrate in oil. The block sprayed with
Atlox + water had residual larval densities
not substantially different from the un-
treated check, thereby indicating that Atlox
was not noticeably toxic to spruce budworm.

The two methods of population assess-—
ment did not appear to show any significant
difference in trends. Hewever, there were
occasicns where the insect to shoot ratio
appearad to increase rather than decline
(Table VIII). This was due to defoliation
by the insects which reduced the number of
viable shoots thus making the dencminator in
the 'insect:shoot' equaticn progressively
smaller. This type of 'per shoot' assess-
ment is in reality a combination of assess-
ing, simaltanecusly, both the insect numbers
and scme of the tree defoliation. We have
subsequently found that this anomaly can ke
avoided by adjusting the counting mill tech-
nique to include in the dencminator all
shoots on the branch and not only the viable
ones. The variance observed in the number
of shoots per branch should therefore be
that fcund in heterogencus forest systems
and not induced by insect feeding which is
independently measured as the degree of
defoliaticn.

Percent Population Mortality

The percent insect mortality attributed
to the treatments is considered as one of
the most important and definitive expres-
sions of the treatment's effectiveness. 1In
this study all the treatments except Atlox +
water gave very geod percent larval mortal-
ity. Generzlly, the results showad no
appreciable differences bhetween the two
assessment methods except on white spruce
which reflected those anomolies in larval
population densities discussed earlier. It
was also observed that untreated populations
in whité spruce (Table IX) showed a high
natural mortality which might have keen cue
to the high numbers competing for limited
focod. Consequently, this resulted in the
low corrected mortality figqures shown for
that species (Table XIII). Using percent
larval mortality as an assessment criterion
the results again indicate that Matacil
flowable was as effective in reducing spruce
budworm populations as the CSC. There was
no observable toxicity to budworm which
could be attriluted to Atlox + water.

Arthropod Knockdcwn

The observations in this study were
focused mainly on C. rFfuniferana and the
results show that considerably more live
than dead budworm were disledged and that
the bulk fell 2-3 days after the spray
application (Fig. 6). Larval spruce budworm
tend to react to unfamiliar stimili by spin-
ning out of their irmediate habitat cn silk-
en threads which cascade in large quantities
from the canopv like tinsel on a Christmas
tree. This tinselling was evident in all
the sprayed blocks. It was spectaculer in
blocks 1 and 2 (aquecus Matacil) ocne to



12, 12, .
s~ — —aBlock 2 A- —-4aBlock 2
101 ©—-—oeBlock 4 10+ o—-—aBlock 4
o—— OBlock 6 0——CBlock 6
[~ B 2 Control . Broeses uControl
w 1 Spray Date o J Spray Date
> >
o 81 & 81
= =
£ c
1} ] R
[ —
8 61 o 6
£ E <
o I P
3 ()
'§ 8 /i/ 3\
& 4 m 44 \
\
o K :
5 | 5 \ o
0 N -
E 2] E 2. W /
5 3
z z , .
// .
- e
0 0 IS MERRRPE LS ELEL —_— e . )
o} 6 8 10 12 14 16
Day in June Day in June
Fig. 6. MHNumber of dead (A) and line (B) budworm collected prior to and after Matacil spray. Bathurst,

N.B. 1981.

- 12 -



three days after the first spray application
and barely cbservable in the block sprayed
with Atlox + water. Matacil OsC + Sunspray
6N showed the greatest knockdown of larval
budworm but the tinselling in the block was
not unusually striking. These findings
imply that substantial larval dislodgement
cculd occur without its being manifested by
tinselling and that stimili other than regu-
lar droplets, possibly vapors or aerosols,
might have caused the excessive larval
irritability seen in the aquecus Matacil
blocks. It was evident that, depending on
the conformation of the host tree canopy,
tinselling might result in intra-tree redis-
tributicn of buadworm and not necessarily in
ultimate dislodgement. However, unless the
lower canopy is supportive, this redistribu-
tion might ke Jjust as catastrophic for
larvae as dislodgement.

The Environmental Impact section of
FRMI conducted a more thorough study of the
impact of the treatments on terrestrial
invertebrates and the report indicates that
Coleoptera: Staphilinidae and Diptera were
the only insects knocked down in sufficient
numbers to merit any concern (R.L. Millikin
-FBMI File Rept. No. 15). Even so, the
techniques used during that study would
suggest that the receptacles containing a
formalin solution which were placed beneath
the trees possibly did not just passively
collect dislodged insects, but behaved as
lures and also actively trapped somz of
them.

During our assessment of budworm knock-
down it was observed that spiders appeared
to be affected bv Matacil. This is not
unusual as scme carbamates tend to display
acaricidal characteristics. The results
from our collecticn on drop trays show that
Matacil was toxic to 8 genera of spiders
(Table XVI), Theridion montanum Ererton was
the species which appeared to be rmost
affected. Whereas a high proporticn of the
dislodged larval insects were alive, all of
the spiders were dead.
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Lefoliation

The extent of host tree defoliation is
a function of the feeding activity of insect
pests. This activity is in tuwrn influenced
mainly by the size and health of the insect
population, the tree vigor, and the weather.
Insecticides are applied to affect the first
two factors. The results (Tables XII to
XIV) indicate that white spruce was most
heavily defoliated and red spruce the
least. Fowever, these spacies also recorded
the highest and lowest initial budworm popu~
lations respectively. The blocks sprayed
with Matacil flowable in both water and
IDS85 suffered >15% defoliation except on
white spruce. This is substantially ketter
foliage protection than was received by
blocks sprayed with the 0SC, which experi-
enced >5% defoliation except on balsam fir
in block 5 and on red spruce. On a combined
species basis, Matacil 180F was also as
effective in protecting foliage from budworm
defoliation as the other Matacil treatments
(Table XV). All three srecies in the Atlox
block were defoliated to a similar extent as
in the untreated block (Table XV).

Spray Deposit-Spruce Budwornm Relationships

Rerially applied droplets in forests
have seldem shown a consistent pattern of
behavior. This is not surprising if cne
considers the extreme heterogeneity in
natural forests and the diverse factors
which can influence the sprays. The optimum
and desirable droplet sizes +o control
variocus insects have been widely discussed
(Himel and Moore 1967; Barrv et al. 1977;
Joyce and Spillman 1978) and there is agree-
ment that it is also necessary to have good
coverage in terms of droplet density. Zven
so, aerial spray deposits and insect mortal-
ity often will not give correlaticn when
cards are used to collect droplets (Buffman
et al. 1967). Although the average droplet
densities recorded in this study were not
high (Table VI), it was shown that budworm
population recduction was generally ralated



Table XVI.

Spiders knocked down on three Matacil blocks (Bathurst, W.3. 1981)

Block No. and

tumber of Spiders Dislodged

Treatment Species at Prespray at Postspray
2 Clubiona sp. 0 5
180F + water + Atlox Dictyra phylax Girisch & Ivie 0 1
Theridicn montamum Emerton 0 6
4 Araneus sp. 1 0
1EF + ID535 raticelus fissiceps (0.P.Cambridge) 0 2
Clubiona sg. 0 3
Grammonata angusta Dondale 0 1
Metaphidippus sp. 0 2
Theridion montanum 0 2
9 Araneus sp. 0 2
Clubiona sp 0 2
1.8D + &y Grammonata angusta 1 1
Yetaphidippus sp. 0 2
Philodrems cespitum (Walckenaer) 0 . 1
Theridicn montanum 0 16
unsprayed check Theridion montanum 1 0
to droplet density (Tables XVII to XIX). formulation. th the flcwable in ID585 and

This relationship was more definitive in
balsam fir than in the other host species,
but this might be due to a statistically
mwore acceptable number of samples in fir.
We also found that the per shoot assessment
of percent population reduction seemed to
give inflated relaticnships, probably
because of the denominator anomaly mentioned
earlier. In all the treatments except
aqueous Matacil on red spruce, 1 drop/cm? on
Kremekote cards gave the least control and
the classes 1-5, 5-10 drops/mz the most
consistently faveurable results (Tables XVT
to XIX).

CONCLUSICNS
Matacil 18F was as effective in con-

trolling C. Amiferana on A. balsamea and
Picea spp. as the oil soluble concentrate

in water and the os in ID585 ang Sunspray
el effected 90% corrected larval reduction,
residual larval FPopulations generally <1.0/
45 cm branch tip, and Very goed foliage pro-
tection.

The 18 mixed easily and presented no
application problems. The depositicn char-
acteristics between that ang the 0" were
not substantially difs rent.

The formilation showad ne prencunced
adverse effect on nontarget insect species;
however a =mall number of spiders were col-
lected on drop trays.

It was shown that aqueous tank fermila-
tions, once thought to e liabilities
because of their Propensity to evaporate ang
result in inadequate deposit, can be most
efficaceous, when applied with aircraft with
delivery systems ang under conditiens which
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Table XVII. Droplet density and spruce hudworm mortality on Balsam fir 2. balsamea
' (Bathurst, N.B. 1981)
%
Pop. reduction*
Block Deposit Class. Number of
No. Treatment (Drcps/cm2) samples Per branch Per bud
1 Matacil + Atlox + water 0-1 21 47 58
1-5 17 66 73
5-10 4 a5 89
2 Matacil 180F + Atlox + water 1 25 16 66
5 27 44 74
10 3 61 87
15 1 81 92
3 Matacil 180F + ID585 0-1 3 0 52
1-5 17 0 58
5-10 12 60 88
10-15 4 85 92
15-20 0 - ~
20-25 1 18 76
4 Matacil 180F + IDS85 1 6 0 54
5 12 35 80
5-10 6 76 91
10-15 7 48 83
15-20 3 79 92
8 Matacil 0OSC + ID385 1 2 0 46
5 21 20 67
5=10 6 52 85
10-15 2 €8 T
15-20 2 4 63
9 Atlox 340SF + water 1 26 0 50
5 1 0 49

Drcplets from blocks 5 and 6 not included
* Assessed 2 days after 1st application.

capitalize on the evaporative potential to
produce cptimum sized droplets at the tarcget
sites.

Assessments of larval budworm popula-
tions using per tud and per branch methods
generally produced similar results.

due to incomplete analysis by the spot scanner.

The initial phenological development of
red spruce P, rubens was much slower than
that of either P, glawra or A. balsarea.
Pesticide applications timed to the develop—~
ment of the latter two possibly were not as
effective on the former. Thus the scecies
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Table XVIII. Droplet density and spruce budworm mortality cn White spruce clauca
(Bathurst, M.EB. 1921)
%
Pop. reduction*
Block Deposit Class. Yumber of
No. Treatment {Drops/c:nz) samples Per branch Per bud
1 Matacil 180F + Atlox + water 0-1 3 43 48
1-5 2 58 72
2 Matacil 180F + Atlox + water = - - -
3 Matacil + IDS85 0-1 3 0 0
1-5 6 0 61
5-10 5 26 76
4 Matacil ID585 0-1 3 0 39
1-5 8 0 43
g Matacil 1.8D + ID585 0-1 1 0 75
1-5 5 27 60
5~-10 4 0 74
9 Atlox 340SF + water 0-1 10 0 10

Droplets from block 5 & & included due to incomplete analysis by the spot scanner.
* BRssessed 2 days after 1st application.

consideration in determining the timing of

check block.

It is therefore apparent that

épplicaticns to control defoliators.

The response of C. Ffumiferana to Atlex
3409F sprayed as an independent treatment
were similar to those seen in the unsprayed

whereas Atlox might improve the sprayabilitv
and consequently the efficacy of aquecus
Matacil there is no evidence that it con-
tributes insecticidally to the formulation.
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Table XIX. Droplet density and spruce budworm mortality on Red spruce P. rubens
(Bathurst, N.B. 1981)

%
Pop. reduction*
Block Deposit Class. Number of
No. Treatment (Drops/cmz} samples Per branch Per bud

1 Mataci_l + Atlox + water 0-1 4 48 57
1=5 5 33 55

5-10 1 28 17

2 Matacil + Atlox + water 0-1 3 0 63
3 Matacil 18(F + IDS85 0-1 0 - -
; 1-5 0 - -

5-10 2 95 91

4 Matacil 18(0F + IDS8S 0=1 0 -

1-5 4 0 32

5-10 5 30 62

10=15 0 - -

15-20 0 -

20-25 1 0 0

8 Matacil 1.8D + ID585 0-1 0 - =
1-5 4 26 38

5=-10 2 0 0

9 Atlox 340%F + water 0-1 5 0 0
1-5 1 0 0

Creplets from blocks 5 and 6 not included due to incomplete analysis by the spot
scanner.

* Assessed 2 days after 1st application.
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