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ABSTRACT

A large-scale operational field crial utilizing three applications

of chemical insecticides and covering 120,960 hectares (298,900 acres)
was conducted in 1977 to prevent, severe defoliation of balsam fir (.Abies

balsamea [L.] Mill.), red spruce {Piaea vubsns Sarg.) and black spruce
(Piaea. mariana [Mill.]) in Che Gaspe region of Quebec. Egg mass surveys
in 1976 indicated unprecedented levels (2S00+ egg masses/10 sq. meters
of foliage), thus posing the problem of forest resources protection under
abnormal conditions of pest populations. Two treatments of oil-formulated
fenitrothion were applied at 0.28 kg Al/ha (4 oz Al/ac) to reduce second-
ana early third-instar stages of the spruce budworm. A third application
of oil-rormulated aminocarb was applied at 0.07 kg Al/ha (1 oz Al/ac)
when the larval population had reached 25% fourth instar. All formula
tions were applied at 0.84 Z/ha (11.52 fluid oz (U.S.)/ac) using Douglas
DC-63 spray aircraft, incremental application technology and inertial
guidance swath navigation.

Results of the cumulative effects of two early treatments of

fenitrothion spray against the second- and early third-instar budworm

larvae indicated an average larval population reduction of 70% in Abies
oaLsamea and 84 £ in Piaea martana and Piaea vubens. Assessment of the
third aminocarb spray, applied when 25% of the remaining budwora popula

tion had reached the fourth instar stage of development, indicated an
average population reduction of 32-33% on balsam fir and 0% on spruce
host trees, with an average total population reduction of less than 10%.

Assessment of dosage/population reduction data on an individual
tree basis within spray volume deposit categories indicated that spray

coverage (drops/cm-) was far more important than volume deposits (£/ha)
xn reducing larval population of budworm within the tree canopy.

The most consistent feature of uni-directional spray drift from
multiple spray applications was the underdosing of the downwind side of
tne sample trees with resultant low larval reduction and subsequent
high defoliation.

Data on the effects of extremely light deposits of multiple feni
trothion sprays indicated that sublethal doses of small aerosol droolets
appeared to exert a knockdown or irritant effect on the second- and"
early third-instar larvae. The overall effect appeared as a reduction
in larval population numbers within the tree crown.

Average current defoliation within the sprayed area was 50% as
compared to 100% in the non-spray check area. Defoliation on individual
trees varied from 0% to 100% with the highest dearee of defoliation

occurring on trees located on south-facing slopes, i.e. downwind side
of sample trees.

(i)



RESUME

En 1977, en Gaspesie, 120,960 ha (298,900 acres) ont recu trois
applications experimentales d'insecticidas afin d'eviter la defoliation
dusapin baumier {Abies balsamsa [L. ] Mill.), de l'epinette rouge (Pioea
ruoens Sarg.) et de l'epinette noire (Piaea mariana [Mill.]). L'annee
precedente, les masses d'oeufs avaient atteint un chiffre sans precedent
(plus de 2800 sur 10 m2 de feuillage), ce qui laissait entrevoir des
difficultes de proteger la forSt contre des infestations anormales.
Deux preparations huileuses de fenitrothion ont ete appliquees a raison
de 0,28 kg IA/ha (4 onces lA/acre) contre las larves du deuxieme stade
et du debut du troisieme stade de la tordeuse des bourgeons de l'epinette.
Une troisieme preparation huileuse d'aminocarbe a ete appliquee a la dose
de 0,07 kg IA/ha (1 once IA/acre) lorsque le quart des larves etait au

quatrieme stade. Toutes las preparations ont ete appliquees a raison de

0,84 £/ha (11,52 onces liquides U.S./acre) au moyen de Douglas DC-6B, par
les techniques duplication de doses croissantes et de navigation Dar
inertie.

Les effets cumulatifs des deux premiers traitements ont ete une
reduction moyenne de 70 7, de la population larvaire sur A. balsamsa et
de 84 % sur P. mariana et ?. wbens. L'aminocarbe a globalement reduit
les populations residuelles de moins de 10 Z (de 32 a 33 % sur Abies et
de 0 % sur les Piaea).

D'apres le rapport dose/taux de reduction des populations, par
arbre et par intervalle de volume d'epandage, le nombre de gouttes au
centimetre carre est un facteur beaucoup plus important de reduction des
populations du couvert forestier que le volume (litres) par hectare.

La derive unidirectionnelle du nuage pulverise en applications

multiples a eu comme caracteristique la plus constante d'exposer le cote
sous le yent des arbres a une dose moindre, ce qui s'est traduit par une
faible reduction des populations larvaires et par consequent une forte
defoliation.

Les donnees sur les effets de depots extrement faibles de pulve

risations multiples de fenicrothion montrent que les doses subletales des
gouttelettes d'aerosol ont semble exercer un effet de choc ou une irrita
tion chez les larves du deuxieme et des debuts du troisieme stade.

L'effet global a semble etre une reduction des populations dans les cimes.

La defoliation moyenne dans la zone traitee etait de 50 %, compa-
rativement a 100 % dans la zone temoin. Dans les arbres pris individuel-
lenient, elle variait entre 0 % et 100 %, etant maximale dans les arbres
des versants faisant face au sud, c.-a-d. sous le vent d'autres arbres.

(It)
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INTRODUCTION

The history of spruce budwora, ChoTiston&ura. fimifsrczzc (Clem.),

outbreaks in feastarn Canada has shown that severe infestations of Cilia

species over Large areas of spruce and fir forest, if unchecked,

eventually lead to the destruction of a major portion of that resource

(Swaine 1924, Morris 1963, Prebbla 1975). In the rail of 1976, egg

sass counts taken from the Gaspe Region of Quebec indicated that un

precedented population levels of budworm larvae would be present cha

following spring to attack a forest that had survived two years of

severe defoliation (.Desaulniers 1977).

In view of the severity of the expected infestation (2300+ egg

masses/10 n2 of foliage) the Protection Service of the Department of
Lands and Forests, Quebec, (Direction de la Conservation, Service

d'lntonologie at da Patholcgie) requested the Fores:; Pesc Management

Institute, Sault See. Marie, Ontario to assist in the selection of a

suitable insecticide spray regime for the protection of high value

stands in Che Gaspe.

i

The severity of the budworm infestation indicated that extensive

bud and hence foliage damage would occur before phenologies! conditions

(i.e. flaring of the new shoot growth) vere ideal for normal spray

application against the fourth-, fifth- and early sixth-instar larvae.

It was therefore recommended that maximum effort be made to prevent

Che establishment of second- and early thirc-instar larvae on developing

current year's foliage. Studies undertaken during the late 1960's and

early 1970's indicated thac fanitrothion and aminocarb were highly

effective against the second and early third instars of the budwomi

(Randall 1970). Furthermore, multiple applications at reduced dosages
vere acre effective than single heavy dosages (Randall 1971, 1976).

A working committee composed of members from Quebec Depc Lands

and Forests, environment Canada and Agriculture Canada su^ested that
a multiple-spray regime for spruce budworm control in the Gaspe region

would require dcsaga races above the levels currently registered (for
forest use (i.e. maximum seasonal application of 0.42 kg Al/ha

fenitrothion [6.0 oz Al/acre] and/or 0.106 kg Al/ha aminocarb ll.5 02

AI/acre]). A final recommendation of two early successive applications
of 0.28 kg of fenitrothion/ha (4 oz Al/ac) at a five-day interval (i.e.
to strike the emerging second- and early third-instar larvae), to be

rollowed by a third spray oz arainacarb 0.0S8 kg Al/ha (1.25 oz AI/acre)
applied when the larval population had reached 25" fourth instar was

approved by a working group of the Federal Interdepartmental Committee

on Pesticides under procedures set out in Trade Memorandum T-104,

established under the Pest Control Products Act.

By agreement, the use of the above dosages was predicated on

a system of complete monitoring studies to be carried out within the

spray area. On the basis of the above recommendations, an area of

120,960 hectares (298,900 acres), designated as Block 305, was selected
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as che trial site. Spraying was to be carried out over rivers lakes
screams and rorest to provide research data on the environmental impact
or early multiple sprays of high levels of fenitrothion on earlv-instar
larvae of the spruce budworm and non-target organisms within the
forest ecosystem (Kingsbury 1978).

This report is an in-depth study of the deposit and efficacy

™^ "llecCed in 19 77-78, a preliminary analysis of which appeared in
FPMI Information Report FPM-X-5 (Randall et al. 1977).

MATERIALS AND METHODS

Experimental Sits and Block Design

An irregular area of 120,960 hectares (298,900 acres) in the
interior of the Eastern Gaspe Region (where egg mass counts in

excess of 2800 egg masses/10 m2 of foliage were recorded) was selected
as the experimental/operational area and designated as Block 305 (Fig. l).
The terrain within the block varied from rolling table lands in the
central and southern areas to the extremely rough terrain of the Chic-

Choc mountain range in the northwest corner of the block. The forest
within this area was predominantly a young black spruce (Pioea mariana
[Mill.])/balsam fir (Abies balsamea [L.] Mill.) complex with 90-100%
defoliation of the new growth. Within this complex, red spruce (Piaea
rubens Sarg.) hybrids were interspersed amongst the black spruce and
balsam fir, particularly on hill-top sites.

Review of meteorological data within the Gaspe land mass

indicated that morning and evening winds occurred predominantly from the
northern or southern quadrants. Programmed flight lanes for the Douglas

DC-6B spray aircraft were, therefore, established in an

east/west direction to utilize the expected crosswind components for spray
droplet dispersal. The most desirable biological transect lines for spray
deposit retrieval and biological sampling were initially planned to follow

a north/south road system to provide a transect of deposit recovery data
at right angles to the proposed swath lanes across the block. This, how

ever, was impossible, due to the abundance of snow on the north/south

road system. Thus, the less desirable east/west interconnecting road

from highway 299 to 198 via Murdochville in the northern third of the
spray block was selected as the sampling line. The sampling line was

divided into 13 zones or areas to provide sampling sites for the selection
of sample trees and spray deposit recovery stations. These zones were
designated alphabetically from east to west (Fig. 1) to provide a variety
of swath-lane transects of spray deposits for dosage/efficacy studies on
the early-instar stages of the spruce budworra.
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FIG. 1 Map of operational experimental area (Block 305) showing aircraft flight

lanes, terrain characteristics (Chic Chock mountain range in western section),

and tree sampling stations across the block.

Aircraft and Spray Equipment

Doufilas DC-6B spray aircraft equipped with the Litton LTN-51

inertial guidance system, full-wing-span booms and open-orifice nozzles

mounted above the wings (Fig. 2) were used throughout the program

(Randall 1975). The spray system was updated to include a computerised

flow unit to regulate the flow-rate of spray formulation through the

nozzles according to air speed. This, theoretically, should provide a

constant emission volume of pesticide/acre by increasing Che flow rate

with increasing air speed and decreasing the flow rate nt lower air

speeds. The effect of this modification on droplet spectrum character

istics, however, was unknown, since there was insufficient time to

undertake low- and high-speed calibration trials before the commencement

of the sprav operation.

Each aircraft carried a total of 12,113.0 liters (3200 gal U.S.)

of spray formulation per sortie. Rate of flow was calibrated at

A76..95 P./minute (1?6 gal fU.S.] /minute) at 200 knots airspeed using 110

onen Spraying Systems nozzles (3/16-inch orifice) set at a contact angle





FIG. 3 Spray emission height relative to terrain characteristics <a> above hilltops,

(bi above valley floor (note forest conditions 20/5/77).

Table 1

Physical and chemical composition of the

fenitrothion and aminocarb formulations

Spray

Application

1st and

2nd applications

(May 20/77)

(Hay 29/77)

3rd application

(June 16/77)

Formulation

Composition %

Fenitrothion 26.27

Arotex 3470 30.93

No. 2 Fuel Oil 13.40

No. 4 Fuel Oil 29.40

Total 100.00

Aminocarb** 49.60

(MatacilG)

No. 2 Fuel Oil 26.20

No. 4 Fuel Oil 24.20

Total 100.0

Density

C^/ml) 25°C

1.323

0.926

0.848

0.926

1.021

0.933

0.848

0.926

0.902

Viscosity*

25°C

32.8

1.9

2.7

33.0

7.8

82.0

2.7

33.0

14.5

*Saybolt using Ostwald Fensky viscosimete-rs.

*AAminocarb concentrate solution formulated with nonylphenol solvent,

thus accounting for the relatively high viscosity readinp.
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Spray Meteorology

follows:MeCeOr0l°SiCal UmiCS f°r Spray 3PPlicaCi°n were established

(a) Wind- speed: ground 0 to 9 kra/hr (0-6 mph)

aloft 1.6 to 20 km/hr (1 to 12 mph) with
minimal turbulence

- direction: within 45° of crosswind to flighc lanes

(b) Temperature: preferably constant wich minimal rate of
change, (below 0°C acceptable)

(c) Spray emission height: piloc responsible for safe flighc
path with minimal clearance above hill tops
at 30 tn (100 feec)

(d) Humidity: not critical when using oil formulations, no
spraying when foliage wet.

Selection of spray limits, within che established meteorological
parameters, was undertaken by Che Aerial Service Team (Quebec Department

or Transport), Conair Aviation, and the Quebec Department of Lands and
Forests to ensure accepcable spray deposition and use of available
spraying weather.

Spray Regime and Timing of Applications

Due to the severity of the infestation and the high probability
or extensive bud damage, the committee recommended thac maximum efforts

be made to prevent a high proportion of larvae from becoming established
in che developing buds. The proposed recommendations, therefore,
suggested two early treatments each of 0.28 kg Al/ha fenitrochion (4 oz

Al/acre) in an oil-based formulation to be applied as follows:

1. The first application at 20?; emergence of che second-instar
larvae;

2. The second application to occur 5 days later, weather
permitting.

A third application of 0.08 kg Al/ha aminocarb (1.25 oz/acre)
was recommended to be applied when 25% of the budworm population had

reacned the fourth-instar stage of development. This was eventually
reduced Co 0.07 kg Al/ha (1.00 oz Al/acre).

Furthermore, ic was recommended chat budworm populations be
carefully monitored for evidence of acceptable control in the second-
instar stage, such that subsequent aminocarb treatment could be reduced
or deleted from the program.
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Monitoring and Assessment of Spray Deposits

Samples of the deposited sprays were taken at fixed locations

across the spray block to ensure reliability of deposit data for the

determination of cumulative volume and drop/cm counts. A sampling

station consisted of a fixed 30 era metal stake in the ground with

attached metal platform for holding the sampling unit. Each station

was located in close proximity to a sample tree and consisted of an

open area 6 meters or greater in diameter to allow unobstructed fall

of spray droplets onto the sampling units (Tig. 4).

FIG. 4 o) Typical sampling station for spray deposit retrieval (20/5/77)

and <b> close-up of horizontal platform and sample unit.

The sampling unit (Randall 1980) consisted of a 100-cm2
C4" x 4") Kromekote card and two 50 x 75-min hinged glass slides. These
were fastened to two 10.5 x 10.5 cm x 0.83-mm (22 gauge AMS) aluminum

Plate, hinged together to form a sampling unit that could be opened and
closed like a book. These units were clipped on to the metal platforms
in the open book configuration. After spray deposition, both the glass

slides and the unit were closed to form a compact 100-cm2 unit for the
protection and storage of spray deposit data.

The glass slides were subjected to colorimetric assessment of
the dye fraction of No. 4 fuel oil against a standard of the insecti
cide formulation to provide volume deposits in terms of A/ha (oz/ac) .



assessraent of the spray deposit on the Kromekote cards
ireiic^ ^ation of drop stain sizes, drop numbers ££ «£t
area (cm ) , spread factor of drop sizes on Kromekote cards and the
alculatxon of volume deposits in Z/ha (oz/acre). In additSn dr

n dronl

arS™id^TCCe^SnicS "J the "hole 3pray for each aPPlicSioa an
ILl^l ff anplinS SCatlons> were determined to assist in dosage-
mortality effects of drop size and drop number on larval reduction

«<•*< f PH Jeposlt stains °" th* Kromekote cards were counted and
sized using a N.C.R. microcard reader calibrated to provide a 26X screen
image resolution of 1 sq. Cm of the Kromekote card surface. A calibrated
graticule containing a series of stain image sizes was developed for
classitication and grouping of the various spray deposit images for each
microcard reader. A minimum of 200 stains or 5 square centimeters of
card area were counted to obtain a representative population of drop
si2es. All stain diameters over 500 microns were sized and counted on
the basis of a lOO-cm* card surface area to provide a realistic volume
deposit measurement. Volume deposits (it/ha) and area coverage (drops/
car1) were determined from these data.

Monitoring and Assessment of Buduom Populations

Since the major emphasis of the spray program was directed to
tne protection of the new bud growth, (i.e. the interception and

destruction of the second- and early third-instar larvae) an accurate
and reliable system of determining pre- and post-spray larval popula
tions on each tree was of prime importance. The standard apical 45-cra
(18-inch) branch tip, while acceptable for the determination of popu
lation levels of fourth, fifth and sixth instars (Balch 1952,

Hurtlg et al. 1953 part 6 and 7, Fettes 1950) would not provide a
realistic population index of emerging second instars, since the over
wintering larvae can be found on all segments of the branches and tree
trunk (Miller 1958). Subsequent studies by Miller, using whole branch
samples, indicated that 35% of the hibernating population occurred
within the peripheral area, with 65% of the emerging population recovered
rrom the remainder of the branch (Morris 1963).

Studies by the authors in tne fall of 1976 (to determine

suitable branch length for establishing a reliable index of pre-emergent
populations of second-instar larvae) indicated that the majority of
upper crown branch lengths ranged from 75 to 114 cm (30-45 inches). Mid-

crown branches of similar lengths contained over 90% of the needle foliage

(6-7 years growth), thus conforming to the whole branch concept suggested
by Morris (1955). NaOH extraction of 46-cra (18-inch) branch tips and
96-cm (36-inch) whole branches has indicated that approximately 2/3 of
the hibernating second-instar population occurs beyond the 46-cm
terminals, thus confirming the use of a whole branch or at least the
foliated portion of the branch as the sampling universe for studies of
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emerging budworm populations (Randall unpublished data). These larvae,

after feeding on the needles, flowering buds, and small adventitious

buds, eventually move to the larger terminal buds where the greatest

defoliation damage occurs.

In the spring of 1977, a wax-impregnated corrugated cardboard
box, 100 cm x 50 cm x 8 cm, with a wooden divider and replaceable top

and bottom caps, was developed as tne basic rearing unit for determining,

the emerpence of early instar stages of the spruce budworm. The top

caps were designed to accommodate two tubular (fiO-ctn x 1.5 cm-diam.) clear

plastic light probes with 6.5-cm diam. plastic dixie cups and lids as

the collecting site for the emerging larvae (Fig. 5). The design and

development of the emergence units were based on the early findings of

Wellington (19AS) that all stages of the spruce budworm larvae are

FIG. 5

Insect emergence unit for field

collection of second-and early

third-instar larvae from host

tree foliage (outer cardboard

sections of unit removed to

show correct positioning of

light probe (left) relative to

branch sample}.

phototropic to a discrete source of light. The emerging larvae are

positively phototropic and thus move towards the light probe and upwards

into the plastic dixie cups where they are collected.

Each box served as an emergence unit for a single tree sample,

i.e. an upper and a mid-crown 96-cm branch sample. The cut end of

each branch sample was covered with wetted cotton (100 cc) and enclosed

in a small plastic bag prior to placement within the boxes. Completed

boxes were then placed on the rearing racks with the proximinal ends

of the plastic light probes and covering dixie cups in close proximity

to a fluorescent light tube. The latter were integral parts of the

rearing racks. Each rack contained 58 emergence boxes, the equivalent

of one sampling schedule of the block.
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Daily emergence counts were taken over a period of 15 days. The

containers were then opened and the foliage and container checked for

remaining larvae. Assessment of the larger fourth and fifth instar

larvae on the 96-cm branch samples following the third spray application
were made using the beating drum technique (Deboo et al 1973), Fig. 6.

FIG. 6

Use of beating drum

{DeBoo et al 1973) for

determination of late fourth,

fifth and sixth instar larval

populations.

All biological data was subjected to correction for natural
mortality using Abbott's formula:

(% population reduction = MPected -observed
expected J '

RESULTS

Meteorological and Phenological Observations during the Spray Regimes.

Meteorological observations using ground meteorological equip

ment, Pibal weather balloons, records of host tree phenology and larval

development taken within the spray block during the period of each spray
application are summarized in Table II.
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Table II

Observed zeceozslagicai zcndirions, larval ij;st:ars and

hose -rae phenology a.c ci^ie o: Spray application.

Lst Application 2nd Application 3rd ipplicatiei

Mecsorological ?aaicrochiotl Feniirochior. Aninccarb
Conditions (20/5/77 AM) (29/5/77 ?«) (16/5/77 ?&)

"ir.d direction CMag)

Wind speed aloft

CWhr) ground

Clcud Cover

1.6 - 4.8

0.0 - 3.2

4/10

310°

6.4 - 3.0

0.0 - 3.2

10/10

350°

9.5 - 12.3

4.8 - 9.5

1/10

wet

dry

RH

28

3°

C

C

(353?)

(37°?)

36%

3

3

°C

°C

(37

(47

37';

8°C (47°7)

13 = C (55a7:

56%

r.d Cover in "Joods Snow in --cods

with open water with paczhes

on frazer. lakes of bars around

zrounet cover

la—7al Ins tar

X.)

Host Trae

Phenology

2r.d (100%) 2nd (70%)

3rd (30%)

3rd (75%)

4ch (25%)

3uds on balsam 3uds en balsam 3uds on balsam

rir and spruce fir and red

species donnanc, sprues cscky

deciduous crees and swollatl,

showing 3i£r.s iecideous

o f spring hardwoods ir.

growth.

spruce showing

needle growth

buc p.oc flared,

deciduous hard—

aarly flowering voods in earl;.*

stage o; leaf devalop-
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During che early spray periods (May 20-29/77), Che following

observacions were noted: abundant: snow coverage within the forest
open patches of water on ice-covered lakes and depressions, streams and
river tributaries active with above-normal wacer levels.

By contrast, during the aminocarb spray {June 17/77), a marked

change in phenological development was observed between the western
valley bottoms-of the spray block and Che higher elevacions of the

northeast corner. In the western lake region, some signs of shooc

flaring were observed on balsam fir Crees, particularly on southern
exposures. By contrast, the following phenological conditions were

recorded in the northeast area of the block: areas of cooler condicions

with paCches of snow evident in the woods, pin cherry (Fnmus

pensylvaniaa L.F.) in full blossom, leaves 3-5 cm long, yellow birch
(3stula allaghanisnsis Britton) with leaves 5-7 cm long and trembling
aspen (Populus tvermloides) wich leaves 1-2 cm in size were well past
the flowering scage. Plants such as dandelions (TaraBacum sp.) and

coltsfoot (Tussilago farfara) were in full bloom. Balsam fir and red

spruce buds were swollen, wich signs of needle growth protruding at the
tips.

Spvay Application and Timing

Special care was taken to adhere to Che committee recommendations

on spray ciming for both the early fenitrothion and late aminocarb

sprays. With the exception of the second fenitrothion spray, which

occurred four days later Chan anticipated, che program plans were

completed on schedule as outlined in Che recommendations. The single

departure from che original plan was carried out to accommodate a request

by the Environmental Impact Team of FPMI and the Quebec Dept. of Wildlife

for an early morning spray in preference to an evening application.

Meteorological conditions, however, remained unfavorable for morning

application; thus, che second fenitrothion spray occurred on the evening

of May 29/77, four days later than planned. Larval activity was at the

early bud-mining stage.

Spyxiy Deposit Analysis

The results of spray deposit analysis of the Kromekote cards

and colorimetric analysis of volume deposits on the glass slides for

each spray application are presented in Appendix A, Table I. The deposit

daca in terms of drops/cm2 and volume £/ha (oz/ac) from each spray
applicacion are illustrated in Fig. 7 (A), (B), (C) and (D), for the

first early fenitrothion spray, second early fenitrothion spray, cumulative

fenicrochion deposit, and the third late aminocarb spray respectively.

Volumetric measurements are shown as £/ha and oz/ac for easy comparison

purposes with past ultra low volume deposit measurements. For con

version purposes 1 fluid oz (US)/ac = 0.0731 l/ha.
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A visual assessment of the droplet densities (drops/cm2) and
volume deposits (£/ha), from each of the three sprays (Fig. 7) shows an
extremely wide inter-zone as well as inter-tree sample variation of
deposits across the spray block. The low deposits recorded in Zone A
are typical of boundary deposits on the upwind side of the spray block

that are subject to spray line cut-off effects. Unusually high deposits
(above nominal emission dosages of 11.52 oz/ac) such as H-2 (Fig. 7 A)
and J-2 (Fig. 7 D) indicate either multiple swath effects, low emission
swath height (Randall 1975) or ground turbulence (.Armstrong 1977). The
overall erratic deposit values recorded throughout the area represent
departures from the usual uniformity of ULV spray deposits as recorded

on calibration trials and operational spray programs utilizing multi-
engine aircraft and incremental application technology (Randall and
Zylstra 1972, Randall 1975, Randall 1977).

The preponderance of high volume deposits with low drop counts/

cm is not typical of a ULV spray droplet deposit pattern and therefore

suggests a relatively coarse droplet spectrum. This is particularly

evident of the aminocarb deposits Fig. 7(D) where volume deposits are
greater than drop densities using a graphic scale wherein 40 drops/era2

is representative of the emission volume, i.e. 0.84 I"/ha (11.52 oz/ac).
The advantage of multiple-spray application Co circumvent this problem is
partially illustrated in Fig. 7(C).

Droplet Spectrum Character-istias of Spray Deposits

Analysis of the drop stain sizes of che spray deposit from each

application, and conversion of stain diameters into appropriate drop

diameter classes using calibrated drop size/stain diameter conversion

factors, provided the basic data for the determination of maximum drop

size (D max), volume median diameter (VMD), and number median diameter
(NMD) of the droplet spectrum characteristics of each spray cloud at

point of impaction. These data are presented in Table III and graphi

cally illustrated in Fig. 8(a) , (b) and (c) for the first, second and

third spray applications respectively.

A visual assessment of the droplet spectrum characteristics of

the fenitrothion spray deposits (Fig. 8a and b) indicated a relatively

medium-fine type of spray (NMD and VMD lines close together) that doe's
not appear to agree with the pattern deposits as shown in Figs. 7A and

7B. The latter two figures show a preponderance of volume deposits over

coverage deposits (drops/cm2) which is characteristic of a coarse droplet
spray (NMD and VMD lines far apart). This is partially evident in the

arainocarb droplet spectrum graph (Fig. 8C) and shows up again in Fig. 7D

as a loss of spray coverage in terms of drops/cm2. This loss can be

attributed to the extremely high viscosity of the nonyl phenol co-solvent

in the aminocarb formulation that affected the production of a fine spray

droplet spectrum at the air/liquid Interface of the spray nozzle orifice.



F^NITROTHION AMIN0CAH8
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OQ MO XO *D0
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FIG. S Volume median and number median diameters of the fenitrothion

(aStb) and aminocarb (c) sprays.

Table III

aoecuriin caaraccaristics of soravs

Deoosic

Classification

Dmax

VMD

Insecticide Formulation

Fenitrothion

lsc Spray 2nd Spray

315 u 295 u

37 u 35 u

43 y 47 u

Ainino carb

3rd Spray

341+11

124 u

73 u

Calibration

(1972)

200 - 250

70 - 90

40 - 60

Data

p

= maximum drop size of spray

VMD = Volume median diazcecer. The drcpieC diaiEet&r at wulch half Che

volume is made up of droplecs larger than the stated diameter.

>JMD = Number median diameter = Frequency Median Diameter (FMD) . The

dropl&t diameter at vhich half the detectable number of droplets

are smaller than the seated diameter.

Drop spread factors:

fenitrothion formulation: x = 0.532y3-351 + 12

aminocarb formulation: y_ = 0.643y°l53 + 10

The anomalies in the fenitrothion spray deposit patterns must

be attributed to factors ocher chan formulation and equipment character

istics (since the formulation, spray aircraft and bootn-and-open-nozzle

system have provided excellent spray coverage a:i calibration and operational

spray programs prior to 1977) or the use of the computerized flow unit.
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BIOLOGICAL ASSESSMENT OF 8UDWORM POPULATIONS

Untreated Check Population of Spruce Buawovm

The biological data collected from the unsprayed check area
throughout the monitoring program are presented in Appendix A, Tables II
UJ, (tO and (c). The data are summarized In Table IV and graphically
illustrated in Fig. 9 to show average larval emergence and population
decline in balsam fir and spruce host trees.

Emergence of second-instar larvae occurred over a period of

approximately 10 days. During this period (May 16-26) the larvae were

round wandering over the foliage, and/or mining needles. Evidence of
bud mining and the appearance of third-instar larvae occurred in the
latter half of this period. Natural population decline of budworm larvae
on balsam fir and spruce host trees followed somewhat; different patterns
within the check area. This is particularly evident in the population
stability of second-instar larvae on spruce early in May, followed by a
dramatic decline in larval numbers in Che second week of June. Bv

contrast, a consistent gradual decline in larval numbers occurred on

balsam fir during the same time interval (Fig. 9 and Table IV).

Assessment of emergence data indicated average host populations

of 237 secondT.nstar larvae/96-cm branch on balsam fir and 262"second-
instar larvae/branch on spruce. These values represent the average counts
taken from upper and midcrown branch samples as summarized in Table IV.
It is interesting to note that larval population densities on both

balsam fir and spruce host trees were higher on the top branch samples
throughout the sampling period than on the midcrown positions. This

difference in population numbers could well account for the severe

defoliation of terminal shoots on both spruce and balsam fir trees,
particularly under conditions of high population densities where the

ratio of larvae to buds becomes exceedingly large.

The above biological data served as the base line for the

establishment of the expected population density trends for larval popu

lations within Che experimental spray block. Prespray larval densities

from Block 305 were used as the base line for calculations of expected

densities throughout Che program using the % larval survival values on

balsam fir and spruce host trees from the non-spray check area (Table IV).



ia Lv

Average population survival dansity of sprues budvora larvae /

96-ca branch sasple from cha UncrsaCad Check Plot

No. of

Sraach Branch Sana 1ins Schedule

Tree Position Sanples ±2/5/77 21/5/77 1/5/77 9/5/77 13/5/77 23/6/77

Top 11

Mldcrowti ll

247.3 135.3 145.i ag,3 72.4 72.2

223.0 153.3 141.Q 99.7 65.6 L^'.Z

237.6 177.5 143.2 99.1 59.0 60.7

". Survival 100 74.7 60.3 41.7 29.0

Top

Midcrown

Average

9

9

13

260.1 246.3 176.5 156.5 71.3

265.4 229.3 169.2 174.1 60.1

262.7 238.3 172.9 155.3 65.7 59.3

5 urvlval 10O 32.3 52.9 51.3

31.0

57.6

Z Sur

riot

vival

Average 40

100

248. 9

90

204

.7

.3

65

156

.3

.5

63

123

.0 25

67

.0

.6

25.

64.

5

1

-7.2 25.7

r'r3~ ir post—Suraos

~s spraj program ara jre

V. Tha -a:a are graphically lllu^tr
consecutively Co shew the t^ac: »£

Che block as a whole, and :h
en balsa, fir and spruce

-

:r:r. 5iodc 305

t1 rf L"aced

ticidf««^™
e .£*««

canopy
on .arval populations vi:hin =ha foresc

Larval populaciocs
igher ,. balsa, fir C^OO

or. sprue* he- craes ^ --! 5
:r,e'vi§cr cr sitt UcaS™ S^S? ™I 3

! ~" 5 ^itial la"'-al Populations

zzl trees.



rn

ra

1

>-

.d

UJ

O

d
i—

_j

1*O>

32D

300

210

240

130

JOO

lie

16.D

140

13a

I0o

10

40

ao

o

id

a __

. . w
11 H tl

^^^^ "-

r ■**

/
i

M 10 33 34 34 71 M 1 3 j

^^-^ \

7 9 11 11 kl 1? 111 3> 31 1J17

FIG. 9 MATUHAL LARVAL POPULATION DECLINE JN CHECK
BLOCK (SPHUCEJIH ANU AVERAGE}

5

O

100

ta

Ml

4D

■10

o

1-0

FIG. 10

U 13 ij 17 IV 31 31 1J17
JUNE

NATURAL AMD EXPECTED LARVAL POPULATION DECLINE
IN CHECK AMD SPRAY BLOCK 3(15 (SPRUCE AND FIR]

i-*
Cju

K> U I. t& a^a ii 14 1* it m I ) i i ni t) » 17 iV Vi h ai 3/

:IG.1I NATURAL AND EXPECTED IARVAI POPIIt ATlflN nFRlNATURAL AND EXPECTED LARVAL POPULATION DECLINE
CHECK AND SPRAY ULOCK 30b (I:IR TREES (INLY)

FIG 12
3 * ; * iti a " 1T "1] " "i7

NATURAL AND EXPECTED LARVAL POPULATION DECLINE
IN CHECK AND SPRAY BLOCK 305 (SPRUCE TREES ONlY)



Tutiia

Tree

ii. .lit

..imJ- |f|t<] ii.ii I y H li i I il -■ liLirl dii |iu|iul ill I (ill I'Qtluet iou (ill 4i|,i|ii'i i.

IB I tic I u Ml III on i 11 SilPip lea hil ] uu I ri;; I wn td|j|i 1 I i:nl i mil.

| I'muinl.ii i*tl I L-uli i (Uli hut a|ii .iyu iil LI. 211 Kn A| In U.S4 '/]'•

{< mb Al lit 11.ii lliilJ azfnc)

<.r

*>«

I* 11 -

1* III,,!

Ai

lift. Pi lUt

III,

Si..

,,,, „

"A,

„

tuiil

2ml Pose Spmy

'ill IhiUCH

lid I'oal S]i

(i_ 'i'-yii.

I:K|)C

l'49t'l!ft|tL '- i ■' i I .' ' I tin

I I.L POUL 2llll l'»:il Jl'l l'U4l

hiton

HlTAI.

1/2.7

Ti>p

Ht*t

TOTAL.

II v t

Top

Hnl Hun

W.A..

i:hec»t

III,.

1 i c-.i L till

II

11

1,-J

U)

I.'II

Ii7.

lib.

11/.

Ml.

JfcJ,

2'i'J.

1

7

41

7

ii

L 1

1 1

:.

■-.

i '

129.0

:i lit,

I2U.6

IDI it

IW.e ■;

u

[i

u

i it.* *

i2«.a

l SO.

^ 61,

9 5b.

4

/

1/(1.

164.

ll./.

I

5

D

61. . I "»i . 9 /'J.

.« 56.4 M.

I U.I 217.3 $1.0

irio.n 42.<> 51. Z

42.S

J I. 192.2

21 ft. 5

^ 111. '* Ul. I ilJ'J. <.

5J.5

55. B 56.5

ii.it

i. J

'J ^ . f. Uli. 1

mi.ii iin.u

<J<l/ 1 Hfl . 1

(16.

no.

ui.

i

2

i

71. tl

2

fl.U



- 20 -

A vxsual analysis of the data presented in Figs. 10, 11 and 12
shows the initial impact of the first early fenitrothion spray on
second- and early third-instar larvae during the early wandering and
needle-mining stages of activity. The addition of a second fenitrothion
spray, 9 days later, resulted in a further substantial reduction in
larval numbers. The degree and extent of this reduction, however, cannot
be accurately evaluated since a pre-spray population fix was not
established prior to the second application of fenitrothion. The results
therefore, are graphically shown as a rectangular 'twilight zone1 of
unknown larval numbers within which the population decline curve is
extrapolated to meet the 48-hr first post-spray larval count following
the second application of fenitrothion.

Daily emergence data of second-instar larvae (Fig. 9) shows that
approximately 50% of the total expected larval population were on the
foliage at the time of the first spray application. Total emergence of
the second-instar population occurred prior to the second fenitrothion
spray. Larval activity of the second- and early thlrd-instars was

not sampled within the spray block during the time interval between the
48-hr post-spray period following the first fenitrothion spray and the
second spray application. Thus, a definite dosage/population reduction
value cannot be assigned to each of the fenitrothion sprays due to
possible larval recovery and/or larval migration into the spray area.
The overall cumulative action of both fenitrothion sprays, however,
resulted in a marked decline in larval numbers within the tree canopy.

Efficacy of a Single Late Application of Aminoca.ro (Matacil®)

Pre-spray residual population densities of third- and fourth-instar

larvae within Block 305 indicated average counts of 69.8 larvae/96-cra
branch samples on balsam fir and 42.5 larvae/95-cra branch samples on

spruce. Recommended timing for spray application was scheduled and

carried out when 25% of the early field population of budworm had reached

the fourth-instar stage of development within the spray block. Phenological
development of the host trees within the block was predominantly in the
swollen-bud stage, with some evidence of flared buds on balsam fir in the

northwestern regions of the spray area. Expected population reduction

and actual population reduction are presented in Appendix A, Table V.

Summarized assessment of the biological data for balsam fir and black/
red spruce are presented in Table VI.
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Spray Coverage versus &aml Population Reduction

The goal of an operational spray progEam is to reduce budworm
larval populations such that adequate foliage protection is achieved.

A revie^of the deposit data (Figs. 7 A, B, C, and D) shows deposits
ranging_rrom extreme overdosing (greater than emission volumes) to areas
or msuixicient aeposics both in terms of volume deposits and spray

coverage. Sinca the criterion for optimum effectiveness or insecticide
activity is spray coverage (drops/cm2) rather than dosage volume (ml/ha)
(.Hurtig at al, 1953) the data from the two fanitrothion spravs were
examined on the basis of spray coverage and larval reduction for a sinsle
and cumulative (43-hour and 10-day) pose apray effectiveness. The data
are presented in Tables VII(a) and VTI(b) for balsam fir and black/red
spruce host trees respectively and graphically illustrated in Fig. U

3ALSAM fIR
BLACK/RED SPRUCS

CHOPS/CM:

Fig. 13 Relation between spray coverage (drops/crrr) and population
reduction of second and early third instar spruce budworm

larvae on balsam fir and spruce host trees
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Analyse of larval reduction in terms of spray coverage shows

PfafnEU °' TimU? effecC™ess occurs within spray coverage
(Mil £n ^k dr°ps/cm2 On boCh baisam «* and spruce host trL
(Table VII). This is particularly evident on balsam fir (Table Vila)
where very little increase in second-instar population reduction occurs
with increased spray coverage, 48 hours after the first fenitrochion
spray. This plateau of effectiveness" (i.e. 62.2, 71.0, 63.7 and 62 9%)

represents the percent reduction of the total expected second-instar '
larval population of which approximately 70 percent had emerged by >ky
22 (Fig. 9). The addition of a second fenitrothion spray nine days
later raised the level of maximum 48-hr effectiveness to a mean of
96% for the same range of drop deposit categories. At that point in
time, the remaining segment of the emerged larval population was

exposed to the cumulative action of the fenitrothion sprays. Anomalies
nowever, occur within the volume deposit categories that require further
clarification.

By contrast, the effectiveness of the first fenitrothion spray
on larvae inhabiting spruce host trees (Table Vllb), indicates a
progression of larval reductions between the spray deposit categories of

10 to 50 drops/cm2 (i.e. 50.1, 59.2, 79.1, 30.6 and 88.8%). The addition
of the second feninrothion spray, however, produced a plateau of effective
ness U-e. 87.5, 90.1, 91.9 and 98.9%) within the same drop deposit

categories of 10 to 50 drops/cm2. Anomalies are evident between the
volume deposit categories and larval reduction. This is particularly
evident in the 10-30 and 30-50 drop/cm2 categories (Table

Ten-day post-spray population counts of budwonn larvae on both

balsam fir and spruce host trees indicated a resurgence in larval

numbers within the tree canopy. This is particularly evident on balsam
fir (Fig. 13). Resurgence in larval population numbers may possibly
be attributed to recovery of a portion of the larval population chat

spun out of the tree canopy and/or to air-borne invasion of second-

instar larvae from surrounding non-sprayed areas north of Block 305.

The overall impact of the arainocarb spray on the surviving

larval population within the spray block was negligible and, therefore,

not subjected to further analysis. The results, however, indicate the

importance of proper timing of spray applications in order to obtain
maximum benefits from proven pesticides.

Host Tree Defoliation

The impact of the early fenitrothion and late aminocarb sprays

on host tree foliage protection was determined crom individual branch
samples collected in August/77 using the method of Fettes (1950). Upper

and mid-crown samples were averaged to provide a mean defoliation value.
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Data from che non-sprayed check area indicated an average defoli
ation value of 98% on balsam fir and 82% on spruce host trees. Within

these values, 30% of che balsam fir trees ware 100% defoliated as com

pared to 40% of the spruce trees.

Preliminary data based on 60 sample trees from the spray block

indicated an average defoliation of 46% on. balsam fir and 40% on spruce

host trees (Randall et al- 1977). The addition of defoliation data taken

in March 20-26/78 from adjacent tree samples on alternate host tree

species indicated that the average defoliation figures (based on 9 7

sample trees) within the spray block were 54% on balsam fir and U6% on

spruce host trees. These values, however, while more realistic than

the preliminary findings, do not provide an absolute index of

defoliation for each of the host tree species since equal representation

of each tree species was not cakaa at each sampling station under

comparable dosage deposit levels. The data represent 97 out of a

total of 120 sample crees, i.e., 19 3. fir and -i8 spruce trees at

random locations within che 60 sample tree positions,

A breakdown of the defoliation data into 20" arithmetic

categories of defoliation damage according co host tree species (Table

VIII) shows that 28% of the trees received less than 20% defoliation,

29% of the trees received 20 Co 80% defoliation and the remaining 43%

were severely defoliated. The latter category, however, included

sixteen trees from boundary zone A that received trace deposits of

spray droplets. The data also indicated that the hose tree species,

i.e., balsam fir and black/red spruce, appear to be well represented

within each of the various defoliation categories.

Table VIII

Defoliation ciamace of Balsam Eir .tnd Snruce

hos; trees within Slock j05

Toc.iL Qalsam Fir 3/R Sf

Defoliation No. of No. of ;lo. o£

Citegorv Sancles Trees Z Trees

ercent; of Trees

vichtn aach

Casecorv

0-20

20-iO

40-fiO

60-80

80-100*

21

6

3

12

42

13

3

5

3

25

13

3

5

3

23

,4

.1

.2

.1

.8

14

5

3

9

17

14. i

5.2

3.1

9.:

17.5

a,.a

3.3

12.]

43.3

Tot.il 50.5 100.0

•Sixtesn crees fron bcunclarv zone A (trace nuar.c icies of soray) uere

100" defoliated.
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™a a ThS tf:BSUl^t7, of, thf spray deP°sit:s in terms of drops/cm2
and dosage volumes l/ha (oz/ac) collected aE aach biological 3amplin»

station across the experimental block raised many questions regarding the
efricacy of each spray application against the early-instar stages of
thespruce budwom. The use of averages to express mortality values for
each spray application, or the cumulative effect of all sprays, would tend
to mask the true efficacy value of each insecticide treatment in terms
of dosage/coverage/effectiveness, application timing, larval density and
subsequent host tree defoliation.

In order to understand the impact of early application technology
on the mobile second- and early thirf-instar budwom larvae it is
necessary to conduct a complete analysis of the dosage mortality effects

^o«sy Occurred at each biological sampling station. Studies by Morris
Ciy55J indicated that inter-hranch variation is of less concern than
inter-tree variation when attempting to define mean density of larvae for

a particular habitat. The decision to use individual tree'samples as the
basic unit for dosage/mortality studies, therefore, was based on these
early tindings of Morris (1955) and expanded to encompass the extreme
inter-tree variation of dosage deposits encountered throughout the sampling
area or Block 305. The use of individual tree data for dosage/mortality
studies of similar spray deposits was particularly suitable for the study
or second- and third"-instar larvae in the field, since the whole tree

represents the sampling universe for the wanderings of these early larvae
and the 96-cm branch sample is a good representation of the major portion'
or the foliage/larval habitat that intercepts the falling spray droplets
The destruction of a forest is the result of individual tree mortality
which in turn is a function of excessive larval numbers and total
defoliation of productive buds and needles.

To delineate the dosage/mortality effects of each spray appli
cation on the second- and early third-instar larval populations and
suosequent nost tree damage, the prespray, second-instar larval density

at each biological tree station became the base line for the individual
calculation of expected population levels for each particular tree and
ror subsequent postspray sampling dates. These latter values were'based
on the average percentage population decline of budworm larvae on each
host tree species as found in the unsprayed check area (Table IV).

The use of a single figure to express the dosage/mortality
results of an aerial spray against a particular insect stage may be
statistically acceptable, but it does not represent the multi-factorial
ramifications of dosage/mortality effects within the spray area. A
visual analysis of the spray deposit patterns of the fenitrothion sprays
across the experimental Block 305 shows the presence of three distinct
spray deposit parameters. These can be separated on the basis of volume
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deposits in tfl* (oz/ac) using cfae emission volume of ehe first spray
acclicacicr. of Eetiitrothiaa as the base line for ij-volmae categories

as to-iows:

1) excessive volume deposits., emission deposits or, over

0.342 1/ha (11.52 qz/sc),

2) high voluae deposits of 0.341 •* 0.421 i/ha
(11.52 - 5.75 oz/ac) , and

3) low volume deposits under Q.&21 l/taa (5.76 oz/ac

to trace) .

To encompass the above parameters, the biological data was arranged

in descendir.2 order of sprav deposit volumes and subdivided into 3ix

categories of H volume deposits based on the original emission dosage

of 11.32 oz/ac as follows:

1) series A over 0.3i2 l/ha (over 11.52 oz/ac)

2) series 3 9,842 - 0,421 i/ha (11.52 - 5.75 oz/ac)

, series C 0.62 - 0.21 1/ha (5.75 - 2.38 az/ac)

series D 0.21 - 0.10 Z/ha (2.37 - L.4A oz/ac)

series I 0.10 - 0.03 1/ha (1.43 - 0.72 «/««)

series ? 0.05 - Trace (0.71 - Trace.).

This would orovide equivalent active ingredient categories of 0.292-i-k.^/ha,

0.29-0.146 kg/ha, 0.1^-0.073 kg/ha, 0.07-0.036 kg/ha etc., (4+ oz/ac,

i-2 oz/ac, 2-1 oz/ac, 1-0.5 os/ec, etc.). The pertinent biological and

chemical daca for each series is presented in Appendi:: 3, Table I. Data

analysis in terns of ocouiation reduction and host tree defoliation for

each series is presented in Appendix 3, Table II. Each series is

grouped together (i.e. Series X, Tables I and II, etc.) for ease of data

retention and comparison. The level of larval reduction within and

between each dcsa?e category should, theoretically, act as an indicator

of the efficacy of each deposit class of the fenitrothicn sprays in

terms c~ a single or cumulative application. Changes in larval popu

lations between each dosage series, therefore, would provide data for

determining the degree of efficacy o: early applications of fenitrothicn

sprays against high population levels of second- and aarly third-ins tar

larvae.

The summarized data for each series are presentee belrv in Tables
-Z(a) and IX(b), to show the relationship between dosage deposit and larval
survival between each category, The data are graphically illustrated in
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Fig. 14(a) and (b) using individual tree data from balsam fir and soruce
host species.

The 48-hr postspray data (Table IXa) and results (Table IXb)
rollowing Che first application of fenitrothion indicate that Che early
second-instar larvae are very sensitive to fenitrothion sprays even at
deposits as low as 0.057 l/ha (0.7 fluid oz/ac). The similarity

or population reduction values between che first three spray deposit
categories, i.e. A: 73.4%, B: 66.0%, and C: 63.2%, and the sub

sequent two.lower categories, D: 58.5%, and E: 53.3% (Table 1X5), are

indicative of the effective knockdown properties of fenitrothion sprays
on Che emerged population of second-instar larvae within the tree canopy.
The addition of a second fenitrothion spray 7 days later increased the"
percentage order of larval reduction for all deposit categories except

in F2 (a non-detectable spray deposit area of tree samples). The data
suggest chat high dosages of fenitrothion are not necessary to disrupt

second- and early third-instar larval activities within the forest canopy
The resurgence of larval populations in the upper branches of the
trees after the second application of fenitrothion (Fig. 14a) is evident
in all spray deposit categories (3rd post-spray) and would suggest that a
third spray application during the early larval activity period might
have been very beneficial. Studies by Randall (1970) indicated that the
optimum periods for spray application would coincide with periods of (a)
initial second-instar appearance and wanderings, (b) needle-mining and (c)

initial bud-mining activity. It would appear that if a third spray were
to be considered, the 5-day interval between sprays (weather permitting)
would cover the emergence parameters for second- and early third-instar
activities prior to total bud raining.

Spray Coverage and Reduction of 2nd and 3rd Instar Larvae

A reappraisal of the above data in terms of spray coverage

(drops/cm2) within each dosage category is presented in Table X wherein
spray coverage is classified into two main categories, i.e. above 20

drops/cm2 and below 20 drops/cm2, for the first spray application and
into the expected higher category of ±35 drops/cm2 for the cumulative
deposit for the two spray applications,

Examination of the percent population reduction figures within

and between each dosage category shows that a stronger relationship
exists between spray coverage in terms of drops/cm2 and second-instar

larval reduction than between volume deposit and larval reduction. This
is particularly noticeable in the second and third post-spray population
reduction values between the spray deposit categories A, S, C and D,

wherein a very high order of larval reduction (74 to 94%) occurred in
each of the above categories where spray coverage exceeded 35 drops/cm2.

The relationship also appears to hold true for spray coverage and'

foliage protection. The results are in close agreement with the earlier
experimental findings of Hurtig et al. (1953) , where results showed that
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hecjc trees

average larval

DECLINE

INDIVIDUAL TREE

LARVAL DECUNE

EXPECTED LARVAL
DECUNE

ACTUAL INDIVIDUAL

TREE LARVAL DECLINE

FIG. 14b Larval population decline in nan spray area and two tree

samples in Block 305 (A-1.A-3) which were located on the

upwind side of SDray block.

nign volume aeposic wiuh low drop counts (coarse sprays) produced low
population reduction values whereas lov volume deposit with high drou counts/

? T?r° produced hi§h Population reduction values. These findings
apparently hold true for UXV sprays as shown in Table X. endings

Of greater research interest, however, are the striking results
obtained rrom extremely low deposits of fenitrothion against the second
and early third instar larvae as represented by the spray categories E and
F, (Fig. 14 a), Table IX and X. By contrast, the check 31ock C and
two sample trees (A-i and A-3) on the upwind side of Block. 305 show

a consistent high larval population count throughout the biological
sampling program (Fig. U b). The data strongly suggest than the early
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stages of the spruce budworm larvae are readily dislodged from the tree
canopy by small quantities of fenitrothion sprays. The data

further confirms the 1976 experimental findings'wherein two applications
of 0.07 kg Al/ha (1 oz Al/ac) of fenitrothion accounted for the greater
part of the second- and early third-instar mortality figures. By contrast,
0.07 kg Al/ha applied at the early fourth inatar stage was virtually
ineffective (Randall and Desaulniers, unpublished data 1976).

The importance of closely-spaced spray applications appears to
be crucial in preventing knocked-down larvae from returning to the
upper crown branches. Evidence of the need for sustained chemical stress

sprays^is shown in Fig. Ufa) on balsam fir trees in deposit categories

and E in which a resurgence of larval numbers occurs on the host trees
E-3 (N) and C-4 (Appendix B) because of insufficient spray coverage. In
C-4, an increase in larval number, from 48 to 139, was recorded 48 hours

after the second fenitrothion spray. The importance of the second

fenitrothion spray is illustrated in the spray deposit categories E and
■' (Fig. 14a) where light deposits of fenitrothion sprays occurred, during
the first spray application, with correspondingly small decreases in larval

reduction. The addition of the second fenitrothion spray resulted in a
marked decrease in larval population numbers, especially in category F
(spruce). The lack of sufficient spray coverage during the first and
second fenitrothion sprays, however, resulted in the establishment of
sufficient larvae within the new buds to cause severe defoliation of
buds, needles and shoots.

Sample Position Effect, larval Reduction and Host Tree Defoliation

The presence of numerous dosage/mortality anomalies within the
biological data suggests factors other than deposit volumes or coverage
that may influence the mortality or population reduction of second-
instar larvae and subsequent defoliation of individual host trees.

Experimental data have shown that the upwind side of balsam fir and

spruce trees consistently received a higher spray deposit than the

downwind side of the trees, with significant effects on the resulting

mortality of fifth- and sixth-instar spruce budworra larvae (Hurtig et al.
1953). Variation in mean mortality as high as 6% was recorded in favour
of the upwind side of sample Crees.

To investigate sample position effects, the sample trees were

selected on the north and south sides of the east/west Murdochville

Road in the event that wind directions during spray application were

consistently from either northern or 'southern quadrants.

Meteorological data (Table II) during both of the early fenitro

thion sprays show that prevailing winds were from the northern quadrants
(ME and NW) thus suggesting that maximum spray deposition should occur
on the northern face of the trees. Maximum spray deposition, therefore,

should have occurred on trees selected on the southern side of the road
as depicted in Fig. 15.
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SPRAV DEPOSIT CCLLECTCBE

DEFOLIATED UNOESSTCfiY 0% DEFOLIATION

FIG. 15 Position effect of biological tree samples in relation to spray trajectory.

The biological data, therefore, were separated into rvo main

groups, i.e. north sample trees and south sample trees. The data
were further divided into volume deposit categories Co show variation
in larval reduction for each class of spray deposits. The basic data

are presented in Appandix 3, Tables I and II and summarized by volume

deposit categories below in Tables XI and XII for larval survival and
percent larval reduction following two aoplications of fenitrothion
sprays.

The data confirm the early experimental findings of Hurtig

at al. (1953), and show that, under condicions of hish second- and early
tnird-mstar larval populations, variations in larval reductions as

high as 30T: (Tables XI and XII) may occur betveen upwind and downwind
branch samples wish resultant defoliation effects as great as 30 to 90% as
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shown in Fig. 16. These data, however, should be reconfirmed experi

mentally on individual trees where both sides of the tree surface are

used for sampling larval populations and foliage lose. Tt is quite

FIG. 16 Variation in extent of defoliation damage on red spruce and

halsam fir branch samples taken from the north and south side

of a road right-of-way.

conceivable that dosage/mortality results within north and south tree

positions may be influenced by meteorological conditions created by the

road right of way. This break in the fo-rest canopy may have n signifi

cant effect on spray droplet ircpaction and, hence, larval reduction on

trees adjacent to road rights-of-way. This point may be illustrated

by the significant defoliation results recorded in Fig. 16 showing

branch samples from a north snruce sample G-h* and a south spruce tree

samnle G-5* as well as adjacent fir trees. The spr;>v deposit and

biological data from both tree locations are presented in Table XIII.
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Table XIII

Comparative data from biological tree

sample positions G-4* North and G-5* South

G-6 *North G-5*South

Sampling " Larval Spray Deposits* Larval Spray Deposit

Date Counts Drops/cm2 Fluid oz/ac Counts Drops/cm" Fluid oz/ac

13/5/77 5A1 512

20/5/77 1st spray 9.2 1.6 1st spray 29.5 3.7

21/5/77 117 56.5

29/5/77 2nd spray 12.7 1.5 2nd spray 39.0 2.4

1/6/77 68 2.5

9/6/77 69 15.0

15/6/77 3rd spray 2.3 0.8 3rd spray 6.4 2.0

19/6/77 49 3.0

23/6/77 62 1.0

20/3/78 Defoliation - Spruce 60% Spruce 6%

Adjacent B. fir 100 B. fir 5%

*0ne fluid oz/ac » 0.073 l/ha

Both tree samples had extremely high populations of budworm larvae prior

to spray application. Sample crees were in relatively close pcosimity

(50 m) to each other and thus subject to a similar cloud pattern of
spray droplets.

Details of larval counts, spray deposition and host tree

defoliation are presented in Table XIII. Evidence of similar examples
are presented in Appendix B.

A further observation of the effects of uni-directional spray drift
on a forest complex indicated that the phenomenon was not only evident
on an individual tree basis, but also in relation to topographic

features such as upwind and downwind slopes as shown in Fig. 17. in this

particular case the northern slopes would receive =a:d.muin spray impaction

from both fenitrothion sprays with a resultant protection of a larger



FIG.17 Effect of topographic features on spray impaction and tree defoliation. Photo taken from east to west

towards sample trees L-1&L-2 at valley bottom beyond bend in road. Note difference in foliage

density on south slopes (downwind) versus that of the north slopes (upwind areas of spray impaction).

O



quantify of foliage biomass. The southern slopes, on Che other hand,

because of che negative slope angle Co spray drift, would receive

substantially less spray volume and coverage per unic surface area of
foresC. The resulcanc effecc would be a greater loss of foliage bio-

mass which would be evident, under winner conditions, as light areas on

che phocograph.

Dosage Deposit Categories vs. Individual Tree Defoliation

The concepc of individual tree scudles with reference co

dosage deposit categories and larval population reduction was extended

to include che affect: of the latter on host tree defoliation. Sample

and adjacent sample crees within each spray deposit category were

classified into arichmetic classes of defoliation damage to determine
whether foliage protection was a function of spray volume deposits.

The summarized data are presented in Table XIV for balsam fir
and sorucs trees.
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Surprisingly, many of the trees with very little defoliation damage

occurred within Che first five spray deposit categories, i.e. ABC

D and E. Both species of host trees were represented within these'
categories thus indicating that foliage protection may not be species-

dependent nor dependent on high volume deposits of pesticide formulations.

The data, however, suggest that tree sample position effect, i.e. north
vs. south side of road (Table SI), may account for the diverse defoliation
results.

As expected, spray deposit category F recorded the greater

number and degree of foliage loss, thus indicating limitations in the

deposit parameters Eor affective foliage protection. Results within

this deposit category are in close agreement with those found in the
non-spray check area.

Carryover effects of spray programs on next years' hazard

assessments of budworm populations and, hence, tree damage are often very

difficult to evaluate unless there are parallel data collected from
identical sample trees using identical assessment methods. The

collection of a second set of 96-cm branch samples ia March 1978 (for

confirmation of 1977 defoliation results) provided the opportunity to
evaluate the potential second-instar budworm population levels present
on the same trees in 1978.

The summarized larval emergence data from the 1978 branch
samples, and pre- and post-spray 1977 larval counts from the same sample

trees, are presented in Table XV. The data are arranged categorically

within spray deposit series A, B, C, etc., to provide a range of post-
spray (1977) residual larval populations and, hence, defoliation damage
levels within the block.

From the limited data available, it would appear that a very

low level of overwintering, vigorous, budworm larvae were present on trees

that were severely infested in the spring of 1977. Furthermore, an
examination of potential new buds on the 1978 branch samples indicated

a substantial gain in buds/branch over that of the preceeding year, thus

providing a very low ratio of larvae/"bud for the 1978 season. The'data
further suggests that future tree protection does not occur in category
"FM (trace spray deposits) where a loss of new bud development occurred
in 1978, with an increase in the ratio of larvae to buds.

Unfortunately, the above data lacks the 1978 information from

the check area, but does indicate a potential methodology for the
assessment of a hazard index prior to spray application.
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DISCUSSION

Bloak vs. Individual Tree Analysis

Block Analysis: The original purpose of che spray program was

che protection of a valuable forest resource
under extreme conditions of biological stress, i.e. unprecedented
levels of overwincering second-instar spruce budworm larvae. Assessment
of results, therefore, was planned on a global or operational basis to
determine the overall effectiveness of three spray treatments under the
operational conditions of che program. Success or failure of the
operacion was judged on the degree of foliage protecclon and on the
excenc and numbers of residual population of budworm larvae remaining
on the trees.

From an operacional poinc of view, che spray program was a
success in spite of che face that the chird spray application of 0.7
kg/ha or arainocarb formulation contributed very little to the control
program. Approximately 50% of che current year's foliage was saved

with no_evidence of tree mortality, as compared to 100% defoli
ation or new growth on non-sprayed check trees. Larval population
counts wichin the sprayed block were reduced from an average of 367

larvae/96-cm branch Co a post-spray level of 56 larvae/96-cm branch (Table
V), with a total population reduction of 70.5%. Since normal attrition of

budworm larvae during che remainder of the larval period is in the order
of 75% (Table IV), che final field population would be reduced through
predacion, disease, etc., co a level of 13 larvae/96-cm branch, which
would be the equivalent of 4 larvae/45-cm branch (foliage area basis).

Analysis of spray deposic daca indicated a total deposit of
0.92 i/ha comprised of 0.30, 0.22 and 0.40 l/ha for the first, second
and third spray applications respectively. ToCal volume emicced over
che spray block was 2.52 Z/ha (34.56 fluid oz U.S./ac) of which Sb.SZ
reached the target area. Since the third spray did noc contribute
proportionally Co the program, the overall cosc/benefit of the spraying
operation were increased due to the failure of the third application
co significancly reduce residual larval populacion levels.

Individual Tree Analysis: A reassessment of the block data, in

terras of spray impact of three

separate aerial sprays on individual trees having different topographic

locations, defoliation stresses, host tree levels of budworra larvae and
subsequent levels of spray deposit densities (volume and coverage), pro
vides a multi-factorial analysis of efficacy levels wichin the forest
canopy, from which research feedback can be obtained to improve fuCure
operational spray programs.
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A qualitative analysis of Che impact of two early applications

of fenitrothion sprays against che second and early third instar stages

of the spruce budworm larvae reveals that che block average of 50%

foliage protection reflects units of total protection (27%), partial

protection (.45/=) and zero protection (28%). It also reveals that the

above units are the result of uni-directional sprays and the technique

of sampling budworm populations on upwind and downwind portions of the

host trees. In numerous cases total protection (.less than 10%

defoliation) was obtained on trees where larval numbers in excess of

500 larvae/96-cm branch length occurred and where deposit coverage

exceeded 40 drops/cm2. Volume deposits were of less importance than
drop coverage/cm2 in reducing population levels of larvae from the tree
canopy and, therefore, represent an undesirable form of pesticide waste
and/or pollution.

Dosage/mortality or dosage/efficacy of two applications of
fenitrothion sprays, in terms of controlling population numbers of second-

and early third-instar larvae within the forest canopy, indicated that

extremely small quantities of fenitrothion sprays were effective in

dislodging large numbers of these larvae from the host trees. The
sequence of dosage efficacy is well illustrated in Fig. 14(a) and

supports the concept of minimal quantities of chemicals using multiple

applications of low concentrate, formulations to disrupt the second-

early third-instar larvae from the tree canopy. One may speculate that

the results were partially due to knockdown effects by "stressful"

concentrations of spray droplets smaller than 30 \i and below the visual

identification threshold on the Kromekote cards. Measurements of ground

deposits of chemicals, observations of insect mortality in non-carget

areas and subjective reports of carrier oil odour many miles away from

spray operations have indicated that significant quantities of toxic

chemicals are translocated by atmospheric transport during large-scale
aerial spraying of forests for insect pest control (Yule and Cole 1969).

Miller (1958) has indicated that, under certain meteorological conditions

of stress, a very high loss of second-instar larvae can occur, thus

reducing subsequent foliage destruction. Himel and Moore (1967), and

Himel (1969) have reported that the optimum drop size for impingement
on budworm larvae is in the order of less than 30 y and thus below the

visual threshold of drop stain sizes on Kromekote cards. The concept of
Biological Optimum Droplet Size Ranges (BODS) has been reported by Joyce

(1975) on studies against Seliothts armigara wherein spray droplets
-below 50 u are transmitted from aircraft to the target site (cotton
plant terminals) by turbulent diffusion, using wide swath lanes and
incremental application technology. This concept ia not unlike that

employed in the Province of Quebec using DC-6B spray aircraft and
incremental spray drift where the VMD and NMD of the spray cloud is in
the order of 70 and 40 u respecitvely.
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The importance of the screening effect of coniferous foliage on
airborne spray droplets was recorded by Hurtig et al (1953) where
5O-60£ of the deposited spray volume and, hence, spray

droplets falling on the tree silhouette, were screened out by the tree
foliage. Furthermore, the screening effect of the foliage appeared to
be selective where a.preponderance of droplet size classes below 100
u were recorded on both the upwind and downwind sides of the sample

tree as compared to the open ground sample position.

The use of low-concentrate stress sprays applied during the
natural dispersal phase of the emerged budworm larvae may provide an
environmentally acceptable strategy for budworm control. Confirmation

or these findings through additional research and experimentation may
well provide a new and bold approach to operational insect control
programs since the non-target species of beneficial Insects, birds and
aquatic rauna appear much later in the spring and thus would not be

affected by these early sprays.

SUMMARY

1. Early multiple spray treatment of spruce budworm populations
immediately following the first signs of emergence of the second-
instar larvae and early third-instar larvae resulted in a high
degree of larval reduction and subsequent foliage protection of
the host trees (balsam fir, red spruce and black spruce) in spite
of the severity of the budworm infestation. Pre-spray larval popu
lations as high as 500+ larvae/96 cm branch length were successfully

reduced by two early apnlications of fenitrothion sprays (30-40
drops/cm-)- to below five larvae/branch with a resultant foliage
protection index in the order of 90-95% (Table XIII).

2. An assessment of spray deposition within spray Block 305 indicated
that the most consistent feature of unidirectional spray application,
with reference to wind direction and hence spray drift, was*the
under-dosing of the downwind side of the sample trees. This

difference had a significant effect on post-spray larval reduction
and subsequent defoliation of the host trees.

3. Analysis of the spray droplet spectrum and deposit data obtained
from all three sprays indicated problem areas'in spray formulation,
nozzle adjustment and, possibly, swath tracking which resulted in the
extreme variabilicy of spray deposits across the experimental block.

4. An analysis of the biological data in terms of sprav deposit coverage
(volume deposits and drops/cm2) and reduction of second- and early
third-instar larvae indicates that spray coverage, rather than
increased dosage of chemical, accounted for most-of the larval
reduction and foliage protection. It would appear that the



recommended higher dosage race of 0.280 kg/ha (i oz. A.I./acre) per

treatment was in excess of that required to provide adequate control

of the spruce budworm.

The third spray of 0.07 kg/ha (1 oz. A.I./acre) of aminocarb

(Matacil®), contributed very little in terms of larval reduction or
foliage protection of the host trees. This could be attributed to

improper titniag recommendations for spray application in terms of the

fourth-instar larvae present on the trees, and the lack of con

sideration of host tree phenology. A late spray should have been

applied at the fully flared needle stage of new shoot growth for

aaximun interception of falling spray droplets at the target sits.

A study of ths effects of extremely light deposits of fenitrochion

sprays on second- and early thirci-inscar larval populations strongly

indicates that sublethal doses of aerosol-size droplets appear to

exert a knockdown or irritant action on the larvae causing them to

spin out of the forest canopy. This effect has been observed in the

field wiefa lace fourth-, fifth- and slsth-instar larvae during the

early DDT/oil sprays in New Brunswick. The significance of the

removal of the second- and early chird-instar larvae from the forBSt
canopy cannot be over-stressed, since the protection of the

meristamatic tissue within each bud is a prerequisite for the ora-

vencion of shoot and foliage damage.

RECOMMENDATIONS

Aerial spray equipment and spray formulations that have been

modiried prior to use on spray programs should be recalibrated to

meet the standard specifications for droplet spectrum characteristics

and deposit coverage on the cype of aircraft scheduled for use on the
particular program at the recommended dosage amsaion ratas,

Although O.SA i/ha (11.52 fluid oz/ac) of spray formulation appears
to be adequate for controlling the spruce budworm under conditions
of gently rolling forest terrain, using multiple sprays and l~LV
incremental application technology, these volumes are

insufficient over rugged terrain where spray emission height and
forest canopy surface area are greatly increased. Emission
volumes of 1.17 or 1.66 i/ha (16 or 20 oz/ac) per treatment should
be considered in order to maintain an adequate deposit (20-40 drops/
cm-) on the target site in accordance with actual topographic
surface area.



When more than one spray application is recommended, it would be
advisable to use wind directions chat are 180°, t 45', from that which
occurred during the first spray application. This would reduce the
errect or uni-directional deposits on the same surface of che hose
tree and thus allow upwind spray impaction on both sides of Che

nose tree far maximum uniformity of deposit on che target site.

The concept of using percent emergence of second-instar larvae
as an index for che timing of early spray applications is subject to

questioning, since it is extremely difficult: to determine a total
emergence population prior to the date che spray should be applied

t "r "f "±ter±» ™uld be *• f i L
che spray should be appl

T f "±ter±» ™uld be *• «« of insect activity such
clrZT faS\ReSd'e mialnS ^ bUd ^^ These d*" shouldcorrelated wich meteorological data favorable co second-inst^

activxcy. It is because of the uncertainty factor of the total""
emergence period in days chat multiple applications using cwo or

three sprays are recommended.

The influence of topography, and wind direction relative to tooograohv
requires rurther investigation in relation to spray deposition'and ' '

suosequent dosage/mortality results in budworm larvae. Observations
suggest that spray deposition follows a pattern of buildup oHhe
wmaward and on the crowns of ridges or hills wich areas of low
deposits on leeward slopes and valley bottoms.

The experimental data indicate that future field investigations should
include research on the contribution of multiple abdications of
low concentrate ULV sprays of fenitrothion as a lethal-irritant
spray against second- and early third-instar larvae of the spruce

buaworm. The objective of the multiple-spray program is to *orce
.he second-instar larvae to disperse from the forest canopy and to
prevent their sucsequent return to their prime food sourc- TVs
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BLOCK 305 1977

Block Analysis

Table I. Spray deposit data Block 305 ]977

Table II. Biological data collected from non-spray check area "C".

(a) Daily emergence of 2nd instar larvae from 96 cm branch

samples (1st counc, 12/5/77 Check Block C).

(b) Biological data collected from untreated check plot

C to show natural larval population decline with

reference Co Block 305 spray program.

(c) Spruce budwona larval emergence data {Control Block C)

Host tree: 3al3am Fir.

(d) 2nd Instar emergence data (Control Block C)

Host trees: Black and Red Spruce.

Table III.Biological data collected from Spray Block 305.

(a) Pre-spray daily emergence data of second instar larvae

from 96 cm branch sample (1st count).

(b) Total spruce budworm larval data collected from 96 cm

branch samples (balsam fir and spruce host trees) during

Che course of studies on Block 305.

Table IV. Aerial spray deposits of aminocarb formulacion (1 oz/ai in

11.52 fluid oz/ac) and summarized biological daCa an

corresponding field sampling positions.
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Tjbie IIIU) continued
Anpendix A
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Appendix B BLOCK 305 1977

Individual Tree Analysis

Table I. Biological data* arranged in descending order within volume

deposit categories of fenitrothion sprays. (Based on

emission volume of first application)

A - over 0.842 i/ha (over 11.52 fluid oz/ac)

B - 0.84 - 0.42 a/ha (11.51 - 5.76 fluid oz/ac)

C - 0.42 - 0.21 £/ha (5.75 - 2.83 fluid oz/ac)

D - 0.21 - 0,10 1/ha (2.87 - 1.44 fluid oz/ac)

E - 0.10 - 0.05 i/ha (1.43 - 0.70 fluid oz/ac)

F - 0.05 - trace (0.69 - trace fluid oz/ac)

^Exception of E-l sample tree from chis data due to closed deposit
sampling unit.

Table II. Percent larval reduction within each volume deposit category

following two applications of nenitrothion sprays (Based on
emission volume of first application)

MB - For ease of data retention and comparison the data from

Table I and Table II are grouped according to deposit

categories, i.e., Series A Table I and II, etc.

Fig. 1. Examples of defoliation damage on black/red spruce and
balsam fir host trees taken from different locations and

spray deposit categories to illustrate variations in foliage

protection as a result of sample position effect and spray

coverage of cwo fenitrothion sprays.
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Appendix B

Spray Deposit Category * E "
(1.43-0.7 oz/ac)

Spray Deposit Category B
(11.52- 5.76 ova?)

Sample Tree I.-l* iiorth (Open)

Spray Deposit

Sampling

Date
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Fluid
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10*

H.B. Sample Tree L~l Is situated

well within Che spray block

on a north facing slope thus

exposed to drift from

numerous spray swaths.
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Date
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