P.C. Nigen

ABSTRACT _- Spruce pudworm {arvae at the tirne of operat

and seldom crawl 0 pr

5 0.5 -1 drop ©f iemtmbhi o > 1 pmin aize per previons
effectivt foliage prote tio d inse

\arvae do T t live OF feed O

the budworm larva confines it8 petivity Juring op%
could be (nerensed i droplets were gargeted 10 t

RES‘UME _ Au moment du ¢raitement ©
{ gpinetle 5 ré{ugient gl s nourrissant dans le chaeay 08 f

1NTRODU CTION

Aerial applicationt of ingecticides gyainst forest insects is &

well established pest management practice it Canadd kPrebb'le

(Clem.d, paged o0 emnpirical laboratory and feld tests {Rand
1060, 1976; Nigam 1971, 1975 Dimond and Morris 1984}

wer of insecticides available for
tional use has decreased pecause of low industrial incentive
new insecticides. s n resuit of high development costs

al safety bY registefing

gmeni®
agencies f 1980 elson 1985, Nigam 1085} Only two

insecticides,
available for use against spruce bu
pecause manufscture and testing of other suitable compounds.

e.gn am‘mocarb snd mexacarbate‘ are curtailed.

Tg make peat use of gyailable insecticides, gludies Lo improve
the effectiveness of Eenitrot‘nion were started under the ausplcies

of the New Brunbwick Spray Eificacy Research Group (NB SERG)
during the eurly 19808 {Varty and Godin 1083, Varty and Nigam

231

DOSE TRANSFER AND SPRUCE BU 18
DURING OPERATI_ONAL APPLICATION OF FENITROTHION

ional apraying wi
e webbed ared of their micro‘nabitut. They are mos

gvious year's peedles of patsarm fir. Tho presedt best Measure ofe
year's needle. This amaunt correlates highly with
et mortality: However it is an indirect meagure ©

n an
n previous yent's needles of balaam fir during spray operatiuns.
ulators for correlation of affectiveness: Buk, it cannod

1a fin du roisitme gtade et 1e gébut du cinguieme eb r

DWORM BEHAVIOUR

Canadian Forestry Service Maritimes
Fredericton. N.B. Canada

th {enitrothion. confine themselves
in late ghird to eurly fifth instars
fipctive SPYBY deposit

{ efficacy hecause most
1¢ is better than

ohabital, 1.8 the webbed sred where

g types and numbers of dropiets going into the 1arval micT .
rationgl spraying 1t 18 hypothesized that efficacy of sprays

he webbing and carrent foliage:

i ion, les larves de tordeuse des bourgeons de

pérut,ionnel au fonitrothio
i1y de soie de leur :rﬂcrohabit,at. Elles sont pour la

ent rarement SUF le8 aiguilles de sapin

| reseau d€ fi}s de soie dans tequel ley larves de tordeuse %8 refugient per '
i 4risations pourral é

1085). The affectiveness of uerial application of an {nsecticide
pruce pudworm 13 expressed in terms of percentag® o

against 8
foliage protected and larval mortality, which are ganctions ©
face on OF near

droplet density and size OB the primary target sur
the larvae. The concentration of {nsecticide B he nature © the
primary solvent, dituent, and adjuvant within the dropiels play

an jmportant role in primery and secondur

Over the years, the offectiveness of various cantrol 0perd”
tions after two applications of fenitrothion yaried from 50 to 80%
for jarval mortality and 30 to 66 for folinge protection {Nigsm
19801 Resnits were measured indirectly by counting the number
of drops af ingecticide of Kromekote cards; 15 z

on one-year-old needles were counted and 0.5 -1 drop >
year's peedle gave etfective results (Ketteld,

The spray droplets that reach the coniferous folidge"ure in
the range of 10 to 60 pm {Himel 1569 gpillman 1976; Barry et
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deposition or the host from air or ground application ig lacking
{Ekblad et al. 1979: Graham-Bryce 1983; Hall 1986).

The ohjeclives of this study were to determine {1) the dose
transfer mechunism of fenitrothion from primary contact surfaces
in the microhabitat Lo the spruce budworm larvae after operational
or simulated seriul spplication, and (2) the significance of the dose
transfer mechanism for improving efficiency of foliage protection,

HIGHLIGHTS OF ACCOM PLISHMENTS

Dose transfer was investigated under field and laboratory
conditions after acrial and simulated applications of insecticide,
Various studics using fenitrothion formulalions were initiated to
evaluate Lhe role of dose iransferred Lo the larvae by contact
through the cuticle, orally as & stomach poison, or as vapours
through the respiratory gystem. Contact Loxicity may occur by
direct impingement of droplets on the larvae or by larvee crawling
on residues adsorbed on foliage or on silk of the microhabitat,
Stomach toxicity may occur through (a) larvae {ceding on foliage
that has adsorbed or shsorbed residues of fenitrothion; (b) feeding
on systemicaily translocated fenitrothion in the developing buds:
and {¢) oral contamination from droplets on silk,

Studies of direct contact, gross residual Loxicity, vapour
activity, systemic activity, and behaviour of budworm larvae in
their microhabitats and droplet interactions have been carried out
sinee 1882, Sixteen experimental sprays were applied to balsam
fir, Abies batsamea (L] Mill, by Grumman Avenger (TBM), or
Cessna-]188 aircraft using various fenitrothion formulations con-
sisting of 210 & Al/ha [emulsion (BC) and flowable (FL) as 11%
Al in water @ 1.45 L/ha and ulira ultra low volume (UULV] us
38% Al in Dowenol @ 0.46 Lihal.

Direct Contact Toxicity

Drop trays were used in the field to study the direct impinge-
ment of droplets on the larvae. Larval activity snd fallout were
observed 16-30 minutes after spraying. Direct impingement of
droplets on larvae took place in only one morning spray out of
16 experiments, under special cireumstances in the field, i.e., when
80% of the larvae were in the 5th instar (L) 2nd the previous
overnight temperatures and budworm activity were high, as
evidenced by quantity of frass

Residual Toxicity

Residual toxicity was studied using drop trays in the field.
Hesults showed a gross effect of interactions among various maodes
of dose transfer, larval behaviour, host development, and weather.
L, were most vulnerable to residues es compared with earlier
instars because of their movement on treated surfaces, [nitial high
drop counts of Ly, on drop trays decreased with time as a resull
of deterioration of fenitrothion residue, Initially, L, were littie
affected by residues as the lurvae were concealed in the needles,
Lul with time and warm weather they emerged and wandered on
the ireated needle surfaces. L, drop Lray counts increased with
time, Few Ly and L, were Tound on drop trays because the larvae
were protected inside the developing buds; there wus no chunge
in Lhe daily rate of fallout up to 4 days.

‘The bioussay and chemical analysis of fulinge carried cut for
toxicity and deterioration of regidues after aerial application of
the insecticide revesled that an initial good deposit had a great
impact on residual toxicity of fenitrothion, The results, so f{ar,
indicate that the order of residual Loxicity of various formulations
s UULY < EC < FL. Foliage protection by Lhese formulations
also appears to be in the same order,
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Vapour Activity

fiffect of fenitrothion vapour on the feeding behaviour of
gpruce budworm larvae was measured in the field by comparing
damage to buds of branches protected from direct sprayd wilh
buds on neighbouring exposed branches of the same tree. This was
accomplished by covering branches with paper bags during spray-
ing and uncovering them after 30 minutes, when the spray cloud
had settied. Thus in the treated plots, covered branches were
exposed only to fenitrothion vapour. In check plots, similar sets
of covered and uncovered branches were used in the evaluation
of resutls, The fenitrothion vapour in the air after serial applica-
tion was measured using National Research Council (NRC) air
samplers and chemical analysis was done at NRC, Ottawa. Field
observalions were made from 1982 to 1984, Air samples were not
anulyzed in the first year. An upparalus to observe the impact
of fenitrothion vapour on larvae under laboratary conditions was
developed in cooperation with Dr, L. Elias during 1983-1884.

Results demonstrated that vapour concentrations of
fenitrothion observed under fietd conditions do not contribute to
insect’mortaiity ot Lo foliage protection. Vaporization reduces the
persistehce of residues on folinge. If vaporization could be reduced
by modifications to formulations then efficacy of fenitrothion
would increase accordingly.

Systemic Activily

Systemic nctivity of {enitrathion was measured by covering
buds with Plasticing® during spraying so that individual buds were
shislded from deposition of spray droplets. 1t was hypothesized
thut insecticide from neighbouring exposed {olisge and buds would
translocate through the xylem and phloem transport systems,
Biologieal, chemical, and physical measuraments of fenitrothion
droplets were made to determine systemic activity in the field
experiments. Some {ranslocation of fenitrothion was detected, by
chemical analysis, in buds coliected 72 h after application. How-
ever, these results were confounded by resinous material in the
buds during early spring, No insecticidal effect from translocated
fenitrothion was detected.

Budworm Larval Behaviour and Droplet Interactions

1¢ was originsally hypothesized that in operational spraying,
toxicity of 0.5 - 1 drop of fenitrothion per previous year's needle
whas the result of chance encounters by larvae, while engaged in
various activities governed by weather. This led to the study of

droplet and budworm behaviour in the microbabitat during spray -

operations and to the observalion of micro- and macro-weather.
In New Brunswick, budworm populations in balsam fir are mostly
in late L, and early L, instars dering the first application of
fenitrothion spray. Second applications of fenitrothion are carried
out when most of the larvae are in Ly and esrly L. Video record:
ings were made uging &n operating microscope, time-lapse video
cessetle recorder, and video and surveillance cameras to chserve
budworm behavicur and microhabitats at various stages of larval
development. The same equipment Was used to study the impac-

tion of droplets on the microhabitat and the droplet-larval inter-

face. Weather parameters were recorded on a micrologger. Infor-
mation on canopy level weather was collacted using sensors
mounted on a meteorological tower located in the middle of the
experimental plot, while oLher sensors were located on host tree
branches to collect wenther duta near larval microhabitats.
Temperatures for each guadrant were measured on the trees using
thermocouples tied to twigs close to the budworm microhabitat
and needle surface. Leaf welness sensors were mounted on the
needles, The micrologger was synchronized with the 12 surveil-
jance cameras so that behaviour and weather were recorded simu!-
taneously. The surveillance cameras were mounted on trees at
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aahis of B-6 - fath camerd recorded pudworm pehavioul for

pruc‘..'\ued. [oyening spres s * —

pin and the microlaBBeT averaged weather parumelers for this

Budworm microhabitat in balsam gir congists of various
d new peedies of growing puds \class 2 to
Dorais and Ketteld 1282) at the ¢ime of first and second apray-
, irobhion iormulatltm has Lo contact larvae within their
crohabitats for maximum efficacy- The thickness of i

crawls over Lhe webbed ailk which functions 89 # nrond system

within it8 micro‘nabibat. Changes 10 tension of the gilk gtrands
_ make the i

govern Lheir activity more than extrinsic £actors LK \
humidity. and wind spee _Larviae Were celatively more active late
in the evening (dusk) and very early marning (dawn) than in the
daytime.

In the summer of 1085, it wasd observed that droplets of dyed
fenitrothion flowable formulation were 'mr,BrcepLed

i i ¢ droplets Were <15 pn and in S0
pbservations i
gubsaquent \abaratory experiments carrie

< 15 pm imping® more on ghe silk strands
pudworms 0

droplets of 11% fenitrathion in isopropyl aleohol under 1ghoratory
conditions, 100% mortality of Lyl W88 observed.

In the gunner of 1886, L Was found that 210 g Aliha of
fapitrothion n UULY was more offective for foliage pmbect.‘mn
and larval mortaliLy than Lhe 82IME amount of active 'mgredient
per hectart of BC formulation. When ihe webbing from the treated
microhabitats was chemically apaiyzed about 2 10 10 times moreé
fenitrothion was pund in UULY formulation gumples than in
samples.

During 1987 feld triald with TJULY formulation, an attempt
was made 0 characterize the spectrum of droplets reaching the
webbing. Because of evaporahionl and inadequale dye in the
droplute, it was difficult to observe d 10 pim. Droplets
trom 6 to g5 um were ohserv in
diameter (NMDy 3T um and volums nean diameter (VMD} 4% pm.
The VMDIN ¢ ‘ i
denoting 2 parrow rangé in gize of droplets.

CONCLUSIONS

Direct contact of spray droplets on gpruce Hudworm lprvae
(s rure. Yapou? and gystomic activity of jenitrothion has litule
impact o larvac. Rosidual Loxicity plays an important role in
eificacy of fenilrothion: The mechanism of dose yransfer appears
tobe ghrough contaminated webbing and new needles within the
microhabitat sither DY direct impingement of droplets or by
gpcondary djstribution of fenilyothion from old peedies vid rain
ww. Spray efficiency can he 'meroved 1§ droplets ar® pargeted
o the webbing and new nuedies, and i yuLy application is

morning spray?s hecause pudworm getively Lept wiia
the evening and early morning pnd also, fenitrothion deposits
vaporise glower &b nighl than during the daylight hours.
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