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I ,
RESUME

Le pyrethrinolde de synth~se NRDC-143 ((t) cis-trans

dimethyl-2,2 (dichloro-2,2 viny1)-3,3 cyclopropane-carboxylate

de phenoxy-3 benzyle) a ete eva1ue sur le terrain et a petite

~chel1e contre 1a tordeuse de bourgeons de l'~pinette

(Choristoneura fumiferana, Clem.) par ~pandage a~rien simul~

sur des ~pinettes blanches (Picea glauca,Moench, Voss). Des

essais paral1e1es ont ete effectues avec l'acephate (D,S-dimethyl

N-acety1thiophosphoramide); 1e fenitrothion (thiophosphate de 0,0

dimethy1e et de 0-(methylC3 nitro-4 pheny1e) sous forme d'emu1sion

ou dans 1 'hui1e; et avec 1e ch10rpyrifos-methy1 (thiophosphate

de O,O-dimethyle et de 0-(trichloro-3,5,6 pyridyle-2)).

Deux s~ries de testsont ~t~ effectu~s. soit au d~but

et au milieu du cycle ~volutif de 1a tordeuse: 1a premiere A peu

pr~s au moment de l'~mergence de son hibernacle. "autre au

moment au le nombre de larves des quatri~me et c;nquieme stades

~tait maximal.

Les premieres applications de 100 grammes de NRDC-143

par hectare ont donn~ une r~duction d'environ 80 %de 1a d~fol;a-

tion, comparativement a 50 % avec 225 grammes de f~nitroth;on

dans "huile. Parall~lement. 1 'acephate (jusqul~ 462 g/ha) n'a

pas ete tr~s efficace bien qu'une certaine protection ait ete

obtenue en depit des fortes pluies tombees peu apr~s l l application.

,
A 1a mi-saison, 1e NRDC-143 a raison de 100 g/ha a

donne une reduction (65 X) des tordeuses du meme ordre que 1a

dose de 250 g/ha de fenitrothion dans l'huile. Ni la concentration

de NRDC-143 (gamme etudiee: 0,8, 1,4, 2,8 et 5,6 %) ni 1a densite
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des applications (de 13 a 69 90uttes par cm 2) n'a semb1~ influer

sur 1 I efficacit';!, le facteur·'r~gulateur ~tant 1a dose dlingr~dient

actif.

Des essais pr~limina;res ant demontre que le chlorpyrifos

methyl est au mains aussi efficace contre 1a tordeuse que le feni

trothion. L'infestation a diminue d'environ 1a moitie par rapport

a 1975, soit a 14 tordeuses par branche de 45 cm ou 25 par 100 bour

geo ns .
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J\IlST!'JICT

'!he synthetic pyrethroid NFO:-143 (3-t*lenoxybenzyl (±)-cis-trans

2,2-diJrethyl-)-)(2,2-rlichlorovinyl) cyclopropane carlx>xylate) was evaluated

in srmll scale field tests for C01trol of ~p:ru:e b~nn, Chonstoneura

fumiferana, Clem., by applicaticn as sinulated aerial spray deposit on white

spru::e trees, Pic:ea glauca, MJench, Voss. Carpanioo tests were carried out

using acephate IO,S-diJrethyl acetophosphoroarnidothioate); fenitrothion

(O,O-dinethyl O-(4-nitro-~tolyl) phosphorothioate) in both errulsion anti oil

based fornulatiC11Si and with d1lorpyrifos-rrethyl (O,O-di..nethyl 0-(3,5,6

trichloro-2-pyridyl) phosfhorothioate.

'Ibere were OK> series of tests, Le., early and mid-season as related

to b\rlworrn develcp:lent. Early application wa." rrade at about the tine of btXfwonn

errergence fran their hi.bemaculaei the mid-season at tirre of peak occurrence

of fourth and fifth instar larvae. Deposits of 100 ~ NRDC-l43,/ha in early

applicaticn resulted in ca 80% reduction in defoliaticn, as~ wit", 225

g oil--based fenitrothion,lha qiving 50% reduction. Early awlication of ace

p,ate in dep05its of up to 462 g/ha was not very effective although there was

SOlTE' foliage protection despite heavy rains shortly after application.

In mid-seasrn awlicatioo, 1'10 g NJD:'-143;'ha gave btrlworm rerlocticn

of the sane order (65%) as 250 9 fenitrothioo in oil soluatioo. Cmcentratioo

of NlO::-l43 (0.8, 1.4 2.8 and 1).6% tested) or spray coverage in the range 13

to 69 drops/cm2 did not appear to i.nfhJE!nce effectiveness, tl)e ccntrolling

factor being closal}? of active ingredi.ent.

Preliminary testing of chlorpyrifOF>-nethyl s.~ it to Oe at

leac:t as effective as fcnitrottuCTl for bl.X'MJrm cxntrnl. Rue::\oIorTl' infestatioo

at the t.c.c:t ~i le ""'l.~ ca CIl€' tid1 f that of 1<)71), viz., ] 4 per 45 an hranch

lenqth or 21) leT 10n llWS.



Field evaluation of the efficacy of various insecticides and

fonnulations as insecticidal treat:rrents for aerial spray control of spruce

bJ.&o.urm, Choristoneura fwnifepana, Clem., was continued. in 1976 in snaIl

scale experi.nents in which the materials were applied to individual 5Tlall

trees as a siIm1lated aircraft spray del=Osit (Hopewell, 1975; Hopewell and

Niqam, 1974; Niqam and Hopewell, 1973). In 1976, emphasis was on assessment

of the synthetic pyrethroid, NROC-143 (3-phenoxybenzvl (t)-cis-trans-2,2-

d:irnethyl-3-(2,2-dichlorovinyl) cyclopropane cartoxylate (previously referred

to as FM:: 33297). This rre:terial has given very pranising results in lator

atory and field tests. 'I11e experiments with NROC-143 repJrted here 'Were

designed to (1) assess its stability and effectiveness urrler natural weathering

corrlitions by early awlication, Le., before or at al:xJUt the tirre of ~rm

energence fran hi.bernaculae as cc:r.-pared with awlication at tirre of peak.

L 4 and L
5

instar larvae (2) canpare 'tw) cannercial formulations of it, and

(3) to determine guidelines for an effective treabrent at the roost econanical

concentrations and application rates.

Ccrrpanion tests were carried out using acephate (O,S-dimethyl

acetophosphoroarnidothioate) fran orthJ 755 ccmnercial formulation and

with fenitrothion (O,o--dimethyl O-(4-nitro-m-tolyl)phosphorothioate in roth

emulsi.on and oil-based fOITIlUlations for canpariSCll of effectiveness of the

NRD:-143 applicatioo procedures. Criteria for ccrnparison were reduction of

b.J&..D:rm infestation levels and defoliation on treated as ccnpared with t.1x>se

on Wltreated check trees.

A few trial applications of chlorpyrifos--rrethyl, O,O-dimethyl

0- (3,5,6-trichlo.ro-2-pyridyl)phosplOrothioate (Reld~or ~2l4) were

included [or preliminary evaluation against spruce budv.o.rm.
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1. Treatrrent Area and Tree Preparation

'Itle work was carried out on a tree farm near Shawville, OJebec.

The selected trees were white spruce, Picea glauca (MJench) voss, 2.5 to

3 m in height, within a stand ranging in reight fran 2 to 8 m and carrying

a natural infestation of spruce budworm, Cho~i8toneura fumiferana, Clem. The

selected trees were flagged and mrrbered consecutively. Four branches on each

tree, ooe in each quadrant, at alx:mt 1.8 m above ground level were tagged 4S an

fran the tip. 'Ihe area around each tree was cleared, if necessary, by tri.nmi.ng

foliage fran adjacent trees to clear an area for the portable shelter placed

ara.tnd each tree during spray application.

2. B\.J&..Qrm Developnent and Infestation Level

Developrent ard infestation levels were rronitored by checking 10

standard 45 an branches at 2-day intervals, if possible, fran 20 M:ly to 17

JW1e. After rrost larvae had developed to at least third instar (L
3

) they were

separated fran the foliage using the apparatus and technique described by DeBao

(!t al (1973) and Martineau and Benoit (1973), an:i total larvae per branch and

developrent stage reO::)lued. In adlition. the nLlnber of boos on each branch was

tallied to allow calculation of infestation levels in tenus of nunber per bu:l as

Vlell as total nt.nber per 45 an branch length.

3. .Experimental Design

Four different insecticidal COTp:lL1l')ds WE!re used, madp up in J 7

fonnulations, arrl applied in 32 lnclividuaJ test treatnents. There v.ere tv.o

sprics of tests, Le., early and mid-season applicatic:n. In the first series
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application was made before ~rm had e:nerged arrl bea:rne active in the

needle minillg' stage; in tie secord series awlicatioo was made when larvae

...re predcrni.nantlY L
4

am L
S

·

Each treabrent was replicated 00 three separate trees arxi effect

of treatment evaluated by =>paring the bu<l>onn population with that on three

untreated check trees in the case of the early awlication tests. Treated and

check trees were within an area of approximately 0.5 ha. The mid-season

~licaticns were applied to trees al an area of approxi.m3.t.ely 1.5 ha \otlere

5 mtreated trees were used as I cteck.s I •

4. Fonnulations

'!he tes t fomulations were prepared fran the follOwdng original

concentrate preparatioos as received fran carrrercial sources:

1. NR[C-143 (A) • dti.~ Chanical Co., Stoney Creek, Ont., a concentrate

containing 500 9 AIl'). for dilution with oil.

2. NRLX:-143 (B) . .FM:: of Canada, Ltd .• Burlington, Ont., a concentrate contain-

3.

4.

lng 800 9 AI/t for dilutioo with oil.

Acephate (Orthe~75S). Crevron Chemical Co., (Canada), oakville, Ont.,

a water soluble ~er containing 75% active ingre:lient.

Fenitrothion (SlITlithior\B1 technical, 96% active ingredient, SUnitaro

Chanical Co., Osaka, Japan.

5. Chlorpyrifos-methyl (Jb..Ico 214= Rel~. [boI Chemical CO., Sarnia, CIlt.,

a concentrate containing 30 9 / 100 m1 (3 lbs./gal lmp.).

The above were used in 17 fomulations as listed in Table I, and

\oK'r(> ar;plied <IS 3J l r'retments. For the series of early applications, Le.,

f rent 6 to 1 "I May, only U'£ ChipTHll surnple of NIU:-143 was available; in the

J,lll'r f'>cries fJr,rilllf>l tests were ci)n:ied oul with the FM: fonnulution of NROC-143.
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5. Spray Application and DeiX'sit Sarrpling

Application of the simulated aerial spray was carriErl out by use

of the awaratus and technique described by ~ll, 1973. A portable stelter

enclosiJl:1 an area 2.1 x 2.1 m (7 x 7 feet) was placed around each tree before spray

application. The required volure for the rnninal dosage to be applied was

rreasured into the syringe, e.g. 1.17 f/ha (16 flo oz/acrel required 0.5 mf

2
anitted over the enclosed 4.55 m. The operator then raised. the unit over the

tree in the shelter and switched on the spinning disc and feed rrotor. '!be uni t

was rroved systematically over the enclosure during eni.ssioo (c3RJroxiroately

1 mR./minute) while elapsed enitting time was called out at intervals to aid in

jtrlgrrent of lUlifomtity of emissim over the total enclosed area.

A deposit sarrple was taken in each tree quadrant, (north, south, east,

west) on sanpling units a:msisting of a 9 an diarret& FEtr! dish and. a 10 x 10

an Kranekot~card. '!hese sarrpling units were placed on staked holders 1. 8 m

above groom. level, awroximate1y 0.5 m fran the tree stan and close to the

branch tagged for post-treat:rrent biological assessnent. The deposit samples

~re returned to the la1:x:>ratory for oolorimetric assessrent of depJsi t and drop

oount.

6. Bio1.o::Jical AsseSSTellt

Tl"e assessrent of the larval pcpulation densities on the test trees was

made a1:::x)ut one rronth p:>st treatnent for early tests and boo weeks -post treatrrent for the

later series. Tl"e 45 an teigged branch fran each quadrant was clipped off, the total

nunber of bOOs counted and recorded, and the larvae separated fran the foliage.

ThP surviving btrl.-nrm Wf"H' counted and identified as to larval stage. '!be three

rf'pljcatcs of f'<,:wh spr'ly tJ-catmenl gave 12 branch sanples on which the average

mnTtx'l of bUlnVOrJll ~urv:i vors per br.anch and percentag;! of boo infestation wa~ fu>tcIJ"lined



- 5 -

and canpared wi th survival on similar branches on the check trees.

7. Defoliation Asses&rent

The degree of foliage protection was assessed in late autunn as an

additional index of treat.rrent effect. The rnethcxl follCMed was essentially that

described by Fettes (1951) which quantifies defoliatirn into 10 classes. Five

terminal current year shoots on each of 4 branches, one in each quadrant and

adjacent to the branch sampled for surviving budv.onn, ~re examined visually

in si tu. Defoliaticn class of each shoot was judged by an ~rienced observer

and tallied; the branch, tree and treatment group averages ~re derived fran

these data.

8. Tests and Treatment Detail

Data on the 32 experirrental treatments carried out are given in

Table II. Each experiment was nunbered serially for convenience in keeping

records and also, results of biolCX]ical assessment were obtained and reported

by tree nunber only. This avoided any possibility of bias in the results since

the observers were not aware of the treatrrent received by any particular tree

including checks.
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FESUL'IS AND DISCUSSIO'J

'1he results ::rom the series of early trials \vith a9Plication 6 to 13

1-ay are giveT! in '!'able III. 'Ihese data 9ive deposits as rreasured on saJI1)les

taken during applicaticn and t.~ later biological assessnent of taggeC bra'1d1es

for nurrbers of bu::M::>rl!l. Defoliation cbservatioos, ta1(en later in t~ year

are also inclu1ed. 'Illere was COlsiderable variatim in detx)Sits between trees

in ead1 test and between quadrants on the sane tree. Hcwever, the results of

t.!)e early tests (1 to 12), Table III, indicate that th:! early application of

NROC-143 resulted in significant reduction of b~rm tX:JOUlatj_on density aOC

defoliation. In nest cases there was fairly gocd agreerrent between pa;>U1atioo

reduction as calculated on the basis of larvae };er brand1. and larvae t:'€r boo,

but there are serre discrepancies, as in tests 2, 9 and 12, whic.fl rray be ascribed

to 10.-.' ];X)pU1ation densities and variaticns between trees, in(,..i.catinq insufficient

reolicaticn. In g:meral, percent c.'Cll'trol calculated en t'le basis of bud. infes

tatioo agrees rrore closely with percent reductioo in defoliaticn. It should

be noted that defoliatioo. assessrrent was derived in:lereneently fran tJOp..llaticn

reduction. Percent btrlworm reduction was calculated from roth larvae t;er branch

and boo infestation rate c.ata which were rerived from the SClITe sample branches.

Defoliation cbservations were nare nuch later at the satre locations en each tree

as determined by the stlbs of the excised sarrple b<anches. '!he percentage

reducticn in bu:iwonn populatioo ranged fran ca 50 to 75% for average dernsits

of 50 to 100 g,/l1a of active ingredient. Defoliatioo reduction l.,ras of too c:;arre

order at t.r1ese dos<:l9"=s.

nrt.1lene at ~I)e to dC;'1 9/ha was not as effecti'lJ""" as ~JRIX:'-lA3 at an average

·u rtfha but did cause sit;l"l f"icant redlI::tioo of b~rJTl oooulation and (ef"oliation. '!he

0; 1 luabon of fenit-rot 'Of""! in the hyo ear.ly test:; 11'1 :md ll) also resulterl. in
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bud>.<:>rm f.OP\.llation reductions of 50 to 70% at deposits of 100 to 200 gjha.

'lhe fenitrothion enulsion (test 12) was apon...?"f>.ntly lesseffective t.>-tcn t.~e oil roluticn.

The results of the experiments carried out when larvae were predaninant

ly L
4

am L
S

with L
6

:increasin:r to ca 30% near the errl of awlication pericd

(3 to 5 June) are given in Table IV. Cmsidering the 14 tests (13 to 26) in

which the active ingre::lient was NROC-143, the average deposits of active ingredient

for all samples in each have been plotted against average percent budwonn reduction

as calculated. by l::oth methods, and are sho,.m in Fig. 1. A deposit of at least

100 gjha was required to give bu::l\-.orm reductions in the order of 75%. Spray

de{X)sit coverage, Le., nl.Jtlber of drops/on 2 (and thus drop size at cx::rnparable

deposit levels) afPe1U"ed of minor importance when percent larval reduction was

cx:npared with coverage at similar dep::>sit levels, at least within the rather

narrow average drop size range of these tests. There was no apparent differero=:

be~ the activity of the u..o camercial fomulations of NRC-l43.

The one experi..Jrent in which a 5% active i.n:;Jredient fonnulatioo of

acephate was used. (No. 27) with an average deposit of 77 gfha, gave ca 67% b\rl...orm

reduction which surpassed fenitrothion emulsion (No. 28) at an average dep:>sit of

230 g;ha resulting in a reduction of 52%, and had approxi..matelv the SnJTe effectivenesc;

as fenitrothion oil !;olution at 247 g;ha (No. 29).

The three trials with chlorpyrifos-rrethyl (3D, 31, 32) all gave good

population reductioo and folia~ protection ""ith avera~ deJX)Sit..c; of 21~, 447 and

765 g;1l.a of active ingredient resulting in bw.;orm reductions of 71, S7 and 79%

respectively. nus app:rrent lack of dosage respcrLSe correlatico may be the

result of overdosage. Further testirg will be needed to determine the minim3.1

pffec~ive deposit.

Sin<x' U1e hulk Jt t}k"' llat,l deal" with NROC-143. a nore intensive

Hl,ll yS1 ~ of these datd W"dS possible by llS(> nf. the individual sample branches
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for each of which there was a measured deposit and the resultinq p..)st-t.re~rllr'llt

COlUlt of bu&.onn infestation level. The data for these branches were organizEd

in groups accnrding to measured dep::lSit of active ingredient and canpared with

the corresponding boo infestation levels. Included in this analysis are the

data on the observed defoliaticn on branches in each tree quadrant and which

are assl.mEd to have received the sarre dosage as rreasured on the sarrplinq unit for

that quadrant. These results are surrnarized in Table V, and the resulting

reductions in bud infestation and defoliation graphed in Figs. 2 and 3

respectively.

Results showed that NROC-143 applied early in larval develq;rrent, i.e.,

a1x:lut time of erergence frau their hi.bernaculae, can laver later tudw::mn infest

ation levels and protect the trees fran defoliation. with maximun infestation

levels of approximately 25 per 100 buds in this location, a def:XIsit of awrox

imately 200 9 NRIX:-143jha w::mld be requirErl for canplete foliage protection

by early application. In tie mid-season applications considerable defoliatial

had already occurred but atxmt 50% reduction in l:>u:Thurm infestation and defol

iation oould be expected by a deposit of awroxiroately 100 g AI/ha (Figs. 2 and

3) •

There was great variation in infestation levels between trees and even

l::en...een branches of the sane tree as is evident fran the high standard deviations

of the means of roth bOO. infestation level and defoliation (Table V). For

exanple, the mid-season awlication deposit level group 76 - 100 g/ha (Table V)

which sh::Ms no reduction in defoliation, 6 of the 14 samples in this group of

treated foliage had bud lnfestation levels higher than, or arout equal to, that

of the wean .in the check trees. 'l'his ananalous point was eliminated fran cal

culation o:f lhe line of best til for the dat..a. on defoliation in mid-season awlica

Lion Wig. J).
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The results of the rronitoring of b,xh.,orm develcpnen.t are slvNn in

Fig. 4. Develcprent proceeded much Trore regularly than in 1975, with each

larval instar perio::l ca1fined to fairly distinct time intervals while in 1975

emergence and/or develcprent was such that snaIl nI..Inrers in each stadiun

occurred over much longer time perieXls. The infestation levels, Le., nutter

of larvae per 45 an branch (Fig. 5) irrlicated an average pcp.Uation of awrox

imately 14, which is aboot one half that fourrl in 1975 on the sarre site. Percenta~

bud. infestation, (Fig. 6) s~ the rnaximun to have been ca 25 larvae per 100

buds.

'!be daily te'l'lperature records taken on site (Fig. 7), sl'¥::7Ned ideal

cx:nditioos for ~:rm developrent with no frost after 5 M:ly and for the JTOSt

part, wann sunny days with gradually increasing daily r.can tarperatures. Rainfall

records, (Fig. 8) sho.o1ed early tests to have been exp:JSed. to approxi.ma.tely

90 Iml of rain within the one--week period following awlicatioo. This heavy

precipitatioo 50 q(X)n after t....reabrent rrev t\ccount for the p:or results fran the

Jcephate applications (l'bs. 7, B and 9). Acephate is water-soluble and probably

was wasta) fran the foliage before it could be effective against the budworm.

'I'he single early aw1ication of acephate in 1975 gave verv g:x::d results

(HO!X'oell, 1975).
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1. Application of 100 gjha of =-143 at aOOut the tille of larval

arergenoe fran hibernaculae resulted in an 80% redoction in defoliation,

whereas 200 gjha gave protection awroaching 100%. H"""""",, it awears

likely that depJsits of 10 to 20 g/ha in early applications would signifi

cantly reduce l::u:l\-.onn infestation and defoliation, although deposits in this

low range ~e not tested.

2. A deposit of approximately 100 9 AIjha of NRIX:-143 gave a

bLJdI.<Jnn pcpulation redoctioo of the sane order (65%) as 250 9 AIjha of

fenitrothion applied in oil solutiO'l, with aw1ication wren tlE larvae

were predaninantly L4 and Ls.

3. Corx::'entrations of NROC:-143 active ingredient (0.8, 1.4, 1.7,

2.8 and 5.6% CXlrlCEntrations tested) or spray coverage in the range 13 to

69 drq:>s/an2
, did not appear to influence effectiveness, the ccntrolling

factor beirq dosage of active ingredient.

4. There was no significant difference be~ the effectiveness

of th::! "ThO carrnercial formulations of NPIC-143 (Chipnan 50% AI VS. PM: 80%)

on the basis of equal arrounts of active ingredient applied.

5. '1lle oil-based fonnulation of fenitrothion was rrore effective

than the emulsion in roth early and mid-season applicatioos. An early

application of an average 108 9 AI/ha of oil-based fenitrothion with

calculated averCll:Je drop diarreter of 89 micrrns and coverage of 16 drops/an 2

resulted in 60% reduction of larvae and defoliation. 'I11e mid-seas:>n

application of 250 g/ha of 138 micrCl"l diameter drcps at 10 drops/an 2

resul ted in 65% rPdLlC'ti on of 1arvac and defoliation.
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6. Early application of acephate (5 and 10% solutions prepared

fran ~75S) in three tests at an average 96, 180 and 462 9 AIjha

was not very effective althcmgh there was sane foliage protection. Heavy

rains within a week of treatnent probably reroved ITOst of dePJsit fran

foliage. A mid-season applicatioo test using 5% oolution applied at 77 9

AIjha gave 70% reduction in t.re: budw:Jnn pclpUlatioo.

7 _ Three trial applications of chlorpyrifos~thyl(~ 214,

Rel~ stn..ed it to be at least equivalent in effectiveness to fenitrothion

oil fonnulation and superior to fenitrothion E!mJlsion, both at average

deposits in the order of 225 9 AI/ha.

8. The bu:n..onn infestation level in the Shawville, Q.Jebec, area

was less than half that in 1975. Weather oonditioos for bu:l\..onn developnent

and tree growth during ~ test pe.ricx:l ¥ere excellent, 00 that high percent

I.Jud\"orm control w:>uld be rrvre difficult to attain than 1.11 the previous year.

Another difficulty enca..mtered ¥.as great variation in b.xh..orm infestation

levels be~ trees arrl beb.een branches on the sarre tree ~ All tests ~e

on white spruce wi th infestation levels of ca 14 budw:mn per 45 an branch

or 25 per 100 buds.

Grateful thanks are again extended to Mr. Geo. Eades for his

interest in tie wodc. and for allowing full use of the excellent facilities

at his tree fann near Shawville, Quel:ec, where the experiments \Ere carried

out.

Invaluable assistance in the field, lai::x::lratory and reporting phases

of the lnOrk was provided by MY. B. Ou.}uette, forestry stwent at lakehead

University, 1hurder Bay, iXltario. Chipnan Chemicals Ltd., Sta1ey Creek, Ont.

(Mr. R.P. Garoredand FK: of Canad"l Ltd., Burlington. Ont. (Dr. P. Jones)



- 12 -

shared all costs of the student assistant. I thank Mr. Steve NichJlson

of the Chemical Control research Institute for llEking the defoliation
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I am irrlebted to my colleagues I Dr. R. F. DeBco cUld Mr.

\'in. Haliburton for their constructive ani learned caT100nts on the

manuscript; also to Dorma Tague for her pa.tience and carpetence in

typing of the report.
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Table I

F0rnn.11aticns Tested. Shawville - 1976

CaTlPOsition

Diluted to 5.6% AI (0.93 oz AI/16 fl. oz).

Chlorpyrifos-rrethyl 10% AI in Arotex 3470: fuel Oil 2 1:3.

Fenitrothion 10% AI in emulsion with 1% AtlaxR and 1% Arotex 3470.

>-'
A

18% AI (3 oz AI/16 flo 02) in a solvent oontaining Arotex:
fuel oil #4 at volure ratios 12:53:35.

Chipnan NRDC-143 diluted with oil diluent (Arotex 3470, Fuel Oil
21,3 by volure) to 3.4% AI (0.56 oz/16 flo oz US»

EM: NROC-143 diluted. to sanE concentrations active ingredient as 1
to 6 alxwe.

Acephate 10% - Orthene 755 diluted. with 10% ethylene glycol in water.

Acephate 5% - Orthene 755 diluted with 10% ethylene glycol in water.

Fenitrothion
fuel oil #2:

Diluted to 1.69% (0.6 oz AI/32 fl. oz).

Diluted to 2.8% AI (0.5 oz AI/32 fl. oz).

Diluted to 0.8% AI (0.14 oz AI/64 fl. oz).

Diluted to 1.4% AI (0.24 oz AI/64 fl. oz).

No. Formulation Code

1 143-IA

2 143-IIA

3 143-IIIA

4 143-IVl\

5 143-W.

6 143-VIA

7 to 12 143-VII to XIIS

13 o - I

14 o - II

15 F - I

16 F - II

17 I D - I

* Active Ingredient in ounces ~'\voir, Fluid vollI'lle in Fl. oz. u.s.



- 15 -

Table II

Fo.t.TI1Ulations and Naninal Application Rates - Early Tests

Test No. Formulation* 'l'ree Nos. Date Nanina.l Application Rate

1 143-IA 1-2-3 6-5 1.13 ~jha (16 fl. az/ae)

2 143-IIA 4-6-7 10-6 " "
3 143-IIIA 8-9-10 11-6 2.26 ~jha (32 fl. az/ae)

4 143-IVA 11-12-13 11-5 " "
5 l43-VA 16-17-18 11-5 3.4 ijha (64 fl. az/ae)

6 143-VIA 15-19-20 11-5 " "
7 o - I 21-22-23 12-5 2.9 i/ha (40 fl. az/ae)

8 o - I 24-26-27 12-5 1.4 ijha (20 fl. az/ae)

9 o - II 28-29-30 13-5 " "

10 F - I 31-32-33 13-5 1.4 i/ha (16 fl. az/ae)

11 F - I 34-35-36 13-5 " "

12 F - II 37-38-39 13-5 2.9 ijha (40 flo az/ae - anulsion)

Mid-season Tests

13 143-IA 40-41-42 27-5 1.14 i/ha (16 flo az/ae

14 143-IB 43-44-45 27-5 " "
15 143-IIA 47-48-49 27-5 " "
16 143-IIB 50-51-52 28-5 " "

17 143-IIIA 53-54-55 28-5 " "

18 143-IIB 56-57-58 28-5 " "
19 143-IIIA 60-61-62 29-5 2.27 ijha (32 flo az/ae)

20 l43-IIB 63-64-65 29-5 " "

21 143-IVA 66-67-68 29-5 " "
22 143-IVB 69-70-71 29-5 " "
23 l43-VA 72-73-74 2-6 4.52 i/ha (64 flo az/ae)

24 143-VB 75-76-77 2-6 " "
25 143-VIA 78-80-81 2-6 " "

26 143-VIB 82-83-84 2-6 " "
27 o - II 85-86-87 2-6 1.4 ~jha (19 flo az/ae)

28 F - II 88-89-90 3-6 2.9 ~jha (40 flo az/ae)

29 F - I 92-93-94 5-6 1.1 i/ha (16 fl. az/ae)

10 D - I 97-98-<)9 4-6 4.52 £jha (64 flo az/ae)

3] D - 1 101-03-04 4-6 2.27 ~/ha (32 flo az/ae)

32 IJ - l 105-06-07 4-6 1.13 £/ha (16 flo (lz/ac)

* Please refer to Table I for t.hPi r canposition.



Table III

Volure and Active Ingredient Deposit Applied to trees with Resulting Effect on Budw.:lrm

Population and Defoliation - Early Application -

% BlJdt..D:rm .Reduction
I'est Tree Dep:>sit * Calc. Drcp. _~uc1v.QI:TII Survivors * Branch Bud % Defoliation

"" . Formulation No. £,/ba 9AI;hi-drOIJS/ciTI~ Diarn. (u) per branch per lOO/buds Data Data Reduction

1 143-IA 1 3.07 104 41 1.00 1.18
" 2 3.15 107 42 3.25 4.26
" 3 2.42 82 35 2.75 5.23

2.88 98 39 112 2.33 3.56 59 77 70

2 l43-IIA 4 1.16 65 16 7.75 10.58
" 6 0.78 44 16 4.50 5.86
" 7 1.24 69 27 4.75 5.14 ~

1.06 "59 20 100 5.67 7.19 1 53 55 '"
3 143-IIIA 8 2.50 42 24 4.75 7.98

" 9 3.25 55 57 3.25 3.37
" 10 3.98 67 25 3.25 6.19

3.24 55 35 121 3.75 5.85 35 62 58

4 143-IVA 11 2.22 62 22 2.75 4.12
" 12 1.58 44 12 4.50 6.04.. 13 5.20 146 46 0.50 0.90

3.30 92 27 133 2.58 3.69 55 76 76

5 143-11A 16 6.25 50 61 3.00 6.59
" 17 6.95 56 64 4.25 5.43
" 18 5.65 45 97 5.50 5.61

6.28 50 74 117 4.25 5.88 26 62 66



Table III (Continued)

%Budworm Reduction
Test Tree [)e,p:)sjt * Calc. Drop. _trudw:>nn Smyi,yors * Branch Bud % Defoliation

No. :ormulation No. Zjha gAI/ha drcps/an' Diam. (~) per branch per 100/buds Data Data Reduction

6 143-VIA 15 7.42 104 82 2.25 4.17
" 19 7.02 98 84 5.00 13.70
" 20 5.10 71 62 3.00 4.32

6.51 9I 76 118 3.42 7.40 40 52 81

7 o - I 21 3.72 372 18 5.75 11.22
" 22 7.24 724 18 3.25 5.35
" 23 2.90 290 18 3;75 7.32

4.62 462 18 170 4.25 7.96 26 48 38 ....
o - I

~

8 24 2.79 279 5 4.25 7.05
" 26 2.14 214 10 7.25 13.30
" 27 0.49 49 7 6.25 7.40

1.81 181 7.3 168 5.92 9.25 0 40 52

9 o - II 28 2.51 125 10 4.50 10.00
" 29 1.50 75 4 7.50 15.96
" 30 1. 76 88 5 7.25 15.18

1.92 % 6:"3 180 6.42 13.71 0 11 30

10 F - I 31 1.30 234 2 5.75 10.32
" 32 1.36 245 22 0.50 0.90
" 33 1.24 223 12 3.50 6.80

1. 30 234 12 127 3.25 6.00 43 61 48



Table III (Continued)

% Bumo.orm Reduction
Test Tree Calc. Drop. ~P:n ~yryiYQ..Qi_ ~ Branch Bud -

% Defoliation
l/ha ~;fl~t~ops/~No. Fonnu1ation No. Diam. (ul per branch per 100/buds Data Data Reduction

11 F - I 34 0.76 137 27 4.00 5.71
" 35 0.65 117 9 2.50 4.12
" 36 0.39 70 12 2.25 2.08

0.60 108 16 89 2.92 3.97 50 74 57

12 F - II 37 1.02 102 -- 9.00 15.52
" 38 0.57 57 -- 4.25 8.06
" 39 0.69 69 -- 3.75 6.38

0.76 76 -- 5.67 9.99 1 35 31
"''"Checks 5 3.50 4.90 14"* I

" 14 7.00 25.00 35**
" 25 6.75 16.36 54**

5.75 15.42 34.3
± 1.95 ± 10.0 .t 20.0

* Average of 12 sarrp1es - 4 fran each tree.

** Average percent defoliation.



Table N

volure and Active Ingredient Deposit Applied to Trees with Resulting Effect on Budworm

Population arrl Defoliation - Midseason A;:plication to L4 and Ls -

%B~rm Reduction
Test Tree Deposit* Blrlv.orm Survivors * Branch Bud % Defoliation

No. Formulation No. -f,Iha gAI,1h3. -drops/QTI! Diam. (1.1) per1JrailCh ~ lOO/b.:iis Data Data Reduction

13 143-IA 40 1.35 46 17 1.00 2.88
" 41 2.24 76 20 3.00 5.71
" 42 1.05 36 13 9.50 26.57

1.55 53 17 120 4.50 11. 72 48 22 22

14 143-IB 43 1.98 67 28 9.25 26.24
" 44 1.35 46 23 9.00 26.28
" 45 1.25 41 11 7.75 20.53 iC

1.53 52 21 112 8.67 24.35 0 0 0 I

15 143-IIA 47 1.05 59 15 8.00 15.61
" 48 0.72 40 16 4.50 10.65
" 49 1.82 102 12 6.50 15.66

1.20 67 14 118 6.33 13.97 27 6 0

16 H3-IIB 51 3.08 172 28 1.25 2.30
" 52 1. 48 83 18 1.25 1. 81

2.28 128 23 124 1.25 2.05 85 86 48

17 143-IIIA 53 1.72 29 16 3.75 4.31
" 54 1.35 23 9 6.25 13.59
" 55 1.38 23 15 5.25 li.OG

1.48 25 13 130 5.08 9.63 42 35 35



Table IV (Continued)

% BlJClIO'OOiin-Reduction
Trees Tree Deposit.. ____. ___ Bt,Xh..Qnn Survivors * Branch Bud % Defoliation
~. FOI'!'!'lulation No. ~/ha gAl/ha drops/em' Diam. (u) per branch per 1~0 Buds Data Data Reduction

18 143-IIIB 56 2.08 35 20 8.50 12.69
•• 57 1.42 24 12 16.00 22.07,. 58 0.65 11 7 9.50 10.61

1.38 23 13 127 11.33 15.12 0 0 0

19 143-IIIA 60 3.25 55 23 9.00 10.17
" 61 3.50 59 29 5.75 5.40,. 62 2.42 41 24 2.75 3.91

3.06 52 25 133 5.83 6.49 33 56 64
~

20 143-IIIB 63 3.32 56 38 4.50 6.67 0

" 64 4.38 74 27 3.00 11.65
,

" 65 2.58 44 26 6.25 8.14
3.42 58 30 130 4.58 8.82 47 41 40

21 143-IVl\ 66 3.30 92 34 3.25 5.02
" 67 4.25 119 37 5.50 12.02
" 68 2.55 71 29 3.00 4.93

3.37 94 33 125 3.92 7.32 55 51 54

22 143-IVB 69 2.85 80 38 1.50 2.33
" 70 2.55 71 23 3.50 5.78

71 1.90 53 27 3.25 5.75
2.43 68 29 117 2.75 4:"62 68 69 75

23 143-VA 72 5.38 43 64 1. 75 4.07
" 73 4.78 38 57 5.00 9.48

74 2.70 22 25 6.75 12.92
4.29 34 49 119 4.17 8.82 52 41 42



Table DJ (Continued)

, &ld:v.onn Reduction
Test Tr"" I:.leJ;:osit Budworm Survivcrs 1< Branch Bud % Defoliation

:<0. Fonnulation No. Uha gAI/ha drops/an' Diam. (u) per branch per lOO/boos Data Data Reduction

24 143-VB 75 3.72 30 49 13.25 21.03
" 76 2.38 19 24 3.50 4.83
" 77 1.93 15 30 3.00 7.64

2.68 21 34 115 '"""6.58 11.17 24 25 50

25 143-VIA 78 1.92 27 27 5.00 7.75
" 80 1.50 21 28 2.25 3.49
" 81 3.30 46 42 5.25 7.00

2.24 31 32 110 4TI 6.08 52 59 42

'"
26 143-VIB 82 7.52 105 64 1.00 '"'1.77 I

" 83 7.68 108 77 2.75 4.21
" 84 5.95 83 65 1. 75 3.27

7.05 99 69 125 1.83 3.08 79 79 77

27 o - II 85 1.58 79 15 4.75 6.09
" 86 2.12 106 20 0.50 1.16
" 87 0.91 46 14 3.50 6.42

1.54 77 16 122 2.92 4.56 66 69 45

28 F - II 88 2.54 254 41 2.75 4.62
" 89 2.96 296 53 4.50 7.63
" 90 1.40 140 17 5.00 9.35

2.30 230 37 106 4.08 7.20 53 52 26



Table IV (Continued)

%: Budworm Re1uction
Test Tree De'fX?sit* _ B\JC1\.,onn Survivors * Branch Bud %Defoliation

"". Fomulation No. £/ha gAI/ha drops/an' Diam. (\J) per branch per 100/buds Data Data Reduction

29 F - I 92 1. 38 248 13 1. 25 3.03
" 93 1.27 229 8 2.25 3.98
" 94 1.46 263 9 3.50 12.28

1. 37 247 10 138 2.33 6.43 73 57 67

30 D - I 97 6.60 660 58 0.25 0.36
" 98 10.50 1050 73 0.25 0.40
" 99 5.85 585 56 5.00 8.55

7":65 765 62 133 1.83 3.10 79 79 85 '"'"
31 D - I 101 3.00 300 37 1.00 2.14

" 102 5.42 542 34 2.25 4.33
" 103 5.00 500 57 7.00 15.22

4.47 447 43 126 3.42 7.23 61 52 74

32 D - I 105 2.25 225 34 0.50 1.52
" 106 3.02 302 28 2.75 4.12
" 107 1.30 130 17 4.00 7.27

2.19 219 26 117 2.42 4.30 72 71 80

Checks 62 6.00 13.95 61.5**

(Untreated) 79 14.50 14.76 44.5
91 8.50 15.38 16.25
95 9.75 15.98 45.0

100 4.75 14.73 21.25
8.70 14.95 37.7

± 3.8 ± 0.76 ± 18.7

• Average of 12 samples - 4 fran each tree
** Percent defoliation.



Table V

Stmnary of all NRDC-143 Spray De"[X)sit Data on the sample Branches and Resulting

Bud Infestation Levels and Defoliation by Spruce Budworm

Defoliation (%)
No. of Range of Deposit Larvae per Percent lazval Reduction
Branch Deposit (g AIlhal 100 buds reduction vs. Mean fran
Sar!ples (g AIlhal Mean and S.D. Mean and S.D. checks and S.D. checks

Early Application

27 < 50 33 ± 12 6.5 ± 3.8 58 11 ± 16 68

30 51 - 100 72 ± 15 6.1 : 6.3 61 8 ± 15 76

7 101 - 150 121 ± 15 2.0 : 2.6 87 5 : 9 85 ~

w
5 > 150 194 ± 47 6.9 : 6.0 56 1 ± 1.4 97

12 Untreated dlecks ------ 15.6 : 9.6 0 34 ± 22 0

Mid-season Application

39 > 25 14 ± 6 13.3 : 14.4 11 36 : 24 6

53 26 - 50 36 ± 7 10.9 ± 9.4 27 23 ± 22 40

29 51 - 75 62 ± 5 12.5 : 11.5 16 23 ± 24 38

14 76 -100 87 ± 6 9.1 ± 8.8 39 38 ± 32 0

23 101 - 150 120 : 11 6.5 ± 5.4 56 19 ± 18 49

7 > 150 190 ± 52 4.0 ± 4.0 73 9 ± 9 75

20 Untreated diecks ----- 14.9 ± 7.0 -- 38 ± 24
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