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ABSTRACT 
Permethrin, acep hate, diazinon, malathion. endosulfan , methoxychlor , 

lmidan. naled and a spray containing surfactant onl y were the most effect
ive treat ments for co ntrol of winLer moth, Operuphtera brumala IL. ). and 
Bruce span worm, O. bruceata I Hulst). on apple in the tight cluster bud 
stage. Resmethrin, tric hlorfon. and Dipel and Thuricide formu lations of 
Bacillus t huringlensis were le ss effective. The growth disruptor. Dimilin. 
provided good control at the pink bud s tage. At this same stage , sprays 
with surfactant only were no better than untreated controls . 

INTHODLCTIO'\ 
Outbreak populations of hardwood-d efoliat 

ing geometrid larvae on southern Vancou ver 
Island in 1976 were composed of about 10'", 
Bruce span worm, Operuph/era uru ceal a IHul s t ) 
and 90% winter moth. O. hruma/a IL. l IGil
lespie el al 1978). Both species are very similar 
in appearance, habits and hosts . The Bruce 
spanworm is a North American species which 
occurs across southern Canada and t he north
ern U.S.A. The winter moth is a European 
insect which became establis hed in No va Scotia 
ICuming 1961 ). The Vancouver Is land oULbreak 
is the first record of wi nter moth from wes tern 
North America. 

Both moths feed on variou s ornamental. 
s hade and fruit trees. DDT, lead arsenate and 
azinphosmethyl controlled winter moth in 1\" o\'a 
Scotia I Sanford and Herbert 1966) . Azinphos
methyl. diazinon and endosulfan controlled 
Bruce span worm on apples in t he Okanagan 
Valley . British Columbia (McMullen 19731. 
Dimilin, an insect growth disruptor , has also 
shown promise as a winter moth control I Pree 
1976). This paper examines t he effica cy of 13 
insecticides for control of geometrid s in volved 
in the current outbreak on Vancouver I s land . 
Examination of larval characteristics I Eidt 
a nd Embree 1968) indicate that t hese are 
mostly winter moth , with a sma ll population of 
Bruce span worm. 
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CO\TROL EXPEIUMENTS 
Treatments listed in Table 1 were applied to 

dwarf apple t rees I variety unknown) in the 
Light cluster bud stage in a neglected orchard 
on the campus of the University of Victoria. 
Res methrin was applied with a battery-operat
ed Turbair UL V applicator. All ot her materials 
were applied to the point of run-off with a hand
operated Solo Sprayer Model 425. Surfactant 
Tr iton B 1956 was added to all sprays at 30 
ml per 100 [jtres. The experimental plot con
sis Led of 57 trees in randomized complete 
block ~ cuntaining 19 Lreatments per block. 
Th ere were 3 single-tl-ee replicates per t reat
ment. Living larvae were counted on 10 leaf 
clu ster s selected at random from each tree 8 
a nd 14 day s after treatment. Counts from these 
2 samples were combined to give 20 samples 
per tree for s tat istical analysis. 

I n a second experiment 3 rates of Dimil in 
25"{. W.P. were applied a t the pin k bud stage 
in the same manner as above, but no surfactant 
was used. These t reatments are listed in Table 
2. The experimental plot in t his t rial consisted 
of J 2 trees in randomized complete blocks 
containing 4 treatments per block, with 3 
s ingle-t ree replicates per t reatment. Living 
la rvae were counted on 10 leaf clus ters selected 
at ra ndom from each tree 9 days after treat
men t. 

In a th ird ex perimen t, methoxychlor, naled 
and Permet hr in sprays with and wi t hout s ur
factant were applied in the pink bud stage. 
This tria l a lso inc luded a n untreated control 
a nd a cont rol sp ray con ta ining surfactant only. 
Trl'atmen ts were not replicated. Living larvae 
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Table 1. Number of li vi ng Operophtera larvae per leaf cl uster on apple 
treated with var ious materia l s at the ti ght clu ster bud stage . 

Treatment 

Permet hrin 50% E.C. 

Permethrin 50% E.C. 

Acephate 75% S.P. 

Endosu l fan 4 E.C . 

Surfactant spray on ly 

Diaz i non 50% E. C. 

Ma l athion 50% E.C . 

Metho xyc hlor 25% E. C. 

Imidan 50% w.P . 

Imidan 50% W.P. 

Naled 9. 6 E. C. 

Acep hate 75 % S.P. 

Rate of 
formulation 

per 100 1 i tres 

19 ml 

37 ml 

68 9 

124 ml 

30 ml 

124 ml 

249 ml 

498 ml 

100 9 

200 9 

124 ml 

131 9 

Larvae per 

Clu ster 1, 2 

0. 20 a 

0.52 ab 

0.78 ab 

0. 92 abc 

1 .10 abc 

1 .17 abc 

1. 47 abcd 

1.53 abcd 

1. 60 abcd 

1. 60 abcd 

1. 88 abcd 

2.05 abcde 

Thuri cide HPC (Baci llu s thuringien sis) 498 ml 2. 38 bcde 

Tri ch l orfon 50% S. P. 

Thur ic i de HPC 

Di pe l W. P. (Baci llu s thuringien si s) 

Di pe l W.P. 

Resmethrin 0. 84% a.i . per lit re 

Contro l (untreated) 

Mean of 3 replicates. 

299 9 

996 ml 

124 9 

248 9 

2.88 cdef 

3.22 cdef 

3. 92 ef 

4.20 ef 

4. 27 f 

8.40 9 

2 Va lues fol lowed by the same letter are not s ignificantl y different at 

p = . 05 (Duncan 1955) . 

were counted on 10 leaf cluster s selected at 
random from each tree 5 days after treatment. 

Data from t he first two experi ments were 
analyzed using a nested analysis of variance, 
Tre.atment means were compared us ing Dun-

can' s Mu ltip le Range tes t IDunca n 1955 ; Zar 
1974 ). Data from treatments in the th ird ex peri 
ment were analyzed by a two-way analysis 
of variance with replication. 
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Table 2. Number of living Operophtera l arvae per l eaf clu ster on appl e 
treated with Dimilin at the pink bud s tage. 

Treatment Ra te of formulation Larvae per 

clus ter 1,2 per 100 1 itres 

Dimilin 25% W.P. 

Contro l 

Mean of 3 replicates . 

25 g 

50 g 

100 g 

0.73 a 

0. 50 a 

0. 33 a 

3. 00 b 

2 Values followed by the same l et t er are not s ignifi cantl y different at 

p = .05 (Duncan 1955) . 

RESULTS AND DISCUSSION 
In the fir st ex periment, la rva l infestations 

were reduced by a ll t reatments compa red to t he 
un t rea ted cont rol ITable I) . Perm et hrin , 
acepha te, endo sulfa n, diaz inon , mala t hion, 
methoxychlor , Imida n, naled a nd s prays co n· 
taining surfac tan t only were most effective . 
Res methrin , t richlorfon a nd the DipeJ a nd 
Thuricide formulat ions of B . Ihuringi en sis 
were less effective. 

I n t hi s experiment , un sprayed t rees a nd 
t hose s prayed with B . IhurinKien sis , t richlorfon 
an d Resmet hr in were co mpletely defolia t ed 
within 48 days a fter the tight cluster bud s t age. 
Trees sprayed with Permethrin were un· 
da maged. Most of t he remaining ma teria ls may 
have provided bet ter protection from par t ial 
defoliat ion if a second s pray had been a pplied 
in t he pink bud st age. 

[n t he second ex perimen t, Dimilin redu ced 

Table 3. Number of living Operop htera l arvae pe r l ea f clu ster on apple 
treated with various ma t eri al s at th e pink bud stage. 

Treatment 

Methoxychlor 25% E. C. 

Methoxychlor 25% E. C. 

+ surfactant 

Naled 9. 6 E.C . 

Naled 9.6 E.C. 

+ surfactant 

Permethrin 50% E.C. 

Permethrin 50% E.C. 

+ surfactant 

Rate of f ormul ati on 

per 100 1 it re s 

498 ml 

498 1111 

30 ml 

124 1111 

124 ml 

30 1111 

19 1111 

19 1111 

30 1111 
-- --- _.- --- -- - --- -

La rvae pe r 

clu st er 

0. 2 

0. 5 

0.1 

0 

0 

0 
-- --. -- ---. --_._ ---
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la rval infestat ion s significantly 9 days a fter 
treat men t in the pink bud stage I Tab le 2). 
There were no differences in control a mong the 
3 dosage rates tested. 

[ n t he first experiment we obtained exce l
lent co ntrol with sprays containin g surfactant 
only. For this reason we suspected a n inter
action between surfactan t and in sect icides 
in the re ma ining treatments in that t ria l. H ow
ever . the results of t he third trial us in g sprays 
wit h a nd without surfactant s howed no inter
action (T able 3). There was a lso no sig nificance 
between la rva l counts fr om the untreated con
trol a nd those from trees sprayed with s ur · 
factant on ly. 

The variab le resul ts obtained with surfac
ta nt sprays may be due to a difference in larval 

age groups between the first trial and the t hird 
t ria l. I n t he first trial t here was a higher pro
portion of ea rly- in star la rvae which might 
have been more sensitive to surfactant sprays. 
However , the relat ively light defoliation of 
t rees treated wi t h surfactant only in the first 
tria l is unexplained. Further studies are there
fore required to reach a ny va lid conclusions on 
t he efficacy of surfactan t sprays for co ntrol 
of winter moth a nd Bruce s pan worm. 
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