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Attract and kill, an effective technique to manage 
apple maggot, Rhagoletis pomonella [Diptera : 
Tephritidae] in high density Québec apple orchards 

Noubar J. Bostanian and Gaétan Racette1 
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PHYTOPROTECTION 82 : 25-34 

"Attract and kill" isan effective technique tocontrol apple maggot {Rhagoletis 
pomonella) in apple orchards. It provided 98.5 to 100% clean fruit at harvest 
in Mclntosh, Liberty, Royal Gala and Jonagold cvs. The traps consisted of 
yellow boards (28 cm x 21.5 cm) sandwiched between the two halves of 
red sphères (9 cm diam). They were sprayed with 12.5 and 6.3% cypermethrin 
or 1.3 and 1.7% deltamethrin in de-odorized kérosène, loaded with butyl 
hexanoate in semi-permeable sachets. The traps were hung on branches 
1.20-1.70 m above the ground. They were placed on the periphery of the 
plot and positioned so as to be visible from outside the tree canopy. The 
number of traps per plot was a function of the length of the plot opposite 
a possible entry site of apple maggot. In columns opposite a forest, entry 
site of apple maggot into the plot, the traps in a column were at 2-3 m 
intervais (0.3-0.5 traps m 1). A trap was also placed on every tree of the first 
and last row of a column. The columns were 4-5.5 m apart (0.18-0.25 traps 
m 1). Opposite to prairie grass or a chemically treated plot the traps were 
at 2-6 m intervais (0.17-0.5 traps m 1) in a column. On the row, the distance 
between adjacent traps was 4 to 12 m (0.08-0.25 traps m 1). To achieve 
commercially acceptable apple maggot control in cvs. Mclntosh, Liberty, 
Gala and Jonagold apples with "attract and kil l" technique, the activity of 
the pest should not exceed 13 flies per four traps placed on the periphery 
of the plot, in other words, 1.6 times the action threshold for the apple 
maggot in Québec apple orchards. 

[Attirer et tuer, une stratégie de lutte pour réprimer la mouche de la 
pomme, Rhagoletis pomonella [Diptera : Tephritidae], dans les pommeraies 
de hautes densités au Québec] 

Le piégeage de la mouche de la pomme [Rhagoletispomonella) en périphérie 
des vergers de pommiers s'avère une méthode efficace de répression sous 
certaines conditions. Pour les cultivars Mclntosh, Liberty, Royal Gala et 
Jonagold, de 98,5 à 100 % des fruits récoltés étaient exempts de piqûre. 
Le piège consiste en un panneau jaune (28 cm x 21,5 cm) inséré entre deux 
demi-sphères rouges (9 cm de diam). Ce piège est pulvérisé avec de la 
cyperméthrine à 12,5 ou 6,3 % ou de la deltaméthrine à 1,7 ou 1,3 %, dans 
une solution de kérosène inodore. Les pièges, appâtés avec un sachet 

1. Horticultural Research and Development Centre, Agriculture and Agri-Food Canada, 430 
Gouin Blvd. , Saint-Jean-sur-Richel ieu, Québec, Canada J3B 3E6; e-mail : 
bostaniannj@em.agr.ca 
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d'hexanoate de butyle, sont suspendus à une branche de pommier , en 
périphérie des vergers, à une hauteur de 1,20-1,70 m au-dessus du sol. Le 
nombre de pièges par parcelle varie selon la longueur des rangs latéraux 
exposés à des sites abritant des mouches de la pomme. À proximi té des 
boisés, site d'entrée de la mouche de la pomme dans les vergers, les pièges 
sont installés à tous les 2-3 m d' intervalle (0,3-0,5 piège m 1) sur les rangs 
de bordure. Un piège est également installé au début et à la f in de chacun 
des rangs. La distance entre les rangs varie de 4-5,5 m (0,18-0,25 piège m1). 
Pour les secteurs adjacents à une prair ie ou une section pulvérisée 
ch imiquement , les pièges sont installés à tous les 2-6 m d' interval le (0,17-
0,5 piège m1) sur le rang et à tous les 4-12 m d' intervalle (0,08-0,25 piège 
m 1) aux extrémités des rangs. Af in d'obtenir une répression satisfaisante 
de la mouche de la pomme pour les cult ivars Mclntosh, Liberty, Gala et 
Jonagold , il ne doit pas y avoir plus de 13 captures sur l 'ensemble des 
quatre pièges col lants en périphérie de la parcelle, ce qui correspond à 1,6 
fois le nombre de captures du seuil d ' intervent ion. 

INTRODUCTION 

The apple maggot, Rhagoletispomonel
la (Walsh) [Diptera : Tephritidae], is a 
key pest of apples in eastern Canada 
and the United States. It is a native 
insect of North America. Hawthorn (Cra-
taegussp.) is its natural host. However, 
with the introduction and commercial 
production of apples in North America, 
it has since attacked that fruit. In Can
ada, abandoned orchards and hawthorn 
trees support large populations of R. 
pomonellafrom Ontarioto Nova Scotia. 
In a non-treated apple orchard, a 10-yr 
study showed that this pest caused on 
average 16.9% crop loss annually in 
Québec (Vincent and Bostanian 1988). 
Growers, monitoring adult activity with 
red sphères, apply on average 1.1 in-
secticidal treatments per season in 
Québec (Bostanian et al. 1984) and 2.2 
to 3.1 treatments in Massachusetts 
(Prokopy et al. 1990). Meanwhile, in 
southern Ontario, three to four insecti-
cidal treatments are applied when this 
pest and Cydia pomonella (L.) [Lepi-
doptera : Tortricidae] are reproductive-
ly active (Trimble and Vickers 2000). 

Apple maggot adults immigrate into 
commercial orchards annually search-
ing forfood and oviposition sites. They 
are attracted to the honeydew of aphids 
and the odors emitted by ripening ap
ples. Newly emerged flies are sexually 
immature and feed on honeydew for 
7-10 d before they mate and start to 

oviposit. Prokopy (1968) suggested that 
immature flies are attracted to yellow 
panels because thèse panels mimic 
apple foliage. In contrast, sexually matu
re flies are attracted to developing fruit, 
the preferred site for mating and ovipo
sition. Consequently, mature flies are 
attracted to red sphères that mimic a 
maturing apple (Prokopy 1968). To de-
tectthe présence of apple maggot, Kring 
(1970) developed an efficient trap that 
consisted of a yellow panel placed in 
between the two halves of a red sphère. 

A better understanding of the behav-
ior of apple maggot in orchards along 
with récent developments in traps and 
chemical attractants, has led to the 
development of the following manage
ment techniques : (a) border sprays; (b) 
perimetertrapping (alsocalledtrapping-
out); and (c) "attract and kil l". Thèse 
techniques attempt to reduce post-
bloom insecticide use in orchards, as 
such treatments may hâve adverse ef-
fects on non-target arthropods (Bosta
nian et al. 1984). 

For timing border sprays, the activity 
of apple maggot is monitored around 
the periphery of a block of apple trees. 
When the action threshold is reached, 
an insecticide treatment is applied to a 
50-m wide strip around the outer mar-
gin of a block. With this technique, 
Trimble and Vickers (2000) managed 
adults and larvae of codling moth {Cy
dia pomonella and apple maggot adults 
throughout the season in Ontario. 
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For perimetertrapping, traps are used 
instead of insecticide applications and 
the traps are placed on the periphery of 
an orchard. Consequently, a high pro
portion of invading apple maggot are 
intercepted before they enter the inte-
rior of the block. In Massachusetts, 
Prokopy (1975) showed that unbaited 
red sticky sphères, deployed at a den-
sity of about one per 100 apple fruit, 
substantially reduced apple maggot 
infestations in well-pruned, standard 
apple trees. The discovery of apple 
volatiles (Fein et al. 1982) and a little 
later of synthetic volatiles (Reissig ef al. 
1985) that attracted adult flies were 
adopted in perimeter trapping. This 
was because the synthetic volatiles 
improved the technique and fewer sticky 
traps had to be used (Bostanian et al. 
1999; Mason et al. 1994; Prokopy ef al. 
1990). More recently, the sticky mate-
rial was replaced with an insecticide 
(Duan and Prokopy 1995a, 1995b). How-
ever, thèse insecticide treated traps had 
to be re-treated at least once with the 
insecticide and with sucrose, after ev
ery rainfall. This would be expensive 
and impractical in Québec because of 
the high frequency of rainfall. Never-

theless, the technique was an example 
of "attract and kil l", where the pest was 
attracted by a synthetic food lure to-
wards a pesticide treated surface and 
killed following contact. 

In this study, we report the results of 
the "attract and kil l" technique evaluat-
ed in Québec apple orchards from 1994 
to 1999. Our strategy was to use a 
synthetic attractant to attract adult ap
ple maggot to traps that had been treat
ed only once with a persistent insecti
cide before the beginning of fly abun-
dance, and remained toxic to apple 
maggot adults for the entire season 
irrespective of weather conditions. 

MATERIALS AND METHODS 

Traps similar to the one developed by 
Kring (1970) were used. The traps were 
yellow panels (28 cm x 21.5 cm) sand-
wiched between the two halves of plas
tic red sphères (9 cm diam) (see insert, 
Fig. 1). The traps were loaded with 
butyl hexanoate (synthetic attractant) 
enveloped in semi-permeable sachets 
(Consep Membranes Inc., Bend, Ore-

Fig. 1. Placement of "attract and kill" traps in an expérimental plot. Note the columns 
1, 2, 3, and the traps on every tree in column 1. The insert shows a sachet (a) containing 
the attractant attached on the left hand corner of the trap. 
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gon USA). Each trap was treated with 
cypermethrin or deltamethrin before a 
sachet containing the attractant was 
stapled on its right or left hand corner 
(see insert Fig.1). The traps were hung 
on branches 1.20-1.70 m above the 
ground and positioned so as to be to-
tally visible from outside the tree can-
opy (Fig. 1). Apple maggot activity was 
monitored by placingfoursimilartraps, 
at the four corners of the plot and an-
other four traps near the centre of the 
plot. Thèse traps were coated with a 
thin coat of adhesive (i.e., Tangletrap™, 
TanglefootCo.,Grand Rapids, Michigan) 
instead of the insecticide. 

Maximum apple maggot activity was 
determined by the sum of fly catches 
on the four peripheral traps when the 
flies were at maximum activity at any 
particular date and dividing the sum by 
eight (the nominal action threshold for 

maggot activity). A régression analysis 
was performed on the data relating 
maximum activity of flies to percent 
uninjured fruit at harvest. Check plots 
were treated with an insecticide when 
the recommended action threshold of 
eight flies (cumulative) per four traps 
was attained. The concentrations of 
the insecticides used on the "attract and 
kil l" technique traps as well as the réf
érence check plots are reported in Ta
ble 1. 

At harvest, percent uninjured fruit was 
estimatedfrom 1000 to 1500applesthat 
had been picked at random and dissect-
ed to establish injury caused by mag
got. 

An exploratory study was carried out 
at Frelighsburg Québec in a cv. Empire 
plot (0.6 ha) in 1994. The south and 
east sides of the plot were surrounded 

Table 1. Apple maggot Rhagoletis pomonella (Walsh) management in Québec apple orchards 
1995-1999 

Max. fly activity 

Trial 

Insecticides used m the seasona Unin 

Attract 

ured fruit (%) 

Trial Conventional Attract Conventional 

Unin 

Attract Conventional 
Cultivar désignation Year Attract & kill treatment &ki!l treatment &kill treatment 

Mclntosh A 1995 cypermethrinb azinphosmethyl6 1.6 0.2 100.0 99.8 
Mclntosh B 1996 cypermethrinb azinphosmethyl9 2.5 2.1 92.1 97.4 
Mclntosh C 1997 cypermethrinb phosmeth 20.3 10.1 92.4 99.1 
Mclntosh D 1996 cypermethrin0 azinphosmethyl9 0.5 0.6 98.9 98.6 
Mclntosh E 1997 cypermethrin0 phosmeth 1.0 1.6 98.5 99.8 
Mclntosh F 1998 deltamethrind phosmet' 0.4 0.8 100.0 100.0 
Mclntosh G 1999 deltamethrind phosmet' 1.3 3.8 97.0 97.9 
Liberty H 1995 cypermethrinb azinphosmethyl' 0.4 1.0 98.8 98.2 
Liberty 1 1997 cypermethrinb phosmeth 11.1 25.0 87.0 98.3 
Gala J 1998 deltamethrind phosmet1 0.5 0.1 100.0 99.6 
Jonagold J 1998 deltamethrimd phosmet' 0.5 0.1 99.9 99.6 
Gala K 1999 deltamethrind phosmet1 0.6 0.6 100.0 98.4 
Jonagold K 1999 deltamethrind phosmet' 0.6 0.6 98.6 98.0 

maximum fly activity was determined by the sum of catches on the four peripheral traps 
and dividing the sum by eight (the nominal action threhshold). 
sprayed with 12.5% cypermethrin in de-odorized kérosène. 
sprayed with 6.3% cypermethrin in de-odorized kérosène. 
sprayed with 1.7% deltamethrin in de-odorized kérosène. 
sprayed with azinphosmethyl (850 g ai ha1) on 18 July 1995. 
sprayed with azinphosmethyl (850 g ai ha1) on 18 July 1995 and 3 August 1995. 
sprayed with azinphosmethyl (850 g ai ha1) on 16 July 1996. 
sprayed with phosmet (1.88 kg ai ha1) on 11, 30 July and 19 August 1997. 
sprayed with phosmet (1.88 kg ai ha1) on 25 July 1998. 
sprayed with phosmet (1.88 kg ai ha1) on 17 July 1999. 
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by apple trees. Thèse trees were treat
ed except the t reatment was appl ied 17 
d after the action threshold for apple 
maggot had been recorded. Therefore, 
there was moderate pressure on the 
expér imental plot f r om the south and 
east sides. On the west s ide, the edge 
of a mixed forest was 200-300 m away 
f rom the plot and we noted several 
hawthorn trees 300 m away on the north 
side. Traps t reated w i t h 1.7% del ta-
methr in were placed on the f i rst and 
last row of trees of every co lumn. The 
co lumns were 4 m apart. Traps were 
also placed on every row of the f i rst and 
last co lumn. The distance between trees 
on a row in a co lumn was 4.5 m. A total 
of 64 traps were used. At harvest, 98.4% 
of the 3200 apples examined were in ju-
ry free and the m a x i m u m f ly act iv i ty 
was 5.8 t imes the act ion threshold . 

Based on the results of this pilot study, 
the "at t ract and k i l l " techn ique was 
evaluated on four cult ivars f r om 1995 
to 1999 inclusive (Table 1). The plots 
were at the edge of the Agr icu l ture and 
Agri-Food Canada expérimental orchard 
at Frel ighsburg, Québec. The tr ials were 
div ided into an expér imental plot and a 
référence check plot of equal size. The 
référence check plots were treated w i th 
the convent ional insecticide azinphos-
methy l ( 0 ,0 -d ime thy l S-[(4-oxo-1,2,3-
benzotriazin-3(4H)-yl)-methyl] phospho-
rodithioate) at 850 g a.i. ha 1 or phosmet 
( 0 , 0 - d i m e t h y l p h o s p h o r o d i t h i o a t e 
S-esterwi th N-mercaptomethyl) phthal-
imide) at 1.88 kg a.i. h a 1 to manage 
maggot activi ty. Meanwhi le insecticide 
treated traps loaded w i th a synthet ic 
attractant in sachets were used in the 
expér imental plots (Table 1). 

The same trees were used f r om 1995 
to 1997 as tr ials A, B and C (Fig. 2, 
Tables 1 and 2). The trees were 10 yr 
old cv. Mclntosh. The expér imental plot 
was 15 m away f r om the edge of a 
deciduous forest on the north side and 
the same distance f r om a chemical ly 
treated apple plot on the south side. On 
the east side, the expér imental plot was 
bordered by a w i n d barrier composed 
of coni ferous trees (10 m away) and it 
was cong ruous w i t h the chemica l l y 
treated référence check plot on the west 
side. 

Trials A, B, and C 

„, Deciduous forest 

I 
15m 

I 
e o o Q o e o o 

g Référence plot % 
% (0.45 ha) % 

o o 

5 m 

• o W 
o o o o o f 

I 
15 m 

Attract and 
kill plot 

(0.45 ha) 

10m 

I 2 m 

Chemically treated apple trees 

Fig. 2. Trials A, B, and C, Frelighsburg, 
Québec, 1995-97. Full dots represent 
placement of "attract and k i l l " traps on the 
periphery of the plot. Traps were placed on 
the first and last row of trees in every 
column. The columns were 5 m apart. Traps 
were placed at 2 m intervais in column (i) for 
ail trials. In column (a), traps were placed at 
4 m intervais in trials A and B (1995-96) and 
at 2 m intervais in trial C (1997). Full squares 
represent placement of traps coated with 
Tangletrap™. The référence plot was treated 
once in 1995 and again in 1996 w i t h 
azinphosmethyl. It was treated three times 
with phosmet in 1997. 

The tr ials D, E, F, and G (Fig. 3, Tables 
1 and 2) were the same trees used f rom 
1996 to 1999 inclusive. Again the trees 
were 10 yr o ld and cv. Mcln tosh. On the 
south and west sides, the expér imental 
plot faced a mixed forest 15 and 75 m 
away. On the east side, it was congru
ous w i th the chemical ly t reated référ
ence check plot and on the north side 
there was another chemically treated 
plot. 
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Trials D, E, F, and G 

Chemically 
treated appie 

trees 

" d " 
• • • o o o o 

l, <;rfiH^>V; 

Mixed forest 
W//////////////A 

Fig. 3. Trials D, E, F, and G, Frelighsburg, 
Québec, 1996-99. Full dots represent 
placement of "attract and kill" traps on the 
periphery of the plot. Traps were placed on 
the first and last row of trees in every 
column. The columns were 5.5 m apart. 
Traps were placed at 3 m intervais in column 
(a) for the four trials. In column (d), traps 
were placed at 6 m intervais in trial D (1996) 
and at 3 m intervais in trials E, F, and G 
(1997- 99). Full squares represent placement 
of traps coated with Tangletrap™. The 
référence plot was treated once with 
azinphosmethyl in 1996, three times with 
phosmet in 1997 and once with phosmet in 
1998 and 1999. 

The trial H cv. Liberty was first used 
in 1995 and again in 1997 as trial I ( Fig. 
4, Tables 1 and 2). A deciduous forest 
was located 120 m from the north side 
of the expérimental plot whereas the 
south and west sides were covered with 
prairie grass. On the east side, it was 
congruous with the chemically treated 
référence check plot. Twenty-five m east 
of the référence check plot was a 0.75 

ha untreated apple plot "Entomological 
zoo" (Fig. 4). 

Apple trees comprised of Royal Gala 
and Jonagold cvs. were first used in 
1998 as trial J and again in 1999 as trial 
K (Fig. 5, Tables 1 and 2). On the south 
and west sides, the expérimental plot 
was opposite a deciduous forest 25 and 
80 m away respectively. On the north 
side, it was congruous with the chem
ically treated référence check plot and 
a farm lane on the east side followed by 
prairie grass (Fig. 5). 

Trials H and I 

V/////S////SS///////////M 
,,, Deciduous forest % 

« r .* , r ." , r; • 

m» 
m? 

Attract & kill 
plot 

(0.50 ha) 

Référence plot • 
(0.50 ha) S 

Ml ¥0 mi 
Farm lane 

o 7 ô < 2 m 

4.5 m 

'S/ 

' I ' 

f os 
/ Q./ 
/ (0 / 
' "S '-
' • 8 ' 

Fig. 4. Trials H and I, Frelighsburg, Québec, 
1995 and 1997. Full dots represent 
placement of "attract and kill" traps on the 
periphery of the plot. Traps were placed on 
the first and last row of trees in every 
column. The columns were 4.5 m apart. 
Traps were placed at 2 m intervais in column 
(a) for the two trials. In column (j), traps 
were placed at 4 m intervais in trial H (1995) 
and at 2 m intervais in trial I (1997). Full 
squares represent placement of traps coated 
with Tangletrap™. The référence plot was 
treated twice with azinphosmethyl in 1995 
and three times with phosmet in 1997. 
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Trials J and K 

Fig. 5. Trials J and K, Frelighsburg, Québec, 
1998 and 1999. Full dots represent 
placement of "attract and k i l l " traps on the 
periphery of the plot. The columns were 4 
m apart. Traps were placed at 2 m intervais 
in columns (a) and (n) in both trials. On the 
row opposite the référence plot, traps were 
placed at 12 m intervais in both trials. On 
the row opposite the mixed forest, traps 
were placed at 4 m intervais in both trials. 
Full squares represent placement of traps 
coated with Tangletrap™. The référence plot 
was treated once with phosmet in 1998 and 
once again in 1999. 

Fly catches (four traps) f r om the in-
ter ior of each expér imental plot for each 
tr ial were compared w i th f ly catches 
f rom its corresponding chemical ly treat
ed référence plot. Thèse référence plots 
could not be str ict ly considered in the 

statistical sensé as contro l plots, never-
theless, they were conservat ive bench-
marks for compar ison w i th commerc ia l 
plots. Based on th is premise, each trap 
was considered as a replicate. The null 
hypothesis was that the inter ior of an 
expér imental plot protected by "at tract 
and k i l l " technique traps shou ld not 
hâve more f l ies than its cor responding 
chemical ly treated référence plot. 

RESULTS 

Irrespective of cult ivar, apple maggot 
f l ies were most numerous in 1997 and 
in the référence check plots of tr ials C 
and I, three t reatments were necessary 
to manage this pest (Table 1). In the cv. 
Mclntosh (trial C), the m a x i m u m activ-
ity was 10.1 t imes the action thresho ld , 
and in cv. Liberty (trial I), it was 25 t imes 
the action threshold (Table 1). In the 
remain ing 4 yr, apple maggot act ivi ty 
appeared to be a lmost " n o r m a l " . Nor
mal was def ined as a s i tuat ion whereby 
commerc ia l ly acceptable apple maggot 
contro l could be secured w i th a single 
or at most two convent ional insecticide 
t reatments. The v ic in i ty of an untreated 
apple plot (25 m) was a constant source 
of apple maggot in tr ial H (cv. Liberty) 
wh ich in turn had to be treated twice in 
1995 wh i le tr ial A in the same yr pro-
duced 1.2% more unin jured f ru i t w i th 
only a single t reatment. 

The highest m a x i m u m f ly activity was 
recorded in the expér imental plots of 
tr ial B in 1996 and of tr ials C and I in 
1997. Thus, despite a 28% increase in 
the number of t raps in tr ial C (Table 2) 
when compared to tr ial B, apple mag
got management for both tr ials was 
commerc ia l ly unacceptable (Table 1). 
S imi lar ly , an increase of 26% in tr ial I 
when compared to tr ial H (Table 2), the 
level of apple maggot management was 
again commerc ia l ly unacceptable (Ta
ble 1). In the remain ing tr ia ls, the traps 
managed to keep the f ly act iv i ty under 
contro l and the percentage of unin jured 
f ru i t was commerc ia l ly acceptable (Ta
ble 1). An unpaired t test compar ison 
showed no signi f icant dif férence in the 
number of f l ies captured in the inter ior 
of the expér imental plots and the con-
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Table 2. Placement of treated traps to manage apple maggot Rhagoletis pomonella (Walsh) 
in Québec apple orchards, 1995-1999 

Trial 
désignation 

Number 
of traps 

Distance 
(m) 

between 
column 

Distance 
(m) between 

trees in 
a column 

Number of traps 
m-1 in a column 

Number of traps 
m'1 in a row 

Cultivar 
Trial 

désignation 
Number 
of traps 

Distance 
(m) 

between 
column 

Distance 
(m) between 

trees in 
a column 

Opposite 
a treated 

plot 
Opposite 
a forest 

Opposite 
a treated 

plot 
Opposite 
a forest 

Mc ln tosh A & B 80 5 2 0.25 0.5 0.20 0.20 
Mcln tosh C 102 5 2 0.5 0.5 0.20 0.20 
Mcln tosh D 54 5.5 3 0.17 0.3 0.18 0.18 
Mcln tosh E, F, G 70 5.5 3 0.3 0.3 0.18 0.18 
Liberty H 89 4.5 2 0.25 0.5 0.22 0.22 
Liberty 1 112 4.5 2 0.5 0.5 0.22 0.22 
Gala, Jonago ld J , K 64 4 2 0.5 0.5 0.08 0.25 

ventionally treated référence check plots 
except in trials F and I (Table 3). In trial 
F, the différence was a statistical arti-
fact as there were too few flies per 
replicate for a meaningful analysis. In 
trial I, fly activity was too high and the 
traps failed to control the flies. Only 
87% of the apples were exempt of 
maggot injury in this expérimental plot 
(Table 1). The maximum fly activity 
recorded in the expérimental plots, 
which at the same time produced com-
mercially acceptable uninjured 'Mcln
tosh' apples, was 1.6 times the action 
threshold (trial A in 1995). When max
imum fly activity was beyond 1.6 such 
as in trials B, C, and I, the injury level 
was commercially unacceptable at har-
vest time date September to early Oc-
tober depending on the cultivar) (Table 
1). The régression équation in Fig. 6 
relates maximum fly activity in the 
expérimental plots to percent uninjured 
fruit at harvest and we note a direct 
relationshïp with a 0.82 R2 value. 

* 6 
E 
3 
M 4 x ra 

= 2 j 

0 
85 

y = -0.6826X + 68.375 

R2 = 0.8233 

90 95 

Uninjured fruit (%) 

Fig. 6. Relationship (régression équation) of 
maximum fly activity to percent uninjured 
fruit at harvest in the "attract and kill" trials. 
Maximum fly activity was determined by 
the sum of catches in the four peripheral 
traps and dividing the sum by eight (the 
nominal action threshold). Frelighsburg, 
Québec, 1995-1999. 

Table 3. Annual mean catches of apple maggot Rhagoletis pomonella (Walsh) on the four 
centre traps for each trial, Frelighsburg, Québec, 1995 - 1999 

Trial dés ignat ion 

Trea tment A B C D E F G H I J K 

Conventional 

Attrack and kill 

2.8a8 

8.5a 

5.0a 13.0a 

14.8a 40.5a 

4.5a 

1.5a 

5.5a 3.5a 10.5a 

5.0a 1.5b 9.5a 

2.8a 29.3a 

1.3a 69.3b 

1.8a 

3.0a 

9.3a 

9.3a 

numbers fo l l owed by the same letter w i t h i n a co lumn are not s igni f icant ly di f férent (unpaired 
t test , P < 0.05). The analysis was per fo rmed on V x T T . 
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DISCUSSION 

Thèse results indicate that "attract and 
kill" is an alternative technique to con-
trol apple maggot in Mclntosh, Liberty, 
Royal Gala, and Jonagold cv. apples in 
Québec. 

The traps intercept and kill a large 
proportion of the females on the perim-
eter of the plot and allow few to pene-
trate into the interior of the block. The 
net resuit is too few flies in the interior 
of the plot to cause injuries of économ
ie significance (Table 3). The method 
was developed with several apple cul-
tivars under the harshest conditions 
possible: i.e. low to very high apple 
maggot densities in plots that were near 
forest habitats. The maximum fly activ-
ity that was tolerated, and still resulted 
in commercially acceptable apple mag
got management was 1.6 times the 
action threshold for that pest. Figure 6 
shows that this relationship was linear 
and it would be possible to predict in 
advancethequalityofthe harvestwhen 
the maximum fly activity would exceed 
the action threshold. The "attract and 
kill "technique could easily be included 
in an IPM program and when fly activity 
surpasses this threshold, then the en-
tire block could be treated to reduce the 
potential of increased injured fruit until 
harvest. On the side opposite of a treat
ed référence check plot, increasing the 
number of traps (Table 2) did not in-
crease the percentage of uninjured fruit 
at harvest (compare percentage of un
injured fruit in trials A and B versus C; 
D versus E, F, G; and H versus I). Using 
only red sphères, Duan and Prokopy 
(1995b) reported that a 1.05% a.i. 
dimethoate with a feeding stimulant and 
an unnamed residue-extending agent 
provided acceptable apple maggot con-
trol in Massachusetts as long as the 
traps were re-treated at least once with 
the dimethoate and with the sucrose 
solution after each rainfall. In Tephriti-
dae, the "attract and kil l" technique has 
also been explored and developed in 
depth to control the olive fruit fly, Da-
cus oleae in Greece (Haniotakis et al. 
1991). 

The disposition of traps depended on 
the location of the plot in an orchard. 

On sides opposite to forests, entry sites 
of apple maggot into the plot (Bosta-
nian et al. 1999), the distance between 
adjacent traps in the a column was 2-
3 m (0.3-0.5 traps m 1). A trap was also 
placed on every tree of the first and last 
row of a column. The columns were 4-
5.5 m apart (0.18-0.25 trap m1). On the 
other hand, opposite to prairie grass or 
conventionally chemically treated ap
ple plot fewer traps were sometimes 
used. The distance between adjacent 
traps in a column was 2-6 m ( 0.17-0.5 
traps m 1). On the row, the distance 
between adjacent traps was 4-12 m 
(0.08-0.25 traps m 1). The traps were 
always hung on outer branches 1.20 to 
1.70 m above the ground and positioned 
to be fully visible from outside the tree 
canopy. 

Similarto perimetertrapping (Bosta-
nian et al. 1999), the number of attrac-
tant loaded traps per plot was a func-
tion of the length of the plot opposite 
a possible entry site of apple maggot. 
Three to five times more such traps 
were used in a column facing a possible 
entry site in the "attract and kil l" trials 
than in perimeter trapping (Bostanian 
étal. 1999). However, insecticide treat
ed traps used in the "attract and kil l" 
technique were easier to handle and, 
once installed, maintenance free. In 
contrast, with perimetertrapping, coat-
ing traps with TangletrapTm (Tanglefoot 
Co., Grand Rapids Michigan) on a com
mercial scale was awkward and labor 
intensive. Furthermore, the sticky traps 
had to be cleaned and re-coated or 
replaced at intervais of 2-3 wk (Bosta
nian et al. 1999). 

As noted earlier, apple maggot activ
ity appears to be less intense in Québec 
(Bostanian et al. 1984). Consequently, 
the "attract and kil l" technique may be 
an attractive alternative to convention-
al insecticide treatments to manage this 
pest. This is more pronounced, as the 
results of this study indicate that a sin
gle set of "attract and kill" traps provid
ed adéquate control of apple maggot 
for the entire season as long as the 
maximum fly activity did not exceed 1.6 
times the action threshold for this pest 
(Fig. 6). No effort was made in our 
study to eut down possible sources of 
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H. pomonella from wild or neglected 
Rosaceae. This was based on Maxwell 
(1968) who reported that apple maggot 
females move several hundred m while 
foraging for hosts. Therefore, cutting 
down nearby few unmanaged hosttrees 
would likely hâve little impact on apple 
maggot activity. However, the tech
nique is doomed to fail in the vicinity of 
a totally neglected orchard. 

Finally, it is worth mentioning that 
similarto perimetertrapping (Bostanian 
et al. 1999), the orchard should initially 
be free of apple maggot populations 
and therefore most if not ail apple 
maggot injuries should be caused by 
flies coming from adjacent habitat. With 
an infested plot, it is suggested that a 
chemical control program be used along 
with the collection of ail infested apples 
on the ground, before the larvae leave 
the apples and enter the soil to hiber-
nate, for one to two seasons before 
implementing the "attract and kill" tech
nique. 

Since the use of an insecticide is lim-
ited to the treated traps, there should 
be no adverse effects non-target spe-
cies. Such an approach would allow 
bénéficiai species to attain maximum 
abundanceandexerttheireffecton pest 
populations. 
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