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ABSTRACT 
The apple maggot (Rhagoletis pomonella) is a key pest of apples in eastern Canada and the United States causing fruit damage and 
significant economic losses. Research was conducted to optimize the delivery of a newly registered product, GF-120 NF Naturalyte Fruit 
Fly Bait (GF-120; active ingredient: spinosad) to control apple maggots in organic orchards. The effectiveness of applying GF-120 at two 
application intervals (7- and 14-day) and the potential of using perimeter sprays and alternate row spraying to control apple maggots were 
tested in apple orchards. The goal is to achieve acceptable level of pest control by using the minimum amount of control product. In a 
separate trial, application methods were refined for the maximum distribution of GF-120 within tree canopies and to prune fully grown, 
45-year old ‘McIntosh’ large-sized trees for better penetration of GF-120 into inner tree canopies. Results showed that GF-120 should be 
applied every 7-10 days following label recommendations to adequately control apple maggots in orchards with severe pest pressure and 
resident infestations. If the apple maggot is not a resident pest, it is possible to apply spray to alternate tree rows or only to the perimeter 
of the orchard to control pest invasions. In orchards consisting of very large trees with dense foliage, uniform distribution and good 
penetration of GF-120 into tree canopies are extremely important to attain effective apple maggot control. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
Apple maggot is one of the most serious pests in apple 
crops and there is zero tolerance for fruit infestation by 
apple maggot in the market place. Conventional growers 
often rely on organophosphate insecticides to control this 
pest (Reissig 2003). Although highly toxic to maggot flies 
and have a relatively long lasting residual toxicity in the 
field, these insecticides are also toxic to humans and other 
organisms (Reissig et al. 1980). Azinphosmethyl, one of the 
most toxic of the organophosphate insecticides (Gallo and 
Lawryk 1991), is currently under re-evaluation. It is likely 
that the rest of the organophosphate insecticides for apple 
crops will be restricted or eliminated in the near future. 
However, these active ingredients are key components of 
the insecticide program and their impending phase-out will 
potentially leave a gap in pest management practices. There 
is an urgent need for alternative pest management tools and 
transitional strategies from organophosphate insecticides to 
reduced-risk control products to enable growers to practice 
sustainable agriculture. 

Organic growers have a very limited control material 
list to select from; premature drop and fruit damage caused 
by apple maggots can reduce saleable crop by as much as 
75% (Robert Gardner, Gardner Orchards, pers. comm.). The 
only available organic apple maggot control products regis-
tered to date are Surround WP and GF-120 NF Naturalyte 
Fruit Fly Bait (Dow AgroSciences). Surround WP is a 
particle film kaolin clay product and its whitish colour 
interferes with visual cues used by maggot flies to locate 
hosts. With good coverage, it can provide the level of apple 
maggot control comparable to that of azinphosmethyl and 

spinosad treatments (Villanueva and Walgenbach 2007). 
However, it does not kill the pest and therefore offers no 
reduction in pest population. In addition, Surround WP is 
dusty to work with, making the work environment less than 
ideal. 

According to Sciarappa et al. (2008), conventional 
growers are adopting organic production practices in record 
numbers. With the increase in the availability and adoption 
of reduced-risk products in agriculture, the risks to the envi-
ronment and human health posed by the use of harmful 
pesticides will diminish. Since apple maggot is a serious 
pest for apple growers, it is important to develop reduced-
risk tools and integrated approaches to manage apple mag-
gots and to provide apple growers, organic as well as con-
ventional, with alternative pest-management solutions. GF-
120 is a naturalyte spinosad insecticide with low mam-
malian and avian toxicity but highly neurotoxic to apple 
maggots. It may be a good candidate to be considered in the 
implementation of new, reduced-risk approaches to mana-
ging crop pests. It contains only 0.02% spinosad and is 
listed by the Organic Materials Review Institute for use in 
organic production. Studies have shown that the baited for-
mulation of this naturally produced compound is effective 
in the control of a number of fruit fly species (Burns et al. 
2000; Peck and McQuate 2000; Vargas et al. 2002; Scia-
rappa et al. 2008). A recent study using GF-120 to control 
apple maggot flies has shown promise (Pelz et al. 2005), 
and efficacy trials conducted by Reekie et al. (2010) using 
GF-120 to control apple maggots had positive results. This 
spinosad-based product is suitable for use in both conven-
tional and organic apple production. 

Although GF-120 shows promise, its unusual bait-and-
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kill nature requires additional research to fine-tune applica-
tion protocols and maximize its potential. This new product 
is formulated exclusively for maggot and fruit fly control. It 
is a stomach poison, with a sugar component in its formu-
lation that attracts pests and is applied as large droplets (4-6 
mm diameter) onto leaves (Sciarappa et al. 2008). By moni-
toring the level of pest infestations in the field, it can be 
determined when pest control is most needed. Synchro-
nizing spray applications with the feeding habits of the 
maggots can increase product effectiveness, decrease pest 
populations and may help reduce the total number of spray 
applications required in a season. 

In well-maintained commercial orchards, apple maggot 
is usually not a resident pest but rather an immigrant from 
neighbourhood neglected orchards and non-treated back-
yard apple trees (Chen et al. 2002). Every season, this pest 
invades the orchards searching for food and oviposition 
sites (Bostanian et al. 1999). Thus alternate strategies such 
as perimeter spray can effectively be implemented in or-
chards with no previous detectable resident apple maggot 
flies. Compared to the application of cover spray, perimeter 
spraying can reduce seasonal insecticide usage by 50% 
while maintaining a similar level of fruit injury (Trimble 
and Solymar 1997). 

Only a small amount of GF-120 is needed to treat an 
area of orchard and uniform spray coverage is not essential. 
However, GF-120 can have a relatively short residual acti-
vity when it is exposed to hot and dry conditions (Yee et al. 
2007). To ensure that GF-120 works to its full potential, 
trees with a dense growth form may need additional pruning 
to facilitate penetration of this product to the cooler, shaded 
inner tree canopy where its residual activity can be pro-
longed. 

This study aims to optimize the delivery of GF-120 to 
control apple maggots in organic orchards by: 1. Varying 
application intervals to target the minimum amount of GF-
120 required in a season without compromising apple mag-
got control; 2. Practicing perimeter spray or spraying alter-
nate rows in an orchard to reduce the apple maggot pest 
populations and at the same time minimize the amount of 
control product used; 3. Refining the application methods 
for the maximum distribution of GF-120 within tree cano-
pies and to prune large-sized trees for better penetration of 
GF-120 into the inner tree canopies. 

 
MATERIALS AND METHODS 
 
This project was conducted in 2008 in two Canadian provinces. In 
Nova Scotia, three field trials took place in two experimental 
orchards which were two and five acres (one acre = 0.4047 ha) in 
size. In Ontario, one field trial was conducted in a commercial 
orchard 12 acres in size. In each orchard, a randomized complete 
block design with four replications was employed. Unsprayed 
trees located at the edge of each orchard were used as controls to 
indicate the amount of pest pressure present. Trials were conduc-
ted using the GF-120 formulation applied at label rate of 1.5 L/ha 
except for the experiment in Ontario, where a higher rate of 2.25 
L/ha was also used. Application followed methods as proposed by 
the registrant: GF-120 was applied diluted at a ratio of one part of 
product to four parts of water; using an ATV fitted with appropri-
ate sprayer and nozzles, low volume of the product was applied 
and delivered as large bait droplets of 4-6 mm in diameter and uni-
form foliage coverage was not required. Apple maggot emergence 
was monitored using sticky yellow traps with lure. Spray applica-
tion commenced soon after the capture of the first apple maggot 
fly and it was repeated every 7-10 days (or after a rain event) un-
less otherwise stated in the treatment protocol. 

At harvest, 6-10 inner trees from each treatment plot of each 
trial were sampled and from each tree, 20 apples were randomly 
collected and placed inside a paper bag. Twenty apples from 16 
control trees in each trial were also collected. After an incubation 
period at room temperature for 2-3 weeks, the skin surface was 
examined for maggot stings and the apples were cut in quarters to 
reveal any apple maggot injury. Each apple was given a value of 
‘0’ if it sustained no injury or ‘1’ if injury was present. 

Experiment 1 
 
This trial was conducted in “Block 84”, a 2-acre certified organic 
seedling (‘Nova Easygro’ × ‘Ohlsen’) research orchard located at 
the Research Centre in Kentville, Nova Scotia. This orchard is 
irregularly shaped with a tree-row spacing of 7 feet × 20 feet and 
there are 311 trees per acre. Since the lethal action of GF-120 
against adult maggot flies occurs through ingestion, and feeding in 
flies is most intense during the first week after their emergence 
(Pelz el al. 2005), GF-120 was applied right at the emergence of 
the maggot flies and it was repeated a week following. After the 
initial applications, different frequencies of application were used 
to determine the optimal interval between applications. Trees 
received GF-120 applications every week were compared to those 
which received spray application once every two weeks. This 
experiment aimed to target the minimum amount of GF-120 used 
in a season to attain effective apple maggot control. 

 
Experiment 2 
 
Two trials were conducted at the “Sheffield Research Farm” 
located in Sheffield Mills, Nova Scotia in a 5-acre orchard consis-
ting of ‘Cortland’ and ‘McIntosh’ cultivars on MM111 rootstocks. 
Untreated trees were located at the south and north ends of each 
row. Each treatment plot consisted of 50 trees with tree-row 
spacing of 13.8 feet × 26.7 feet with 118 trees per acre. Half of this 
5-acre orchard block is certified organic while the other half is in 
transition to organic practice. Two rows of ‘McIntosh’ trees alter-
nate with two rows of ‘Cortland’ trees such that rows 1 and 2 are 
‘McIntosh’ and rows 3 and 4 are ‘Cortland’ and this arrangement 
repeats throughout the orchard. This orchard has no known history 
of resident apple maggot infestations and infestation level in 2007 
was 11 and 18%, respectively in unsprayed ‘McIntosh’ and ‘Cort-
land’ trees located at the north and south ends of this orchard 
(Reekie et al. 2010). In October of 2007 after fruit harvest, apples 
heavily infested with apple maggots were collected and transferred 
to this orchard and approximately 1200 maggot-infested apples 
were placed at the north and south edges of the orchard to create a 
pest invasion situation for the 2008 season. If invasion is the only 
source of apple maggot attack, it may be possible to reduce the 
amount of pest control products used by applying GF-120 strate-
gically to certain regions of the orchard and maintain acceptable 
levels of control within the orchard. To test this theory, different 
spray strategies employed were: 1) no spray control, 2) perimeter 
spray only, 3) spray applied to every tree row, 4) spray applied to 
every other tree row (and alternate the sprayed rows each time 
when a spray was applied). 

 
Experiment 3 
 
One trial was conducted in the “Barker Orchard”, an organic 
‘McIntosh’ orchard belonging to the Gardner Orchards located in 
Meaford, Ontario. This particular orchard block has very large 45-
year old trees on standard rootstock. Tree-row spacing was 20 feet 
× 40 feet and there were 55 trees per acre. This project aimed to 
explore ways to optimize the delivery of GF-120 to large trees 
with dense tree canopies. For GF-120 to penetrate into the inner 
tree canopies, trees with a large growth form may require more 
pruning than the standard practice currently employed by the 
organic apple growers. To effectively control apple maggots in a 
large tree, more control product may be needed to compensate for 
the insufficient penetration into the dense tree canopy. Sprayer 
nozzles can also be adjusted at different spray angles to distribute 
GF-120 more evenly within the tree canopy for maximum apple 
maggot control. Six treatments were used: 
1. Label rate of GF-120 (1.5 L/ha) applied with one pass to trees 
receiving standard pruning. 
2. High rate of GF-120 (2.25 L/ha) applied with one pass to trees 
receiving standard pruning. 
3. Label rate of GF-120 (1.5 L/ha) applied with two passes to 
trees receiving standard pruning. 
4. High rate of GF-120 (2.25 L/ha) applied with two passes to 
trees receiving standard pruning. 
5. Label rate of GF-120 (1.5 L/ha) applied with one pass to trees 
receiving extra pruning. 
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6. High rate of GF-120 (2.25 L/ha) applied with one pass to trees 
receiving extra pruning. 

Trees in the plots designated as ‘extra pruning’ were pruned 
heavier than standard practice. For the plots designated to receive 
a ‘two-pass’ spray application, spray nozzles were adjusted as such 
that one pass directed the spray solution to the lower half of the 
tree while the other pass aimed to deliver spray solution to the 
upper half of the tree. For plots designated to receive a ‘one pass’ 
spray application, spray nozzles were aimed to deliver spray solu-
tion to the centre of the tree. At harvest, apples randomly sampled 
from each plots were collected separately from the upper and 
lower portions of each tree. 

 
Data analysis 
 
Contingency tables were used to assess differences in the presence 
or absence of apple maggot among treatments. Separate contin-
gency tables were used to determine if the presence or absence of 
apple maggot was related to: a) application interval, b) application 
method, c) position on tree, d) rate of application, e) number of 
passes, and f) whether or not trees were heavily pruned. Analyses 
were conducted both on the basis of individual apples and indivi-
dual trees (i.e. whether or not an apple contained a maggot and 
whether or not maggot was found on a particular tree). SAS (ver-
sion 9.1 for personal computers) was used for all analyses. The 
0.05 level of probability was used for tests of significance. 
 
RESULTS AND DISCUSSION 
 
Apple maggots were first caught on July 3 in “Block 84” 
and “Sheffield Research Farm” in Nova Scotia, and two 
female maggots were found on July 13 in the “Barker 
Orchard” in Ontario. GF-120 was first applied on July 3 and 
14, respectively for Nova Scotia and Ontario and it was 
repeated every 5-10 days. For the 2008 season, GF-120 was 
applied 10 times in Nova Scotia (Fig. 1) and eight times in 
Ontario (Fig 2). Precipitations in the local area where trials 
took place were recorded (Figs. 1 and 2). Apples were har-
vested in September and apple maggot injury assessment 
was completed in October. 

 
Nova Scotia trials 
 
Three trials were conducted to determine the lowest amount 
of GF-120 needed to attain effective apple maggot control. 
In “Block 84”, apple maggot pressure was very severe and 
the average level of fruit infestations reached 68.8% (Table 
1). Increasing the application interval from weekly to bi-
weekly failed to provide adequate control and the level of 
fruit injury increased from 3.3 to 10.2% (Table 1). Reissig 
(2003) also reported that bi-weekly application of spinosad 
did not provide adequate protection of apples from maggot 
attack likely due to the relatively short residual effective-
ness of spinosad. On the other hand, spinosad applied on a 
weekly basis resulted in comparable apple maggot control 
as when organophosphate insecticides were applied. This 
investigation took place in orchards with relatively low pest 
pressure and the author suggested that spinosad may not be 
able to provide acceptable levels of control to protect high 
risk apple orchards that are located nearby heavily infested 
unsprayed hosts (Reissig 2003). In spite of the high pest 
pressure in “Block 84”, injuries caused by apple maggot 
were considerably lower in apples treated with GF-120 
(Table 1) and this suggests that GF-120 is likely to perform 
well in orchards where the activity of apple maggot flies is 
low to moderate. 

The situation was different at the “Sheffield Research 
Farm” where no resident pest was found in previous sea-
sons and the levels of maggot injury in apples were not sig-
nificantly different, regardless of spray strategies deployed. 
Perimeter spray, alternate row spray and cover spray stra-
tegies practiced on ‘McIntosh’ and ‘Cortland’ apples resul-
ted in less than 1.65% fruit damage even though pest pres-
sure was moderately high with 35.3 and 30.6% damage in 
un-treated ‘McIntosh’ and ‘Cortland’ apples respectively 

(Table 1). These alternative spraying strategies have essen-
tially reduced the amount of GF-120 applied by more than 
50% yet satisfactory apple maggot control is maintained. 
However, the benefit of perimeter and alternate sprays goes 
beyond saving cost, beneficial insects which are non-tar-
geted pests in a cover spray are conserved and their popu-
lations can increase over time to exert their effect to keep 
other pest populations in check. 

Researchers have found that the addition of an external 
feeding stimulant (sucrose) have significantly increased the 
effectiveness of pesticide-treated spheres in killing apple 
maggot flies (Stelinski et al. 2001; Prokopy et al. 2003). 
Feeding stimulant encourages prolonged feeding in flies 
resulting in the ingestion of a larger amount of insecticides. 
The probability of mortality was positively related to the 
duration of visit and feeding time (Duan and Prokopy 1988). 
Insecticide-treated spheres can achieve comparable control 
of apple and blueberry maggot flies as the use of organo-
phosphate insecticides (Stelinski et al. 2001). Potentially 
GF-120 could be a good candidate for use in perimeter con-
trol as the sugar component in its formulation will attract 
and kill maggot flies before they can find their way into the 
interior of the orchards. 

Perimeter control is not without its limitations; it has 
been demonstrated by a number of researchers in the past 
that perimeter spray (a.k.a. border control) and perimeter 
trapping are viable techniques to successfully manage im-
migrating adults and provide effective orchard-wide control 
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Fig. 1 Precipitation and GF-120 application in Nova Scotia. Precipita-
tion recorded at the Environment Canada weather station in Kentville, 
Nova Scotia. Red tick marks indicate dates of GF-120 application: July 3, 
11, 17, 22, 29, August 7, 15, 20, 27, September 5. 
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Fig. 2 Precipitation and GF-120 application in Ontario. Precipitation 
recorded at the orchard site in Meaford, Ontario. Red tick marks indicate 
dates of GF-120 application: July 14, 21, 25, 31, August 6, 11, 19, 26. 
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in a few consecutive seasons, after which a cover spray will 
be needed for the following season(s) to regain acceptable 
level of apple maggot control and to reduce infestation of 
other arthropod pests (Trimble and Solymar 1997; Bosta-
nian et al. 1999; Trimble and Vickers 2000). Often peri-
meter control can only achieve commercially acceptable 
apple maggot control in orchards with low to moderate 
infestation levels. 

 
Ontario trial 
 
The field trial in Ontario was conducted in an organic 
‘McIntosh’ orchard consisting of very large trees. Apple 
maggot injury was 42% in untreated apples but the level of 
injury sustained depended on where the apples were located. 
Apples located in the upper areas of the tree had less apple 
maggot injury (31.4%) than apples from lower areas of the 
tree (52.6%) (data not shown). 

Applying GF-120 through the orchard laneway only 
once (one-pass) did not adequately distribute GF-120 
evenly into the large tree canopies and this was reflected in 
the different levels of fruit damage caused by apple maggot 
between the upper and lower parts of the tree. Maggot 
injury in apples was 11.73 and 6.80% in the upper part of 
the trees and 4.33 and 3.25% in the lower part of the trees 
for label and high rates respectively (Table 2). Interestingly, 
there was more fruit injury in the treated apples located in 
the upper half of the tree indicating that an insufficient 
amount of GF-120 was distributed to the upper part of the 
tree canopy with the ‘one-pass’ spray application. With the 
‘two-pass’ spray application and/or ‘extra pruning’ treat-
ments, there was no significant difference in the level of 
fruit injury between the upper and lower parts of the tree 
(Table 2). The ‘two-pass’ spray application and ‘extra pru-
ning’ treatment were able to effectively distribute GF-120 
evenly within the larger tree canopies. 

Although using the label rate of GF-120 (1.5 L/ha) to 
control apple maggot infestation was able to reduce fruit 

injury from 42 to 8%, all other treatments tested in this field 
trial were superior to simply using the label rate. For exam-
ple, a higher rate of GF-120 (2.25 L/ha) applied to the large 
trees in this ‘McIntosh’ orchard further reduced fruit injury 
to 5.08% (Table 3). Although the ‘two-pass’ label rate spray 
application was able to provide better apple maggot control 
than ‘one-pass’ label rate, this treatment used twice the 
amount of GF-120. ‘Extra pruning’ treatments, on the other 
hand, used the same amount of GF-120 as in the ‘one-pass’ 
spray applications but provided similar or better apple mag-
got control as the ‘two-pass’ spray applications (Table 3). 

The size of a tree plays a role in determining how well 
GF-120 can work. When trees are unusually large, pruning 
out extra tree branches than what is normally done in a stan-
dard practice will open up the tree and allow GF-120 to 
penetrate into the inner tree canopy. In addition to a better 
distribution of GF-120 within the trees, the longevity of this 
control product is prolonged when it is not under direct 
sunlight. In the case of the ‘McIntosh’ orchard in this study, 
using the label rate combined with extra pruning was suf-
ficient to reduce apple maggot injuries to below 3%, and it 
should be noted that increasing the rate of GF-120 provided 
no extra benefit to maggot control. 
 
CONCLUSIONS 
 
Undoubtedly, GF-120 is a useful apple maggot control 
product especially in organic orchards where few control 
products are permitted. Reekie et al. (2010) has established 
that GF-120 is as effective as Surround WP in the control of 
apple maggot. Surround WP is a kaolin clay product that 
forms a physical barrier on the fruits and deters adult mag-
got flies, whereas GF-120 is a neurotoxin which actively 
kills the adult flies through ingestion of the product. Com-
pared to Surround WP, GF-120 is superior because it can 
reduce the pest population in an orchard over time. A trial 
carried out in 2007 in “Block 84” showed that applying GF-
120 at label rate reduced fruit damage by apple maggot 
from 69 to 11% (Reekie et al. 2010). Our trial in 2008 was 
conducted in this same orchard using the label rate of GF-
120. Results showed that fruit damage has further reduced 
to 3%, whereas apples not treated remained at 69% fruit 
damage level. Applying GF-120 to ‘Block 84’ over several 
seasons may likely reduce the resident apple maggot pest 
population to a minimum. 

Knowing the previous history of the orchards will facili-
tate the implementation of different pest control methods to 
maintain acceptable levels of pest control. In certain cir-
cumstances, the amount of pest control products required 
can also be reduced. As demonstrated in this study, infes-
tation severity, type of apple maggot infestation (i.e. resi-
dent pests as opposed to pest invasion), tree size and archi-
tecture are all crucial factors in determining the most ap-
propriate application method to use. In addition, suscepti-
bility to apple maggot attack is cultivar specific and this is 
another factor to be taken into consideration (Bostanian et 
al. 1999). 
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