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Novaspy, a New Scab-resistant Improved “Spy” Type Variety 
 

Douglas Nichols (For Charlie Embree) 
Atlantic Food & Horticulture Research Centre 

Kentville, Nova Scotia B4N 1J5 
 
 
Introduction 
The first apple breeding program was organized at the Canadian Department of Agriculture in Kentville, 
Nova Scotia, Canada in 1928. A newly appointed plant geneticist Cecil C. Eidt was given the task of 
establishing the compatibility of varieties in respect to cross pollination, and to make selections from the 
seedlings of their numerous crosses for desirable characteristics such as red colour, lateness and scab 
resistance. By 1934 there were more than 30,000 seedlings planted. Following years of evaluation for the 
desired characteristics by Robert Longley and Charles Bishop the number of selections was reduced to 
approximately 500 by 1947. During the period between 1948 and 1958 Bishop and Aalders made 53 scab 
resistant crosses generating another 11,000 seedlings. Nova Easygro (4th generation) was selected from 
these progenies. Dr. Crowe continued breeding for scab resistance in 1964 and by 1983 had made 194 
crosses and planted 14,050 seedlings. Novaspy (5th generation) and Novamac (6th generation) were 
selected from these seedlings. In 1986 Novaspy was released. The parentage is Nova Easygro × 
NY44411-1, a seedling selection from the N.Y. breeding program. Novaspy has gained a highly 
gratifying acceptance by the trade. 
 
The following description is based on observations of Novaspy as grown on a limited scale in commercial 
orchards of the Annapolis Valley and in test plots at Agriculture and Agri-Food Canada Research Centres 
at Kentville, N.S. and Smithfield, ON. Novaspy has also been in limited testing at Cornell University, 
Geneva N.Y. and Oregon State University, Corvallis OR. 
 
Tree characteristics 
Novaspy is classified as a moderately vigorous cultivar with an upright and spreading tree habit. Few 
scaffold braches develop and have wide branch angles compared to Northern Spy. Blind wood is 
prevalent with minimal shoot growth within canopy. Canopy management requirements are similar to 
Cortland and Rome. Full bloom occurs during the mid season with pollination and fertilization appearing 
to be easy to attain. Like Cortland and Rome spurs and tips can easily size two fruits per cluster provided 
the leaf to fruit ratio is adequate.  Properly cared-for Novaspy trees are productive, annual and precocious. 
Trees begin to bear fruit in the third season even when budded to semi dwarf rootstocks such as MM106. 
No incompatibilities have been observed to date with the rootstocks M26, M7, KSC3, KSC24, 
KSC11,Bud 490, CG 30 AR86-1-20 or BA seedling.  
 
Field performance observations in Nova Scotia and Ontario indicate that Novaspy is very cold hardy 
however controlled low temperature testing was not completed. 
Novaspy was not screened for susceptibility to Fireblight or Quince Rust. In Ontario moderate resistance 
to Powdery Mildew was recorded.  Novaspy is reported to be susceptible to Juniper Apple Rust.  
Insect damage from Mullein Bug and Brown Bug appears to be resisted by Novaspy. Rosy Apple Aphid 
damage is similar to that of McIntosh less than Cortland and Gravenstien. 
 



2004 Novaspy Rootstock Trial (Trees planted in 1998) 

Rootstock 
Total Harvest 
Average (kg) 

Average Fruit 
Size (g) TCA cm2 

Crop Density 
# of Apples 
/TCA cm2 

Crop Load 
(kg/TCAcm2) 

AR 86-1-20 32.0 186.42 26.18 6.23 1.22 
CG.30 27.7 211.11 17.26 7.76 1.61 
M.26/88 10.8 204.94 10.28 5.44 1.05 

 
Fruit Characteristics 
Novaspy is considered a high quality mid-late season apple with similar texture to Northern Spy. Apple 
flavor of Novaspy is classified as tart/sweet and slightly astringent. Flesh is creamy yellow colour, 
considered crisp, and moderately juicy. Fruit has good processing market quality and may be useful for 
fresh markets as well. 
 
Fruit size is medium to large (140 – 200g) and has grown as large as 3.0 inches when thinned in Nova 
Scotia.  Fruit size will continue to increase through the fall similar to Cortland and Northern Spy. Stem is 
medium long, thick and slightly clubbed. Fruit shape is globose conical, with deep narrow cavity and 
narrow, relatively small basin a smooth surface and can be greasy if over-mature. Bitter pit has been 
observed on Novaspy however with lower incidence than Northern Spy.  The fruit has an approximately 
85% blushed and striped with dark red, with slight russet at the cavity.  The ground is greenish yellow 
when mature. 
 
Harvest season is earlier than Northern Spy. For frozen pie apples Novaspy should be harvested between 
October 4th and 10th in Nova Scotia (Cortland season). Starch test reading of 4 to 6 is commonly used to 
indicate suitable maturity for harvest to begin. Maturity is uniform within the tree therefore only one is 
pick necessary. 
 
Fruit texture is very firm (17-20 ft lbs) at harvest; crisp; moderately juicy; does not bruise readily. 
Novaspy is slightly sweeter than Spy and McIntosh (Soluble Solids 12-14%) more tart than Northern Spy 
with titratable acids of 1% O.S.U., Corvallis, OR. Observations from fruit varieties trial 1988-94: 

• Rated as one of the top eight scab immune cultivars tested at that time.  
• Long harvest window 
• Fruit size range 230-265g. 
• Soluble solids 13.4 – 15.8 
• Firmness 15 - 18 ft lbs 

 
Storage 
Trials and commercial storage indicate Novaspy can be stored successfully for late season markets. Fruit 
can be stored in Regular Air (RA) for 4 months and maintain good quality. Controlled Atmosphere (CA) 
stored fruit will maintain desired quality for up to 8 months. Current CA recommendations for Novaspy 
are 2.5% O2 and 4.5% CO2.  Following harvest fruit should be placed directly in storage to maintain 
desired firmness. 
 
Processing Qualities 
Trained panels were used to compare the sensory attributes of processed Novaspy fruit.  Sensory testing 
found Novaspy flesh to have the same yellow hue and brightness and flavor as the industry standard 
Northern Spy. 
 
Seed cavity of fruit is large reducing product return. 
 



Novaspy has many favorable processing traits, including high acidity, good slice integrity and fruit 
firmness.  The after-processing flavor and colour of Novaspy make it a good complement to Northern 
Spy. 
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J. Warner, and C. Nickerson 1996. Winter Injury to Apple Trees. Fruit Varieties Journal 50(2):114-118. 



Effect of Weather on Apple Thinning
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Environmental influences on chemical thinning are among the most difficult to document since we have
no control over the weather.  Control of all environmental factors under field conditions is challenging
and frequently not possible.  Alternatively, numerous observations must be made under widely differing
conditions in the field, and this is a very time-consuming and haphazardous process.  Weather conditions
before application, at the time of application, and following thinner applications have the potential to
influence thinning results.

Weather before application.  
Even in the early days of chemical thinning researchers and orchardists recognized that weather
conditions prior to spray application influenced the thinning response (Batjer and Hoffman, 1951).  Cool,
cloudy, wet periods preceding thinner application generally mean that thinning will be easier and using a
lower rate in the suggested rate range may be appropriate (Thompson, 1957).  Part of this is attributed to
epicuticular wax and cuticle development which predisposes leaves to absorb more thinning chemical
(Westwood et al., 1960).  These conditions during and immediately after bloom may also lead to less
vigorous fruit set, characterized by fruit that are not growing vigorously and have few seeds, increased
seed abortion, and reduced carbohydrate (Batjer and Billingsley, 1964; Forshey, 1986).  Regardless of
thinner absorption, these fruit will be easier to thin.  Frost injury to spur leaves also will make fruit easier
to thin (Williams and Edgerton, 1981).  NAA penetration is greater into frost injured leaves (Westwood
and Batjer, 1960) and the markedly distorted spur leaves undoubtedly have a reduced photosynthetic
capacity.  If the weather is warm, dry and sunny, cuticle development may be such that less thinner is
absorbed.  Sometimes the rate of applied thinner is adjusted upward in the recommended range to
compensate for this.  Further, fruit must have rapid and consistent growth to persist.  Warm, sunny
weather following bloom is conducive to rapid fruit growth, relatively robust fruit and strong fruit set that
may be more difficult to thin.  These fruit are more difficult to thin (Williams and Edgerton, 1981).

Weather conditions at the Time of Application.  
The two most important environmental factors that influence foliar penetration of a chemical thinner are
temperature and drying time.    Warm temperatures enhance uptake of NAA (Black et al, 1995; 
Westwood and Batjer, 1960) and dinitro-o-cresol (Westwood and Batjer, 1958) by apple leaves.  The
longer the drying time of a thinning spray the greater the penetration into the leaf (Westwood and Batjer,
1960).  In foliar penetration studies on pear (Pyrus communis L.) leaves it was found that the penetration
of napthaleneacetamide (NAD) increased steadily over time as long as the spray droplet was prevented
from drying (Greene and Bukovac, 1971).  During the drying process uptake into the leaf was accelerated,
presumably due to the concentration effect caused by the drying.  Once the droplet dried, little additional
penetration occurred.  Therefore, the longer the time before droplet drying, the greater the penetration. 
Warm temperatures, conducive to increased foliar penetration, are usually accompanied by rapid drying
conditions.  Conversely, slow drying conditions in the field are usually at night when temperatures are



cooler.  One unpublished study done by the author on the penetration of benzyladenine (BA) into leaves
of ‘McIntosh’ apples during the day and night revealed that it made no difference what time during the
day or night BA was applied, the amount entering the leaf was the same.  Apparently, increased
penetration due to higher temperatures during the day was offset by reduced drying time.  Conversely, the
increased penetration due to increased drying time at night was negated by the reduced penetration under
cooler temperatures.  Thus, it appears that it does not make a significant difference when you apply a
chemical thinning spray, as long as it is not too windy.

Weather conditions following application.
Temperature following thinner application is the dominant factor influencing the response to a chemical
thinner (Forshey, 1986; Greene, 1996; Williams, 1994).  During the traditional time that chemical
thinners are applied, when fruit size is between 7 and 12 mm, the demand by growing fruit, rapidly
elongating shoots, leaves and wood may exceed the supply that is provided by photosynthesis in the
leaves.  Fruit are most susceptible to thinners during this period of time.  We believe that the greater the
difference between supply and the demand, the greater the thinning that will occur.  Low temperature
following application results in reduced metabolism thus reducing or eliminating the difference between
supply and demand.  Conversely, if warm to hot temperatures follow application, metabolism is
increased, the difference between supply and demand increases and greater thinning results.  Thinners act
in part by increasing stress widening the gap between supply and demand.  Warm temperatures intensify
competition among competing sinks at a time when metabolic demand is highest in the tree.  If cool 
weather follows thinner application, thinning results are frequently disappointing.  It is often better to
wait 2 or 3 d until warm temperatures are forecast to occur after application than to apply a thinner when
cool conditions prevail immediately after application (Forshey, 1986).  Warm temperatures at night may
be even more important than day temperature in favoring a good thinner response.     

It is not uncommon to have several days of cloudy weather during the bloom period where incoming solar
radiation is reduced to 10% to 15% of full sun.  Several reports have documented that this shading can
intensify June drop.  In one experiment done in Massachusetts a thinner was applied on trees after they
were shaded for 66 days with 80% shade or a thinner was applied just prior to a period of 6 days of  80%
shade.  No additional thinning occurred on trees that received the thinner after the period of shade
compared with those that received no shade.  However, trees were nearly defruited by the thinner when
shade followed thinner application.  This experiment was conducted during a time when the temperature
was warm but not hot.  If cool temperature occurred at the same time shading was applied after thinner
application, we speculate that thinning would have been far less severe.  Therefore, it may be advisable to
delay thinner application in circumstances where trees have been exposed to several days of shading to
avoid overthinning.  One or two days of sun following shading can partially or completely reversed any
abscission-promoting effect due to shading or cloudy weather.
        
Orchardist generally try to apply thinners well in advance of rain, but weather forecasting is not yet a
precise science.  It is the experience of the author that if a chemical thinner dries on the leaf prior to the
onset of rain, one can anticipate getting at least 80% of the thinning effect.  Among the chemical thinners,
ethephon may be an exception.  Unrath (1981) observed in North Carolina that at least  4 h of drying after
application was required for ethephon response to thin. This is probably attributed to the fact that
ethephon is a very water soluble compound. Material deposited on leaves may be rewetted, resulting in
additional absorption.  This has been documented with dinitro-o-cresol where rain occurring 1 d after
application resulted in increased absorption (Westwood and Batjer, 1958).  Increased absorption of
carbaryl may also occur by rewetting.  Periods of damp, drizzly weather, with precipitation sufficient to
keep foliage wet but not enough to wash off residues, may significantly increase thinning (Forshey,
1986).
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Apples in MI are a high value crop, approaching an annual farm-gate value of $99.7 million, with 
production on 42,500 acres representing 1,000 farms.  Growers rely mainly on pesticides to protect the 
crop from a complex of insects and diseases. 
 
Management of more than one dozen arthropod pests in Michigan apple is a difficult task and IPM 
programs for these crops are perhaps the most complex of all cropping systems.   For Michigan growers, 
the most important insects are a complex of direct pests whose larvae feed internally within fruit (internal 
feeders), and include the codling moth, Cydia pomonella, Oriental fruit moth, Grapholita molesta, apple 
maggot, Rhagoletis pomonella, and plum curculio, Conotrachelus nenuphar.  In addition, at least two 
species of leafrollers (obliquebanded leafroller, Choristoneura rosaceana, and redbanded leafroller 
Argyrotaenia velutinana), along with the tarnished plant bug, Lygus lineolaris, also feed directly on fruit 
and can cause major crop losses.  Because of high cosmetic standards and high crop value, tolerance for 
damage to fruit is extremely low.  
 
There are also many indirect arthropod pests that feed on the foliage.  This group of pests include a 
complex of aphids, leafhoppers, leafminers, and mites.  This indirect damage can cause significant losses 
in crop value by reducing fruit size, quality, tree vigor and, under certain conditions, tree death.   In 
general, tree fruit crops can tolerant higher densities of indirect vs. direct pests, and thus the former are 
usually more amenable to biological control. 
 
Challenges to Current Pest Management Programs 
For almost 40 years, organophosphate (OP) insecticides have been the cornerstone of apple insect 
management programs.  They have provided excellent control of most direct insect pests and, despite 
their relatively broad-spectrum activity, are of relative low toxicity to many important natural enemies, 
particularly mite predators (Croft and Bode 1983).  Despite this long-term reliance on OPs there have 
been relatively few instances of pest population resistance.  Recent notable exceptions include the tufted 
apple bud moth  (Knight et al. 1990), obliquebanded leafroller (Reissig et al. 1986), and, more recently, 
the oriental fruit moth (Usmani and Shearer 2001) and codling moth Cydia pomonella Gut unpublished 
data 2004.  However, OPs remain the most widely used products for control of internal fruit feeders of 
apple.   
 
In recent years there have been a number of new, “reduced-risk” pest control tools that have become 
available to the tree fruit industry that have shown promise as alternatives to OPs, carbamates, and 



pyrethroid insecticides.   The four newer classes of insecticides include insect growth regulators (IGR’s), 
naturalytes, neonicotinoids and oxadiazines.  Two IGR’s, tebufenozide (Confirm®) and methoxyfenozide 
(Intrepid®), have shown activity against leafrollers and codling moth in some eastern apple production 
regions.  The narrow specificity of insect growth regulators should not disrupt and may actually enhance 
beneficial mite and insect abundance relative to current IPM programs based on OPs. The naturalyte 
insecticide, spinosad (SpinTor ®) can provide excellent control of leafrollers and leafminers.  This 
product is a natural fermentation product that is not persistent in the environment. The neonicotinoids or 
chloronicotinyls are primarily active against leafhoppers, aphids and leafminers.  However, they appear to 
have a broader range of activity, with potential efficacy against some lepidopteran pests (Gut et al. 2000).  
Oxadiazines are a new class of sodium channel blocking insecticides. All of these new insecticides have a 
relatively narrow spectrum of pest activity, and their integration into a program has not been evaluated on 
a large scale. 
 
Pheromone-based mating disruption is another promising technique for managing lepidopteran pests. 
Traditionally, hand-applied pheromone dispensers are used to target individual species.  Although there 
have been successful uses of codling moth and oriental fruit moth mating disruption programs in localized 
areas of Michigan, a more diverse pest complex and alternate host habitat surrounding orchards has 
hindered more widespread adoption of this technology.  A major barrier to the more widespread adoption 
of mating disruption in the east is the need to hand apply pheromone dispensers.  Application is labor 
intensive and needs to be done in the early spring when field labor is not readily available.  
 
On-farm research offers the best opportunity to evaluate the effectiveness of new controls and to 
determine optimum timing of applications. This project has identified Avaunt and Actara as good 
materials for PC control. The neonicotinoids Assail and Calypso have been demonstrated to be effective 
AM controls (Fig 1). The internal worms, CM and OFM, have become severe pests in many orchards, 
especially in the Ridge area. We have determined that various combinations of Calypso, Assail, Intrepid, 
CM granulosis virus can provide control of these pest in most situations.  Newly registered formulations 
of CM granulosis virus were demonstrated to be very active against CM and should help in areas where 
control is not being achieved due to insecticide resistance (See article in these proceedings). 
 
Results 
Fruit injury caused by codling moth, obliquebanded leafroller and oriental fruit moth were detected in at 
least one location for each program.  Codling moth management was the greatest challenge during the 
first 3 years of this program.  The number of CM males captured was much lower in the reduced-risk 
programs utilizing mating disruption compared to the standard non-disrupted blocks (Fig. 1).  In 1-2 
orchards where CM populations were high, the reduced-risk programs sustained fruit injury exceeding 8% 
and is reflected when injury from these blocks is averaged.  However, under moderate to low populations 
the combination of MD and soft chemistries performed as well as or better than the conventional 
programs.  In comparison, OBLR control was achievable in reduced-risk blocks through the use of some 
new tools for control of this pest, including Spintor, Intrepid, and MD.  Fruit injury sustained by OBLR 
was lower in most of the reduced-risk blocks with an average of less than 1.3% (Fig. 1).  In contrast, 
several conventionally managed blocks had greater than 2 % injury. 
 
Some of the most promising results were obtained in trials evaluating apple maggot control.  Large 
numbers of AM were captured using the red-ball traps baited with fruit essence and activity was recorded 
from mid-July into harvest (Fig. 2).  We anticipated that three neonicotinoids (Actara, Assail, and 
Calypso), when used for control of CM and other pests, would also provide control of AM flies.  Indeed, 
the use of this strategy in reduced-risk blocks appeared to be an effective approach for in preventing AM 
fruit damage. 
 



Few differences between reduced-risk and non-reduced-risk blocks have been detected when assessing 
populations of indirect pests and beneficial insects.  Two exceptions included greater numbers of wooly 
apple aphids and San Jose scale in reduced-risk orchards.  However, ladybird beetles and green lacewings 
were found in greater abundance compared to the standard programs.  
 
The cost of selective insecticides and mating disruption products used in reduced-risk programs increased 
the cost of pest management when compared to conventional OP based programs.  During the first year 
these programs ranged from 5-12x more expensive.  By year three the cost is still greater in reduced-risk 
orchards with the lowest difference being 1.8x that of the OP based program.  Scouting insects in 
reduced-risk orchards is also more time and labor intensive and is an added cost to these programs. 
 
Large-scale adoption of alternative pest management systems is largely dependant upon their effectivness 
and economic viability.  In some cases, the reduced-risk pest management programs without OP’s were 2-
3x more expensive than OP standard programs. Injury to fruit varied but was the same or lower in most of 
the reduced-risk sites.  Adopting softer pest management programs in apple is an information intensive 
and dynamic process.  It is hoped that successes will be easier to achieve and the costs reduced as the 
program continues into year 4.   

 
Figure 1. 
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Pest control for many Michigan apple growers has become more challenging due to loss of compounds 
through restrictions or resistance, and a shortage of economic and effective alternatives.  Fortunately, a 
few materials that show promise as alternative controls for some important pests of MI apples continue to 
be registered each year. The relative activity of newly registered compounds and their effectiveness at 
various rates is largely determined in small-plot trials conducted at fruit experiment stations, including the 
Trevor Nichols Research Complex (TNRC). This kind of information is the basis for product labels and 
recommendations in state fruit management guides. Prior to registration, however, there is quite a bit of 
uncertainty about the level of performance these materials will provide in commercial production 
systems. This has become more evident in recent years, as all of the new compounds primarily operate via 
ingestion and cause an array of sub-lethal effects. The most stringent testing of efficacy occurs when a 
newly registered compound is placed in the hands of growers and consultants. It is in a commercial 
setting that the rates and timings are tweaked in an effort to make the insecticide effective and 
economical. In addition, the susceptibility of pest populations to even newly registered compounds may 
vary regionally or within a production region. Support from the apple industry and from state and national 
agencies have enabled us to establish a robust on-farm research program to complement the work at 
Trevor Nichols. The research helps set published guidelines (Michigan Fruit Management Guide, E-154). 
and  assists grower's in the process of incorporating new control options into their apple IPM programs 
(Gut, L. & J. Wise. 2004. Incorporating newer insecticides into Michigan apple IPM programs: Petal-fall 
through June. Fruit CAT Alert 19(5): 1-3). This presentation to the Michigan apple industry highlights 
our 2004 efforts. 

 
CM Resistance:  There is growing evidence that resistance is building in Michigan codling moth (CM) 
populations to azinphosmethyl (Guthion), and to other compounds (Gut, L. & J. Wise. 2004. Increasing 
concern about codling moth resistance to insecticides. Fruit CAT Alert 19(8): 1-2). Alarmingly, recent 
control failures have been reported in which commercial orchards treated with a variety of different 
insecticides still suffered severe codling moth damage. Failures to control CM can theoretically be 
attributed to several different factors including less than optimum timing, inadequate coverage, or a 
reduction in susceptibility to insecticides. Lack of control due to resistance is the most difficult one for 
growers to address without technical assistance. A topical pheromone trap bioassay can be used to assess 
the susceptibility of CM populations to some insecticides. The assay entails placing traps baited with CM 
pheromone in orchards late in the afternoon and collecting them early the next morning. Trap bottoms 
with captured moths are transported from the orchards to the laboratory in insulated containers. Equal 
numbers of moths in good condition are randomly assigned to one of the following treatments: 1) a 
diagnostic dosage of 0.3-0.5 µg of the active ingredient in Guthion, azinphosmethyl, or 2) no insecticide 
(control). The treatments are administered to each test insect with a microsyringe. Mortality is assessed 24 
h after treatment.  A moth is considered alive if there was leg, wing, antennae or head movement each 
time it is prodded with a brush. 

 



This past season traps were placed in CM infested orchards on more than 40 occasions and captured 
sufficient numbers of moths to complete 23 bioassays.  Results were expressed in terms of the Percent 
corrected mortality.  This value refers to mortality due to the insecticide minus the mortality in the control 
moths caused by other factors, such as stress from being ensnared in stickum. The first ten populations 
tested were treated with dosages of 0.3 or 0.4 µg/moth. In all cases, the treatment did not cause greater 
than 50% mortality. In previous assays conducted in Michigan in 2001, 50% mortality at a dosage of 0.4 
µg/moth was found for CM populations that were the most resistant to Guthion (11-fold). Thus, all 10 of 
the initial populations tested in 2004 were highly resistant to Guthion! In subsequent assays we increased 
the diagnostic dosage to 0.5µg/moth. Less than 50% mortality was still recorded for 4 of the 12 
populations from commercial orchards. Mortality for the other 8 populations ranged from 55-83%. The 
only highly susceptible population (100% mortality) was from a long-abandoned apple orchard in 
Kalamazoo that had never been exposed to Guthion. In summary, high levels of resistance were detected 
in all CM populations assayed, and it appears that it is fairly widespread.  The most resistant strains were 
trapped in orchards in the Lowell, Ridge and Southwest Michigan areas. Only a few assays were 
conducted in other fruit production regions because it was difficult to capture high numbers of moths, 
however there was some indication that strains in Southeast and Westcentral Michigan were more 
susceptible than those in Lowell, Ridge and Southwest Michigan. 

 
Control of internal worms in small-plot trials:  The objective of this trial was to test the efficacy of 
various insecticides for control of CM with various treatment regimes. Among the new compounds tested 
were the registered products, Assail, Calypso, and Warrior, and three experimental insecticides, Clutch, 
Proclaim and Rimon (previously known as Diamond). Insecticides were applied to 17-year-old 'Red 
Delicious' apple trees at the TNRC with an airblast sprayer calibrated to deliver 100 gpa at 2.5 mph.  Two-
tree plots were arranged in a randomized complete block design with 4 replications. Due to a very light crop 
load, a fruit evaluation of only 25 apples per replicate was made on the tree on 24 Jun and at early harvest on 
10 Sep, 25.  Fruit injury levels of 42% were recorded in the untreated check at mid-season. Under this level 
of pressure, all compounds provided control of first generation codling moth equivalent to that of Guthion.  
The only weak program was the use of a low rate of Clutch. Pest pressure from internal worms, CM and 
Oriental fruit moth (OFM), increased to 72% fruit damage in the untreated plots and 15% in the Guthion 
plots by early September. In a four-spray program (two per generation), Assail, Calypso, Warrior and 
Rimon provided the highest levels of control. Significantly more damage was recorded in the Clutch and 
Proclaim plots. A substantial portion of the damage in these plots was in the form of initial “sting” entries 
by newly hatching larvae. Proclaim provided better control if applied more frequently. 

 
On-farm testing of new controls:   In 2004, a large set of on-farm trials were set up to evaluate the 
anticipated best fit for newer control options targeting the primary pests of apple in Michigan. Special 
attention was given to the most problematic pest, codling moth, and to a pest that we are concerned may 
become more troublesome in the coming years, apple maggot. The overall experimental design was a 
direct comparison of the effectiveness of a new insecticide versus other materials for control of a specific 
pest or complex of pests. New insecticides tested were Assail, Actara, Avaunt, Intrepid, Calypso and 3 
formulations of CM granulosis virus (Cydex, ViroSoft or Carpovirusine).  In most cases the comparison 
plot was treated with organophosphorous (OP) insecticides such as Guthion and Imidan, synthetic 
pyrethroids (SP) such as Asana and Pounce, or the neonicotinoid, Provado.  Commercial orchards were 
randomly divided into 2-5 blocks and each received a different control program. 

 
Calypso, Assail and granulosis virus. This was the first year that Calypso was commercially available and 
much of our effort focused on evaluating the effectiveness of this promising product. Very good control 
of CM was achieved in orchards at 11 locations that were treated with mating disruption and companion 
insecticide sprays, primarily Calypso, but also Assail, Intrepid and virus as needed. This program 
compared very favorably with an older insecticide-based program (e.g., Guthion) in adjacent blocks 
(Figure 1, A).  Fruit injury at harvest was significantly lower in the orchards relying on the new control 



tactics (0.4%) than in the orchards relying primarily on older, standard control options (1.0%). Virus 
products also proved to be a very effective option for CM control. Products from two manufacturers were 
directly compared at three sites. In all cases, virus was applied at a low rate and on an alternating basis 
with a Calypso treatment. The virus was very effective. Fruit injury at harvest was about 0.5% in the plots 
treated with virus and Calypso and 2.0% in plots treated with older, standard control options (Figure 1, 
B). 

Figure 1. Effectiveness of codling moth management programs in 2004. (A) Comparison of mean pre-harvest fruit 
injury for plots treated with new chemistries, primarily Calypso, Assail and Intrepid (New) or older, standard 
insecticides, primarily Guthion and Imidan (Comp). (B) Comparison of mean pre-harvest fruit injury for plots 
treated with Calypso plus virus, or standard insecticides, primarily Guthion and Imidan (Comp). 

 
Apple maggot. Excellent control of apple maggot (AM) was achieved using newer insecticides only, 
primarily, Provado, Calypso, and Assail. Control of AM was achieved using Calypso and Assail alone or 
in combination in trials conducted on six commercial farms. AM captures averaged 15 flies/trap and no 
infested fruit were detected in pre-harvest fruit inspections. Provado was evaluated in three commercial 
orchards, as well as in two orchards (Rome and Delicious) that we were able to lease because the grower 
had opted not to maintain them. Provado is not currently labeled for AM control. Fly captures averaged 
15/trap in the 3 commercial orchards, and growers applied Provado twice. Inspection of 600 fruit/block 
uncovered no AM infested fruits. Higher levels of AM activity were recorded in the neglected orchards 
(average of 25 flies/trap). Provado was applied three times over a 6-week period beginning on July 16 in 
half of the Rome and half of the Delicious orchard. Again, Provado proved effective for AM control. 
Only 1 AM pupae emerged from 600 fruit collected in the Provado plots (0.15% injury), while the 
untreated plots sustained 3.8% injury (23 pupae in 600 fruit). 

 
CM mating disruption:   Mating disruption is a novel technique that has been used successfully by some 
growers for control of CM, as well as some other pest species. The cost of mating disruption is often 
noted as the primary obstacle to widespread adoption of this technique for pest control. The high cost of 
the active ingredient and labor to apply the most widely used systems, hand-applied devices, contribute to 
the overall high cost of this strategy compared to control by insecticides. For Michigan apple IPM 
programs, sprayable formulations of pheromone may have a better fit than hand-applied dispensers. 
Sprayable pheromones could be readily incorporated into current programs that include a number of 
sprays for diseases, insects and mites. Pheromone can be formulated into plastic flakes or chopped fibers 
designed to release pheromone at rates similar to those emitted by female moths. Hercon® flakes and 
Scentry® fibers formulated with CM pheromone have shown good efficacy against this pest in trials 
conducted recently in Washington state (J. Brunner, 2003, unpublished data) Both products are sprayed 
onto a crop; a sticker is added so that the particles will adhere to foliage. In 2004, Scentry fiber and 
Hercon flake formulations of pheromone for CM were tested on 7 Michigan farms. The overall 
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experimental design was a direct comparison of the fiber or flake pheromone treatment versus a non-
pheromone control (insecticides-only for pest control). At three sites, we also were able to include a direct 
comparison with the industry standard, Isomate C Plus 'ropes'.  All of the pheromone plots received 
companion insecticide sprays, but at a reduced intensity compared to the insecticide-only plots. The fibers 
were aerially applied once per flight, while the flakes were applied by a modified hydro-seeder at the start 
of the second flight only. Traps were deployed at a density of two per acre (at least 10 per plot), half in 
the interior and half on the edge, and monitored weekly to assess treatment effects on adult activity. The 
success of the pheromone disruption programs at protecting apples from pest damage was assessed at 
mid-season and prior to harvest by inspecting 600 fruit for CM injury in each plot. 

 
The results of trials at the sites where a fiber, rope and no-pheromone program were compared are 
presented in Figure 2. The aerially applied fibers did not perform as well as the hand-applied ropes, but 
did show promise, especially against the second CM flight. In pheromone treated orchards where control 
is being achieved, moth catch in pheromone-baited traps should be very low or shutdown completely.  
The rationale behind this measure of effectiveness is that if males are incapable of finding a lure releasing 
relatively large amounts of pheromone, then they are probably unable to find female moths releasing 
much lower quantities of natural pheromone.  During the first generation, the fiber treatment did not 
prevent males from finding traps, while the 'ropes' provided about 70% trap shutdown relative to the no 
pheromone treatment. Assessment of the fate of fibers revealed that 100% of them were lost from the 
trees within the first week following their application. We suspect the heavy rains dislodged the fibers. 
The fibers faired better following the second application. Approximately 50% of the fibers that stuck to 
trees were still attached after 7 weeks. The fiber treatment provided close to a 70% inhibition of CM moth 
captures in traps (Figure 2).  In contrast, Isomate C Plus provided greater than 95% trap shutdown. Fruit 
injury at harvest in the fiber plots ranged from 0.5 to 1.6%. Less damage was recorded in the Isomate C 
Plus and no pheromone plots. The performance of the sprayable flakes was similar to that of the fibers, 
showing promise but still in need of technical improvements. On the plus side, over 50% of the flakes that 
landed on trees were sill attached after 10 weeks. Under heavy pest pressure a single application of flakes 
provided about 65% trap shutdown. Unfortunately, enough mating occurred to negate the potential benefit 
of the pheromone treatment. Over 2.5% damage was recorded in plots treated with flakes or not treated 
with pheromone. 
 

Figure 2. Comparison of moth captures in pheromone-baited traps and fruit injury (percentages) in plots treated or 
not treated with pheromone in three on-farm trials. 
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