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INTRODUCTION
Michigan (MI) is the second to third leading producer of apples in 

the USA (Fig. 1).  The MI Apple IPM Implementation Project (MAIPMIP) 

was a 3-year (1999-2001), public-private sector project designed to 

foster implementation of an economically viable, environmentally sound 

pest management and production system that reduced reliance on 

broad spectrum pesticides and reduced the potential for residues on 

both raw and processed products. The project was supported through 

private sector funding, organized, coordinated and conducted through 

MI State University and administered through the Center for Agricultural 

Partnerships, a non-governmental organization. 

Many factors accelerated the need to develop alternative control 

tactics for MI apple growers. Pest resistance to insecticides was on the 

increase in many MI fruit growing areas. Also, new regulations in the 

USA governing pesticides, particularly the Food Quality Protection Act 

(FQPA), and the public’s interest in reducing the use of insecticides 

created uncertainty as to the future availability of many pesticides based 

on conventional chemistries. 

The MAIPMIP focused its efforts to on-farm delivery of education, 

training and demonstration needed to more rapidly move growers 

toward adoption and use of new IPM tactics, technologies and materials,  

including: 1) biological monitoring, 2) insect and disease predictive 

models to pinpoint timing of control tactics, 3) pheromone-mediated 

mating disruption for managing key internal-feeding moth pests and 4) a 

slate of reduced-risk insecticides offered as alternatives to calendar 

spray programs and the use of organophosphate (OP) and carbamate

(CB) insecticides that previously formed the basis of insect pest 

management in Michigan apple production systems for over 40 years. 

Implementation and Expansion

A partnership was developed with growers, consultants, research and 

extension personnel from Michigan State University, and members of the 

apple industry to establish an on-farm presence to assist heightened 

adoption and implementation of various IPM techniques and strategies in 

commercial apple orchards throughout MI. The project coordinators served 

as the catalyst for recruiting growers, working closely with private and 

agrochemical industry consultants and MSU extension. In the first year of 

the project (1999), 47 commercial apple growers participated on 877 acres.  

In 2000, 62 growers participated on 2,832 acres.  In 2001, 105 growers 

participated on 8,384 acres (Fig. 2).  Each grower worked with a crop 

consultant to conduct IPM on his or her farm.  All pest management 

decisions were made by growers in consultation with their crop consultant. 

In 2001, 23 consultants served as weekly advisors to growers participating 

in the MAIPMIP. The project was a catalyst for the adoption of mating 

disruption in MI apple, with over 15,000 acres deployed in 2011.
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Fig. 2 Apple growing regions of Michigan
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A Wide Array of Apple Pests

The temperate climate of Michigan supports a wide array of apple pests in all of 
the five growing regions in the state (Fig. 2). Over 25 kinds of insects and mites 
may need to be controlled in Michigan orchards.  It is critical that at least a dozen 
pests that directly feed on the crop be effectively controlled to maintain adequate 
yields of quality fruit that is acceptable to consumers.  Key pests include the 
codling moth, Cydia pomonella L., oriental fruit moth, Grapholitha molesta
(Busck) obliquebanded leafroller, Choristoneura rosaceana (Harris), plum 
curculio, Conotrachelus nenuphar (Herbst) and apple maggot, Rhagoletis
pomonella (Walsh), (left to right above and below). Collectively, if left unchecked, 
this pest complex could be expected to reduce marketable yield by up to 100%.

Plum curculio --

Conotrachelus nenuphar (Herbst)

Plum curculio (PC) typically migrates into orchards

in the spring around bloom time. The migration
often follows 3 to 4 days of rain and temperatures

above 46° F.  Spring migration lasts about 6

weeks. Peak activity and the critical time for
control usually occurs over a period of 14 days

beginning at petal fall.
Summer adults emerge late

June to early July, and remain

in the orchard until harvest.
Adults prefer the dense shade

of the tree’s inner canopy.

Mature larva is about 7 mm long,
yellowish-white with a brown head
capsule, and legless.

The adult beetle i s about 5 mm long,
dark brown wi th whi tish to gray patches,
and has four ri dges on i ts wing covers,
two of which are readily visible. It has a
long downward curved snout that is
about 1/4 to a 1/3 its body length.

7 mm

5 mm

The female PC eats a small hole in the fruit ,

deposits an egg, and then makes a crescent-shaped
slit just below the egg-laying site.  The hatching larva

burrows into the fruit.  Early season variet ies are

considered most susceptible to both feeding and
oviposition damage.

Plum curculio -- cont inued

Crescent shaped scars
from fresh egg-laying
damage.

Oviposition damage in
more mature fruit

Monitoring: The best

means to monitor PC activity
is to visually inspect  fruit for signs

of feeding or egg-laying. Concentrate sampling on

trees adjacent to hedgerows and woodlands.Fig. 3

Education and Training

Training  workshops  were  conducted  to  facilitate  IPM implementation.  

Workshops included ID of pests and natural enemies, use of traps, 

monitoring, thresholds, degree day models, mating disruption, and other 

selective controls.  Information was also disseminated in one-on-one 

grower visits, through fact sheets and an apple IPM scouting pocket guide 

(Fig. 3) (http://www.msue.msu.edu/ipm/ApplePocket.htm.)

Apple Production in Michigan

• Second or third leading producer of apples in the U.S.

• 49,000 acres distributed among >1,000 commercial orchards 

(MDA 2000-2001)

• 10% of national production, but 75% of production in central 

U.S.

• Major markets: fresh (35%), canning (25%), frozen (14%) & juice 

(26%)

• Crop is predominantly marketed regionally

• Home for Gerber Products (65% of baby food market)

• Gerber sources 40-50,000 tons of apples annually

(buying from 10-15% of growers in the state)

Fig. 1. Apple Production in MI

Selective Block Control Strategies

More intensive pest and beneficial monitoring; improved 

timing of controls

Combination programs utilizing pheromone mating disruption 

and selective                (narrow spectrum) insecticides.

Mating disruption was conducted for codling moth (CM), 

oriental fruit moth (OFM), and obliquebanded leafroller (LR)

 Isomate C+ (CM) ,C Special (CM/LR), M100 (OFM), and M 

Rosso (OFM) hand applied dispensers, Shinitsu

micro-encapsulated sprayable pheromone (LR, OFM), 3M™, 

CONSEP®

Mean Costs/Acre For MD Programs 1999-2001 

Includes Cost of Pheromone Dispensers and Labor for Placement with All Fruit to Fresh 
Market

Pheromone   # Farms   Selective Program  Comp Program

CM/LR               34               $259.93               $252.60

OBLR MEC         23               $186.69               $212.06

C+ 35               $152.13              $166.43

- 1% Reduction in internal (CM, OFM) fruit injury  $24/acre in additional pack-out

 Modeling based on MI Ag Statistics 1998-2000; Costs do not include fungicides, nutrients, or thinners

- 1% Reduction in external (LR) fruit injury  $16/acre in additional pack-out

Fig. 6

Efficacy and Economics

Fruit evaluations were conducted prior to 

harvest in selective and grower comparison 

blocks to determine the efficacy of the various 

control programs (Fig. 4).  Addition-ally, 

pesticide application records were analyzed to 

track materials used (Fig. 5), and to evaluate the 

timing of applications in relation to weekly 

monitoring reports.  Fruit evaluations and 

pesticide application records were further used 

to assess the costs of selective programs in 

comparison to grower standard programs (Fig. 

6).  Considerations used to develop the 

economic model include: insecticide and 

miticide inputs, fruit pack-out revenue (as 

impacted by management program), Michigan 

averages for pounds of fruit produced/acre, and 

Michigan average price received for fresh and 

processed fruit.
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