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Attract-
and-kill 
systems

BAIT 
STATIONS

MASS 
TRAPPING

BAIT 
SPRAYS

TRAP TREES / 
TRAP CROPS

KEY COMPONENT: STRONG ATTRACTANTS (e.g., pheromones, plant volatiles)

Fruit flies

Japanese beetles

Fruit flies

Plum curculio



Pest Semiochemical Uses Level of 
adoption

Plum curculio Benzaldehyde + 
grandisoic acid

Monitoring (trap tree) None

Control (bomb tree) None

Apple maggot fly 5-component 
blend

Monitoring Low

Control (perimeter 
trapping)

None

European apple sawfly None ----- -----

Tarnished plant bug None ----- -----

Effective commercial lures are available for some pests 



Novel IPM strategy 1:

Developing a permanent, low-cost, 
trap cropping system for multiple 

apple pests via multi-cultivar grafting

Research in collaboration with Jeremy Delisle (UNH Extension)



Developing a multi-stage IPM system for plum curculio (PC)

Benzaldehyde + 
grandisoic acid

Odor-baited 
trap trees 

attract plum 
curculios (PCs), 

leading to 
aggregations

Pinero et al. (2020) Insects

85-90% 
reduction 
in # of PC 
larvae in 
the soil



 The odor-baited trap tree approach 
is effective (2004-2005 in 2 orchards, 
2013-2019 in 6 orchards).

 70% reduction of insecticide 
compared with perimeter-row sprays.

 93% reduction of insecticide 
compared with standard full-block 
sprays.

 This AK strategy has not been 
adopted by any grower.

Attract-and-kill (AK) strategy against adult PCs

Leskey et al. (2008)
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Trap 
trees are 

baited 
with 

BEN+GA

We are 
targeting 
this level 
of fruit 

infestation 
by PC.

12%



Can we exploit natural sources of 
apple odor to develop a low-cost, 

permanent trap cropping system for 
multiple apple pests?

Long-term project: Idea developed in 2018 WITH growers



Each trap tree is grafted with 6 
cultivars that are very attractive to PC 
and apple maggot fly (AMF).

Research focuses on PC and AMF and 
includes European apple sawfly, 
Tarnished plant bug, and other pests.

The concept is simple, affordable, and 
grower-friendly.



20+ blocks in MA, NH, and ME 

2020: No grafting.

2021: One more 
block grafted (MA)

2022: 5 more 
blocks (NH and ME) 



Plum curculio
(PC) results



Results: PC captures in traps and fruit injury in GRAFTED vs. 
NON-GRAFTED TREES

Distance 
between 

grafted trees: 
30 meters



PC captures in traps across all 12 blocks (10 MA, 2 NH)
(early May to early June 2022)
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Results (% of fruit with PC injury at harvest)
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Average level 
of PC injury 
on grafted 

trees 
combining 
both years:

13.5%



PC INJURY BY CULTIVAR - ALL ORCHARDS COMBINED

17.8% 
(n=163)

Stock
19.2%

(n= 1,160 )

30.8%
(n=188 )

19.5% 
(n= 149)

11% 
(n= 163)

16.1% 
(n=161 )

34.5% 
(n= 165)

6% 
(n=679)

Stock
8.5%

(n= 1,026 )

4.7% 
(n=815 )

10.7% 
(n= 364)

0.3% 
(n= 304)

10.2% 
(n=88 )

4.2% 
(n= 24)

2021 2022



Comparison across cultivars (PC injury at harvest)

2021



Comparison across cultivars (PC injury at harvest)
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Apple maggot fly 
(AMF) results
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2020 results across 10 MA orchards (trap captures)

Comparison of AMF captures 
in unbaited sticky spheres in 
grafted vs. non-grafted trees
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2021 results across 10 MA orchards (grafted branches with more fruit)
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2021 Levels of fruit injury according to cultivar



Wickson at Sholan Farms

Fruits with numerous AMF 
oviposition marks



Conclusion

Grafted trees seem to be effective at attracting 
PC and AMF relative to non-grafted trees in 

Massachusetts



Novel IPM strategy 2:

Grower-friendly attract-and-kill 
approach for AMF management

Research in collaboration with Jeremy Delisle (UNH Extension) 
and Glen Koehler (UME Extension)



From 2019 to 2021, apple growers who 
implemented an attract-and-kill strategy for 
apple maggot reduced their insecticide use

between 75% and 82%.

Integrated Pest Management (IPM)



Can we successfully manage AMF using lures and 
perimeter-row insecticide sprays with sugar added?



Objective

To quantify the level of AMF control achieved in 
commercial orchards using an attract-and-kill strategy 

involving use of synthetic lures deployed in 
perimeter-row trees in combination with insecticide 

sprays with 3% sugar



 Commercial orchards (MA,NH, ME): 6 (2019), 11 (2020), and 10 (2021).
 2 treatments per block: ‘Attract-and-Kill’ (A&K) vs. grower standard (GS).

‘Attract’: 5-component lures deployed every ~30 meters along entire perimeter. 
‘Kill’: Insecticide sprays with sugar added (to induce feeding)

Approach

Orchard (2019) Area (A&K / GS) No. AMF lures 
(A&K block)

Clarkdale (MA) 1.7 ac / 1.7 ac 11 lures (6.4/ac)

Red Apple (MA) 3.0 / 2.8 ac 13 lures (4.3/ac)

UMass Cold Spring Orchard 1.8 ac / 2 ac 10 lures (5.5/ac)

Poverty Lane (NH) 3.5 ac / 2.7 ac 13 lures (3.7/ac)

Apple Hill (NH) 4 ac / 3.8 ac 17 lures (4.3/ac)

Ricker Hill (ME) 5 ac / 5 ac 25 lures (5.0/ac)



Grower standard



Two methods of assessing treatment performance

(1) Trap-capture data (interior spheres): 
Indicator of relative numbers of AMF adults 
that had penetrated into the interiors of blocks.

(2) Fruit infestation data: At harvest, we
visually inspected: 

• 20 apples on each of four trees on each of the four 
perimeter sides of each AK and each GS block.

• 20 apples on each of eight interior trees of each block.

• 2019: 2,880
• 2020: 5,280
• 2022: 4,800

3 years: 12,960



2019 results: trap captures
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Fruit infestation results (mean % infestation)

Attract-and-Kill (AK) Grower Standard (GS)

Perimeter-row Interior-row Perimeter-row Interior-row

2019 0.79a 0.18a 0.66a 0.35a

2020 0.11 0 0 0

2021 1.06a 0.86a 0.52a 0.28a

% reduction in 
insecticide use 

(AK relative to GS)

82%

65%

75%



Conclusion

Over a 3-year period and across 6-11 orchards, the new 
AK system attracted to AMF to the perimeter of AK 

blocks, and no significant differences in levels of fruit 
infestation were detected



What insect do you care more about?

Japanese beetle Brown Marmorated 
Stink Bug



Novel IPM strategy 3:

Controlling Japanese beetles with no 
insecticides using a mass trapping system



MASS TRAPPING: Behaviorally-based method of reducing pest numbers 
by luring insect pests in large numbers to a trap or device that contains 

an attractant (usually a food component or a pheromone).

2012





“The Japanese Beetle Terminator 3000”

Austen Dudenhoeffer



Ventilation 
is 

important!

New low-maintenance (grower-friendly) design



2017: The highest Japanese beetle populations ever recorded in Missouri



Summary of captures (2012-2017)



Novel IPM strategy 4:

Developing an attract-and-kill strategy 
for the brown marmorated stink bug



Stink bugs and leaf-
footed bugs show a 
preference for:

 Sorghum
 Millet
 Sunflower
 Buckwheat

Trap cropping ought to exploit a pest's dispersal 
and host selection behavior in order to protect a 

desired crop.



The brown marmorated stink bug (BMSB) is an invasive insect 
that is a serious pest of fruits, vegetables, and other crops. 



 Study conducted in PA in 2012 and 2013.
 Sunflowers used as a trap crop to protect bell pepper.
 Significantly more BMSB were observed in sunflowers than in peppers.



 Sorghum was the most effective trap crop, followed by sunflower.



Evaluation of a grower-friendly attract-and-kill IPM 
system for the Brown Marmorated Stink Bug



Killing pest stink 
bugs in trap crop 
plants without

impacting 
beneficials

(pollinators, 
predatory, and 

parasitic insects)

The ‘ghost’ trap

BMSB 
pheromone 
(also attract 

other stink bug 
species)

Insecticide-
treated netting 
(insects walking 

on it will die) 



2021 results (Massachusetts only, n= 5)



cc

Sunflower and buckwheat may play an 
additional role in BMSB IPM

Mateo Rull-Garza (graduate student): 

Investigating the complex of stink bug egg 
parasitoids present in Massachusetts



Sunflowers 
provide 
multiple 

benefits to 
growers



Sunflower pollen has medicinal, protective effects on bees

 Sunflower pollen can help bumblebees fight off two common pathogens.
 Defense chemicals in pollen can be 10 to 10,000 times more 

concentrated than they are in nectar. 



 Florida: Predatory insects and 
spiders, parasitic wasps, and 
important pollinators insects 
observed on sunflowers than on 
crop vegetation.

Missouri: Sunflower was as good 
as sweet alyssum and buckwheat 
at attracting ladybeetles.

Sunflowers attract beneficial insects



Sunflowers can provide supplemental income



Growers:

 Massachusetts: Tom and Ben Clark, 
Keith Arsenault, Al Rose, Joanne 
DiNardo, Dana Clark, Shawn Mcintire.

 New Hampshire: Steve Wood, Chuck 
Souther, and Giff Burnap

 Maine: Harry and Sam Ricker

Funding:

 New England Tree Fruit Growers Research Committee
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THANK YOU!
“We can’t solve problems by using the same kind 
of thinking we used when we created them”

-Albert Einstein
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