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My Introduction to BMSB on October 8, 2003



BMSB Confirmation



Are There More?
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Are There More?



Pyramid Traps

Jar Traps

Plywood
/
Jar Top     

Plastic/
Jar Top

Masonite/
Screen Top

Clear Yellow

None in Our Trapping Studies or On Crops



Early Research Efforts





Photos from AFRS Late 2008



2008-2009 Late Season Problems Detected

Four Years After First Detections

Some growers 

already losing 

10% of crops



First Sample From First Trapping Study October 11, 2009



Over 2000 
adults captured in 

a single day



First Reports of Widespread

Early Season Activity in Orchard CRops

April – June 2010



Widespread BMSB Injury in 

Stone Fruit Identified

Late June 2010



Many Mid-Atlantic 

Growers Experienced 

Catastrophic Damage 

Levels of 

>50%
in Stone Fruit Crops



Widespread Severe Damage   In Fruit, Vegetables, and Row Crops



2010 BMSB Outbreak in Mid-Atlantic     



$37 Million 
In Losses For 

Mid-Atlantic Apple 

Growers

Leskey et al. 2012 a,b



Catoctin Mountain and Gardenhour Orchards 

Emergency BMSB Meeting   

September 3, 2010

Photos courtesy of Doug Pfeiffer



Congressional Briefings

Severe Agricultural and Nuisance Problems Present

Nuisance Problems Only

Detected
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Widespread Nuisance Problems For Homeowners and Businesses



One Homeowner’s Plight

“This weekend I vacuumed up more 
than 8,000 stink bugs (vast majority 
were alive) in my attic, to add to the 
now more than 4,000 I’ve removed from 
my living space since 1/1/2011. 

I have now destroyed 12, 348 stink 
bugs in my home in 45 days since 
January 1, 2011.

After all the effort this weekend, another 
100+ found their way into my kitchen (a 
two year old addition) Sunday 
afternoon.”

-near Harpers Ferry, WV



Building A Collaborative Team



their



Grower And Consultant Experiences

• BMSB had become their most important pest by 2008. 

• Extreme damage to peaches, apples, Asian pear and 

raspberries.  

• Relying on mid- and late-season pyrethroids, creating a 

treadmill effect. 

• Need a monitoring tools and control options that do not 

disrupt beneficials.  

• Severe damage on a range of fruiting vegetables including 

snap peas, green beans, heirloom and hybrid tomatoes, 

peppers, and raspberries. 

Tree Fruit 

Grower

Crop

Consultant

Organic 

Grower



Research Priorities

Standardized 

Sampling/Monitoring 

Techniques

Studies of BMSB 

Biology, Behavior 

and Ecology

Identification of 

Effective Insecticides

Identification of 

Aggregation 

Pheromone

Identification of Effective 

Biological Control Agents



Landscape-Level Threat To Crops

Corn

Invasive Tree-of-Heaven Native Woody Hosts

Apple

Photo Courtesy of Chris Bergh

Biology, Ecology, and Management of Brown Marmorated Stink Bug in Orchard Crops, Small Fruit, Grapes, Vegetables, and Ornamentals  USDA-NIFA SCRI  Coordinated Agricultural Project 



USDA NIFA SCRI CAP

• Bring together a multi-state, multi-

institutional, trans-disciplinary team 

to integrate scientific discoveries 

with practical application; and 

provide complementary extension 

efforts to bring science-based 

information to relevant audiences. 

• Reduce duplication of efforts and 

integrate activities among 

individuals, institutions, states, and 

regions. 



Building A Team With Broad Expertise

Orchard Crops Vegetables Small Fruit Grapes Ornamentals

IPM

Field Ecology

Host Plant Resistance

Taxonomy

Biological Control

Insect Behavior

Chemical Ecology

Molecular Genetics

Horticulture 

Plant Pathology

Economics

Sociology Extension/ Outreach
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Biology, Ecology, and Management of

Brown Marmorated Stink Bug in Orchard Crops, 
Small Fruit, Grapes, Vegetables, and Ornamentals



Goals of the BMSB SCRI CAP Team

Our long-term goals for this project are to develop 

economically and environmentally sustainable pest 

management practices for the brown marmorated

stink bug (BMSB), Halyomorpha halys (Stål), 

in specialty crops and to implement a coordinated, 

rapid delivery system to disseminate critical 

information generated from this project to specialty 

crop end-users. 



Notification of Award



Funded Project

• USDA-NIFA Specialty Crop Research Initiative Program

• Title: Biology, Ecology, and Management of Brown Marmorated Stink 

Bug in Orchard Crops, Small Fruit, Grapes, Vegetables, and 

Ornamentals. 

• Written as a 5-Year Coordinated Agricultural Project. 

• Funded for 3 years with opportunity for renewal.  Renewed for 

additional two years. 

• Total Federal Award $10.7 million.  
Photo Courtesy of Chris Bergh



Original Grant Objectives

1. Establish biology and phenology of BMSB in specialty crops.

2. Develop monitoring and management tools for BMSB.

3. Establish effective management programs for BMSB in specialty 
crops.

4. Integrate stakeholder input and research findings to form and 
deliver practical outcomes.



Original Grant Objectives

1. Establish biology and phenology of BMSB in specialty 

crops.



Survivorship, Population Growth, and Phenology 

of BMSB 



Overwintering Biology and Behavior

A



Risk Factors and Spread



Adults can fly 

>2 km

and

Nymphs
can walk 

>25 m in a 

single day 

Wiman et al. 2015, Lee and Leskey 2015, 

and Lee et al. 2014



Gut Symbionts, Transcriptome, and Salivary Proteins

 

Figure 3. Transcript functional categories. The NCBI Cluster of Orthologous Groups (COG) database 

was used to classify the predicted proteins in the 13,211 representative transcripts. Assignment of 

COG categories showed that a large number of ORFs belonged to categories of proteins whose 

functions are poorly characterized, namely those that have general function prediction only and those 

with unknown function. 



Host Plants of BMSB Includes >170 Records 
made by collaborating researchers 



Importance of Fruiting Structures



Landscape and Edge Effects



Established BMSB Risk, Phenology, and Damage Symptoms in Specialty Crops
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Crop Rank

Pepper 1

Tomato 2

Sweet corn 3

Bean 4

Okra 4

Crop Rank

Peach 1-3

Pear 2-3

Apple 1-4

Cherry <5

Crop Rank

Hazelnut 3

Peach <5

Pear <5

Apple <5

Cherry <5

Crop Rank

Caneberry <5

Blueberry <5

Strawberry <5

Grape ≤5

Vegetables1 Eastern orchards Western orchards2

Small fruit and grape3

1  In production areas with BMSB pressure.

Most production in areas with low pressure.
2  Pressure still relatively low in production regions.

Growers consider BMSB a significant threat due to 

potential for spray program effects on 2o pests.
3 Producers most concerned about taint from

crushed bugs. Nuisance issue in tasting rooms.

Ornamentals: All <5

Relative BMSB importance or risk from a 

management or injury perspective
(researcher perceptions of BMSB based on top 5 pests by crop) 



Relative susceptibility to injury from BMSB: 

Vegetables

High Moderate Low



Relative susceptibility to injury from BMSB: 

Orchard crops

High Moderate Low



Relative susceptibility to injury from BMSB: 

Small fruit and grape

High Moderate Low



Relative abundance of BMSB: 

Ornamentals

High Low

Redbud

Elm

Red maple

Japanese Pagoda tree
Peking lilac

Katsura

Japanese maple

Horse chestnut

Kousa dogwood

Needled

evergreens





Injury diagnostics: Vegetables

Necrotic or clorotic areas, distortion, or kernel loss/injury



Stylet sheath (early season) Stylet sheath (mid-season)

Stylet insertion point

Injury diagnostics: Apple



BMSB injury bitter pit

BMSB versus bitter pit and cork spot?

Discolored depressions Internal necrosis

Injury diagnostics: Apple

• Tends to be about 1:1 relationship

between external & internal injuries

at harvest

• Additional injury can be expressed

during post-harvest cold storage

• Apples not a particularly suitable host

for BMSB nymphal development



Caged BMSB at “turn-down” stage (4 June) …..…..……….and at ~ 3 wk before harvest

Discolored depressions 

& deformations

Clusters of hard 

stone cells

Injury diagnostics: Pear

BMSB feeding close to harvest

not expressed as external

injury at harvest, but caused

internal necrosis 



Injury diagnostics: Peach

Gummosis on young peaches Internal necrosis in young peaches

Deformation & internal necrosis

• Peaches with no external injury at 

harvest can show internal injury

• Need to cut fruit to evaluate injury

• Peaches highly suitable for BMSB

nymphal development



Injury diagnostics: Cherry

BMSB on ripening cherries Suspected BMSB 

feeding puncture

Cherries exposed to BMSB on 4 June

11 June

Harvest, 7 July



Injury diagnostics: Hazelnut

Uninjured nut

Corked nutShriveled nut

Blank nut



Injury diagnostics: Small fruit & grape

• Injury not characterized on some small fruits & grape as 

well as on some other crops 

• Likely affects development  of caneberry druplets



Injury Diagnostics: Ornamentals

Stippling on 

crabapple foliage

Stippling on 

serviceberry fruit

Preliminary Results:

• Minor damage apparent on leaves & fruits

• May be negligible compared to other pests (e.g., Japanese beetles)

Inclusion cage



Results forthcoming:

• Fungal growth from exposure to different numbers of BMSB

• Incremental growth, DBH, visual feeding damage

• Minimal visual damage by bark-feeding 

Injury Diagnostics: Ornamentals

Does this cause economic injury or promote fungal growth?

BMSB known to feed through the bark of some hosts



Varietal Differences in Susceptibility
Crop group Crop Comments

Vegetables all crops • None detected

• VERY hot peppers  not susceptible

Orchard crops apple • Not well understood

• Anecdotal reports of some differences

peach • Not well understood

pear • Bosc more than d’Anjou

• Asian pears possibly more than European

hazelnut • Thick- and thinner-shelled varieties equal 

Small fruit all crops • None detected

Grape • White varietals (e.g. Chardonnay, Traminette) 

more susceptible than reds

• Harvest date effects?

• Taint more evident in delicate wines (flavor 

profile, fermentation process)

Ornamentals • Major differences in abundance among 

families, genera, species and cultivars 

• Seasonal differences in abundance



Apple variety screening 2011
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Impact on Management Programs
Crop Group Significant to 

moderate

Minimal None

Vegetables pepper sweet corn

beans tomato

okra

Orchard crops peach cherry

apple

pear

hazelnut

Small fruit, grape caneberry blueberry

grape strawberry

Ornamentals all hosts



Seasonal timing of injury/intervention               

Apr May Jun Jul Aug Sept Oct

hazelnut

sweet corn

peach

apple

pear

beans

pepper

okra

cherry

grape



Original Grant Objectives

2.     Develop monitoring and management tools for BMSB.



Insecticide Efficacy and Management Programs



Most Commonly Used Insecticides for BMSB

Crop group Crop(s) Insecticide Chemical class

Vegetables sweet corn, 

pepper, etc.

1) bifenthrin

2) -cyhalothrin

3) beta-cyfluthrin

all pyrethroids

Orchard crops apple and pear 1) Endigo

2) Lannate

3) bifenthrin

pyrethroid + neonic

carbamate

pyrethroid

peach 1) permethrin

2) bifenthrin

3) Endigo

pyrethroid

pyrethroid

pyrethroid + neonic

hazelnut 1) esfenvalerate

2) Doubletake

pyrethroid

diflubenzuron + pyrethroid

• BMSB rarely targeted specifically in small fruit, grape & ornamentals

• In tree fruits, insecticide use/selection depends to some degree on

annual BMSB pressure (personal observations, researchers/extension)

• ARM sprays quite widely adopted by tree fruit growers

• Pyrethroid use has created 2o pest issues in fruit orchards & vegetables



Chemical Ecology



Two-Component BMSB Aggregation Pheromone 

and Synergist 

Main component of BMSB aggregation pheromone 

(3S,6S,7R,10S)-10,11-epoxy-1-bisabolen-3-ol 

Minor component of BMSB aggregation pheromone 

(3R,6S,7R,10S)-10,11-epoxy-1-bisabolen-3-ol 

Methyl (E,E,Z)-2,4,6-decatrienoate (MDT) acts as a 

synergist  for BMSB pheromone

+

= Synergism

Weber et al. 2014



Biological Control



Original Grant Objectives

3. Establish effective management programs for BMSB 

in specialty crops.



Objective 3 - Progress

CURRENT STATE    We are on the cusp of integrating tactics.



Original Grant Objectives

4. Integrate stakeholder input and research findings to 

form and deliver practical outcomes.



More Information on BMSB

https://www.youtube.com/watch?v=BzM7IkdtOLs

https://www.youtube.com/watch?v=BzM7IkdtOLs


Current Distribution of BMSB in North America





Identification Kits







Key Personnel Trained

Undergraduates 

and H.S.

Graduate 

Students

Post-Docs and 

Visiting Scholars

Technical

Staff

147 39 30 43



Research Priorities

Standardized 

Sampling/Monitoring 

Techniques

Studies of BMSB 

Biology, Behavior 

and Ecology

Identification of 

Effective Insecticides

Identification of 

Aggregation 

Pheromone

Identification of Effective 

Biological Control Agents



Pending Questions
• Invasion ecology and pest status? Establishment in other regions of the country – southeast is rapidly increasing, west coast areas and continued pressure in the mid-Atlantic and 

conversely, areas where it seems limited – Eastern coastal plains, northern locations.  Influence of abiotic factors (high/low temperature, daylength, humidity). Multiple 

introductions? 

• Phenology and impact on other specialty crops? Hops, olive, kiwi, citrus, nut crops (almond, pecan, walnut, pistachio),  and tomato.  (strawberry and plum?).  Adult vs nymphal

contribution and damage diagnostics for numerous crops

• Biology and population ecology in various regions?  Diapause, voltinism, reproduction, model validation and refinement? Methods developed, but not well characterized yet. 

• Early spring biology and ecology?  What happens when they leave an overwintering site? Reproduction? Feeding? Dispersal and fate? 

• Mid season biology and ecology? What triggers movement between hosts? Host quality? Volatiles? Etc.

• Late season biology and ecology?  What triggers dispersal from hosts to an overwintering site?  What behavioral events? 

• Contribution of wild and non-specialty crop hosts on overall populations?  Influence of acceptable hosts and their density on overall populations.

• Optimized methods for rearing BMSB colonies?  Food, conditions, identifying issues (pathogens). 

• Conventional and organic insecticides for specialty crops? Identifying insecticides for additional specialty crops (nut crops, citrus, olives).  Impacts on beneficials?

• Non-neonic programs? If regulatory changes occur, how will we manage in their absence? 

• Optimization of pheromone lures for monitoring and management? Improved synthetic pathways for main component, optimized ratio of pheromone/synergist, release rates, 

distance of response, management (attract and kill, baited trap crops)

• Key native natural enemies and their conservation in different regions and cropping system? Vary across regions and near crops, how to best promote and conserve them

• Impact of T. japonicus? Did it survive, distribution, biology and ecology, impact on natives? 

• Optimized trapping methods for various specialty crops? Different trap types may be best for different specialty crops

• Fungal pathogens? Can we overcome the difficulty for fungi penetrating cuticle and potential for defensive compounds to reduce viability? 

• Cultural Techniques?  Exclusion, host removal? 

• Incorporating and integrating tools into a single crop and across crops? Some orchard crops (apples, peaches) are working on this, but much more to do.   

• Development and validation of tools in other specialty crops? Fruiting vegetable crops and many others.  

• Farmscape-level managment?  Based on identified risk factors, can we integrate tools and improve management (host removal and natural enemy promotion/conservation, attract-

and-kill,  for example). 

• Area-wide management? Implementing landscape-level management tactics (T. japonicus, for example) to reduce overall populations and decrease grower-level inputs into 

specialty crop production.

• Resistance management ? Establish baseline levels and monitor potential development in different area of US.

• Economics of BMSB? Programs with integrated tools?  Production of pheromone depending on synthetic pathway, loading, ratios, etc.  Cost of and potential ROI for conventional 

tactics and classical biological control program, Damage estimates over time? 

• Longitudinal grower surveys? Adoption of new tactics and technology, mitigation of damage due to knowledge (identification of adults and nymphs)? 

• Sustained delivery of information? As new information is generated, integrate with existing and utilize at a national level.

• Connection with and feedback from longtime and new stakeholders? As new information is generated, integrate with existing and utilize at a national level.



Pending Questions

• Invasion ecology and pest status? Establishment in other regions 

and continuing pressure in existing range.  Influence of abiotic factors 

(temperature, daylength, humidity). Multiple introductions? 

• Non-neonic programs? If regulatory changes occur, how will we 

manage in their absence? 

• IPM Programs?  Based on identified risk factors, can we integrate tools 

and improve management (decision support tools, host removal, natural 

enemy promotion/conservation, attract-and-kill). 

• Area-wide management? Implementing landscape-level management 

tactics (T. japonicus, for example) to reduce overall populations and 

decrease grower-level inputs into specialty crop production.

• Sustained delivery of information? As new information is generated, 

integrate with existing and utilize at a national level.



Thank you!


