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Program 
Overview

• Flatheaded Borers in the genus 
Chrysobothris

• Flatheaded appletree borer and 
relatives

• Oviposition site selection and 
damage symptoms

• Management options
• Ongoing research 
• Summary



Family Buprestidae

• ~15K species worldwide – Jewel 
beetles or Flatheaded Borers

• 514 genera, 52 in North America
• 787 species in North America 
• Most attack dead or dying woody 

host plants
• Some attack living trees*

Pennsylvania Department of Conservation and 
Natural Resources - Forestry , Bugwood.org



The Genus Chrysobothris

• Not as showy
• Many species that look very similar 
• They have different preferred hosts, but 

cause similar damage
• ID: prosternum acutely angulate behind 

procoxae, frons narrowed between eyes, 
elytral fovea

© Frank Guarnieri© Jason Hansen © Jason Hansen



The flatheaded appletree borer, 
Chrysobothris femorata (FAB)

• Found throughout the 
United States

• Wide host range
• One larva can girdle a small 

tree within one season 
• Can kill or structurally 

weaken trees
• Chrysobothris femorata

complex

© Axel Gonzalez 



FAB Host Plants • Maple (Acer), redbud 
(Cercis), dogwood 
(Cornus), oak (Quercus), 
elm (Ulmus), cherry 
(Prunus), apple (Malus)  

• Recently found attacking 
blueberry in Florida

• Faster growing cultivars 
appear more resistant; 
slower growing more 
susceptible



Red maple 
(Acer rubrum L.)

• One of the most common 
ornamental plants in 
eastern North America

• Rapid growth rate

• Resistant to extreme soil-
moisture conditions

• Sparkling fall colors 
© Ravi Bika



Where on trunk do females lay eggs?

Oliver (unpublished)



Height of Damage

Seagraves et al. 2012



Stressed Plants are More Susceptible

Potter et al. 1988

• Faster growing trees less 
susceptible

• Wounds at base of tree can 
be egg-laying sites

• Graft or bud union sites

• First year  post-transplant

• Weakened vascular system 
may be key



Nature of Damage

Larvae develop mainly in 
the cambium. 

Feeding tunnels packed 
with frass.  

Characteristic “D” shape 
hole after emerging. 

Adults are metallic olive-gray to 
brown with oval shape.

Photo by Nadeer Youssef

Photo by Nadeer YoussefPhoto by Axel Gonzalez 

Video by Axel Gonzalez 



Nature of Damage

Presenter
Presentation Notes
Trunk burrowing of larvae causes girdling. 



Nature of Damage

Presenter
Presentation Notes
Larval galleries. Sucker growth. Tree death. 



Larva in Trunk



Current 
Methods 
of Control

Cultural - proper plant 
selection and planting 
location will reduce 
plant stress

Systemic insecticide 
drenches

Trunk sprays with 
contact pesticides 

Presenter
Presentation Notes
Most nursery growers have moved to imidacloprid drenches, which can cause resistance development. In addition, flowering trees and shrubs may be attractive to pollinators.  Trunk spray timings are poorly defined and sprays are less effective than systemic drenches. 



Plant & Site Selection



Choose 
the Best 
Plant

Seagraves et al. 2012



Choosing the Best Planting Site

Dale et al. 2016 
Just et al. 2018

0-35% Impervious surface 36-63% Impervious surface 64-100% Impervious surface
Good Fair Poor

Presenter
Presentation Notes
These are the mean thresholds for the southeastern USA based on 8 cities (Asheville, Atlanta, Charlotte, Gainesville, Knoxville, Raleigh, Newark (DE), Savannah) We looked at tree condition relative to percent of the ground cover that is impervious, for a set of X trees in the 8 cities, and then averaged the results here. As impervious surface increases the probability of each condition changes. On average, below 36% imp surf will most likley be a good tree, and anything over 60% will be in poor condition. The ones in between could go either way and tend to be in good to fair condition. So when someone like a landscape architects is planning a site, based on these thresholds, they can make a decision about what trees to specify for that site. At this low percentage, we give the green light for red maples. Above 60%, this species should not go in. So, no more red maples in parking lots! And then this in-between zone, it basically depends on tree management. For example irrigation would likely tip the scale toward good condition, here, but a tree that isn’t heavily maintained would probably decline. 



Pace to Plant Technique
• https://content.ces.ncsu.edu/measuring-impervious-

surface-cover-with-the-pace-to-plant-technique

• Take 25 steps at a 45 degree angle to closest impervious 
surface

• Count the number of steps that land on impervious surface

• Repeat 90, 180, and 270 degrees to first line, creating an X 
through the planting site

• The number of steps on impervious surface = the % 
impervious surface

Presenter
Presentation Notes
So now that I hope I’ve convinced you that this is a useful technique, let’s just do a quick review of the method. Start at the point where the tree will be planted. Find your first heading, which is at a 45 degree angle to the closest impervious surface. Take 25 steps, and count the number that fall on pavement. Repeat three more times, shifting your direction 90 degrees each time. 

https://content.ces.ncsu.edu/measuring-impervious-surface-cover-with-the-pace-to-plant-technique


45⁰

45⁰

Presenter
Presentation Notes
So now that I hope I’ve convinced you that this is a useful technique, let’s just do a quick review of the method. Start at the point where the tree will be planted. Find your first heading, which is at a 45 degree angle to the closest impervious surface. Take 25 steps, and count the number that fall on pavement. Repeat three more times, shifting your direction 90 degrees each time. Which again, looks like this. 



Thresholds Calculated for Red Maple

Just et al. 2018

Impervious surface thresholds
City Good Fair Poor
Newark, DE 0-32% 33-63% 64-100%
Asheville, NC 0-35% 36-68% 69-100%
Knoxville, TN 0-38% 39-54% 55-100%
Raleigh, NC 0-35% 36-54% 55-100%
Charlotte, NC 0-39% 40-53% 54-100%
Atlanta, GA 0-36% 37-80% 81-100%
Savannah, GA 0-44% 45-64% 65-100%
Gainesville, FL 0-28% 29-63% 64-100%
Average (8 cities) 0-35% 36-63% 64-100%
Cities are arranged in ascending order of mean winter temperature

Presenter
Presentation Notes
We examined 8 cities in the southern distribution of red maple. There are some differences among these cities, but for the southeastern USAThese are the mean thresholds for the southeastern USA based on 8 cities (Asheville, Atlanta, Charlotte, Gainesville, Knoxville, Raleigh, Newark (DE), Savannah) We looked at tree condition relative to percent of the ground cover that is impervious, for a set of X trees in each city. As impervious surface increases the probability of each condition changes. On average, below 36% imp surf will most likley be a good tree, and anything over 60% will be in poor condition. The ones in between could go either way and tend to be in good to fair condition. So when someone like a landscape architects is planning a site, based on these thresholds, they can make a decision about what trees to specify for that site. At this low percentage, we give the green light for red maples. Above 63%, this species should not go in. So, no more red maples in parking lots! And then this in-between zone, it basically depends on tree management. For example irrigation would likely tip the scale toward good condition, here, but a tree that isn’t heavily maintained would probably decline. 



Systemic Drenches



Addesso et al. 2020

Imidacloprid 
Rates and 

Efficacy



Contact Sprays



Contact Spray Timing
May July

We don’t know exactly when they lay eggs!
This makes timing and duration of sprays difficult

Klingeman et al. 
2015



Southeastern U.S. Pest Control Guide for 
Nursery Crops and Landscape Plantings 



Systemic Drenches
• Long lasting (up to 3 seasons)
• Safer for pets, humans and 

many non-target organisms
• Active ingredients may be 

problematic in flowering 
plants

• Broad window for application 
• Labor-intensive/slower
• Higher water requirement
• More expensive

Cost/Benefit of Chemical Methods

Contact Sprays
• Multiple applications per 

year 
• Off-target drift and 

exposure risk higher
• Optimal timing unknown
• Less labor-intensive/faster
• Lower water requirement
• Cheaper



Are there 
any other 
control 
methods?

Presenter
Presentation Notes
By mid-summer, middles were mowed, cover blocked the base of the trees in cover crop plots. Herbicide plots had bare ground, per best practice recommendations. 



Cover Cropping for 
FAB Protection • Chose winter crops that 

grow ~60 cm tall by May 1

• Allowed cover to 
naturally senesce through 
summer

• Year 1 - winter wheat 
and crimson clover

• Year 2 – annual ryegrass 
and crimson clover

Presenter
Presentation Notes
Cover crops were chosen based on height at May 1st (at least 60  cm). Second year cover crops had to germinate on contact with ground without disturbing the soil. Crimson clover and a grass were used in both years. The clover was added to aid in nitrogen fixing since no additional fertilizer was supplied to the cover crop. 



Cover Crop Plot Study
100 red maple ‘Frank’s Red’ trees (5 x 5 
blocks)

1. Bare Rows (herbicided)

2. Current Recommendation – Bare 
Rows + Imidacloprid Drench

3. Cover Crop

4. Cover Crop + Imidacloprid Drench

Year 3 & 4 – cover cropped plots 
converted to herbicided rows to 
continue growing



Cover and Bare Row Blocks

Presenter
Presentation Notes
By mid-summer, middles were mowed, cover blocked the base of the trees in cover crop plots. Herbicide plots had bare ground, per best practice recommendations. 



Results



Evaluation Parameters 

FHAB Damage Evaluation Tree Growth Measurements 



Tree Attacks from 2016-2019
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Presenter
Presentation Notes
1 – Trees increased in height more in herbicide treated trees in year 1 (2015-216). In year 2 (2016-2017) cover crop trees began to recover. Note the slope of growth is the same for cover and herbicides trees. 2 – By year 4, cover crop trees are adding more height, by percentage, than herbicided trees. 3 – in 2019, cover cropped trees remain about 1 season behind in height growth. 
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Presenter
Presentation Notes
1 – Trees increased in diameter more in herbicide treated trees in year 1 (2015-216). By year 3, (2017-2018) cover crop trees began to recover. Note the slope of growth is the same for cover and herbicides trees. 2 – By year 4, cover crop trees are adding more diameter, by percentage, than herbicided trees. 3 – in 2019, cover cropped trees remain about 1 season behind in diameter growth. 



2020 Wholesale Value of Trees

Diameter (cm) Wholesale Price Survivors Total

Cover 5.18 $120 98 $11,760

CoverIns 5.17 $120 100 $12,000

Bare 6.7 $150 75 $11,250

BareIns 6.5 $150 98 $14,700

Presenter
Presentation Notes
Clearly Best Results and Price with Standard Practice – Requiring Insecticide + Herbicide + treatments all four years. Spend ~$9/100 trees in chemical (cheap). Including labor, water and tractor will increase price. Additional cost for Herbicide treatments. Cover Crop - Requires broadcast of Cover Crop first two years and Herbicide final 2 yearsCover Crop is better than Herbicided rows only. @1,000 trees per acre, a grower would earn $4,700 more per acre using a cover crop for the first 2 years. Also spend less money on herbicide treatments for first 2 years. 



Why no borers in cover crop trees?

15

20

25

30

35

29-Mar 14-Apr 26-Apr 10-May 26-May 6-Jun 23-Jun

Te
m

pe
ra

tu
re

  (
⁰C

)

Cover CoverIns HerbIns HerbNoIns

4⁰C higher in 
herbicide 
treatments

2⁰C higher in 
herbicide 
treatments

Presenter
Presentation Notes
Truck temperature in the cover crop plots was 2-4°C lower than in herbicided plots. The cooler temperature might have contributed to making these trees less suitable for oviposition. 



FB Management Summary 

Choose

Choose the best 
plants for the 
region and best 
planting location 

Prevent

Prevent mowing or 
mechanical 
damage on new 
trees

Protect

Protect newly 
transplanted trees 
with systemic 
insecticide, 
targeted sprays or 
cover crop



Ongoing Chrysobothris
Research 

SCRI Grant 2021-2024 1. Genetics of 
Chrysobothris

2. Phenology and Life 
History

3. Trapping and 
Monitoring

4. Insecticide & 
Biological Control

5. Economics of FB 
Control



Questions for 2021
• Are cuticular hydrocarbons 

extracted from elytra 
taxonomically informative for 
Chrysobothris?

• Does water stress increase borer 
attacks and can attacks be 
mitigated by irrigation?

• Can C. femorata be reared in 
artificial diet?

• When do females begin laying 
eggs?

• Do borers use plant odors to 
identify susceptible hosts?

• Do FABs use visual cues (VIS/NIR) 
to identify susceptible host plants?

• What timing is best in TN for 
controlling FABs with trunk sprays?

• Can ornamental grasses be used in 
landscapes to protect newly 
planted trees?
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