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ABSTRACT:

Morris Arboretumsbs i mrdofs aresanesoéthedHorticultare t ensi v e
Centerd6s many green features. The planting ma

region. Because there are only a few green roofs in the Philadelphia area, little research has been
done on what plants deell in these specific conditions. Green roofs have many limiting factors,

which include limited growing space, extreme light and heat intensity, susceptibility to high
winds, and moisture stress. Morris Aashvellr et umd
as aesthetically pleasing. The intensive green roof uses a variety of grasses, shrubs, annuals, and
perennials in its design.

The purpose of this study is to determine what plants from the original installation have
done well under the harsh aitions of the green roof, which annuals were successful in
reseeding, and how larger shrubs havediln the space. This studiso provides information
on the seasonal interest of the fafcluding spring emergence, bloom time, seed formation,
and fal color. This information will be useful in future designs for green roofs in this area.
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INTRODUCTION

With the recent dedication of the Horticulture Center, The Morris Arboretum is taking the
lead in sustainable and modern designsDhilding is one of few that wetauilt to meet LEED
platinum standardsthe highest level in sustainable building standards. With these ferward
looking goals of sustainability the Horticulture Center includes features such as geothermal
heating and coolinggreen lighting, and a rain garden complete with rain collecting cisterns.

In addition to these features, green roofs lay atop both thebfguand sixbay garages.
The fourbay garage is planted with sedum mats from Sempergreen and ey sparagas
planted according to a design #§§092010 Natural Lands Inter@arah Presogna.

The installation of t his green roof meet
Apromot [i ng] an wunderstanding of the relatic
connecting working space with aesthetic quality via environmentally sound concepts and natural

design |t al so di ftaemglrjateer[tsd ©byi encerporating
experimental, planting plan on these newly established buildingsddition to this, the green
roofs act as a |l earning opportunity, and make

theHorticulture Center.

The purpose of my project was to track the evolution of these two roofs over the course
of this year. | assesd plant health, as well as seasonal interest. This included observing bloom
time, dormancy in the fall, and reemergence in the spring. | also tracked plant distribution to
assess reseeding and vegetative growth. Grid markers were placed on the rgphie téth
this effort. This data is important to reap the maximum benefits from the roofs.

It is a common misconception that green roofs need little to no maintenance, because the
roof was designed with harsh conditions in mind. However, some plantsehailed did not
do well despite their hardiness. One must realize that plants on a green roof must withstand
moisture stress, elevated temperatures, high light intensities, and high wind".spaesi§irst
year gave us the opportunity to observe thfem@ént plants, and how readily they established
themselves. This data helps us in determining which plants need little to no care from its
installation throughout its life.

In addition to the initial plant layout, | also did several trials on the nabish include
planting spring and fall flowering bulbs as well as taking a lab#ifferent methods of Sedum
propagation. | have developed a simple plant log to document changes in the plants themselves
as well as log any actions we took on the roof.

'Oberndorfer, Erica, Jeremy Lundholm, et. al. A@Gr
Structures, Functi ons, and Services. 0 BioScience.



As the only changing entity of the actual buildings themselves, it is important to keep
records to develop a maintenance routine for the green roof. This data will also provide valuable
information on future green roofing projects in this area.

GREEN ROOF BASICS

The simplest definition of a green roof is: a roof that has purposefully installed plant
material as a permanent feature of the building itself. They differ frorapaonanent roof
gardens because, in green roofs, the plant growing medium ipanated into the building
instead of in pots or planters.

Although green roofs are a relatively new trend in North America, they are quite common
in Europe. Early European green roof research in the 70s and 80s led to their popularity. Today,
G e r magregrdreofs increase by about 145 million square feet pett year

There are many reasons for their popularity. One reason to install a green roof is for their
aesthetic value. Property values for taller, surrounding buildings also increase bectgse of
serve as a pleasing break from the fAconcrete
for installing green roofs. This includes: reducing and filtering storm water runoff, reducing dust
and p%llution surrounding the building, cooling andniifying the air, and releasing additional
oxyger.

These benefits can have important environmental implications. Urban development often
correlates with the increase of impervious surfaces. This, in turn,scancseased storm water
runoff that divets into streams and other bodies of water when it rains. These storm water
systems often cannot handle the increased runoff, which then result in flooding and damage.
Green oofs provide an effective stormvater management system for the areas they dmoyer
absorbing the rain that falls on them. A green roof does this by absorbing rain water in its
substrate. This is especially effective for smaller rain events. For Higlesity storms, green
roofs help mitigate runoff by spreading out runoff over agkr period of time, allowing
watersheds more time to divert this storm water

Adding vegetation to a building is also b
energy consumption.A green roof can mitigate extreme temperatures, minimizingrigeatid
cooling costs. Research suggests that the energy is conserved by the reduction of heat flow into
buildings in warmer temperatures, and the reduction of heat loss through the roof in cooler
temperaturés

2 Snodgrass, Edmund C. and Mclntyre, Linda. 20t@& Green Roof Manual: A Profgenal Guide to

Design, Installation, and Maintenandénber Press. Portland, OR. Pp. 38

5Cl ar ke, Loui se. AGreen Roofs from the Ground Up. ¢
Philadelphia, PA. 22 Sept 2010.

* Dunnett, Nigel and Kingsbury, No&€l008.Planting Green Roofs and Living Wallsmber Press.

Portland, OR. Pp. Pp. 57

> Ibid Oberndorfer et. al. Pp 823.

® Ibid Sonodgrass et. al.




Green roofs are usually categorized asipadither intensive or extensive. An extensive
green roof has a shallower profile, with only about six inches of growing medium or less. These
roofs are usually planted with sedums, grasses, or other low maintenance, hardy plants. Intensive
roofs, howeverhave deeper profiles and range from six to eight inches in depth. These roofs are
usually designed to be more of a conventional garden, where plants are cared for individually.
Also, because the roof has a deeper profile, it is able to support morayplestincluding:
grasses, shrubs, annuals, and pererinials

Intensive roofs allow building owners to get creative with the design and plant materials
that they can use in this space. However, this flexibility often comes with the responsibility of
more intensive plant care. Additionally, the aesthetic expectations for intensive roofs highly
increase with more complicated plantifhigs

METHODS

The plants observed this study are located on the Morris Arboretirmtensive green
roof above the Hortictllur e Ceay e rgbasr agie x The i t2e4 dmewaistuhr e
substrate that is eiglmches deep.

Throughout this pr@ct, | tracked each species dné Mor ri s Ar bor et umég
green roof. Records were taken once a week via photos and a written log. Observations | made
include:spring emergence, bloom time, seed formation, and fall color. | also noted if any plants
were disesed, struggling, or déa | documented any actions we took on the roof including
irrigation, weeding, and other types of maintenance.

The seasonal interest of the roof was recorded into an Excel spreadsheet, using colors to
represent different lifecycle changes in each sgetigis gives a visual representation of peak
seasonal interest times on the roof. This information will be analyzed to determine when there is
little seasonal interest on the roof, and what we can do or add to make the roof an aesthetic
feature of the Hoitulture Center during all seasons.

This data will provide valuable information on future green roofing projects in this area.

’Ibid Dunnett Pp. 4.
8 |bid Orbendorfer et. al. Pp. 824



RESULTS

The attached Excel sheet as a visual representation of seasonal interest documents when
plants hae leaves and their bloom timealso have photo documentation of the roof throughout
my time here, which will act as a resource for future use.

Plants no longer present on the Roof:

Agave Americana var. protoamericana 'Silver Surfer'
Agave parryi vartruncata

Agave sp. 'Mr. Ripple'
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DISCUSSION

It is a common |
misconception that green roofs need
litle to no maintenance. Thimay | '
be true in an accommodating .
environment, where rain and mild & : .
weather conditions x@st. However, | ot LI o S
the installation of the green roofs in e N\ . .
March 2010 wasfollowed by a | ™ [& . T Ao e

s+ ¥

particularly hot and dry summer, \
ﬁ

August 2010 In Philodelphia

AThe war mest s ummer on recor d
Was[theresultofthe]WarmestJune,= e T e e e e S S e e e S o S s = B B |
second warmest July, and 8th _ SESASSNSASSASSANSSS \ 3 ﬁ%\zﬁ&&& ol
warmest August since 1872 in R AR AR
PhiladelphiaZd | n conj uncti on [wirthes « tems

the fAdry spell that has chdPHliéafneto vV er
the regon since the start of
A p r 1% Ithe mewly installed green roof plants struggled to adapt to their new environment.
Without supplemental water, many plants suffered drought stress, which may have inhibited
some from successful establishment.

Horm Lo |

A recommendtion to counter this limitatioris to install an irrigation system. This is
especially important for green roofs in their infancy. We did try to add some supplemental water
during July and August 2010 via oscillating sprinklers. However, we experienaad so
problems. One of these was getting full irrigation coverage on the roof. Because the roof was so
high, winds often diverted the direction of the water, causing both wet and dry spots.
Additionally, getting sufficient water pressure to power the spriskhas often a problem. This
was especially true when nearby water sources were being utilized simultaneously. This
inconsistent and spotty watering may have given some plants an advantage that others did not
have.

In addition to being sptt and incongtent, watering usinthis method was also time
consuming. Because we only were able to get one hose line up there, we needed to move it
approximately every hour throughout the day to cover the whole roof.

New methods of irrigation will be tested thiscaming season.

Phill yweather.net: The Del aware Valleyds Weather
R e ¢ o httg://plailadelphiaweather.blogspot.com/20B3&igus2010-cementshottestsummeron.html
. Accessed: March 21, 2011.

91bid Phillyweather.net
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http://philadelphiaweather.blogspot.com/2010/09/august-2010-cements-hottest-summer-on.html

CONCLUSION

| have included a maintenance plan and instruction sheet for the green roof. | have
included recommendations for plantings that will add more interest during seasonal lulls and
create a list of plants that do well on our roffis list will provide other green roof designers in
our area a planting recommendation resource.

MAINTENANCE PLAN

Januarg Roof inaccessible because of snow
February Roof inaccessible because of snow
March
- Cut back any dead woddthis applies especiglto Artemesia, Nepeta, Rosmarinus,
Lavendula, and Solidago
- Remove fleshy plant parts that have been freezer burned
Cut back grasses to base

- Weed as necessary, look out especially for dandelions
- Continue to cut back any dead wood
- Cut backPerovskia when buds are swollen
- Check for any dead plardtsemove
- Reorder and replace dead plants
May:
- Weed as necessary
June:

- Water as necessary
- Weed as necessary, look out for Prostrate Spligehrbia maculath
July
- Water as necessary
- Weed asiecessary
August
- Water as necessary
- Weed as necessary
September:
- Order springflowering bulbs
- Propagate Sedum by taking cuttings and placing it on open spots
October:
- Plant bulbs for next spring
- Continue to propagate sedum
November:
- Cut back plantslamaged from first frost or that have dried out from earlier in the season
December:
- Continue to cut back frost damaged or dried out plants (This task may be saved for the
following spring)

13



FUTURE RECOMMENDATIONS

- Use large swathsf flowering plants fo a more striking effeét Ibiris was delightful to
look at on the roof, but wdsad impactvhen viewing from the ground because they were
too spread apart. Planting them more densely and in larger quantities would have had a
bigger impact. Other plants weowd plant in larger quantities include: Dianthus,
Opuntia, Phlox and Solidago.

- Plant more sprindlowering bulbs in larger numbéisThis year we trialed species tulips.
These did well and are some of the earliest flowering plants on the roof. Theinglanti
should be continued in densely, and in larger quanti@escus chrysanthué Bl ue Bi r d 6
was the first to flower.

- Have a more permanent irrigation structuteaving hoses on the green roof is difficult
and dangerous for both the plants and operatoringaa more permanent irrigation line
up there would save time as well as keep the plants from getting run over from the hose.

- Use plants that flower earlier indlseason. Maybe early flowerimmilbs like Siberian
Squill or Winter Aconite.

SUGGESTEDPLANT LIST

Missouri Evening Primroge Oenothera macrocarpa

Blush Sagé Salviab Ras pberry Delighto
Mojave Sagé Salvia pachyphylla

Blanket Flowed Gaillardiaé Ko b ol d 6

Blue Stad Amsoniahubrichtii

L a mb 06 Staehys byzantine

Roman chamomi@ Chamaemelumobile

Moss Rosé Portulaca grandiflora

14
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ABSTRACT:

Are thesplendid botanical edifican arboreta collections archaic? Millennia of poor land
management, increased global traded climate change, have combined to create radical
changes in plant communities and forest ecosystems.r@sult, not just individual plants but
whole genera arbeing eradicated. As global trade mounts and more gweqdied overseas,
both intentional and accidental cargos have been altering ecosystems around the world.
According to a study by Maher iAgricultural and Resource Economics Revi€006), the
yealy economic impact of invasive species in the U.S. is estimated at $133.6 billion. One such
migrant, the emerald ash borer (EA@&)grilus planipennid~airemairg, was identified in 2002
and thought to have arrived via shipping material from Chinatot6® 4 upper Mi dwe s
consequence has be#00% mortality of all native North American ash exposed to EAB. Since
its discovery, the insect has made its way relentlessly east and now approaches eastern
Pennsylvania and Morris Arboretum, in particular.

Planning for the future oFraxinusspp. was a luxury not found in the upper Midwest ten
years ago, when clouds of unidentified green beetles were noticed feeding on ash trees. As the
arrival of this destructive insect becomes imminenthatMorris Arboretum, a general and
specific readiness plan must be put into place to reduce risk, minimize jrapdctespond
effectively to this invasion. This policy provides guidelines and methods for tree and pest survey,
as well as educatigrcontrol and eragtation strategies to support management efforts. Best
management practices, limited as they are, and still evolvikgymore and bettanformation
becomes available these practioasst be put into place and updated regularly. Restoration of
ecosystemdiversification, seed storagend hybridization for resistant species are critical as the
effects of globalization and climate change become more entrenched.
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INTRODUCTION

In the early years of human civilization, the inscrutability and mystery of the cosmos
was likened to the tree, becoming its symbol. Perhaps those high cirrus clouds were actually
branches (Appendix A, Fig.1). The ancient Norse civilization had stdrms #his Cosmic
or World Tree, with its top in the heavens, its roots deep in the earth and underworld, calling
it Yggdrasil(Internet Sacred Texts Archive) A tree canopy, living high, as in the realm of
the gods must also, therefore, be divine. Theetr Awi t h i ts seed, its roo
perches, its knitting knots, its pith, its main branch, its leaves, its flowers and their sweet
smell,i t réfreshing shade, its immortal sap, and the spot where it grows, all brought into
close and exgi si t e anal ogy wi t h mapy/wwasaaed hi s ur
texts.com/earth/boe/boel6.Htm

Seen as a mediating link between earth and the heavens, tii@ashus excelsior
which growsthroughout Europe, became sacred in myth, folklangl religion. Theedda a
collectionof Nordic poetry relates how Odin (or Wodan) the High God of the Vikings, made
the first man from a block of ash wood. The first woman was created from alder (Boom and
Kleijn). Interpreted in many ways by many civilizations, trees were not considered
themseles divine but dwelling places of the gods.

The world we live in in the Zlcentury is very different. Oceans have been crossed
and land barriers scaled. Nor did humans travel alone. They have always brought with them
t hei r A cr o picatpd aanals, pets, pdtlmogeeasn d par asi t es o ( Nent wi
addition, millennia of poor land management, whether from ignorance or outright disregard
for ecosystem needs, has led to degradation of natural environments and contributed to
climate change. Thesfactors, combined with increased global trade, mean thahitfye
new invasive insects discovered annually in the U.S. find a viable and proliferative new
home with untold quantities of vulnerable vegetation and few, if any, natural predators
(Nentwig2007)

As global trade has mounted, more goods come from overseas, sometimes
bringing with them accidental cargo of destructive bugs and plants, some even to public
gardens. An estimated 500 million plants are imported to the U.S. each year. Shipments
through oneplant inspection station doubled to 52,540 between 2004 and 2006,
according to the U.S. Department of Agriculture. In a study foundaircultural and
Resource Economics Review 2006, the entire yearly economic impact of invasive
species in the U.S. estimated at $133.6 billion. That number includes the cost of control
and prevention such as pesticides, i nspecti or
(Maher 2008). There have been no significant revisions to import laws since 1918. New
regulations were proposed in 2009 to ban imports of certain plants but USDA says
inspection is approaching or may have reached the limits of efficiency. According to
Richard Schulhof of the Arnold Arboretum,

AA 2002 National Academy of Sciences s
the U.S. Department of Agriculture (USDA) inspects roughly 2
per cent of cargo shipments yet intercepts over 53,000
arthropods, pathogens and plants annually. Although few
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introduced organisms successfully establish, it is conservatively
predicted the on@undred fifteen nomative insect species and
five plant pathogens will become naturalized in the United States
bet ween 20 0PBublia@aider20072 0. 0 (

Loss of biodiversity is recognized as the greatest-tenm consequence of invasive
species, second only to habitat loss as a primary cause of the decline of native species in the
United States (Schulhof 2007). However, even native insects can caustatievavhen plants
are taken out of their natural rangée walnut twig beetleRityophthorusjuglandis)has been
identified as the vectoof Geosmithia morbidat he f ungus that causes
Di seased (TCD) and mo rnstdaglandt(AppendixGe ast ern bl ack

Introduced destructive insects vary by region in the United States, with the Asian
longhorned beetleAnoplophora glabripennjsand the emerald ash borérgfilus planipennik
threatening in the east and northeast United Stdtes emerald ash borer (EAB), is a wood
boring beetle native to Asia that feeds on and singularly kills both healthy and stressed ash
(Fraxinusspp.).The emerald ash borer is known to occur in China, Korea, Japan, Mongolia, and
the Russian Far East (Appel i x A, Fig. 2) . AA Chinese report
borer occur primarily irfFraxinus chinensignd F. rhynchophylldorests. Other reported hosts in
Asia include F. mandshuricavar. japonica, Ulmusdavidiana var. japonica (Japanese elm),
Juglans mandshuricavar. sieboldiana and Pterocarya rhoifolia ( Japanese Wi ngt
(Schneeberger and Katovich). In North America, so far, the emerald ash borer has attacked only
ash trees. Found near Detroit, Michigan in the summer of 2002 by a MichiginlBtiversity
entomologist responding to a report of iridescent green beetles near ash trees, EAB has now
spread to Ontario and Quebec, Canada as well as fifteen of the United States: lllinois, Indiana,
lowa, Kentucky, Maryland, Minnesota, Missouri, Peyiwnania, Virginia, West Virginia,
Wisconsin and most recently Tennessee (July 2010). In Philadelphia, PA, ash comprises six
percent of the 2.1 million park and street trees. Many more outbreaks are likely as movement of
infested firewood spreads the i nsfyortitSewnr ange
According to the USDA, removing infested and dead trees and planting replacements could cost
local governments and homeowners $10.7 billion over twenty years. The value of ash trees in
urban and forested areas is likely in excess of $806M(USDA Forest Service).

Beyond the dollar cost to governments and home owners, the cost to ecosystems in a time
of accelerated climate change is higher and more difficult to repair. Public gardens, especially
those adjoining natural areas, face sevesses in native biodiversity which, in turn, allows
increased outbreaks of invasive plant species (Schulhof 2007), further disrupting native systems.
Wise management in uncertain times is paramount to safeguard not only public access but also
long-termmanagement of collections.

Having never met this pest before, the symptoms were initially thought to be caused by
ash yellows or a wilt diseasnitial strategies in Michigan were to contain infestations by
eradicating all ash withia haltmile radiusof any known borer activity. This plan did not work
because it was predicated on a poor wunderstan
Robin Taylor of Ohio State University has shown that ten percent of any EAB populations are
Asupercdddtlelres, of covering distances &exceedin:i
human allies assisted their spread with the movement of firewood and ash nursery stock.
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Delaying the introduction of the emerald ash borer (EAB) into southeastern Pennsylvania is
beyond the scope of this plan or anyone el seb
the Morris Arboretum is now the objective, where preparedmesiefined as a comprehensive

strategy to assess resources, minimize risk and identify and camfiestations promptly, in a
measurable and timely fashion. Holdings must be identified and guidelines prepared for
education and response. Developing support to ensure adequate funding and physical resources
to protect ash assets is vital. The followingpanedness policy covers measures indicated for

this purpose.

METHODS

The over arching goal is to protect tReaxinusspecies resource by minimizing the
impact of emerald ash borekdrilus planipennig=airemaire) at the Morris Arboretum of the
University of Pennsylvania specific to:

o Collected exotic and native specimens containing valuable germplasm,
o Native ash species growing in natural areas

This plandés methodol ogy may al so be wused t
infestations at the University of Pennsylvania.

The policy is dvided into Prearrival and Bstarrival strategies. Prarrival strategies
include four sections describidgiministrative Readiness, Educational Readiness, Technical
ReadinessandEarly DetectionFollowing that, two sections will describe Pastival activities,
divided intoRapid Response, ManagemantRestoation strategies.

l. PreArrival Strategies
A. Administrative Readiness

1. Assemble working groupthe Morris Arboretum EAB Task Fort®be responsible

to implement the Emerald Ash Borer management plan.

2. Select a task force chair person: The chair pensthcoordinate and implement the
plan by administering policies and programs.

Inventory accessioned and naocessioned ash dme Morris Arboretum grounds
Reference prepared plans; Assure policies are relevant and achievable
Identify resources

. Understad government funding applications and requirements:

B. Educational Readiness

1. Issue media alerts

2. Pest Alert and ID cards available at the Plant Clinic

3. Educational programs for staff and volunteers

4. Educational programs for visitors, including children

5. Web pa@e posted to the plant clinic web site
C. Technical Readiness

1. Draft centralized action plan

2. Classify tree inventory

3. Allow for systematic reporting

4. Follow USDA technical guidelines

o U AW
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5. Take advantage of new research and technology
6. Assure accuracy
D. Early Detetion
1. First Detector Training
2. Scouting

Il. PostArrival Strategies

A. Rapid Response

B. Management

No action taken
Preemptive removals
Cultural practices
Systemic pesticides
Bio-control

Disposal of infested wood
. Community wood
oration
Ecosystenrestoration
Diversity

Bio-control research
Resistant cultivars
Seed storage

NoakwnNpE

C. Res

—

agrwnE

RESULTS

The following policy is a dynamic document. It is in a form prepared to be removed and
printed for use at the Morris Arboretum of the University of PennsylvahB. This report may
be shared with the Uwersity of Pennsylvania, who igrged adopt this or a similar plan.
According to the most current tree inventory, the university has 171 ash trees (Morris Arboretum
Tree Inventory Files).
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@ Morris Arboretum of the
University of Pennsylvania
Official arboretum of the Commonwealth of Pennsylvania

Morris Arboretum E merald Ash Borer Readiness Plan
May 2011

The emerald ash borer (EABAgrilus planipennids a wood boring beetle native to Asia that
feeds on and singularly kills both healthy and stressed Bshxifus spp.). Since its
identification in Michigan in 2002millions of ash trees have been lost. As the EAB has been
established in Pennsylvania since ¢.1997, it is imperative that the Morris Arboretum of the
University of Pennsylvania have a plan for its imminent arrival and the significant threat to its
colledions and natural areas of the garden. Communication within the arboretum and among
area landowners becomes ever more critical as more emerald ash borer infestations are found.

This readiness plan lays out comprehensive initiatives. It is instructigssiessing resources,
minimizing risk, indentifying early infestations and partnering to treat and contain infestations as
much as is feasible. Thereafter, a planning team will continue to update information as further
research is published and cooperatenplement best management practices.

I. Pre-Arrival Strategies
A. Administrative Readiness:

1. Assemble Working Grougvorris Arboretum Emerald Ash Borer (EAB) Task Force:
This task force has been created to facilitate preparedness before the emdratdrash
is detected on Morris Arboretum grounds, and to manage and direct scouting,
infestations, controls, removals and replanting after deteditni s r eadi ness pl
main objective is not eradication of this pest, but to attempt to delay its intradaatio
establishment and to minimize its impact at Morris Arboretum.Mbeis Arboretum
EAB Task Forcevill include the Morris ArboretunDirector of Horticulture and
Curator, the Associate Directors of Urban Forestry, the Chief Horticulturalist, thesMorri
Arboretum Arborist and the Plant Propagation Intern (Appendix A, Fig. 3).

2. Select a chair person: The chair person at Morris Arboretum will lead the task force and
coordinate and implement the plan. TiMerris Arboretum EAB Task Forceill be
supervised by the Gayle E. Maloney Director of Horticulture and Curator, a title
currently held by Anthony Aiello. The chair person has the authority to delegate tasks to
both the Education Department (Public Programs) and the Development Depdame
assistance in supporting the goals of the plan.

3. Inventory all Fraxinus species on Morris Arboretum grounds: There are approximately

111 ash trees on Morris Arboretumbés -ground

accessioned native trees founchatural areas. Of those thae accessioned, 35 (32%) are

exotic and 19 (19%) are native to North America (Appendix B)

4. Identify Budgetary Resources: Budget for potiten (recurrent application of
insecticides), or removal and replacement. This secBosubject to discussion and
approval by théMorris Arboretum EAB Task Force.

a. Morris Arboretum Operating Budget:
b. Government funding resources, applications and deadlines:
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Effort will be made to develop funding for protection of valuable trees, for removals

both preemptive and post senescent, to lead education for employees, volunteers and

visitors, and to plan for replacement of lost trees, f@mm plant diversificationand
sustainability. Resources such as these ebb and flow as funds are available. When the
emerald ash borero6és popul ation makes it
management, external grants will be researched and written.

5. Reference prepared plaasd assure policies are relevant and achievable:

a. Plans from Morton Arboretum, of Lisle, lllinois, and plans from the states of
lowa, Minnesota, Wisconsirand Pennsylvania have been thoroughly researched.
Relevant information has been incorporated anditipoed into the Morris
Arboretum Emerald Ash Borer Readiness Plan.

b. The Coalition for Urban Ash Tree Management fundamentally endorses ash tree
conservation as a component of integrated pest management of the emerald ash
borer in residential and urban  tstapes (Appendix E).
http://www.emeraldashborer.info/files/conserveash.pdf

6. Understand government funding applications and requirements:
Since EAB management will incur unanticipatedsts, it will be vital to secure
additional funding from outside sources. The&SUForest Service provides competitive
grants to nonprofits that may be available to Morris Arboretum for management and
restoration following EAB infestation. The Morton Argtum in Lisle, IL has joined
with area mayors and other agencies to work together in a focused effort. It would be
advantageous i f the mayorsd group in the L
come together to join resources.
B. Educational Readiness
Morris Arboretum EAB Task Forceill take the lead in communicating current and accurate
information quickly to support the technical team, thereby allowing early detection and
intervention.
1. Issue media alerts: raise public awareness via media bulletins
2. Brochures, pest alertand wallet ID cards displayed and readily available
3. Educational programs
Valuable information is available from fAEnNn
effort jointly sponsored by Michigan State University, Ohio State Unritye and
Purdue University. Information is given in the form of educational webittzatare
available on demand bttp://www.emeraldashborer.info/eab_university.cfm
a. Educate professional horticulture and volunteer staff with current and accurate
information.
b. Educational programs for visitors
c. Promote AProject Learning Treeodo for schoo
http://www.emeraldashborer.info/files/edpacket.pdf
d. Morris Arboretum Urban Forestry School of Arboriculture curriculum
e. Greater Philadelphia Gardens Collaborative forum
http://www.greaterph@delphiagardens.org/
1. Plant Clinic Initiatives
a. Web page posted to the plant clinic web site (Appendix E)
b. Include GDD information collected by the Plant Propagation intern: (emerald ash
borers emerge at 550 GDD, simultaneous with bloom of black |dRo&hia
pseudoacaciy.
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C.

Bar introduction of ash plant material tioe Morris Arboretum and to Plant Clinic
unless contained securely.

2. Pay strict attention to firewood movement strategies

a.
b.

Do not move ash firewood.
Buy firewood at destination when necess&gying remainder behind

C. Technical Readiness
Technical Readiness will assure decisions, actiand education initiatives are guided by the
best and most current science.
1. Draft centralized plan of action (i.e. this readiness plan)
Allow for systematiaeporting

2.

a.

b.

Plant propagation intern will scout regularly for emerald ash borer signs and
symptoms. (e.g. increased wood pecker activity beginning after Thanksgiving into
winter, including patchy bark loss from feeding).

Log sheets for trained staff and votaers will be accessible in the plant clinic for
reporting purposes (Appendix C).

3. Classify accessioned and nraocessioned ash species belonginthédVorris Arboretum of
the University of Pennsylvania (Appendix B). Categorizing inventory before impadict
facilitate comparisons now and management |dteeMor r i s Ar bor et umoés

Aiello, has determined that existing numbers will be used for plants currently accessioned. If

C

u

t her e ar e any unaccessioned pskienimg will bgl ac e d
considered.For all other plants, a simple tagging system will wolfkthere are trees in the
natural area previously tagged, those tags will be kept, as well as any new tags. Accessioned
trees of value are considered critically impotthecause of crucial germplasm or aesthetic
significance. The following lists differentiation within the inventoried plants:

Collected from wild: (germplasm of Asian species)
Large mature trees

Valued as part of design

Non-accessioned trees in naturaas

PO T®

D. Early Detection
The U. S. Forest Service monitors statdeyiusing purple traps and triapes (Appendix D). On
a more local basis, Morris Arboretum will perform regular visual scouting, as follows:

1. Scouting must be done on a regular basis. Survey forms for Morris Arboretum trained

staff are available (Appendix C).

Exit holes

Canopy dieback

Bark splits

Epicormic growth

Woodpecker activity

Look-alike insects/disease

First Detector Training:

Follow up on suspected sightings

S@roo0oTp

Quarantlnes No wood or ash nursery stock may be moved beyond state or federal

guarantine boundaries. For example, altiio the state quarantines that fully
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Some trees must be left unmanaged due to budgetary constraints. As there is no
flagship ash tree in the garden, decisions will largely be based on staff and visitor
safety. An inventory list has been prepared that covers all ash within the main
gardenand paths in natural areas adjacent to paths and main roads (Appendix B).



encompass Pennsylvania and Ohio allow ash material to be moved intrastate, it would

violate federal quarantines to move ash material across state lines.

a. Entry or exit of ash nursery stock is prohibited except fromecigal and compliant

sources.

b. No ash plant material may be given as gifts outside quarantined areas.

c. All firewood used on Aboretum grounds or taken from the property for outside
activities must be sourced as from a compliant facility, including Morris
Arbor et um. Pennsyl vani ads Department of
will establish compliant ash receiver sites, for which information is not yet
available. (Reference lllineid6 quar antines directives fc
procedureghttp://extension.entm.purdue.edu/eab/pdf/quarantings.pdf

d. Since EAB control methods change over time, the Arborathairperson will
review currently recommended control measures on the EAB website and make
management decisions based on best EAB management practices.

[I. Post-Arrival Strategies

A. Rapid Response
Call the Pennsylvania Department of Agricultdr866-253-7189
or E-mail: Badbug@state.pa.us

B. Management

1. Follow established Pest Response Guidelines: The Department of Conservation and
Natural Resources (DCNR) manages EAB infestations once a newly inéstéas
been identified and confirmed by the Pennsylvania Department of Agriculture.
Management strategies are constantly updated with new research subsidized by the
United States Forest Service Research Stations. All management must take a multi
facetedapproach.

2. No Action Taken: If no action is taken and there are no efficacious EAB management
techniques, all native ash trees will die and Fraxinus will become extinct. Exotic
species from Asia have some ability to withstand attack from EAB but withpleigth
pressure, they may also succumb. The Environmental Protection Agency (EPA) has
registered three systemic insecticides for control. These insecticides have been
approved by the Coalition of Urban Ash Tree Conservation
(www.emeraldashborer.info/files/conserve_ash,pdfa group of university
researchers, municipal arboristsnd urban foresters who believe an integrated
approach using good inventory methods, along with treatmentaatidal removals
will retain the integrity and value of the urban forest).

3. Preemptive Removals: In order to reduce insect pressure or to retain visual sightlines
in the garden, some Fraxinus may be removed preemptively. Removal of infested
trees is desiftde and most advantageous in winter and early spring before the adults
emerge to reduce population pressures. Review tree limb and branch collection
programs and determine where such materials are currently being disghgédg
the trees and stackinge logs as firewood will not kill the beetleH.trees are to be
removed, cutting and chipping them before May 1st is desirable to prevent adults
from emerging.
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Cultural Practices: Ash trees in areas where the borer is active must be mulched and
watered during dry spells to avoid drought stress. This activity is one facet of
integrated pest management.

Systemic Insecticides:

a. Imidicloprid11,12,13,14 for trunk injection or soil application. Imidicloprid
products can be used with a surfactant (PdB#ik) that opens lenticels,
improving penetration through periderm. Atomization is not required,
eliminating the possibility of drift.

b. Dinotefuran (Safari, a nesicotinoid)"**“pasaltrunk bark or soiapplication.
Dinotefuranproducts can be used with a surfactant (PeB#ik) that opens
lenticels, improving penetration through periderm. Atomization is not
required, eliminating the possibility of drift.

c. Emamectin benzoate (TREE&ge) for trunk injection onlyl1,2,3,4

6. Bio-Control

a. USDA rears three species of wasps as bitobd agents for EAB, including

two species that kill EAB larvae. Tetrastichus planipennisi (Yang) adults find and
insert their eggs into EAB larvae, producing®5 offspring from a single EAB

host. Spathius adribehaves similarly except that the wasp eggs and developing
wasps are attached to the outside of the EAB larvae. The developing wasps feed
on and eventually kill the EAB larvae. Egg parasitoid, Oobius agrili, discovered
in Jilin province, China in 2004nserts their eggs into EAB eggs on ash bark. The
developing wasps feed on and destroy the eggsc@itrol is still in the research
stage, and will become one more facet of integrated pest management.

b. Cerceris fumipennis, a native groundsting wasp, egamonitor and assist in

EAB detection. This wasp does not significantly reduce EAB populations, but
preys on the adult emerald ash borers and other native beetles, carrying the
paralyzed beetles back to its burrow where they are stored as food for the wasp
larva.

7. Disposal of Infested Wood: Infested ash material must Heade=d to % inch depth
below the bark (to sapwood), burned, buried, or double chipped to pieces less than
one inch in two directions.

a. As the Morris Arboretum is located within an EAuarantined area, any
service provider contracted by the Arboretum must use disposal yards with a

HAT Ot

cl

e by Hahn J, Her ms, D. auestiondReg@rdingl ou g h,
Potential Sidé=ffects ofSystemic Insecticideds ed t o Contr ol Emeral d
http://www.emeraldashborer.info/files/Potential_Side Effects _of EAB_Insecticides_FAQ.pdf

12 Many arborists are relumit to inject insecticides directly into trees, fearing adverse side
effects but according to a two year study b
successfully compartmentalized injection wo

13 McCullough, Deborah (MSU) and Herms, Dar{@®SU) Webinar discussion of controls
(2011)http://breeze.msu.edu/p39122319/?launcher=false&fcsContent=true&pbMode=normal

4 See Appendix F: Guidelines for Cost akE&tment
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current EAB compliance agreement in place. It will not be necessarthéor
Morris Arboretum to be concerned when crossing county boundaries for ash
wood dispsal (i.e. Northwestern Avenue that divides Philadelphia and
Montgomery counties) due to whole Pennsylvania state quarantine. Therefore no
compliance agreement will be required.

b. Work with Springfield Township to keep utth yard free of pests; double
grind all mulch and wood waste. Mulched pieces must be smaller than one inch in
two directions.

8. Community Wood: Salvaging ash resource ia strategy beneficial to whole
communities. ARemoval and utilization 0
infestaton,mg hel p sl ow the spread of EAB and
Forest Service 2010). Wood can be used for known valuable forest products such as
tool handles, furniture and basket making. This has proved a more economic use of
ash wood compared with bung or landfill options. ie Wood Education and
Resource €nter (WERC) has partially supported these efforts in the past.
http://www.emeraldashborer.info/files/E40.pdf

C. Restoration

1. Research: Remove and replace Frstxinuswith resistant species or varieties.

a. Retrogressive Hybridization: Introgressive hybridization may produce hybrids
similar to those bred for resistance t
interview with R.A. larson, nursery manager at The Dawes Arboretum in
Newark, Ohio, he states that althou@axinus mandshuricaand Fraxinus
chinensisare very resistant to emerald ash borer, they have both been found to be
difficult to cross with North American plant speci@$e North American China
Plant Exploration Consortium (NACPEC) a network of arboretums and botanical
gardens that includdle Morris Arboretumfocuses on collecting and preserving
plant germplasm. Collections in China and Korea coincide with the nange
of EAB (Appendix 1. Fig. 5).

b. Transgenic Hybridization: Fraxinus exhibiting resistance to attack by the &AB i
currently being researched by the USDA Forest Service (Du and Puijit) to
propagate transgenic ash plants containingBaeillus thuringensigBt) toxin
specific to the EABBt is a naturally occurring bacterium used in commercial
biological preparations to control larval forms of agriculturally important insect
pests. Future studies will be to examine the use of sterility genes to furthéy modi
transgenic ash in a way that would prevent their hybridization with native ash
populations once introduced into the landscape.

2. Seed Collection: Seeds of the largest Fraxinus are currently being stored in Fort
Collins, CO. According to the USDA (2009), some ash seed has been stockpiled in
the past for conservation and timber purposes but, to date, there has little need to
collect ash seed from the wild. Arrival of the EAB, however, has created the need to
gatherwild germplasm to be stored lotgrm for future research and restoration.
Dave Ellis, of the Plant Genetic Resources Preservation Program at the National
Center for Genetic Resources Preservation (1111 South Mason Street, Fort Collins,
CO 80526elvis@ars.usda.gyvhas been collecting ash seed since 2006. See
ARecommendations for the Collection, Sto
s pp. ) htte/évend.@meraldashborer.info/files/Fraxinuscollection.pdf
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3. Diversification of Forest and Urban Canopy: Anthropogenic impacts continue to
cause devastation to ecosystems waide, including southeastern Pennsylvania.
Another incursion of an inge wood boring insect forces a-egamination of
species used, possibly owesed, in urban and suburban areas, and whether the
choices on recommended tree planting lists are diverse enough to withstand future
onslaughts of invasive pests. Not too fathe future, impacten Acer, Betulus, and
Platanus susceptible to Asian long horned bee#endplophora glabripennjs an
insect causing damage in New England, will become more apparent. In this age of
global marketing and trade, our urban forests muestrdsilient through superior
planning and diversified plantings. Many tree species have limited ability to grow and
prosper in the limited root spaces of city streets whkeaginushas shown toughness
and tolerance for these environments. In natural aasfisis a pioneer species, able to
germinate in canopy openings and tolerate shade when young. Without this genus,
our natural areas will need lotgrm sustainable management to enable viable
ecological economies. Planting diversified alternative spesitge only way to help
mitigate the profound impact the loss of ash species will have.

a. Wildlife Trees: Where treeelated hazards are low or nonexistent, senescent ash trees
will be left standing for wildlife, to remain part of the ecosystem communitgrag
as possible (see Discussion below).

b. Remnant Stumps: Remnant stumps in natural areas can be lefspooue for
educatiorand research. This approach will also accomplish the goal of retaining soil
structure and health. The EAB Kills the liviatpoveground portion of trees, not the
roots. Therefore, root sprouts will continue to return, growing to a size attractive to
emerald ash borers before succumbing again, similar to the chestnut tree resprouting
still seen in eastern North America.

[End of Morris Arboretum Emerald Ash Borer Readiness PlanDocument]
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DISCUSSION

Fraxinus americana(Oleaceagis a good example of the value of native ash to North
Ameri can forest ecol ogy. AWhite ash i s a p i
intermedide stages of successioAlthough mature white ash is classified as shade intolerant,
the seedlings are shade toleraitseedling can survive at less than 3 percémalbsunlight for
a few yearsallow(ing) the species to regenerate in gaps. Whiteisasim important source of
browse and cover for livestock and wildlifdhe samaras are good forage for the wood duck,
northern bobwhite, purple finch, pine grosbeak, fox squirrel, and mice, as well as many other
birds and small mammald/Vhite ash is braysed mostly in the summer by whiigled deer and
cattte. The bar k of young trees is occasionally wus
(Griffith 1991). The white ash also forms trunk cavities readily if the top is broken and its large
size atmaturity makes it valuable for primary cavity nesters such abeaded, redbellied, and
pileated woodpeckers. Once a cavity is completed, the hole becomes an excellent habitat for
secondary nesters such as wood ducks, owls, nuthagettegray squirrel (Griffith 1991).

The wood of ash species is exceptional: hard and light, yet flexible and suitable for
many uses in commerce such as basket making, tool haadigdine furniture (Boom and
Kleijn). Ash species are urban tolerant, making them go@etstrees and have been used to a
great extent, significantly as a replacement for the elm. Approximately sixty species occur
throughout the northern hemisphere, di stingui
former bloominga month later withpetals thatare lacking in the leaf ash form (Boom and
Kleijn). Of the American ashes, the white astakinus americang and green ash-faxinus
pensylvanicaare most common and important in cultivation.

History of EAB in the US

EAB, Agrilus planipenis (Fairmaire) was first detected in July 2002 in southeastern
Michigan and shortly thereafter in neighboring Windsor, Ontario, Canada. It is believed that
EAB arrived in ash crating or pallets from China at least fifteen to twenty years ago (Herms
2007). As a nonnative in North America, this borer does not have natural controls such as
parasites, predators or disease that it has in its native range. This vastly increases its destructive
ability in North America since host plants have not evolved effedefenses against them.
With the advantage of anonymity and having gained access to an unlimited store of most
desirable resource, EAB populations have soared. EAB attacks all North American native
ash populations from small saplings to mature famests. They attack healthy trees as well as
weak, vulnerable ones, making infestations particularly devastating. Infestation of known ash
species includes green adfraxinus pensylvaniga white ash . Americand, black ash K.
nigra) and blue ashH quadrangulatg. Ash species primarily attacked in Asia include
Manchurian ashH. mandshurica and Chinese ash~( chinensik It is not yet known how
resistant Asian species will be in North America where pressure will be greater.

Taxonomy and Life Cycle
The emerald ash borer, an exotic invasive wood boring insect, is a member of the order
Coleoptera (Buprestidag that also includes the native tioed chestnut bore(Agrilus
bilineatus Webe), the bronze birch borefAgrilus anxius Gory) and the ash kc borer
(Podosesia syringaBlarr). As a group, these beetles feed on a wide variety of diets, inhabit all
terrestrial and freslvater environments, and exhibit a number of different life styles but all
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undergo complete metamorphosis where the young haiféegent form from the adult. Many

borer species are herbivores, variously adapted to feed on the roots, stems, leaves, or
reproductive structures of their host plants (Meyer 2Bdders only attack living trees, dead

trees not being colonized.

EAB life stages, as in all beetles, include egg, larvae, pupa, and adult. Individual adults
live for a few weeks, during which females, after mating, locate the upper canopy of the nearest
large ash tree and lay individual eggs in bark crevices on the trunkranches. Seven to ten
days later, larvae from hatched eggs chew through the bark into the cambium, where they feed
for several weeks i n the phislmpethgabened arofarmesl,r s ap
becoming progressively wide as the insectarga. As noted by Peters and Iverson (2009), most
trees had exit holes on the south and west aspects of the trees. It is thought that the warmth of
sunlight aids in the development of larvae. The galleries are packed with fine, shkelirsiss
and oftenextend 7.87 to 11.81 inches in length (Schneeberger and Katovich 2007). By autumn,
feeding is completed and the prepupal larvae overwinter in the thick outer bark of the tree. In late
April or May pupation begi ns. hdipNhmichapnbeeford| os ed
to 2 weeks before emerging head first through a small; @01@.16inchDs haped exi t h
(Schneeberger and Katovich).

Typically producing one generation per year, some larvae require two seasons to mature.
This is particularlytrue of early infestation in a healthy ash (McCullough and Siegart). Adult
borers emerge in late May at 548 growing degree days (GDD), (beginning January 1, base 50)
along with the onset of bloom of black locuBbpinia pseudoacacjat 550 GDD. Adult bekes
emerge from ash trees throughout the summer but are mostly present in June and July. Insect
development and, therefore, adult emergence, is temperature dependent. Adults are most active
on warm, sunny days (Schneeberger and Kotovich). Damage byieiduadi larva is minimal,
but, as a tree is repeatedly attacked, the population buildup of thousands of insects quickly
overwhelms the ability of the tree to defend itself. Tree decline and death can be rapid, but it
often takes several years for EAB pagidns to build enough for tree symptoms to appear.
According to Schneeberger and Katovich, these factors may help explain why new infestations
are often undetected for several years. There is minimal evidence of beetle infestation in the first
year untilthe canopy begins to show signs of dieback in the second year. During the second
growing season after invasion, the tree declines quickly and is usually dead by the third (IL EAB
readiness Plan, Makra, Ed. 2006)

Ash trees are a resilient species and @agrcome small amounts of cambial damage.
However, as larval numbers escalate, increased woodpecker activity may be noticeable
beginning in early winter (after Thanksgiving). As damage increases during the next season,
more reparative tissue is formed, de®y to distinct bulges in the trunk which soon splits as
internal growth exceeds the capability of bark to cover it. Soon after, as nutrient and water
supply is cut off to the upper canopy, epicormic branches appear in a desperate effort to restore
foliage for photosynthesis of sugars. Borer exit holes are initially found in the upper canopy and
difficult to see. By the time exit holes, bark cracks, and epicormic branches are evidenced at eye
level, the likelihood of tree survival is very low. There mbe at least fifty percent cambial
integrity remaining in an untreated ash tree for a positive response to systemic controls to be
expected. Any insecticide must be able to move up the tree into all tissues in order to be
successful (McCullough 2011).
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Visual symptoms associated with EAB infestations are nearly identical to those often
seen on ash that are infested or infected by other commonly found pests and diseases. For
example, crown dieback can result from multiple stressors including drought sodss,
compaction, ash yellowsor verticillium wilt. Therefore, asWi sconsi nds EAB | nf
Sourceadvises, it is important ttwok for a combination of at least two or more symptoms or
signshttps://onlineservices.datcp.wi.gov/eab/index.jfA rosette or witches broom on ash [is]
caused by the ash yellows phytoplasma. Ash trees affected by ash yellows develop this classical
densehighly branched but stunted shoots and foliage which is distinctly different from the lush,
|l arge shoots on trees affected by EABO(Robert

Economic and Ecological Impact

EAB has the potential to eliminatgaxinusfrom North America, a dominant ges in
forests and cities, creating dramatic changes to plant and animal communities as well as entire
ecosystems. Devastation i n Canada and Us: f
southeastern Michigan alone, with tens of millions more lost inolinindiana, Kentucky,
Minnesota, Missouri, New York, Ohio, Ontario, Pennsylvania, Tennessee, Quebec, Virginia,
We s t Virginia, htpdwww.aMieraldashboser.imjo/Id Perfnsylvania,ash
comprises3.6% of the forests, with more than 300 million trees throughout the state (about
10,800,000 ash treelitp://www.dcnr.state.pa.us/forestry/fpm_invasives_eab.aspx

It has been detmined that EAB is officially the most destructive insect pest to arrive in
North America in terms of dollar cost and number of trees lost. An economic study done in 2010
projecting the spread and ensuing costs to remove and replant lost trees overst¢A0@¥n
2019), determined the cost to be at least ten billion dollars in urban areas alone. If suburban areas
are included, that cost will exceed twenty billion dollars (McCullough).

CONCLUSION

Ecosystems in the Zicentury are threatened constantly for many reasons, EAB from
Asia being only the latest of many yet to come. Development of a plan to reduce the imminent
threat to ash populations tite Morris Arboretum favors everyone who uses the beauty of the
gardendor pleasure or takes advantage of its educational wealth. Ash resources can survive with
an integrated pest management approach using cultural, systemic anwhtioads in the short
term and with the addition of hybridized introductions in the {tergn. This readiness plan will
help delay its introduction and establishment and minimize its imp#wet lstorris Arboretum.

There are multiple desired outcomes achievable through this management plan:
preparedness for detrimental effects through educatmohtechnical strategies, a management
plan providing tools and resources necessary to respond to invasion, and approaches to retain
ecosystem function and to restore lost resources.

As many as twentpne species dfraxinusare distributed throughotiie United States.
EAB is known to feed on all four major ash species in the northeast, but whether it will feed on
other ash species or adapt to other areas in the US is not well known at this time and will not be
known until or if the beetle arrives [pther] regions (Parsons 2008). Because ash seedlings and
small trees are very common in forests, small woodlots, and rights of way, it unlikely that EAB
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will ever disappear from any area where it has become established (Herms et al. 2009). In this
age ofglobal marketing and trade, our urban forests must remain resilient through superior

planning, diversified plantings and proper management. Natural areas neéertorgyistainable
management in order to enable viable ecological economies.
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APPENDIX A: Figures 1-6

' Emerald Ash Borer

Fig.1. Yggdrasil of Norse mythology

Fig. 2. Emerald Ash Borer native range
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Fig.3. Emerald Ash Borer (EAB) Readiness Task Force
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Fig.4. Range of nativEraxinuspp. in North America

USDA Forest Service Map

http://plants.usda.gov/java/profile?symbol=FRAM2p
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Fig.5. North American China Plant Exploration Consortium
(NACPEC) a network of arboretums and botanical gardens
focus on collecting, and preserving plantrgplasm from all
over the world.
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APPENDIX B: Tree Inventory and Classification Spreadsheet

Accession #EAB # AB # 2 B Acc. ? Latin Name

2006-094*A
32-2411*A
54-0607*A
54-0751*A

54-1079*A
82-063A

39-8557A

53-237C

2000-348*C
94-644C

81-05041

81-0504K

81-0504M

81-05040

81-504*C

81-504*D

81-504*G

81-504F

81-504H

Fraxinus americana
Fraxinus americana
Fraxinus americana
Fraxinus americana

Fraxinus americana
Fraxinus americana

Common Name

American ash
white ash
white ash
white ash

American ash
American ash

Fraxinus americana 'Ascidiata’

Fraxinus americana 'Ascidiata’

Fraxinus americana var.
bitmoreana

Fraxinus bungeana
Fraxinus chinensis var.
rhynchophylla

Fraxinus chinensis var.
rhynchophylia

Fraxinus chinensis var.
rhynchophylia

Fraxinus chinensis var.
rhynchophylia

Fraxinus chinensis var.
rhynchophylia

Fraxinus chinensis var.
rhynchophylia

Fraxinus chinensis var.
rhynchophylia

Fraxinus chinensis var.
rhynchophylla

Fraxinus chinensis var.
rhynchophylla

Bittmore ash
Bunge ash

Korean ash
Korean ash
Korean ash
Korean ash
Korean ash
Korean ash
Korean ash
Korean ash

Korean ash

Grid#

N12
D17
E19
F18

H10
F8

F7

F8

G17
H8

F7

F7

F7

F7

B21

B21

B21

F8

F7

Meas cbh1l cbh2 cbh3 cbh4 cbh5 Comments

3

18"

53
99
103
132

144
109

48

60

19

41

38

36

16

56

68

60

23

23

29 35
48

86

12 8
18

over pedestrian walkway
hollow shell w/ stump sprouts
(+ catalpa within)

very poor

new planting: not assessed

no label

Treat
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Accession #EAB # AB # 2 B Acc. ? Latin Name

81-504J

99-045A

99-045B

99-045C
37-7690A
97-261A
97-261B
99-046B
99-046C
2000-125A
2000-125B

56-260A
91-014A
92-175*B
92-175*C
92-175*F
92-175*G
92-175*H
93-102*A
93-102B
93-108*A
32-2811*A
54-0608*A
81-280*A

75-141A
36-4980*B
48-819B
94-155*B

Fraxinus chinensis var.
rhynchophylla

Fraxinus chinensis var.
rhynchophylla

Fraxinus chinensis var.
rhynchophylla

Fraxinus chinensis var.
rhynchophylla

Fraxinus holotricha
Fraxinus mandchurica
Fraxinus mandchurica
Fraxinus mandchurica
Fraxinus mandchurica
Fraxinus 'Northern Gem'
Fraxinus 'Northern Gem'

Fraxinus ornus
Fraxinus ornus
Fraxinus ornus
Fraxinus ornus
Fraxinus ornus
Fraxinus ornus
Fraxinus ornus
Fraxinus ornus
Fraxinus ornus
Fraxinus ornus
Fraxinus pennsylvanica
Fraxinus pennsylvanica
Fraxinus pennsylvanica

Fraxinus pennsylvanica var.

lanceolata

Fraxinus quadrangulata
Fraxinus quadrangulata
Fraxinus sieboldiana

Common Name

Korean ash

Korean ash

Korean ash

Korean ash
Balkan ash
Manchurian ash
Manchurian ash
Manchurian ash
Manchurian ash

Grid#

F8

J9

J9

J9
F9
J9
J9
H9
H9

Northern Gemash H9
Northern Gem ash H9

flowering ash
flowering ash
flowering ash
flowering ash
flowering ash
flowering ash
flowering ash
flowering ash
flowering ash
flowering ash
red ash

red ash

red ash

blue ash
blue ash
Siebold ash

K6
K6
L16
C20
B20
E21
J23-BED-8

E19
K7
L14
B20
D17
F20

G6
J10
G9
L17

Meas cbh1l cbh2 cbh3 cbh4 cbh5 Comments Treat

35

10

11

132
10
14
15
12
18" 26
15

2 17
base 46
32

42

4 21
26

25

18" 35
3 26
23

95

105

19

83
55
48
base 11

29

22
14

47

Pl on trunk

remove:hollow decayed base wil
sucker

14 13 12 smooth bark

< <<
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Accession #EAB # AB # 2 B Acc. ?Latin Name

94-155D
2001-069*A
2002-197A
2006-089*A
2006-112*A

82-064A
82-065A

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427

Fraxinus sieboldiana
Fraxinus texensis
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.

Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.

Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.

Common Name
Siebold ash
Texas ash

ash

ash

ash

ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash

ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash

Grid#
K6
H17
H2
P12
N12

F8
F8
K2
K2
H1
H1
H1
H1
H1
H1
Gl
E4
H1

E3
E4
E4

F5
E5
E5
E8
F6
F6
F11
E6
G16
G17

Meas cbh1l cbh2 cbh3 cbh4 cbh5 Comments

18"

39
66
57

108
79
45
34
18
17
15
18
29

36
52
24

65
68
37
72
66
15
25
38
26
32
24
56
80
102

new planting : not assessed
new planting : not assessed

36
old veteran, +Lonicera +
groundhog
46 14
16
tag not used
tag not used
28 88
34 39

Treat
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Accession #EAB # AB # 2 B Acc. ? Latin Name

428
429
430
431
432
433
434
435

436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460

Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.

Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.

Common Name

ash
ash
ash
ash
ash
ash
ash
ash

ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash

Grid#

G17
G16
G16
G16
G16
F17
G17
G17

F16
F16
F16
H17
H17
G16
E6
E7
E7
E7
E7
E7
E7
E7
E7
E7
E7
E7
F7
E8
E8
E8
E8
E8
E8

Meas cbh1l cbh2 cbh3 cbh4 cbh5 Comments

18
54
60
95
a4
64
85
69

90
42
76
72
62
47
62
82
59
89
36
56
36
52
59
72
22
18
48
60
78
32
55
43
21

65

42

24
33
79

wound at 5', borer holes

CR- bulge/decay where limb
ripped out @ 10'

39

36

grape vine stems

Treat
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Accession #EAB # AB # 2 B Acc. ? Latin Name

461

462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
253
479
480
481
482
483
484
485
486

253

Fraxinus sp.

Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.

Common Name
ash

ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash
ash

Grid#

E8

G9
E8
E8
E8
E8
E8
E8
E8
ES
F9
F9
F9
F9
F9
G9
H9
Gil1
E8
Gil1
F11
H16
H16
H16
H16
H16

Meas cbh1l cbh2 cbh3 cbh4 cbh5 Comments

56

77
70
58
69
40
47
64
50
50
44
27
17
27
13
41
56
117
28
128
42
76
57
a4
84
64

25

14
24

46

16

lg. hollow base 15' resprouting;
remainder fallen

35

AB Project #
inaccessible: no tag applied

19 19

Treat
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Accession #EAB # AB # 2 B Acc. ?Latin Name

487
488
489
490
491
492

493
494
495
496
497
1254
1255
1256
1257

82
262
1258
1259

82
262

Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.

Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.

Fraxinus sp.
Fraxinus sp.
Fraxinus sp.
Fraxinus sp.

Common Name

ash
ash
ash
ash
ash
ash

ash
ash
ash
ash
ash
ash
ash
ash
ash

ash
ash
ash
ash

Grid#

H16
H16
G16
H16
H16
H16

G16
G16
G16
F16
G12
G13
G13
G13

G12
Gil1
H12
H14

Meas cbh1l cbh2 cbh3 cbh4 cbh5 Comments

144
52
86
30
56
49

106
58
45
38
68
34

141

120
17

124
124
19
15

25

27
31
16

30

HAZARD TREE:DEAD; tree is
50'(H): <35' to path beloground
bulging upper side

canopy difficult to see

large lower trunk cavity creek side

AB Project #; hollow; ash
anthacnose

AB Project #

yellow ribbon

Treat
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APPENDIX C: Emerald Ash Borer First Detector Survey Form

Ash orFraxinusspp. belong irDleaceaeor the olive family. They are deciduous trees that leaf out very late in the spring.

Leaves: opposite, compound; B lanceshaped to oval leaflets, rounded teeth at the méndirie ash) or sharply toothed (green ash);
leaves are thick, almost leathery

Leaf Scar: Fraxinus americanaywhite ash; Ushaped scars on twigs with a lateral bud above
Fraxinus pensylvanicgreenash: B haped scars on t wiwgha(ate@ldudiasovel yi ng on

Twigs: stout, rounded, smooth, grayish or greerisbwn often with a slight bloom; flattened at ned right angles to leaf scars.
Flowers: small and inconspicuous on separate male and female trees.

Seeds: are dry samaras aped like canoe paddles.

Bark: gray to gray brown, furrowed into diamond shaped areas separated by narrow interlacing ridges.

Z ash bark eaf and twig white ash
Look for signs and symptoms of EAB damage (start with ash trees that have poor overall health).
Are there any EAB gins listed below that can be observed? Use the table on the next page to check off the symptoms you observe.
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Morris Arboretum: Emerald Ash Borer First Detector Survey Form

A Cr own ittree bramches dying from the top down, especially high in the crown.

A Woodpeckean dtahmagter eeds trunk and branches. I ncreased acti vi
A S mashaped Boles (1/8 inch) indicating adult EAB exit sites (flat on one side, but can be oriented in any direction).

A -sBaped or sepentine tunnelsi just under the bark, sometimes with larvae in them.

Mark Splits - after heavy larval tunneling vertical splits in the bark can occur. This can sometimes reveal the tunnels under the bark.
ATrunk sprouts - leafy sprouts growing ém the trunk or base of the tree

AAdult EAB i metallic green, ¥ inch long, bullehaped beetles about 1/8 inch wide (pictures left and middle)

AEAB larva i white,inchl ong f | at f wo r nshapedwsegrhents (gictuseton riglit)t b e | |
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Morris Arboretum: Emerald Ash Borer First Detector Survey Form

1) Surveyor name and contact information:

2) Date(s) of survey

3) Tree Information

Name of tree| Location in Garden Crown Wood D-shaped | Serpenting Vertical Trunk Sample
or accession thinning/ pecker exit holes | galleries | bark splits sprouts
number Branch dieback activity

1

2

3

Submit completed form to Plant Clinic
(May 2011)

a7




APPENDIX D: Purple Traps and Trap Trees

1. Adult Purple Traps

Because emerald ash borers are difficult to detect iredinly stages of ash tree
infestation, the U.S. Forest Service uses sticky traps to monitor new areas for possible
invasion. Traps are placed on a grid about twdinty feet from the edge of a woodlot or
forested area. These consist of triangular purplepts (214200) xmade out of
plastic panels embedded with a volatile compountk (lure, a green leaf alcohol, is a
primary volatile associated with ash leaves; the other lure, Manuka oil, contains many of
the chemicals emitted by ash bark andodiosimulating a stressed tree). The trap is
covered with O0Tangl efoot o, a sticky materi
Past research has shown that the color purple is attractive to the BBnpigstidae
Beetles are very visual, not gnpreferring purple but also are more likely to colonize trees
in  sunny locations (http://www.emeraldashborer.info/files/developsurveytrap.pdf
According to Dr. Houping LI(USDA Faest ServicePers. Communicatignalthough
traps will likely be placed in southeast Pennsylvania this spring (2B&%)are placed in
specific 1.5 mi] grid which may preclude Mo

2. Trap Trees

For the same reason that sticky traps used, ash trees can be made to attract early
EAB arrivals in order to monitor numbers. This is done by intentionally stressing or
girdling trees. Girdling is accomplished by removing a six to eight inch strip of bark down
to the phloem in the summaedijsrupting the flow of nutrients made by photosynthetic
activity. As stress increases, volatile compounds are emitted and perceived by emerald ash
borers. The change in color, that is, light reflecting from the leaves is also said to be
attractive to thdorers(www.emeraldashborenfo/files/handoutforpdpdf).

Because emerald ash borers are arriving from the west and attack open or edge
canopy trees, and green ash (Fraxinus pensgl@ppreferentially, a green ash is usually
designated as a trap tree. Bark must be stripped to the cambium in order to stress the tree,
making it more attractive to emerald ash borers. It would then be felled in the fall and
assessed for larval numbers.
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APPENDIX E: Plant Clinic Web Page

EMERALD ASH BORER:
COMING TO A TREE NEAR YOU

INTRODUCTION: As global trade has increased, more goods
are coming in from overseas, sometimes bringing with them
accidental cargos of destructive ingse@nd other organisms.
Shipments of U.S. food imports from China more than tripled in
value between 2001 and 2008 (USDA 2009). Five hundred
' million plants are imported to the U.S. each year, and about 30
new invasive insects are discovered annually in Wh8., up
sharply over the last decade (Maher 2008). An estimated 50,000
plant and animal species have been introduced into the U.S.

throughout history, many accidentaliMéher, K.The Wall Street Journal
2010). Without the natural controls present iaitmative ranges, it is no
beetle from AsiBelon:  Wonder that some insect populations grow exponentially and ravage their
Purple sticky trap used NEW environment. Just as smallpox decimated indigenous Americans
by USDA to monitor when it was brought from Europe, so the emerald ash borer (EAB) is
e ——— decimating millions andnillions of ash trees in the United States. First
‘P introduced in Michigan in theAgrilu® 900 s,
planipennisFairmaire) was identified in 2002. It is believed to have been
transported in shipping material from Asizevastatio in Canada and US has
killed more than 50 million trees, causing extensive economic and
environm
ental
damage
(USDA

Above emerald ash
borer a small green

of the 300 million forest treesg
in Pennsylvania,
10,800,000 treesT h a t 6 si§
of trees. The movement O&Y
this deadly insect is bein¢ts
monitored carefully. (s
Interestingly, it seems tgH&:
move primarily along
highways. From this we caiga S
deduce that campers arWeESESEEES
others are taking firewood )
containing the larvae with the

zNatural area in Michigan where
ash borer.cfs.nrcan.gc.ca/images/9872
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from a known infested area @nother site where the borer has not yet found its way. Unknowingly

a camper may have brought the beetle to a new site as most campers leave unused firewood behind
when they leave, firewood that is possibly infested with emerald@sh. @he emerald ash borer

has been found in central Pennsylvania as well as eastern New York state and Maryland. We
would best be prepared.

LIFE CYCLE: From late May (when black
locust trees bloom (at 550 growing degree days),
through September, adul ts
larvae emerge from ash trees througishHaped
holes in the bark. Bright metallic green and only
about o long, adul ts |
feeding on thdeaves of nearby ash trees, foliar
- feeding that in no way hurts the tree. The female
' lays her eggs on the surface and crevices of ash
~ tree bark. In 23 weeks, when the eggs hatch, the
i ? larvae begin chewing their way through the outer

bark to the phloem, the living, growing portion
of the tree, where water and nutrient transport occurs. The larvae live and develop here, making S
shaped tunnels, disrupting tree activities and resting until the next spring when they emerge and
the cycle resune It takes 23 years before noticeable symptoms appear on a tree. At first, the top
onethird of the canopy begins to look bare. Water and nutrientblackedso there can be no
growth, no life. The upper canopy is where the insect lives in the gadgs making the tiny-D
shaped exit holes that are difficult to see. Additionally, no frass (insect debris consisting of woody
remnants and waste) is produced that could alert an observer on the ground. Suckers will appear at
the base of the tree or anyark along the trunk as the tree attempts to produce more leaves for
photosynthesis. The trunk swells and splits as new wood is put down in an attempt to heal the
damaged portions. Woodpecker activity increases as the insects multiply, noticeable in winter
beginning at Thanksgiving. Ash trees die withi#3 ears of infestatian




CONTROL: As of now, there is no cure. Insecticides, injected annually, are effective but
expensive long term projects, although this is the best option while research on integrated
strategies continues. Biological control (biocontrol) is a better Way.the best option for cost
effective, longterm EAB population reductiodci ent i st s have traveled t
China, to identify natural enemies. Three species of parasitic wasps have been found that can
destroy 50 to 90 percent of the ash borer eggs or larvae they encounter-AF$DA 2010).

The was p @eadorytheuEAB egfs or larvae, eventually killing them. The USDA has
determined that the wasps are not a threat to anything other than ash borers. Whether they will
survive cold winters and predation in the US remains to be seen. Meanwhile insecticides can
used to prolong the lives of important ash trees, until biocontrols are known to be effective.
Standard insecticides like Imidacloprid, or Emamectin benzoate (TREE Age) can be applied
annually or biennially, respectively.

WHAT IS TO BE DONE?

Ashes are large shade trees; they have been used to
replace the elms in cities and towns. Elms replaced the
chestnuts, another native North American tree that was
destroyed by an introduced fungus. There is 100 percent
mortality of all native North Amerigaash trees following
EAB infestation. That 0s 300 mi |l I ion
Pennsylvania. The beetle moves by both natural and
artificial (human) movement. If an infested tree is found,
the entire county must be quarantinedQuarantines
prohibit the movement gbotentially infested items such

as ash limbs, branches, and logs out of affected counties
without a permit Wood cannot leave the quarantined
areas without treatment by kiln drying, fumigation, or debarking, including removal of %2 inch of
the tissue undehe bark.

By far, the principal method of transport for the
emerald ash borer has been movement of firewood.
Buy local firewood when you arrive at your
destination and leave any unused portion behind
when you leave. Movement of nursery stock and wood
packing materials are the next most often cited
reasons for the spread of emerald ash borer.

Wood from ash trees is used for baseball bats, handles of sporting equipment, furniture
and basketaking, among other things. If you wonder why baseball bats lbnead frequently

than they wused t o, itds because they are now
brittle wood, compared tash.

In Pennsylvania, we have the advantage in knowing about the insect and how to identify
infestations. Commercials are introducing the public to EAB. So far, it has not been found in the
Philadelphia area but it will arrive soon, as it was found in Caris%ein 2010. Keep your eyes

51



open starting in May when the black | ocusts b
several species of oriental ash that may show some resistance to EAB. Tony Aiello, Director of
Horticulture at Morris Arboretum, is &eely collecting Asian ash species that may contain
resistance that could be bred in into our native American ash trees in the future.
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To report possible infested tees in Pennsylvania, contact:
The Pennsylvania Department of Agriculture 1866-253 7189
1015 Bridge Road, Collegeville, PA 19426, (610) 48903

¢ EAB is a very small beetle

¢ Dead ash struggling to recover using carbohydrate reserves
stored in the r oowwswv2@ncdrnetl.edu nk . I

FOR MORE INFORMATION:

Emerald Ash Borewww.emeraldashborer.info

USDA-APHIS (Animal and Plantlealth Inspection) www.www.aphis.usda.gour

Coalition for Urban Ash Tree Conservatismvw.emeraldashborer.info/files/conserv.ash.pdf
Pennsylvania Department of Conservation and Natural Resources

Penn Stat&niversity
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Biological Control Release Guidelines. USD¥PHISI ARS-FS, Riverdale, Maryland.
http://www.aphis.usda.gov/plant_health/plant_pest_info/emerald_ash_b/downloads/EAB
FieldReleas&uidelines.pdfAccessed 19 April 2011.

USDA Economic Research Bulletin 52, July 20@8ports from China and Food Safety Issues.
http://www.usda.ers.goxccessed 19 Apri2011.

by Rebecca Bakker, Urban Forestry Intern, May 2011
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APPENDIX F: Guidelines for Cost of Treatment

Mea Total Costto

Accession #EAB # 2 B Acc. ? Latin Name Common NameGrid# s Cbh1l Cbh2 Dbh1l Dbh2 Dbh Rate treat/ 2 yrs Comments
32-2411*A Fraxinus americana white ash D17 99 31.5 32 $12/in  $384.00

54-0607*A Fraxinus americana white ash E19 103 33 33 $12/in $396.00
2000-348*C Fraxinus americana var. bitmoreaittmore ash G17 To be determinec
32-2811*A Fraxinus pennsylvanica red ash B20 95 30 30 $12/in  $360.00

54-0608*A Fraxinus pennsylvanica red ash D17 105 33 33 $12/in $396.00

81-280*A Fraxinus pennsylvanica red ash F20 19 47 3 15 18 $10/in  $180.00
2001-069*A Fraxinus texensis Texas ash H17 To be determinec

TOTAIL$1,716.00

TREE-Age -$10/inch for trees <20 inches D. Higher for larger trees, up to $16 per diameter inch in jumbo trees (over 40 inch d
Imidacloprid Trees <8 inch diameter may be treated by basal soil drench or ground injection
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APPENDIX G: Thousand Cankers Disease (TCD)

Black walnut Juglans nigrd, is one of the largest hardwood trees found in the US, and is
valued economically and ecologically for its wood and edible nuts. Native to the deciduous
forests of the eastern United States (US), from Massachusetts to Floridasamnal Mi@nesota
and Texas, black walnut also occurs naturally in southern Ontario, Canada. Thousand cankers
disease, vectored by the walnut twig beetle (WTB), is a lethal ifisegal pest complex native
to western United States and only occurs on walpetiegJuglang. It coincides with and is
tolerated by the western Arizona walrfdiiglans majoy, as a minority pest. Since the
introduction to western landscapeslafjlans nigraan eastern species, dieback and mortality of
the eastern species habme severe. Also, preliminary pathogenicity tests have shown that of
two other species within the walnut family exposed to TCD, buttédugians cinerea)
developed cankers but pec&@ua(ya illlinoinenesisyid not.Appendix A, Fig.6 shows the US
nativerange of black walnut in green with known TCD infestations in red. In late July 2010,
eastern black walnut trees in Tennessee were found to be infested with TCD and confirmed in
four counties near Knoxville. It was the first discovery of this diseasenviiib native range of
eastern black walnut. Based on the level of deterioration of the infested trees, experts suspect that
TCD has been in Tennessee for several years. However, it is too soon to be certain how this
di sease may act range. t he wal nut és native
(http://www.ohiodnr.com/LinkClick.aspx?fileticket=cHEIm%2FPkNt0%3D&tabid=5320

Because TCD is not yet a federally quarantined pest, it is up to indi\athias to make
decisions to restrict movement of black walnut wood. Tennessee along with others states, has a
TCD quarantine. However, as a valuable hardwood, oversight is difficult. Today, most actions
plans consider rapid detection and removal of ief@ttees as the primary means of control.

NB: The portion of this readiness plan that relates to thousand cankers disease consists of
mappingJuglansspp. on Morris Arboretum grounds only. The management plan itself remains
to be completed as a modifiedrio of the EAB Readiness Plan when appropriate.

The following spreadsheet lists all black walnufsiglans nigra found on Morris
Arboretum property. See CAD file for map.
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Accession#TCD # AB# Latin Name

2001-079A
2006-078*A
2010-057A
32-2050*A
32-2407*A
53-176A
54-0090*A
54-1432B
60-275*A
60-276*A
82-073A
82-116A
82-116B
82-116C
82-116D
82-204A

33
36
45
46
47
54
59
61
79
178
182
184

33
36
45
46
47
54
59
61
79

Juglans nigra
Juglans nigra
Juglans nigra
Juglans nigra
Juglans nigra
Juglans major
Juglans nigra

Juglans nigra 'Laciniatacutleaf black walnut

Juglans nigra
Juglans sp.
Juglans nigra
Juglans nigra
Juglans nigra
Juglans nigra
Juglans nigra
Juglans
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.

178 Juglans sp.
182 Juglans sp.
184 Juglans sp.

Common Name

black walnut
black walnut
black walnut
black walnut
black walnut

Arizona black walnut:

black walnut

black walnut
walnut

black walnut
black walnut
black walnut
black walnut
black walnut

walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut

Grid#

J4
N12
J4
F20
Al8
J16
K21
Q4
K21
K21
F9
J3
J3
J3
J3
J9
H11
H11
G111
Gl1
Gl1
Gl1
Gl1
Gl1
Gl1
G12
G12
G12

Meas cbh 1l

98
71
83
49
105

71

84

103
86
75
92
91

44
57

38
36
21
21
a7
71
24
??
73

cbh2 cbh3 cbh4 cbh5 Comments

36

37

42

34

no tag

removed

lg. basal cavity N side

double lead: 1 gone, hollow bas
mechanical wound lower trunk
groundhog hole at base

AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
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Accession#TCD # AB#

191

195

1426
1425
1424
1427
1428
1423
1421
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1422

191
195
317
328
332
364
367
379
384

Latin Name
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.
Juglans sp.

Common Name
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut
walnut

Grid#

G12
G12
H9
H9
H9
G9
G9
G9
G9
H1

F3
E4
E4
ES5
ES5

E6
E6
E6
E7
E7
F6
E8
E8
E8
E9
E9
E6
G9

cbh1

73
37
27
36
47
40
28
65
20
27

34

cbh2 cbh3 cbh4 cbh5 Comments

AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
AB Project #
AB Project #

removed
removed
at mill

inaccessible: no tag applied
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Accession# TCD # AB# Latin Name Common Name Grid# Meas cbh1l cbh2 cbh3 cbh4 cbh5 Comments

1429 Juglans sp. walnut Gl1 15

1430 Juglans sp. walnut Gl1 20

1431 Juglans sp. walnut Gl1 19

1432 Juglans sp. walnut Gl1 40

1433 Juglans sp. walnut Gl1 17

1434 Juglans sp. walnut Gl1 29

1435 Juglans sp. walnut Gl1 25

1436 Juglans sp. walnut G1l1 25

1437 Juglans sp. walnut Gl1 32

1438 Juglans sp. walnut Gl1 23

1439 Juglans sp. walnut Gl1 36 44

1440 Juglans sp. walnut Gl1 44 50 Danger metal bar between bole
1441 Juglans sp. walnut Gl1 32 35 39

1442 Juglans sp. walnut Gl1 11 23

1443 Juglans sp. walnut F11 25

1444 Juglans sp. walnut 47

1445 Juglans sp. walnut F17 100

1446 Juglans sp. walnut F17 79

1447 Juglans sp. walnut F17 26

1448 Juglans sp. walnut 42

1449 Juglans sp. walnut E10

1450 Juglans sp. walnut E10

1451 Juglans sp. walnut E10 32

1452 Juglans sp. walnut E10 28

1453 Juglans sp. walnut F10 36 26 40

1454 Juglans sp. walnut F10 23 31 23

1455 Juglans sp. walnut F10 21 29

1456 Juglans sp. walnut E10 35 suspended over creek
1457 Juglans sp. walnut F10 26 24 27 yellow ribbon
1458 Juglans sp. walnut F10 18

1459 Juglans sp. walnut F10 22 22 17 8 yellow ribbon
1460 Juglans sp. walnut F10 21 18 20

1461 Juglans sp. walnut F11 15

1462 Juglans sp. walnut F11 20 15 16

1463 Juglans sp. walnut F11 85

1464 Juglans sp. walnut F11 60

1465 Juglans sp. walnut F11 20
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Accession#TCD # AB # Latin Name Common Name Grid# Meas cbh1l cbh2 cbh3 cbh4 cbh5 Comments

1466 Juglans sp. walnut G12 28

1467 Juglans sp. walnut F11 14

1468 Juglans sp. walnut F11 22

1469 Juglans sp. walnut F11 27

1470 Juglans sp. walnut F11 30 20 34

1471 Juglans sp. walnut F11 25

1472 Juglans sp. walnut F11 27 15 25 24

1473 Juglans sp. walnut F11 18

1474 Juglans sp. walnut F11 19

1475 Juglans sp. walnut F11 26

1476 Juglans sp. walnut G12 24 25

1477 Juglans sp. walnut G12 36 21

1478 Juglans sp. walnut Gl1 35 36

1479 Juglans sp. walnut Gl1 20

1480 Juglans sp. walnut Gl1 24

1481 Juglans sp. walnut Gl1 15 26

1482 Juglans sp. walnut Gl1 35

1483 Juglans sp. walnut Gl1 23

1484 Juglans sp. walnut Gl1 17

1485 Juglans sp. walnut Gl1 12 lower trunk scar/canker
1486 tag not used
1487 Juglans sp. walnut Gl1 17

1488 Juglans sp. walnut G12 24 middle of path, red ribbon
1489 Juglans sp. walnut H11 11

1490 Juglans sp. walnut H12 52

1491 tag not used
1492 Juglans sp. walnut H12 70

1493 Juglans sp. walnut H12 88

1494 Juglans sp. walnut H12 15

1495 Juglans sp. walnut Gl4 72

1496 Juglans sp. walnut G13 24 23 meas. 2'
1497 Juglans sp. walnut G13 23

1498 Juglans sp. walnut G13 27

1499 Juglans sp. walnut H14 21

1591 Juglans sp. walnut H14 16

1592 Juglans sp. walnut J13 55 hollow base
1993 Juglans sp. walnut J13 96 57 84 mystery speciestuglans regi&
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TITLE: MANAGING THE HEALTH OF HEMLOCKS AT
THE MORRIS ARBORETUM

AUTHOR: Tracy K. Beerley
The John J. Willaman & Martha Haas Valentine
EndowedPlant Protection Intern

DATE: April 2011

ABSTRACT:

Adelges tsugdHomoptera: Adelgidaghemlock woollyadelgid (HWA), is an invasive
insect pest from Asia that has been affecting the health of native hemlatiga canadensis
andT. caroliniang in the northeast since 1951 in both natural and landscape settings. HWA is
the most destructive pests of henki®dan our area. The first report of HWA at the Morris
Arboretum was in the late 1970s, when it appeared sporadically throughout the living collection
onT. canadensiandT. carolinana

The hemlock collection is an important component of tharid Arboretum due to its
role in the landscape and the tradition of plant exploration. The collection consists -of wild
collected material from North Americ@, canadensiandT. caroliniana,and Asia,T. chinensis
T. diversifolig andT. sieboldii. An evaluation of hemlock health was performed based on tree
appearance and presence of pest populations. The HWA life cycle was studied and monitored to
determine the best time to control the population. A treatment plan was established and carried
out inthe fall of 2010 using appropriate control methods. The efficacy of the treatment methods
was assessed and the results were used to determine the safest and most effective control for the
future management of hemlocks at the Morris Arboretum.

The future management recommendations are based on the results of the project and
describe an integrated approach; relying on monitoring, mechanical controls, targeted use of
chemical controls, and thorough record keeping to maintain tree health. Witantralled
landscape HWA and other hemlock pests can be controlled to manageable population levels.
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BACKGROUND INFORMATION

Tsuga canadensigastern hemlock, is an important forest component, growing in almost
19 million acres of northeastern and Appalachian for@gsWilliams and Schmidt 1996),
extending from Nova Scotia to Alabama and west to Minnesotas dtlarge tree with the
potential to reach 140 feet, 3 to 4 feet in diameter and live for 300 to 400 years or more.
Hemlocks are commonly restricted to cdalmid climates with adequate moisture, acidic soils,
and good drainage, although they can be found growing on drier soils on slopes and ridge tops.
T. canadensiss extremely shade tolerant, growing in the understory with as little as 5 percent
full sunlight (Godman and Lancaster 1990). In northeastern forests, hemlocks are found growing
with diverse deciduous trees or in relativplyre stands. In Pennsylvaniaseern hemlock is the
state tree growing throughout much of the state. In southern pahnis sthte hemlock occurs on
steep, northor-east facing slopes along streams. In the northern parts it often occurs in pure
stands in moist ravines, stream valleys, and wooded swamps (Rhoads and Block R005).
carolinianais limited to the Blue Ridge buntains of the Southern Appalachians. It is a smaller
tree reaching 45 to 60 feet tall.

Mature hemlock forests form a dense evergreen canopy that creates unique
environmental conditions critical to terrestrial and aquatic ecosystems. The canope$provid
protection from cold winter winds and shade on hot summer days, helping wildlife to save
energy. The trees also provide nesting and roosting sites for birds. Some animals that utilize the
benefits of hemlock forests include deer, porcupine, snowslaoe, rabbit, turkey, blaek
throatedgreen warbler, rough grouse, blackburnian warbler, acadian flycatcher, solitary vireo,
northern goshawkand aquatics. Hemlock stands are important for stream quality, regulating
characteristics such as temperature stneam flow. Hemlock forestover along a stream can
reduce water temperatures by as much as 4°C (Overton et al. 2010).  This unique and
irreplaceable quality provides cold pockets for brook trout and macroinvertebrates including
mayflies, stoneflies;addisflies, and salamanders that thrive in cool temperatures.

Hemlocks are beautiful trees, adding charismatic features to the landscape. At the
Morris Arboretum the weeping hemlocK, . cangpeeamduiladd adds to the
created by theswan pond. A grouping of. canadensidy the log cabin provides shade for
visitors on a hot August day and an attractive site for birders. There are 274 named cultivars,
making hemlock one of the most cultivated landscape trees in the United Statésr@vtCal
1996).

Adelges tsuggHomoptera: Adelgidag)hemlock woolly adelgid (HWA), is a small
aphidlike insect. It feeds by inserting its long hollow sucking mouthparts deep into the base of
the hemlock needles. It depletes starch reserves bstingehe nutrients in the ray parenchyma
cells. In response, the tree blocks off the wound created by the insect. This disrupts the flow of
nutrients between the twig and its needles, eventually leading to reduced vigor and death of the
tree. The dedlie and eventual death of a hemlock tree following initial infestation may occur
within 2 to 12 years. All ages and sizes of trees are susceptible. Stress factors that affect the rate
of decline include drought, poor site conditions, and other insectdemeadse pests such as
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elongate hemlock scale (EHS) and spruce spider mite, both of which are present at the
Arboretum.

The first report of HWA in northeastern North America was in Richmond, Virginia in
1951 in a private plant collection. It was disc@gem southeastern Pennsylvania in 1969, and
quickly became a serious pest in both forest and landscape settings. Scientists have discovered a
direct link between HWA in eastern North America and southern Japan. The insect appears to
have arrived on nuesy stock (Havill and Montgomery 2008). HWA is not a severe pest in its
native range because of abundant and effective natural predators that reduce infestation levels.

Today, the infestation of HWA in the eastern United States ranges from northeastern
Georgia to Southern Maine and westward to eastern Tennessee. Populations of HWA have been
expanding rapidly throughout the natural range of hemlock at an estimated rate of 20 to 30 km
per year (McClure et al. 1996). Vectors include wind, wildlife, humand,transport on infested
nursery stock.

Some limitdions to HWA survivorship exist Natural mortality of North American
populations is found to be 37.3 to 68.7 percent annually (McClure et al. 1996). Very cold
temperatures reduce population sizeéA case study in Connecticut showed that after a
temperature of5°F HWA population declined by 90 percent. Optimizing hemlock growing
conditions is showing significance in the management of pest levels. Yet HWA is adapting and
being protected by snow cesage. It is anticipated that as hemlock mortality continues, stands
will be replaced by deciduous species that will have ecological impacts on terrestrial and aquatic
ecosystems.

MATERIALS AND METHODS

To manage the health of hemlocks at the Mafiiboretum 70 trees were chosen for
monitoring, treatment, or to act as controls. Fifiae (55) high priority trees were the treatment
group and 15 low priority trees comprised the control group. All 70 trees were monitored to
observe adelgid developntempopulation levelsand tree appearance. The results of comparing
treated trees to non treated trees, @sttment, established a baseline for evaluating the efficacy
of treatments. Also, information was collected pretreatment on HWA population tevieés
compared to post treatment HWA population levels. It was not possible to actually make this
comparison because the treatment uptake time exceeds the timeoflimy project. All
information is recorded for future use.

In Septemberach tree wasvaluated for population density of hemlock pests (HWA,
EHS and mites) and tree appearance (needle color, canopy density, and new shoot growth).
HWA was evaluated by counting the number of adelgid on a 10 inch branch containing current
year 0s ¢ rn@mindivitdual adelgids,dhis is repeated 10 times for each tree. This resulted
in a maximum possible value of 100 adelgids per tree sample, or 100 percent infestation (Cowles
2010). HWA and EHS were recorded as a level of pest population: absentmloglgrate, or
heavy. Absent, when no individuals were found, light when population w2 dercent,
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moderate when population was-@Q percent, and heavy when population wasd®@Q percent.

After evaluation and consultation with local experts the falhgwtreatment options were
selected: Safari, Merit, Safari and horticultural oil or Merit and horticultitalHorticultural oll

and the systemic insecticides, Merit and Safari, have varying specifications for targeted pest,
ecological impact, uptakend residual time.

In October the targeted treatments were conducted followinigléines Arboretum of the
University of Pennsylvania Policy on Pest Management and Pesticidariddédaterial Safety
Data Sheetdor specified chemicals. The treatment t@okotal of three days to complete. The
even distribution of the chemical throughout the tree, or at the tree base during application, aids
in equal absorption and best results. In the following winter months HWA was reevaluated on
treated and non treatdé@mlocks using the method described above.

As another means of tree health evaluation, pictures were taken upward through the
canopy of hemlock stands using a wide angle lens. Gap Light Analyzer (GLA) software was
employed to analyze canopy structured a&alculate light penetration or percentage of canopy
openness. The assumption is that canopy openness and light penetration are directly correlated
with needle loss and canopy degradation due to HWA. Three stands: the log cabin, Widener
woods and Meadwbrook Avenue, represented hemlock canopies that have been threatened by
HWA. The canopy at Pastorius Park represents hemlocks free of HWA. These trees have
received ongoing treatment since 1998 and have been free of HWA for several years.

RESULTS AND DISCUSSION

Hemlock woolly adelgid population levels of the treatment and control group were
compared to determine treatment efficacy. HWA population levels were significantly lower
among the treatment group compared to the control group as deéignri@ 1. The median of the
control group was 93 percent infested, the median of the treatment group was 5 percent infested.
Within the treatment group the range between minimum and maximum populations is 0 percent
to 22 percent, a fairly narrow rang&€he higher end of the treatment group represents the results
of Merit while the lower range was Safari. Over an extended period of time a greater difference
among the treatment types would be expected due to varying chemical specifications such as
absorpion rates and residual time. Safari would be expected to show almost immediate decline
in pest populations. Over a longer period of time Safari would soon provide less protection from
infestation. Merit would be expected to show a slower yet steadsnarel persistent decline of
infestation levels. A larger sample size and random assignment of treatments might have
produced a wider range of results.

The Gap Light Analyzer (GLAprovided data on canopy density at four sites. Canopy
density is greatest &#astorius Park allowing less light penetration compared to trees at the other
three sites that are currently infested with HWA and have been for years, as seen in Figure 2.
Arborist working at Pastorius Park informed that the hemlocks there had beesf f&VA for
over five years. There is great significance in the density of hemlock canopies especially when
considering its ecological role to terrestrial and aquatic ecosystems.
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The HWA population levels on species of hemlock vary according to thegrgphic
origin. Chinese species. chinensisand Japanese speciés divesifoliashow resistance to
HWA. Native species]. canadensiandT. caroliniang and Japanese speciessiEboldiishow
susceptibility as seen in Figure 3.

See Appendix for Rault Figures and Data.

CONCLUSION AND MANAGEMENT RECOMMENDATIONS

At the Morris Arboretum North American speciest. canadensisand T. caroliniana
show the greatest susceptibility to hemlock woolly adelgid while most Asian species show high
resistance. If nativelsuga species are to remain a part of the Morris Arboretum living
collection, it is imperative to manage level of pests, especially HW#s can be accomplished
by scouting to monitor health and the targeted use of chemical controls.

The hemlock pest scouting form, stored on the shared drive
S\Morris\GeneralNoBackUpsIPM\HemlockRecord.xlsx, can be used yearly to record and
communicateinformation on pests and treatment status. Treatment options have variable
absorption, residual timing, and environmental impacts. All of which need to be considered
while choosing the treatment method. Also keep in mind that alternating treatmentattemic
may become necessary if pests develop a resistance.

Scouting and Evaluating

The Hemlock Pest Scouting Forman be used yearly to record and communicate
information on pests and treatment status. Data should include identification of present pests,
pest population levels, and tree appearance; reflecting needle color, canopy density, and shoot
growth. This datavill be used to understand the health of the tree and to make further decisions
about chemical or manual control. Monitoring is most effective when conducted periodically
throughout the year. When scouting for HWA in the fall a hand lens is required thessmall
sistens at the base of the current yeards nee
are easily visible. These identifications are depicted in the image below.

Cultural Practice
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Studies completed by Longwood Gardeméathan Havil and others have shown
improved hemlock health by reducing invasion of HWA and improving growing conditions.
Reducing infestation can be done by selecting appropriate trees and branches for removal to
decrease the inoculum of HWA. While teporting infested materiataution needs to be taken
to avoid further dispersal of HWA, this is especially important in March while the HWA is in the
crawler stage. Also, avoid intentionally attracting wildlife into hemlock trees. Avoid placing
bird feeders in or near hemlock trees to decrease dispersal via birds.

Improve growing conditins by ensuring 1 inch of watpefr week within the drip line of
the tree (this includes rainfall), removing dead wood, providing otgemaitter greater than 4
percent avoiding nitrogen fertilization, maintaining soil pH between 4 to 5, and redsoihg
compaction.

T. chinensisand T. diversifolia are highly resistant and suitable to conditions at the
Arboretum The planting of these trees is encouraged whileares and improvements are
made to overcome HWA. It is also encouraged to be alert for resistance within wild collections
and varieties of native plants.

Planning Chemical Treatment

Chemical control is an essential component in using an IPM apptoacduce and
control the population of hemlock pests including HWA. Chemicals should be used only in the
response of an infestation. Trees should be prioritized to maintain a manageable pest level,
appropriate cosand overall best management practice.

Treatment options have variable absorption, residual timing, and environmental impacts.

All of which need to be considered while choosing the treatment method. Alternating treatment
chemicals may become necessary if pests develop a resistance.

67



Table 1: Treatment Option Information
Product Product Target Time for Residual | Environmental Cost
application | Hemlock Uptake and Human
Pest Impacts
Safari Systemic HWA, 3-6 weeks | Upto2 Water soluble, $$
(Dinotefuran) insecticide, EHS years greater water
soil drench quality impacts,
highly toxic to
bees
Merit Systemic HWA 1-12 months| Up to 78 | Low mammalian $
(Imidacloprid) | insecticide, years toxicity
soil drench
Horticultural Oil | Foliar spray| HWA, On contact, none Relatively safe to| $
(Petroleum Qil) EHS Asuffo applicator,
mites beneficial insects
and environment,
toxic to fish

Timing is very important in the control of hemlock pests. Typically horticultural oil
should be applied twice each year in early spring and late fall to target each genditagion.
amount and concentration should Ime gpercent mixture in the spring ameb percent mixture
in the fall. It is found to be most effective when used in the spring, directly after 100 percent egg
hatch, estimated to occur in our region between 505 and 676 GDD using Base50. Refer to life
cycle in Appendix.

Continuous record leping is very important. Each year records are teriberednto an
Excel spread sheet named HemlockRecord.xlsx document, found in the shared drive:
S:\Morris\GeneralNoBackUps$IPM\HemlockRecord.xIsx

See Appendix for detailed information on identifioat treatment options and spread sheet.
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APPENDIX A: Treatment Details

The following paragraphs provide detailed information on the treatment for the control of
hemlock pests @heMorris Arboretum.

Imidicloprid -Merit

Merit is a systemic insecticide; its active ingredient is imidicloprid. Merit targets HWA
and other sucking insects, it does not control spider mite or EHS. It is applied as soil injections
and is actively transported into the tree through the roots.enWhe chemical reaches the
feeding site of the adelgid it paralyzes and kills the pest. Merit works best when applied in the
fall or spring, in moist soil and cool air temperatures. Merit takes 6 weeks to 12 months or
longer to become effective. Cornitaf HWA on new shoot growth may be seen within a few
years, residual time is 7 to 8 years (Dalusky 2010). Residual time is based on observations made
by US Forest Service, Forest Entomologist at University of Georgia and other sources. It is
convoluted ¢ quantify a residual time for any treatment because of several factors including the
rebound time for HWA to reestablish, winter weather and unknown natural pressures facing
HWA recovery. An unresolved issue with Merit is unequal absorption of the diemic
throughout the tree, causing the effect to be spotty throughout the canopy. This can be
minimized by administering the chemical equally at several around the trunk at a depth of 6
inches below the soil surface.

Dinotefuran-Safari

Safari is a systemiinsecticide; its active ingredient is dinotefuran. It targets HWA,
EHS, and spider mites. It is applied as a soil drench. It is more water soluble then Merit and
moves more quickly through the tree, within 3 to 6 weeks; its residual is approximagtsys2
However, Safari is more expensive and has greater potential to affect water quality-lo§ near
streams (Dalusky 2010). Safari is found to work best when rapid control is needed, such as
when trees have no new shoot growth, significant needle bagy thinning canopy, and/or
dead lower branches.

Horticultural Oil

Horticultural oil is a foliar spray, smothering and killing insects on contact. A miticide is
sometimes added to reduce the possibility of an increase in mite populations afteernteof
HWA.

Biological Control

Predators for HWA are a target of several biocontrol programs in the eastern United
States. Progress is being made with redfisgudoscymnus tsug8asajiand three€scymnus sp.
In Trenton, New Jersey the Phillip Alampi Beneficial Insect Rearing Lab is known for high
quality work and the pursuit of difficult tasks. Currently a small team of dedicated scientists are
working to rearLaricobius nigrinus(Coleoptera: Dedontidae), a beetle predator of HWA.
Native to Ohio, this strain is cold hardy, unlike othernigrinus that have been reared and
released in New Jersey and Virginid.. nigrinushas a narrow host range and has been cleared
for field release by USDAPHIS and NAPPO in 2000; they have been released at 22 sites in 8
states. Phillip Alampi Lab continues to test new species and strains to ultimately build a matrix
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of natural enemies that will contribute to the suppression of HWA. Beneficials are lyunnt

a reliable source of control for the Morris Arboretum hemlocks because of multiple factors
including cost, availability, and use of chemical controls. With more research and funding this
option may become more available and manageabile.
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APPENDIX B: HWA Life Cycle as a Guide to Treatment Timing

(Cheah et al. 2004)

The image above depicts HWA life cycle in Georgia, eastern Pennsylvania zone is cooler and
cycle is expected to be shifted slightly clockwise. Highly suggédstea spray time is after 100
percent egg hatch in spring, estimated to occur betweefBD&DD.
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