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This recovery plan is one séveral diseasspecific documents produced as part of tRational
Plant Disease Recovery System (NPDRS) called for in Homeland Security Prd3icEmitieél Number 9

(HSPB®). The purpose of the NPDRS is to insure that the tadigstructure, commuication



networks, and capacity required to mitigate the impact of heghsequence plant disease outbreaks are
such that a reasonable level of crop productiomeintained.

Each diseasspecific plan is intended to provide a brief primer on the diseaseess thstatus
of critical recovery components, and identify disease management research, extensiadwadion
needs. These documents are not intended to be staaldne documents that address afl the many
and varied aspects of plant diseasdlmeak and all of the decisions that must tmade and actions
taken to achieve effective response and recovefpey are, howevedocuments that will help USDA

guide further efforts directed toward plant disease recovery.

Executive Summary

Laurelwilt is a highly destructive disease of members of the Lauraceae in the United States. The
insect vector, the redbay ambrosia beetiy(eborus glabratugichhoff) was first captured in
monitoring traps near Port Wentworth, GA in 2002 and first reported aatstiwith mortality of
redbay Persea borbonifl.] Spreng trees in 2003. Laurel wilt disease is initiated wiXeglabratus
introduces its fungal symbionR@ffaelea lauricold.C. Harr., Fraedrich & Aghaygirato the sapwood of
hosttrees. Thefungu A& OF NNASR G6AGKAY &ALISOAFTAT SR LRdzOKS&
mycangia), where it lives in a budding, yelilet state. The fungal spores are introduced into the xylem
as the beetle bores into the stem, leaving typical evidence of amibblmsttle attack (small holes and
boring dust). Host trees react to the fungal invasion with the production of gums and tyloses, which
block water transport and cause crown wilt. Upon dissection of infected wood, xylem discoloration is
readily evident.

Laurel wilt has now been detected in seven southeastern st&#tesiKL, GA, LINS NC, SC
causing significant mortality to redbay populations. Redbay serves an important ecological role in

forests, and the loss of this species has had significant effects on forest composition. Several other



lauraceous hosts (sassafras, silk bay, swampgmmgspice [state endangered] and pondberry [federally
endangered]) are susceptible to laurel wilt and have been affected by the disease to varying degrees. In
addition, agricultural (avocado) and ornamental arettive members of the Lauraceae within tbaited
States are susceptible, demonstrating that laurel wilt is more than a disease of native forests.
Eradication of the vector and pathogen is improbable due to the ability of the vector to persist
in small diameter stems and single females to elsatmew populations. Currently, management
options within a natural forest setting are limited and spread of the disease into new areas (e.g.
California, Mexico, and Central and South America) remains a threat. For these reasons it is essential to
continue monitoring the spread of the disease, and continue to develop a better understanding of the
biology of the beetle and pathogen as well as the epidemiology of the disease. In addition, further
development of the following strategies may help to redtice impact of laurel wilt in forests and
urban settings, and limit the spread of the disease:
- Minimization of humaraided transport of firewood and unprocessed wood materials, a
mechanism for longlistance movement of the disease,
- Utilization of chemical gtions (fungicides and possibly insecticides) for the protection of
high value trees,
- Continued development of resistant host plant cultivars for landscape use and restoration,
- Collection and maintenance of germplasm of vulnerable hosts, especiallyesies that
may be in danger of extinction,
- Continuedresearch on disease biologsector chemical ecology, alternative disease
pathways and vectors, management options, and natural enemies, and
- Continued efforts to educate the public about the potentialtaral, economic and

ecological effects of laurel wilt.
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. Introduction

Laurel wilt is a disease of shrubs and trees within the plant fdrailyaeae. The fungal
pathogen Raffaelea lauricold.C. Harr., Fraedrich & Aghaygigtransmittedinto the host xylenby the
redbay ambrosia beetléXyleborus glabratukichoff) when the beetleboresinto the trunkor large
stems(Harrington et al2008. XyleboruglabratusandR. lauricolaare both exotic organismia the
USA, which werpresumably trangorted within solid wood packing materiaONA 2 NJ G2 (GKS o6SSif
detectionin Port Wentworth, GAn 2002(Fraedrich et al. 2008)Laurel wit has caused a highly
significant reduction in redbayérsea borbonifl.] Spreng.populations within forests of the
southeastern United States, with mortality redbay andther host speciegsecordedin sevenstates
(AL, FL, GA, LA, MS, NG (I8://www.fs.fed.us/r8/foresthealth/laurelwilt/dist_map.shtml Within
weeks to months of inoculation by the beetle, infectedibaytrees will disphy wilt in a portion of the
canopythat subsequentlyextends to the entireerown; upon death the trees becomsuitablesubstrates
for reproduction of the redbay ambrosia bee{lEraedrich et al. 2008)

The redbay ambrosia beetis native tasouthernAsia (India, Bangladesh, Myanmar, Japan,
Taiwan and ChinglRabaglia et al. 2006, Hulcr and Lou 20ER¥ffaele lauricolahas beerisolated from
beetlesfrom Japarand Taiwan, suggestirigat their symbiotic relationshimccurs within their native
range Harringtonet al. 201). In the United StateX. glabratushas only been recorded iplants within
the Lauracae; althoughR. lauricoléhas also been recovered from additiomahbrosiabeetle species
(Carrillo et al. 2014andalso live oakQuercus virginiana(J. Smith, personal communication)

Specimen records suggest that glabratusalso strongly prefersalraceous hosts its native range
althoughit hasalsobeen collectedrom species in th@ipterocarpacea, Fagaceae, Fabaceae, Theaceae
and PinaceaéRabaglia et al. 2006, Hulcrand Lou 2088 ¢ 2 (KS | dziK2NBRQ (y26f SR

reported cases afurel wilt outside the United States.



Laurel wilt has naturally B#cted most nativeand several cultivated nonnatispecies of the

Lauraceae within the southeastern United StatBaffaelea lauricla has been reovered from

symptomatic forest and larstape (indicated with an asterigiantst Yy R Y2 OKQa LJ2 a G dz + i
for:
o Redbay Persea borbonid..) Spreng. [Fraedrich et al. 2008]
o Swamp bay Persea palustriRaf.) Sarg. [Fraedrich et al. 2048
o Sassafras Sassafras albidurgNutt.) Nees [Fraedrich et al. 2008]
o Avocadd Persea americanisill. [Mayfield et al. 2008§]
o Pondspicé Litsea aestivalif..) Fernald [Hughes et al. 2071
o Pondberry Lindera melissifoli@WValter) Blume  [Fraedrich et al. 20]1
o Silk bay Persea humilislash [Hughes et al. 2012]
o Bay laurd Laurus nobiligL.) [Hughes et al. 2074
o Camphortreé& Cinnamomum camphorg..) J. Presl [Fraedrichet al.in pres$

The following hosts havnot been infected in th&andscapehowever laurel wilt symptom

developmenthas occurred afteartificialinoculation withR. lauricola

o California laurel Umbellularia californicgHook. & Arn.) Nutt.  [Fraedrich 2008]

o Northern spicebush Lindera benzoifL.) Blume [Fraedrich et al. 20Q8
o Gulflicari& Licaria triandra(Sw.)Kosterm. [Ploetz and Konkd013
o VifAatigo (Spanish) Persea indicél.) Spreng. [Hughes et al. 2013]

o Lancewood Ocotea coriace&Sw.) Britton [Hughes and Ploetmpublished

2= indicates threatened or endangered stafgtate or federally)

Redbay isn aromatic evergreen treeith leathery leaves that often forsa dense and
rounded cown. Redbayswamp bay and silk bare often grouped together assingle species called
& NB R dndwevér, Tifferences exist imorphology, canopy architeste, andhabitat (Coder 2007)as
well as in secondary metabolites (Niogret et al. 20 Redbay gensustricto) is the species most
affected by laurel wilt. The disease spreads rapidly viittstands and typically over 908kthe redbay

treesin an area die within a few yeafSraedrich et al. 20Q&hield et al. 201X Cameron et al. 2012,

S
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Evans et al. 2013, Spiegel and Leege ROBnewly infested siteX. glabratuswill preferentiallyattack
large dameter trees but also infes@mallertrees, with most attacks concentrating on tlwver bole
(Fraedrich et al. 2008/aner et al. 2012Kendra et al. 2018 Mayfield and Browni013. Dispersing
beetles are attracted to host volatiles (Hanula and Sullivan 2008, Kendra et al. 2011 &Niobeét et
al. 2011, Kuhns et al. 20d4and also use stem silhouettes as visual cues (Mayfield and Brownie 2013)
when finding hostrees

Laurel wilt of avocado wdsst observedn residential areas near Jacksonville, FL in 2007
(Mayfield et al. 2008), and in2012was first observecdithe avocado production areas MiamiDade
County(Ploetz etal. 2013. Aseparaterecovery plan for laurel wiinh avocadowasprepared(Ploetz et
al. 2011a), and is being revised.

The development of laurel wilt isassafras is slightly different than in redbpgrhaps because
sassafras ideciduous andanpropagate from interconnected root sprouts. Leavesftécted
sassafraglisplay a green to brown transition followed by wilt and defoliatibig. 1)while inredbay the
wilted leaves often remain attached for long periods of timé&infected in early springaf expansion
may ceaseresultingin stuntedfoliage,followed by wilingand defoliation. The presence of dark
vascular discoloration itateral roots of infected sassafr@isig. 1G)along with the directional
movement of laurel wilt among thickets without evidenceXofglabratusattack suggests uratground
transmission of the pathogetirough roots and stolon@Cameron et al. 2018 2012).

Laurel wilt hascaused mortality tahe federallyendangeredpondberry (GA and S@ndstate
threatenedendangeredpondspice(GA, SC, Flyith X. glabratudorood production confirmeadvithin
pondspice(Fraedrich et al. 2011, Hughes et al. 2014lthough these shrubs are considered suboptimal
hosts forX. glabratusdue to their small diameter sten{graedrich et al. 201 1)heir ultimate fate

remainsuncertain



Branch dieback due to laurel wilt was comfed in camphortree in FL and Gywever,
mortality in this Asian species hbsen limited(Cameron et al. 200&mith et al. 2009)R. lauricola
moved systemicdély in the xylem of camphortreafter artificial inoculation, anehultiple stem infections
causal mortality insaplings (Fraediicetal., in press
[http://onlinelibrary.wiley.com/doi/10.1111/efp.12124ddf]). Presumably, this species-ewolved with
the beetle and fungus in Asia and therefore has more tolerance than theaewolved North
American hosts.

Asinglebay laurel (aurusnobilig locatednear a recently wilteivocadan GainesvilleFLalso
succumledto laurelwilt in 2013(Hughes et al. 201). Bay laurel is a small to moderate sized tree that is
native to areas of the southern Mediterranedut it is planted in residential areas as an ornamental in
the United State®ecause ofts attractive form and culinary usH leaves.

In orderto predict future hos range expansions, inoculati@xperiments vith other lauraceous
plants have beewgondwcted. Northern spicebush, lancewood, and Gulf licaria are species within the
current geographic range of laurel wilt that have shown varying levels of symptom development
following artificial inoculation Gulf licaria is federaly endangeredspecieswith a naural population
of less than 12rees found within MiamiDade CountySurdick and Jenkins 2010, Ploetz and Konkol
2013) thusanymortality of thisspecies would be ecologicaflignificant Potted California laurel
(Umbellularia californicaseedlingexhibited susceptibilityo R. lauricolaandbolts from trees attracted
X. glabratusn field experimentsand supportedvectorreproduction. Thisuggetsthat U. californica
may bea viablehostshouldX. glabratusnvade thewesternU.S (Fraedrich 2008, Mayfield et al. 2013).
Persea indicaa dominant member of the fragile laurel cloud forests of the Madeira and Canary Islands,
and used as an ornamental in areas of the USA and SpainMeiliterraneanlike climateswas also
reported to beattractive toX. glabratusand susceptible t&. lauricolgPeia et al. 2012, Hughes et al.

2013. The attractiveness af nobiliandP. indicao X. glabratusand their susceptibility tér. lauricola



suggests thaan importatian event to their natural rangesould lead to laurel wilt outside theSA. The
establishment of laurel wilt in newegions under natural conditiomaay be more difficult than

suggested by artificial experimentation and is contingenaarumber of factorencluding 1) the arrival

of X. glabratugo these new locations (naturally or human assis{@)jhe ability forX. glabratudo

locate susceptible hostand 3) the establishment of brood and successful reproduction within new host

material.

Il. Disease Cycle and Symptonew®lopment

The disease cycle begins as female redbay ambrosia beetles didpérselate afternoon and
early eveningBrar et al. 2012Kendra et al. 2012a) search of a viable hoffig. 3. Guided by host
volatiles and vigal silhouettes, the femal®. glabratuswill land on and bore intthe trunk and large
stems of redbays (majority doring holesoccurbelowa stem height ol.5 m) and other members of
the plant family Lauraceaé&(aedrich et al. 20Q&anula et al. 208 Niogret et al. 2011Kendra et al.
2011,2012a,2013, 2014a,Brar et al. 2012Maneret al. 2012, Mayfield and Browng913, Kuhns et al.
2014a). During itdboring attemptsX. glabratuslepositsR.lauricolafrom specialized conidiaearing
pouches(mycangia) neaits mandiblesinto the sapwoodthusinoculating the tree.Spores of R.
lauricolamigrate passivelythrough the xylemcausing theree to produce gums and tyloses which
impedewater transportand cause the foliage to willnch and Ploet 2012 Inch et al. 2012 Wilt can
occurwithin a few weeks oinoculation with preliminary symptoms appearing dark olive green,
reddened or browning leaves and drooping foliage in looadiportions of the crown (Fig”8. As
symptoms pogress, thewilt spreadto the rest of the canopy, resulting in complete crown wiithw
marcescent brown leavegig B,0. Within infected treesremovalof the bark will reveakylem
discoloration (brown/black str&king along the vessels) (Fig. Disease prgression ifom initial

inoculation to complete crown wilt and tree ddainay take a few weeks tmonths, depending on



environmental conditionsAffected treedbecomemore attractive to mass attacgdfrom X. glabratusand
other ambrosia beetle species synptoms develop It is possible that plartungal interactions
increase release of volatiles attractiveXo glabratudemales and that of otheambrosia beetle species
Also, the symbiotic fungif someambrosia beetlein Florida emit volatdsthat attracttheir specific
beetle species (Hulcr et al. 2Q1Kuhns et al. 2014bRoot graft transmission &k. lauricolds a
possibility especially in hosts wittonnected root systems; howevesgientific studies have yet to
confirm this avenue of spreadRoot graft transmission appears to be contributing significantly to the
local spread ofaurel wilt inavocadaogroves (RC.Ploetz, personal communication).

Evidence of ambrosia beet#tacks can be seen by the appearanceephemeraltubes of
boring dust @frass tubes) that will hang from the trunk of attacked trees (Fig). Boring dustubes
are very deliate, andwill eventually collapse due twind or rain, leaving an accumulation fwgring
duston the lower trunk or base of the tre@gig. B). Females of X. glabratuday eggs in tha@atal
galleriesin the xylem(Figs. 6 & A), anddeveloping larvaand adults likely feedn R. lauricolgand
other symbiont$ that have colonized thgallery walls (FigB).

Xyleborusglabratusemergence caregin as early as 4fnys after gallery formation in summer
months (development is slower in colder months), with overlapping generations often occurring within
the same treelanula et al. 2008rar et al. 2013, Maner et al. 201.30nce matureX. glabatus
females emerge fom their gallery systemand locate new hosts for the development of subsequent
generations. Infested redbays can remain standing and gallerie®o®in active foover a yea(Brar
et al. 2013, Maner et al. 2013raffaelealauricolacan still be recovered frormees for over a year after
mortality until other decay consumes the trekeadingto eventualbreakage of the main steifSpence

et al. 2013 (Fig 8).
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Figure 1. Laurel wilt developmeintsassafras. A) Greemilted foliage, that progresses to B) Brown

wilted foliage C) Sapwood discoloration ooot flare, D) Standing, defoliated trees. PhotosSoptt

Cameron (A, B, D) and Chip Bateg;(Ggorgia Forestry Commission.

11



Healthy Redbay

Beetle with spore
bearing mycangia
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Beetle deposits fungal
spores into sapwood during
initial attempt to colonize the host

Laurel Wilt
Suggested Disease Cycle
Fen;:fr(t:): igfz :::t::g:sand Fungal Pathogen: Raffaelea lauricola

Insect Vector: Xyleborus glabratus Partial Crown Wilt

1 (redbay ambrosia beetle)

Beetle gallery
with fungal symbiont

e )

Mild vascular
discoloration

Extensive black/brown
streaking in sapwood

Frass tubes (Ephemeral)

Beetles attracted to
dead or dying Redbay
trees
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Figure 2 laurel wilt disease cycli redbay
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Figure 3 Laurel wilt aternal s:pto dveIopmerﬁn redbay A)broning fIiaean wilt f
localizedportions of the upper crowrBand G complete aown wilt with attached leavesPhotos by
Marc A. HughedJniversityof Florida
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Figue 4. Sapwood discoloration ilaurel wiltaffectedredbay trees. A and B) Longitudingand C)
Transverse sectian Photas by Marc A. HugheBniversity of Florida
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