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This recovery plan is one of several disease-specific documents produced as part of the National 

Plant Disease Recovery System (NPDRS) called for in Homeland Security Presidential Directive Number 9 

(HSPD-9).  The purpose of the NPDRS is to insure that the tools, infrastructure, communication 
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networks, and capacity required to mitigate the impact of high consequence plant disease outbreaks are 

such that a reasonable level of crop production is maintained.   

Each disease-specific plan is intended to provide a brief primer on the disease, assess the status 

of critical recovery components, and identify disease management research, extension, and education 

needs.  These documents are not intended to be stand-alone documents that address all of the many 

and varied aspects of plant disease outbreak and all of the decisions that must be made and actions 

taken to achieve effective response and recovery.  They are, however, documents that will help USDA 

guide further efforts directed toward plant disease recovery. 

 

Executive Summary 

 Laurel wilt is a highly destructive disease of members of the Lauraceae in the United States.  The 

insect vector, the redbay ambrosia beetle (Xyleborus glabratus Eichhoff) was first captured in 

monitoring traps near Port Wentworth, GA in 2002 and first reported associated with mortality of 

redbay (Persea borbonia [L.] Spreng.) trees in 2003.  Laurel wilt disease is initiated when X. glabratus 

introduces its fungal symbiont (Raffaelea lauricola T.C. Harr., Fraedrich & Aghayeva) into the sapwood of 

host trees.  The funguǎ ƛǎ ŎŀǊǊƛŜŘ ǿƛǘƘƛƴ ǎǇŜŎƛŀƭƛȊŜŘ ǇƻǳŎƘŜǎ ƛƴ ǘƘŜ ōŜŜǘƭŜΩǎ ƳƻǳǘƘǇŀǊǘǎ όƳŀƴŘƛōǳƭŀǊ 

mycangia), where it lives in a budding, yeast-like state.  The fungal spores are introduced into the xylem 

as the beetle bores into the stem, leaving typical evidence of ambrosia beetle 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 states (AL, FL, GA, LA, MS, 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 
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lauraceous hosts (sassafras, silk bay, swamp bay, pondspice [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 non-native members of the Lauraceae within the United 

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 establish new 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 reduce the impact of laurel wilt in forests and 

urban settings, and limit the spread of the disease: 

- Minimization of human-aided transport of firewood and unprocessed wood materials, a 

mechanism for long-distance movement of the disease, 

- Utilization of chemical options (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, especially rare species that 

may be in danger of extinction, 

- Continued research on disease biology, vector chemical ecology, alternative disease 

pathways and vectors, management options, and natural enemies, and 

- Continued efforts to educate the public about the potential cultural, economic and 

ecological effects of laurel wilt. 
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I. Introduction 

Laurel wilt is a disease of shrubs and trees within the plant family Lauraceae.  The fungal 

pathogen (Raffaelea lauricola T.C. Harr., Fraedrich & Aghayeva) is transmitted into the host xylem by the 

redbay ambrosia beetle (Xyleborus glabratus Eichhoff) when the beetle bores into the trunk or large 

stems (Harrington et al. 2008).  Xyleborus glabratus and R. lauricola are both exotic organisms in the 

USA, which were presumably transported within solid wood packing material ǇǊƛƻǊ ǘƻ ǘƘŜ ōŜŜǘƭŜΩǎ ŦƛǊǎǘ 

detection in Port Wentworth, GA in 2002 (Fraedrich et al. 2008).  Laurel wilt has caused a highly 

significant reduction in redbay (Persea borbonia [L.] Spreng.) populations within forests of the 

southeastern United States, with mortality of redbay and other host species recorded in seven states 

(AL, FL, GA, LA, MS, NC, SC) (http://www.fs.fed.us/r8/foresthealth/laurelwilt/dist_map.shtml).  Within 

weeks to months of inoculation by the beetle, infected redbay trees will display wilt in a portion of the 

canopy that subsequently extends to the entire crown; upon death the trees become suitable substrates 

for reproduction of the redbay ambrosia beetle (Fraedrich et al. 2008).   

 The redbay ambrosia beetle is native to southern Asia (India, Bangladesh, Myanmar, Japan, 

Taiwan and China) (Rabaglia et al. 2006, Hulcr and Lou 2013).  Raffaelea lauricola has been isolated from 

beetles from Japan and Taiwan, suggesting that their symbiotic relationship occurs within their native 

range (Harrington et al. 2011).  In the United States X. glabratus has only been recorded in plants within 

the Lauraceae; although R. lauricola has also been recovered from additional ambrosia beetle species 

(Carrillo et al. 2014) and also live oak (Quercus virginiana) (J. Smith, personal communication).  

Specimen records suggest that X. glabratus also strongly prefers lauraceous hosts in its native range, 

although it has also been collected from species in the Dipterocarpaceae, Fagaceae, Fabaceae, Theaceae 

and Pinaceae (Rabaglia et al. 2006, Hulcr and Lou 2013ύΦ  ¢ƻ ǘƘŜ ŀǳǘƘƻǊǎΩ ƪƴƻǿƭŜŘƎŜΣ ǘƘŜǊŜ ŀǊŜ ƴƻ 

reported cases of laurel wilt outside the United States. 
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 Laurel wilt has naturally affected most native and several cultivated nonnative species of the 

Lauraceae within the southeastern United States.  Raffaelea lauricola has been recovered from 

symptomatic forest and landscape (indicated with an asterisk) plants ŀƴŘ YƻŎƘΩǎ ǇƻǎǘǳƭŀǘŜǎ ŎƻƳǇƭŜǘŜŘ 

for: 

o Redbay    Persea borbonia (L.) Spreng.  [Fraedrich et al. 2008] 
o Swamp bay    Persea palustris (Raf.) Sarg.  [Fraedrich et al. 2008] 
o Sassafras  Sassafras albidum (Nutt.) Nees  [Fraedrich et al. 2008]   
o Avocado*   Persea americana Mill.   [Mayfield et al. 2008a] 
o Pondspicea  Litsea aestivalis (L.) Fernald  [Hughes et al. 2011] 
o Pondberrya  Lindera melissifolia (Walter) Blume [Fraedrich et al. 2011] 
o Silk bay   Persea humilis Nash   [Hughes et al. 2012] 
o Bay laurel*   Laurus nobilis (L.)   [Hughes et al. 2014] 
o Camphortree*  Cinnamomum camphora (L.) J. Presl [Fraedrich et al. in press] 

 

The following hosts have not been infected in the landscape; however, laurel wilt symptom 

development has occurred after artificial inoculation with R. lauricola: 

o California laurel  Umbellularia californica (Hook. & Arn.) Nutt. [Fraedrich 2008] 
o Northern spicebush Lindera benzoin (L.) Blume  [Fraedrich et al. 2008] 
o Gulf licariaa  Licaria triandra (Sw.) Kosterm.  [Ploetz and Konkol 2013] 
o Viñátigo (Spanish) Persea indica (L.) Spreng.  [Hughes et al. 2013] 
o Lancewood  Ocotea coriacea (Sw.) Britton  [Hughes and Ploetz unpublished] 

 
 

a = indicates threatened or endangered status (state or federally) 
 

 
 

 

Redbay is an aromatic evergreen tree with leathery leaves that often forms a dense and 

rounded crown.  Redbay, swamp bay and silk bay are often grouped together as a single species called 

άǊŜŘōŀȅέΤ however, differences exist in morphology, canopy architecture, and habitat (Coder 2007), as 

well as in secondary metabolites (Niogret et al. 2011).  Redbay (sensu stricto) is the species most 

affected by laurel wilt.  The disease spreads rapidly within stands and typically over 90% of the redbay 

trees in an area die within a few years (Fraedrich et al. 2008, Shield et al. 2011, Cameron et al. 2012, 
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Evans et al. 2013, Spiegel and Leege 2013).  In newly infested sites, X. glabratus will preferentially attack 

large diameter trees but also infests smaller trees, with most attacks concentrating on the lower bole 

(Fraedrich et al. 2008, Maner et al. 2012, Kendra et al. 2013a, Mayfield and Brownie 2013).  Dispersing 

beetles are attracted to host volatiles (Hanula and Sullivan 2008, Kendra et al. 2011 & 2012b, Niogret et 

al. 2011, Kuhns et al. 2014a) and also use stem silhouettes as visual cues (Mayfield and Brownie 2013) 

when finding host trees.   

Laurel wilt of avocado was first observed in residential areas near Jacksonville, FL in 2007 

(Mayfield et al. 2008a), and in 2012 was first observed in the avocado production areas of Miami-Dade 

County (Ploetz et al. 2013).  A separate recovery plan for laurel wilt in avocado was prepared (Ploetz et 

al. 2011a), and is being revised. 

The development of laurel wilt in sassafras is slightly different than in redbay, perhaps because 

sassafras is deciduous and can propagate from interconnected root sprouts.  Leaves of affected 

sassafras display a green to brown transition followed by wilt and defoliation (Fig. 1), while in redbay the 

wilted leaves often remain attached for long periods of time.  If infected in early spring leaf expansion 

may cease, resulting in stunted foliage, followed by wilting and defoliation.  The presence of dark 

vascular discoloration in lateral roots of infected sassafras (Fig. 1C), along with the directional 

movement of laurel wilt among thickets without evidence of X. glabratus attack suggests underground 

transmission of the pathogen through roots and stolons (Cameron et al. 2010 & 2012).   

Laurel wilt has caused mortality to the federally endangered pondberry (GA and SC) and state 

threatened/endangered pondspice (GA, SC, FL), with X. glabratus brood production confirmed within 

pondspice (Fraedrich et al. 2011, Hughes et al. 2011).  Although these shrubs are considered suboptimal 

hosts for X. glabratus, due to their small diameter stems (Fraedrich et al. 2011), their ultimate fate 

remains uncertain.   
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Branch dieback due to laurel wilt was confirmed in camphortree in FL and GA; however, 

mortality in this Asian species has been limited (Cameron et al. 2008, Smith et al. 2009).  R. lauricola 

moved systemically in the xylem of camphortree after artificial inoculation, and multiple stem infections 

caused mortality in saplings (Fraedrich et al., in press 

[http://onlinelibrary.wiley.com/doi/10.1111/efp.12124/pdf]).  Presumably, this species co-evolved with 

the beetle and fungus in Asia and therefore has more tolerance than the non-co-evolved North 

American hosts. 

A single bay laurel (Laurus nobilis) located near a recently wilted avocado in Gainesville, FL also 

succumbed to laurel wilt in 2013 (Hughes et al. 2014).  Bay laurel is a small to moderate sized tree that is 

native to areas of the southern Mediterranean, but it is planted in residential areas as an ornamental in 

the United States because of its attractive form and culinary use of leaves. 

 In order to predict future host range expansions, inoculation experiments with other lauraceous 

plants have been conducted.  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 a federally endangered species, with a natural population 

of less than 12 trees found within Miami-Dade County (Surdick and Jenkins 2010, Ploetz and Konkol 

2013), thus any mortality of this species would be ecologically significant.  Potted California laurel 

(Umbellularia californica) seedlings exhibited susceptibility to R. lauricola, and bolts from trees attracted 

X. glabratus in field experiments and supported vector reproduction.  This suggests that U. californica 

may be a viable host should X. glabratus invade the western U.S. (Fraedrich 2008, Mayfield et al. 2013).  

Persea indica, a 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 Spain with Mediterranean-like climates, was also 

reported to be attractive to X. glabratus and susceptible to R. lauricola (Peña et al. 2012, Hughes et al. 

2013).  The attractiveness of L. nobilis and P. indica to X. glabratus and their susceptibility to R. lauricola 
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suggests that an importation event to their natural ranges could lead to laurel wilt outside the USA.  The 

establishment of laurel wilt in new regions under natural conditions may be more difficult than 

suggested by artificial experimentation and is contingent on a number of factors including: 1) the arrival 

of X. glabratus to these new locations (naturally or human assisted), 2) the ability for X. glabratus to 

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

material. 

 

II. Disease Cycle and Symptom Development 

The disease cycle begins as female redbay ambrosia beetles disperse during late afternoon and 

early evening (Brar et al. 2012, Kendra et al. 2012a) in search of a viable host (Fig. 2).  Guided by host 

volatiles and visual silhouettes, the female X. glabratus will land on and bore into the trunk and large 

stems of redbays (majority of boring holes occur below a stem height of 1.5 m) and other members of 

the plant family Lauraceae (Fraedrich et al. 2008, Hanula et al. 2008, Niogret et al. 2011, Kendra et al. 

2011, 2012a, 2013a, 2014a, Brar et al. 2012, Maner et al. 2012, Mayfield and Brownie 2013, Kuhns et al. 

2014a).  During its boring attempts X. glabratus deposits R. lauricola from specialized conidia-bearing 

pouches (mycangia) near its mandibles, into the sapwood, thus inoculating the tree.  Spores of R. 

lauricola migrate passively through the xylem, causing the tree to produce gums and tyloses which 

impede water transport and cause the foliage to wilt (Inch and Ploetz 2012, Inch et al. 2012).  Wilt can 

occur within a few weeks of inoculation, with preliminary symptoms appearing as dark olive green, 

reddened, or browning leaves and drooping foliage in localized portions of the crown (Fig 3A).  As 

symptoms progress, the wilt spreads to the rest of the canopy, resulting in complete crown wilt with 

marcescent brown leaves (Fig 3B,C).  Within infected trees, removal of the bark will reveal xylem 

discoloration (brown/black streaking along the vessels) (Fig. 4).   Disease progression from initial 

inoculation to complete crown wilt and tree death may take a few weeks to months, depending on 
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environmental conditions.  Affected trees become more attractive to mass attacks from X. glabratus and 

other ambrosia beetle species as symptoms develop.  It is possible that plant-fungal interactions 

increase release of volatiles attractive to X. glabratus females and that of other ambrosia beetle species.  

Also, the symbiotic fungi of some ambrosia beetles in Florida emit volatiles that attract their specific 

beetle species (Hulcr et al. 2011, Kuhns et al. 2014b).  Root graft transmission of R. lauricola is a 

possibility, especially in hosts with connected root systems; however, scientific studies have yet to 

confirm this avenue of spread.  Root graft transmission appears to be contributing significantly to the 

local spread of laurel wilt in avocado groves (R. C. Ploetz, personal communication).   

Evidence of ambrosia beetle attacks can be seen by the appearance of ephemeral tubes of 

boring dust (άfrass tubesέ) that will hang from the trunk of attacked trees (Fig. 5A).  Boring dust tubes 

are very delicate, and will eventually collapse due to wind or rain, leaving an accumulation of boring 

dust on the lower trunk or base of the tree (Fig. 5B).  Females of X. glabratus lay eggs in the natal 

galleries in the xylem (Figs. 6 & 7A), and developing larvae and adults likely feed on R. lauricola (and 

other symbionts) that have colonized the gallery walls (Fig. 7B).   

Xyleborus glabratus emergence can begin as early as 40 days after gallery formation in summer 

months (development is slower in colder months), with overlapping generations often occurring within 

the same tree (Hanula et al. 2008, Brar et al. 2013, Maner et al. 2013).  Once mature, X. glabratus 

females emerge from their gallery systems and locate new hosts for the development of subsequent 

generations.  Infested redbays can remain standing and galleries can remain active for over a year (Brar 

et al. 2013, Maner et al. 2013).  Raffaelea lauricola can still be recovered from trees for over a year after 

mortality until other decay consumes the tree, leading to eventual breakage of the main stem (Spence 

et al. 2013) (Fig. 8). 
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Figure 1.  Laurel wilt development in sassafras.  A) Green, wilted foliage, that progresses to B) Brown 

wilted foliage, C) Sapwood discoloration on root flare, D) Standing, defoliated trees.  Photos by Scott 

Cameron (A, B, D) and Chip Bates (C) ς Georgia Forestry Commission.  
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Figure 2.  Laurel wilt disease cycle in redbay 
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Figure 3.  Laurel wilt external symptom development on redbay.  A) browning of foliage and wilt of 
localized portions of the upper crown, B and C) complete crown wilt with attached leaves.  Photos by 
Marc A. Hughes- University of Florida 
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Figure 4.  Sapwood discoloration in laurel wilt-affected redbay trees.  A and B) Longitudinal, and C) 
Transverse sections.  Photos by Marc A. Hughes-University of Florida 
  


