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Data presented here is the product of ~10 years research conducted by many
researchers at UF, UF-TREC, and collaborators from different institutions
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Laurel Wilt of Avocado (LW) — Disease Complex

Xyleborus glabratus Lauraceae Family
(Redbay ambrosia beetle, original vector)

Raffaelea lauricola
(causal agent)




Laurel Wilt of Avocado (LW) — Disease Complex

Raffaelea lauricola » Vascular pathogen (invades host’s xylem)

(RL, causal agent) » Primary nutritional symbiont of the Redbay Ambrosia Beetle, Xyleborus
glabratus

» Carried within the beetle’s mycangia ("pockets”) and inoculated into the
trees by the beetle
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Xyleborus glabratus ~ Pre-oral mycangia RL yeast

Swampbay tree trunk cross-section
showing the Redbay ambrosia beetle’s
galleries filled with the fungus RL

.54-%, o
“Blue staining Fungi”

Gallery picture: USDA, beetle drawing R. Fernandez



RL is a Very Virulent Fungus!

Inoculation of avocado with Raffaelea lauricola

CFUs= spores

0 CFUs Xyleborus glabratus

——39 CFUs
——390 CFUs ‘

3900 CFUs

39000 CFUs
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Average beetle carries > 6,000 spores

6 8 10 13 15 17 20 21 24 27 29 31 34 36 38 41 43 45 48 50 52 59
Days after inoculation

» 390 spores induced symptoms in 5 of 6 of trees inoculated

» 39 spores induced symptoms in 4 of 6 of trees inoculated

» Low CFUs required for disease development increases risk from alternative vectors carrying lower
titers of the pathogen (**Dr. Carrillo’s talk)



Host x Pathogen Interaction = Vascular Pathogen that induces the formation of Tylosis

3 days 7 days 14 days 21 days

42 days

Dye-binding assay:
burgundy to pink
coloration indicates
functional xylem
IS = Internal Symptoms

98% /151 86% /151 76% /152 71%/153 30%/1S6 5% /1S9

DISEASE PROGRESS

Tylosis increases -> Water transport decreases
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PONDBERRY

SILKBAY

Extensive Damage to Natural Habitats

An estlmated 320 m|II|on trees — nearly one-t |rd of all
Redbays — have been killed
» The disease has reached the Everglades National Park
» There are more than 30 species of Native Lauraceae in
USA, many of which are susceptible to LW

5383221 |

Sources:

»  JOLN Hughes et al. 2017. DOI 10.1007/s10530-017-1427-z

SWAMP BAY https://www.srs.fs.usda.gov/futures/summary-report/web/summaryreport-13.htm
https://www.dontmovefirewood.org/pest_pathogen/laurel-wilt-html/



Extensive Damage to Avocado Groves

The FL avocado industry has lost over 120,000 trees
due to laurel wilt since the introduction of the disease

TREC research on LW: https://trec.ifas.ufl.edu/RAB-LW-2/RAB_Research.shtml



All avocado cultivars are susceptible but vary on how rapid they decline

> Disease rating 1-10 Response of different avocado cultivars and genomes to laurel wilt

» Experiments conducted in 3 gall. potted
plants Ettinger Guatemalan x

‘Hass’ .
‘Pinkerton’ Mexican

‘Winter Mexican’ GxM 28 b

— —dcon____ < Guatemalan
y=01003x+04611 Marcus Pumpkin G

R?=0.343 ‘Reed’ G 25b
FP<0.0042
‘Brogdon’ GXMxWI -

‘Oro Negro’ MxWI -

‘Beta’ GxWI

‘Choquette’ GxWI
‘Hall’ G W Guatemalan x West
‘Lula’ GxWI Indian

‘Miguel’ GxWI 3.9ab
‘Monroe’ GxWI

Stem diameter (mm) ’Tonnage’ GxWI
‘Bernecker’ Wi
‘Catalina’ Wi
. . . ‘Day’ Wi
» Response to the infection varies among ‘Donnie’ Wi West Indian
cultivars with West Indian cultivars declining rardee - 4.8a
more rapidly ‘Russell’ Wi

’ 'Si ds’ W
> Dr. Schaffer’s talk* immonds
2008: 6 reps: 2009: 10 reps: 2010: 12 reps. Ploetz et al. 2012.
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Disease Symptoms

» The earliest external symptom
in sections of the canopy

» Green-leaf wilting is quickly followed by
desiccation , Which
remain attached to the plant stems

follow and

eventually the entire tree declines and
dies

» Frequently, trunks and/or limbs may have

» Typical of vascular wilts, woody xylem
becomes discolored and nonfunctional,
and foliage subsequently dies due to a
lack of water

» Underneath the bark, the normally
cream- white sapwood may have




Green wilting 2 branch dieback 2 tree decline

Disease progress is very fast (within weeks), but we
do not have an exact timeline
(multiple factors: inoculum concentration, infection
mode, avocado cultivar, temperature, tree health)

y=05518x+ 38694

R 75

ok Green-wilting
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External disease severity

9-day interval




Disease Cycle in Avocado Groves: Beetle inoculation + root graft transmission

» First inoculation by an ambrosia beetle

» Pathogen spreads to the adjacent trees
through root-grafts

» Multiple dead trees in a row

» Spread between rows are less likely but
have been reported

» Multiple outbreaks
within a grove

» In 6 months —if no
management is
applied- more than
100 trees can be lost

» Likelihood of root-grafted trees in a
grove

» Timeline from beetle inoculation to root-
to-root transmission to healthy adjacent
trees. Does it varies based on grove age,
soil type, management, cultivar?

» What are the characteristics of disease
progress (time x severity) beetle
inoculation vs. root-to-root transmission

Beetle drawing by R. Fernandez




Single Introduction Event into US

Distribution of Counties with Laurel Wilt Disease* Symptoms,
by Year of Initial Detection

. 7 "South*Carolina

Origin Southeast Asia

" Geotgia

Initial Detection of
Xyleborus glabratus - May 2002
Port Wentworth, GA

B 2004
B 2005

2006

2007
2008

2009

Information Provided by:

1 s [t § Laurie Reid /
» Untreated wooden packing material = 1 .
> Beetle + fungus, single introduction event e MO | e
» Low genetic diversity (only “good news”) — el — \ |

expected low virulence variability

updated - April 2009




Spread — Long Distance
Current LW distribution (2019)

Distribution of Counties with Laurel Wilt Disease* by year of Initial Detection

1 Wilk Discase is a destructive disease of nedbay { Persea borbonia), and ather spes
ol famnil sed by 3 vascolar wik s (F lal X

Initial Detection of
Xyleborus glabratus -
May 2002
Port Wentworth, GA B

Oce
2004

2005
| 2008
2007
2008
2009
. N g 2010
“ ; W A 2011
\ v 2012

2013

InforMYten Provided By: 2014
Alabama uc! South Carolina

Dana McRoynocids Stones son David Jonkins 2015
Dana McRoynoids@forestry alabama gov tsend v Djenkins@scic.gov

oy 2016
V77 2017

Florida PP Texas 2018

Joff Esckwort ohn agins Shane Harrington 2019
Jetfrey Elckwort@freshiromfionds. com Figgms@entomatogy srsstate adu  sharrington@tls tamu edu R

Georgia North Carolina ' Updated: July 23‘ 2019

Chip Bates Rob Tricke!
chatesfigic stato ga.us rob Arickel@ncagr.gov

10 States (2019)

Chandior BartonBarkansas gov meutrenSidal state Ja.us Sam.glidineritn.gov




Predicted

(Koch and Smith 2008)

— Spread contour
Redbay

Redbay and sassafras

® !.a\g.tel Wilt Disease is a destructive disease of redbay(Persea borbonia), and otherspecies

withinthe laurel f;

57

Lauraceae) caused by a vascular wilt fungus (Raffaelea lauricola) thatis
Tosia beetle (Xsieborus glabratus).The pathogen has been confirmed

ollected in the counties highlighted.

Information Provided By:

Alabama

Dana McReynolds Stones
Dana.McReynolds@forestry.alabama.gov
Arkansas

Chandler Barton
Chandler.Barton@arkansas.gov

Florida
Jeff Eickwort
Jeffrey Eickwort@freshfromflorida.com

North Carolina

Rob Trickel

rob.trickel@ncagr.gov
Georgia South Carolina
Chip Bates David Jenkins
cbates@gfc.state.ga.us Djenkins@scfc.gov
Louisiana Texas
Brent Cutrer Shane Harrington
mcutrer@ldaf.state.laus sharrington@tfs.tamu.edu
Mississippi
John J. Riggins
jriggins@entomology.msstate.edu

20

0o 3 = 100 150 =

Spread Accelerated Through
Anthropogenic Movement

’l;{vAVE CAMPER

ILLT]

Initial Detection of
Xyleborus glabratus -
May 2002
Port Wentworth, GA

Evidence: Comparison between predicted
distribution of R. lauricola main vector (2006 —
2045) vs. current distribution of the disease (2018)

pdated: August 8, 2016



It’s Not a Matter of IF but WHEN

North and South America
S

Lauraceae is a diverse and _ TR ST
widely distributed family with _ RO & N { T s
multiple Neotropical species . , 3 73 Q p

Potential for spread of laurel wilt

UNITED

In addition: Red Ambrosia — e g srares
Beetle (in its native range) also W |
uses other plant families as
reproductive host

Potential invasion of exotic e g |
ambrosia beetles Xyleborus g, L od 7 Neturalmovement
glabratus ...in Mexico o > Tavel
Lira-Noriega et al. 2018.Scientific X et A
reports, 8(1), 10179.




Risk to California Avocado Industry > :—Ibc;s(;ctls:)iceptible (fungus - YES) /reproductive host

Could a LW outbreak happen in CA?  » conducive environment (climate) YES
» Introduction pathway (natural/anthropogenic) ?

Sweet Bay Camphor Tree iy ' California Bay

California Bay

Umbellularia californica

California bay

native
Tree

Fraedrich, S. W. Plant Disease 92, no. 10 (2008): 1469-1469.



Risk to California Avocado Industry
Could a LW outbreak happen in California?

California Bay rid 5 Soame e
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VVVYY

MANAGEMENT: IT'S COMPLICATED

Conducive
Environment

Very virulent strain

Multiple susceptible hosts

Wild susceptible hosts

Multiple efficient vectors

Two transmission modes (insect/root-to-
root)
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MANAGEMENT: IT’S COMPLICATED

Conducive
Environment

Very virulent strain

Multiple susceptible hosts

Wild susceptible hosts

Multiple efficient vectors

Two transmission modes (insect/root-to-
root)

Research has been VERY challenging due to the
numerous variables that can influence the
experiments: age, cultivar, environment,
previous management, etc. Therefore a large
number of trees are needed.

» Fungicides

» Biological Control (endophytes)

» Stump-bag heat treatment

» Sanitation and Tree disposal (Dr. Crane)
» Trenching

» Insecticides



1. Multiple fungicide active ingredients were tested /n Vitro.
Triazoles and (Fluazinam®, Azoxystrobin, Pyraclostrobin,
Fluoxastrobin®) had high activity against RL

2. Only triazoles were effective in greenhouse
experiments, Propiconazol showed the highest activity

. . . 0
3. Propiconazol was tested in different N Bark

formulations and delivery strategies in T Jaoioem

greenhouse experiments. Drench and bark sasaular
applications were not effective : Sapwood

F|e|d Testing » Propiconazole is a systemic foliar fungicide

with a broad range of activity and use in
on prod uctive multiple crops
» Propiconazole interferes with sterols
trees production which is critical to the

formation of cell walls of fungi

» Therefore, propiconazole is considered to
be fungistatic or growth inhibiting rather
than fungicidal or killing




FUNGICIDE RESEARCH Greenhouse and Field Experiments

Wish list: 11T

» Formulation that can be applied to the tree’s vascular system (vascular pathogen) but can be
used in FOOD CROPS. Several formulations in the market targeting landscape trees.
» Formulation that assures a systemic delivery of the active ingredient, evenly through out the

Active Ingredients

. . . . ——f-—_'—_—
tree. SOIUb|I|ty ) |mp0rtant! Other or Inert Ingredients
. . . . . . R are not listed on product labels
» Formulation that preserves the active ingredient (longevity of the product within the tree) for PA-registered pesticides

Propizo
SYSTING FRNGICISE

Tehuconazole 3.6




FUNGICIDE RESEARCH - Delivery System for Field-grown Trees

Macroinfusion: high volumes of dilute fungicide into root flares
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Fungicide Efficacy Trial
Riley #2, 23 treatments

Trees inoculated 42 days after fungicide application
Rating @ 4 months. 5 reps/treatment

Overall:
Propiconazol Pro performed the best
The best method was Macroinfusion

Microinfusion
Roots

()
o
X

Tebuconazol

Microinfusion
Trunk/branches

Macroinfusion

Propiconazole
Pro

% of Trees with LW symptoms



Fungicide Efficacy Trial
Riley #2, 23 treatments

rJ A’) IJ"\ 7~ ﬂ‘c‘l'ﬁlﬁ'c lv\nnnlfnln Av\v\l AA'I- (WY

St|II 20% of the trees get LW
Remember....pathogen spreads rapidly from one
infected tree

Propiconazol Pro NOT LEGAL to use in food crops

Macroinfusion is too expensive




Can we improve efficacy by injecting the product earlier? (allow time for the A.l. to distribute within the tree)

1) Tilt standard mixture — microinjection = Inoculum

2) Centrifuged Tilt — microinjection 40 spores vs. 400 spores

3) Propiconazole Pro — microinjection

Inoculated three months after treatment-
symptomatic trees 56 days after inoculation

Inoculated three weeks after treatment - symptomatic
trees 56 days after inoculation

m Tilt mTilt

N W B~ U,

Tilt_super Tilt_super

Water
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Water
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Inj_Propi Inj_Propi
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Trees (of 5) exhibiting symptoms
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CFU Concentration CFU Concentration

3 weeks before, rating 56 days after inoculation 3 months before, rating 56 days after inoculation

» *Not enough trees* (5 trees per treatment)

» Products performed worse or the same when injected 3 weeks vs. 3 months before inoculation (low inoculum)

» More research is needed — More replicates, longer timeline



FUNGICIDE RESEARCH — some issues

» Uneven distribution of the product — pockets of high [ ] but multiple areas of low [ ]

» Infected trees must be re-treated every year $SS

» Fungicide injection damages trees (report from growers)

» Since the pathogen is not eliminated in treated trees (fungistatic not a fungicide), infected, treated
trees are reservoirs for the pathogen and subsequent root graft transmission



FUNGICIDE RESEARCH —Is There Hope?

Zhou et al. 2018.

Table 1

I d e ntif| Cat i on Of t h e IC,, and ICy; of the most potent fungicides on tk
AC h | I I (S h ee | ) Of t h e Fungicides IC;0/95/SE  Raffealea
laurel wilt pathogen R.

lauricola

and its beetle vector.
Applied microbiology

Mortality rate (%)

Prochloraz

pH8.0

and biotechnology,
102(13)

Propiconazole Cso 4.2 2 PDB PCz PPC TBC
PDB + 0.1 pg/ml|

80 mM Phosphate

pHGE.8 pHT.0 pHT.2
e =

Tebuconnazole

In vitro = In planta? - Field-grown producing trees?



Biological Control: Endophytes

Competition for Substrate
Purpureocillium lilacinum

Penicillium citrinum

Chaetomium globosum

Antibiosis

Hypoxylon monticulosum

In vitro =» In planta

Although the pathogen rapidly and
thoroughly colonized test trees,

colonization by the tested
endophytes was minimal

Pérez-Martinez, J., Ploetz, R.C. and Konkol, J.L., 2018. Significant
in vitro antagonism of the laurel wilt pathogen by endophytic
fungi from the xylem of avocado does not predict their ability
to control the disease. Plant pathology, 67(8), pp.1768-1776.



STUMP-BAG HEAT TREATMENT (trees adjacent to trees removed due to LW)

Use of heat to disinfest the trunk from the fungus

'‘Donnie' Kelly Grove
S-trunk E-trunk

20°C 26°C 32°C

“““\“\\(‘
| 1l |

““‘ ‘ \" "‘ Hmu |
‘ H\\i'u‘(“‘“ “ﬁ‘ﬁm

Zhou et al. 2018

Temperature inside the trunk did reach lethal
temperatures for RL .....but the pathogen survives in
the roots!




STUMP-BAG HEAT TREATMENT (trees adjacent to trees removed due to LW)

Use of heat to disinfest the trunk from the fungus

'‘Donnie' Kelly Grove

Air temp °F  —N-trunk S-trunk E-trunk

Zhou et al. 2018

Temperature inside the trunk did reach lethal T
temperatures for RL .....but the pathogen survives in Time (une 16 to August 26 201875 cays
the roots!

Different results after the “

Stump-bag heat treatme



Laurel wilt management depends on prompt and rigorous sanitation

Once laurel wilt is established in an orchard it becomes a much more difficult problem

De la Torre’s
Grove
mainly

Sanitation

Continuosly

scouting

g e 7 -

Neighbors’ Grove
Stumping, Bagging, Injections




EARLY AND RAPID DETECTION IS CRUCIAL

How quickly can we detect the
pathogen?
How many trees do we need to remove
to contain the spread?
Need a detection method able to detect
the fungus in asymptomatic trees

Beetle drawing by R. Fernandez

These questions will be addressed by the
Forest Service STDP grant (testing will
include other Persea species and natural
forest sampling)




fOREST I

iggsﬁ Standard Detection Protocol (trunk tissue from symptomatic trees) = 7-10 days

JENT OF AGRIC

* Al

12345678 910~-+

(A) The infected pieces are plated in the semi-selective media cycloheximide-amended medium (CSMA); (B) fungal growth is
observed after 7-10 days; (C) DNA is extracted from the fungal colonies and two primer sets are tested IFW and CHK



(A) The infected pieces are plated in the semi-selective media cycloheximide-amended medium (CSMA); (B) fungal growth is
observed after 7-10 days; (C) DNA is extracted from the fungal colonies and two primer sets are tested IFW and CHK

Raffaelea lauricola Morphology is not Raffaelea aguacate

' ] enough to distinguish RL
( from other Raffaelea
species associated to
avocado (4)




FOREST SERVige

JUAS|

TMENT OF AGRIC

Early and Rapid Detection Protocol (root tissue from asymptomatic trees) = 1-2 days

Beetle drawing by R. Fernandez

3 4 5 6 7
— -
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This method could also be applied to other type of environmental samples such as beetles
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Managing Laurel Wilt will be difficult.
Ultimately, it may rely on:
1) Early detection and sanitation;

2) The use of tolerant genotypes/cultivars in
which disease progress advances slower

3) Restricting root graft transmission

(trenching), Buy you time to apply
4) Fungicide treatment in certain situations; H17?

5) Insecticides, repellents and attractants for
the vector/s;
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Thank you for your attention! SN
. . United States Department of Agriculture
Rom I na GaZIS National Institute of Food and Agriculture

Tropical Research and Education Center
Plant Diagnostic Clinic
r.gazisseregina@ufl.edu

: ) Members of the PDC Lab

™4 - Carlos de la Torre



