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Figure 3. Range of context tissue characters of the laccate Ganoderma
spp. A) Cream-colored context tissue with concentric growth zones
typical of G. sessil, ilustrating the location of specific basidiocarp
tissues; B) Dark brown colored context tissue with concentric growth
zones (arrow) of G. tuberculosum; C) All white, homogenous context
tissue of G. tsugae; D) Cream-colored context tissue with black,shiny
resinous bands (arrow) typical of G. curtsi,

Credits: Andrew Loyd, UF/IFAS
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The Laccate Ganoderma

« Greek for “Shiny skin” Ganoderma P. Karst.

(1881)
* Globally-distributed, * Fungi -
cosmopolitan decay fungus * Basidiomycota
genus * Agaricomycetes
* Polyporales
* Ganodermataceae
* Causes white rot of roots and * Ganoderma
lower bole * G. lucidum

* Has been associated with
root/butt rot disease of a
variety of trees

Cultural Significance

7=

* Reishi (Japan) and
Lingzhi (China)

* Revered as a sacred
and superior herb
¢  “the mushroom of
immortality”

* Used as a “cure-all” for
thousands of years

* A Potent
Pharmacological
Macrofungus smedye etai200)
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Recognized North American Laccate Ganoderma spp.

Gilbertson

Recognized North American Laccate Ganoderma spp.

m Gilbertson (1986)

Gilbertson

b - The Controversy: Murrill didn’t
- accept G. lucidum as a North
o American taxon (1908)
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Literature Review
* Introduction

s

North American
Polypores

-

Gilbertson RL, Ryvarden L. 1986, North American polypores. . lucidum. Gilbertson RL, Ryvarden L. 1986, North American polypores.
Vol. 1. Abortiporus-Lindtneria. Oslo, Norway-Fungiflora. 433 p. Vol. 1. Abortiporus-Lindtnera. Oslo, Norway:Funiflora. 433 p.

Remarks - The species ol Ganoderma with annual basidiocarps all have a
wide variation in macroscopic characteristics. The taxonomy of the group
can never be stabilized until cultural morphology, physiological characters,
and genetic studies including interfertility tests are applied to the problem.

Literature Review
* Introduction
(Hong and Jung 2004)
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GANODERMA LUCIDUM)|, A PARASITE OF SHADE TREES
P. P. PiroNE®

In vitro decay studies of selective delignification and sis

rot fungi [Ganoderma Iucidum |and G. tsugae*

Jaxes E. ADASKAVEG AND ROBERT L. GILBERTSON
Department of Plant Pathology, University of Arizona. Tucson, AZ, U.S.A. 85721
Received August 14, 1985

Infection and Colonization of Grapevines by Ganoderma lucidum

JAMES E. ADASKAVEG, Graduate Associate, and ROBERT L. GILBERTSON, Professor, Department of Plant
Pathology, University of Arizona, Tucson 85721

decay by the white

ABSTRACT

Adaskayey, Infection and colonization of grapevines by
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Major Research Questions

* TAXONOMY: WILL THE REAL GANODERMA LUCIDUM PLEASE STAND
Upao o

* Chapter 1: Elucidating “lucidum”: distinguishing the diverse Iaccate (shiny)
Ganoderma species present in the United States (PloS one 2018)

* Chapter 2: Identifying the “Mushroom of Immortality”: Assessing the
Ganoderma Species Composition in Commercial Reishi Products (Frontiers in
Microbiology 2018)

* FUNCTION: ARE ALL GANODERMA SPECIES CREATED EQUAL?

* Chapter 3: Cultural Characterization and Resiliency to Extreme Temperatures of
the Ganodermataceae Present in the Eastern United States (Mycologia 2019)

* Chapter 4: Elucidating wood decomposition by four species of Ganoderma
from the United States (Fungal Biology 2018)

* Chapter 5: Pathogenicity of Ganoderma Species on Landscape Trees in the
Southeastern United States (Plant Disease 2018)
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Chapter 1: Elucidate “lucidum” TAXONOMY
+ Introduction

Elucidating “lucidum”: distinguishing the diverse
laccate (shiny) Ganoderma species present in the
United States

Chapter 1: Elucidate “lucidum”.

* Materials & Methods

NCSCLG and FLAS Fungaria

4

MORPHOLOGY

N
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G curvsa 5, merediinios
G oregonense.
poaychiomum

Speses

* 507 collections across 34 states
* 88 collectors
* 13 putative laccate Ganoderma taxa
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* 507 collections across 34 states
« 88 collectors
* 13 putative laccate Ganoderma taxa

e clarity!

[Rm——

We have clarity!

R ions of Herbaria Collections of G. lucidum in the
Southeastern U.S.

20520%  20% 0%, Species [dentification
61% M Fuscoporia gilva

I Gandoerma curtisii

I Ganoderma cf. tomatum

Il Ganoderma curtisii

I Ganoderma curtisiif5p. meredithize
163% [ Ganoderma martinicense

Ml Ganoderma sessile

Ganoderms tuberculosum
I Phellinus cf. robustus




Chapter 1: Elucidate “lucidum”.

e Conclusions
* 13 laccate Ganoderma taxa present in the U.S., and G.
lucidum is not widespread

* Host-group affinities and nuanced morphological
differences (dichotomous key produced in submitted
manuscript)

* G. lucidum 1S NOT native to the U.S.

* was introduced to the U.S. via medicinal fungi or tree
nursery trades

* G. curtisii is sister to the Asian taxon G. lingzhi (Asian
G. lucidum), which is the most widely cultivated
species (more on this later)

Chapter 4: Decay
* Introduction FUNCTION

Wood decomposition by four species
of Ganoderma from the United States

Chapter 4: Decay
* Introduction

Brown vs. white rot
vy Lo
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Chapter 4: Decay

* Introduction
Rates of Decay: Ganoderma
Percent Percent Percent
Wood type Isolate weight loss*  change inKL} change in CHC
Silver leaf oak  Control 0.9220.500 — -
G. lucidum 141 45.86£3.62¢ —4.40 +6.49
G. lucidum 14291 47.64+2.14¢ —8.65 +8.67
G. lucidum 141 HT 19.38+8.61b +0.01 +1.20
G. tsugae 201 19.48 £4.00b —-1.61 +3.78
G. tsugae 203 19.48+4.73b ~1.85 +2.77
G tsugae 207 HL 16.30:2.70b 2.09 £0.42

‘Adaskaveg and Gilbertson 1986

Chapter 4: Decay

* Introduction
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Chapter 4: Decay
* Introduction

: by x

WG curtisii N G. curtisii f.sp. meredithiae

MG lucidum [ G. martinicense [ G. oregonense

I G. polychromum G. ravenelii G sessile

WG tsugae G. WG cf. ianum
B G. zonatum T colossus

FIGURE 5. Host substrate affinities (conifers,
hardwoods, and monocots) for the laccate
(shiny) Ganoderma species collected in the
U.S., where host substrate was known (n=298).

Chapter 4: Decay
A Isolations from 4
* Materials & Methods E— Ganoderma
species different
host preferences

Decay by
mass loss

Wood
chemicals

* Microcosms setup * Wood pieces
based on ASTM incubated in dH20
Standard D1413-07 at 80 C for 5 hours

* Full factorial design || * Filtered extractives
w/ 5 reps used as 2% MEA

* Percent mass loss solvent
calculated with dry [l * Isolates grown on
mass (initial and final) wood medias, and

« Duration: 90 Days growth measured

* Repeated twice after 8 days of

growth

Chapter 4: Decay. Decay b
a y by
mass loss

* Results

10
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Chapter 4: Decay Decay b
a y by
* Results

Controls mass loss

Chapter 4: Decay. Decay by
mass loss

* Results

?0“” Potential of Four Ganoderma spp. on Four Wood Types (90dpi)

Taxa
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o Live Oak Loblolly Pine Sabal Palm Water Oak
Wood Type

Each error bar is constructed using 1 standard error from the mean.

Chapter 4: Decay. Decay bY
mass loss

* Results
> Is)gcay Potential of Four Ganoderma spp. on Four Wood Types (90dpi)
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Chapter 4: Decay Decay by

Quercus nigra mass loss

* Results

G. sessile
G. zonatum

TS

47} AL
Micrometer 100um

Chapter 4: Decay

1 Decay by
Sabal palmetto mass loss
* Results
S
=
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Chapter 4: Decay. 2 Decay by
mass loss

* Results

Decay of Sabal palmetto sclerenchyma fibers caused by G. zonatum

G. zonatum

12
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Chapter 4: Decay. 2 ‘Wood
chemicals

* Results

Effects of Water-soluble Wood Extracts on
Growth of Ganoderma

G. meredithi

CONTROL LOBLOLLY
LIVE OAK
(MEA) < PINE

Chapter 4: Decay. ‘Wood
chemicals

* Results

A ge Colony Di When Exposed to Water-
Soluble Wood Extracts
G. curtisii G. meredithiae

100

80 A
A
& 5 5 5
ol :
°
g 40
o

& 20
g% [ |
2 G sessile G. zonatum
9 100 N
8 A
»
&
8
]
g
<

& .
s 8
A
60 i A
B B

40
“ I '

0

¥ & & >

y & Y & & &
L. AR R R
AT e AT e P,

SN & & & U ¢

N W~ & N S o

Chapter 4: Decay

* Discussion

Conclusions

Despite rare combinations of wood type:Ganoderma species, decay was
similar in all combinations, except G. zonatum on live oak
« Decay rates not always proportional to culture growth rate

All four Ganoderma species caused simultaneous dgcaé of sapwood
cells, except for putative selective delignification with G. zonatum on
oaks and palm

Generally, wood type was more important than Ganoderma species

All Ganoderma species grew slower on water-soluble pine wood
extracts, except G. meredithiae, which grew more than the control on all
wood medias

Decay and host srecificity is comFIex, and involves more than just
chemistry. Fungal competition is likely how these Ganodmera have
specific groups of substrates

13



Chapter 5: Pathogenicity _
* Introduction FUNCTION

Pathogenicity of Ganoderma Species on
Landscape Trees in the Southeastern
United States

(Loyd et al. 2018. https://doi.org/10.1094/PDI5-02-18-0338-RE)

The Utility: Why
study this group? s FungalConks on Trees

* Confusion as to ool i sy ko W o o et B
inducieg pathogen hes taken up residence. Some of hese fungi are sgnificantly less harmful than
what conks on trees athers bt all warrantfute invessgatice
mean to arborists
* Are all Ganoderma
spp. created equal?

Plant Disease Publicafions
Gunodrmo Rt Bt

devgici, o ;
e, Afcas semae. mebeny ackbeny: and oak. Ao Ganodemma speces

s ot ot esqute and s

GANODERMA BUTT ROT

5/28/2019
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Chapter 5: Pathogenicity
* Introduction

TORREY FBOTANTCAL OLUR

GANODERMA LUCIDUM, A PARASITE OF SHADE TREES

P. P. Pronst
Infection and Colonization of Grapevines by Ganoderma lucidum

JAMES E. ADASKAVEG, Graduate Associate, and ROBERT L. GILBERTSON, Professor, Department of Plant
Pathology, University of Arizona, Tucson 85721

Effects of inoculum potential, shading and soil temperature
on root infection of oil palm seedlings by the basal stem rot
pathogen Ganoderma boninense

R.W. Rees®, J. Flood", Y. Hasan® and R. M. Cooper™

Chapter 5: Pathogenicity
* Introduction

PALMS Gangoderma in Florida: Elliott & Broschat Volume 45(2) 2001

Observations .
» and

JA . - M. L. ELuoTr nt

~ Pathogenicity -

= T. K. Broschat

: University of Florida
Experiments L.
Effe Education Center ure
oni c d 3205 College Avere rot
o on Ganoderma [0,
33314 UsA

. Zonatum in
Florida

Chapter 5: Pathogenicity

" The Current Paradigm

5/28/2019
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" The Current Paradigm

Chapter 5: Pathogenicity
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" The Current Paradigm
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Chapter 5: Pathogenicity

The Current Paradigm

* Introduction

Whic came first?
or

Chapter 5: Pathogenicity

* Materials & Methods A Isolations from 4
— Gonoderma

species different
host preferences

Pathogenicity

Colonized dowels with four Ganoderma
inoculated into drilled holes into four trees
Hammered flush with hammer, and sealed
with paraffin wax

Summer and Winter inoculation replicates
Full factorial arrangement with 5 reps as
blocks in RCBD

Rated tree health rating and wound
response, and measured internal
discoloration; reisolations on BSA

17



Chapter 5: Pathogenicity

* Results

Tree Health Rating Wound Response

5/28/2019

1. Healthy 1. Complete
2. Symptomatic 2. Partial
3. Dead 3. None

4. Cavity

Discoloration

Inoculum dowel

Chapter 5: Pathogenicity

* Results

* All tree species rated as healthy
for tree health
* All trees had completely or
partially closed over wounds
* Subtle differences in internal
discoloration, few significant

Inoculum dowel

+ resuts Reisolations

Discoloration

. ° G.sessile was the
only species
recovered

* Recovered from the
dowel and
discoloration in oaks
and just from dowels
in pine

Only species that

produces

chlamydospores

(survival structures)

Inoculum dowel

18



Chapter 5: Pathogenicity

Conclusions

* Discussion

« Tested Ganoderma species were not pathogens of young trees with
fresh wounds

* Internal discoloration was due to wound response

« Living sapwood (high in moisture, low in oxygen) not inhabitable by
most decay fungi

* Ganoderma species are not good competitors in soil and probably
wood

* Infection court (fresh wound in lower trunk/root flare) could be
wrong for these species; more research needed with root
inoculations of stressed, mature trees (heartwood)

available at www.seiencedirect.com

. ScienceDirect

journal homepage: www.elsevier.com/locate/funeco

Do all trees carry the seeds of their own destruction?
PCR reveals numerous wood decay fungi latently present
in sapwood of a wide range of angiosperm trees

David PARFITT, Julie HUNT, David DOCKRELL, Hilary J. ROGERS", Lynne BODDY

Cardiff School of Biosciences, Cardiff University, Cardiff CF10 3TL, UK

Functional Ecology

Fancsiomal Eeclogy 16 o 101111652435 12735

Fungal endophytes as priority colonizers i
wood decomposition

ating

ZewsiSong", Peber G. Kennedy®, Feng J. Liew” and Jonathan S. Schilling™4

" Copanmant af At Panaisgy. Lol af MRAGo, S Pau, M 55108, US4, “Dopanownt o PRl B0y,
Univarsl o Minnasota 51 Fsul MI 5108 LS4, *Dipartowat of Bispradicts & Basysbms Enginoang, Lwrsty of
MnNGaR, SIPaU, M4 SSTE, USA; 0 IEUI0 00 100 Eramant, Vil of MANGEE3, S P, U SST08,
usa

5/28/2019
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Proposed General Life Cycle of Laccate Ganoderma Species

* Discussion

Establish through natural
openings of
stressed/weakened roots
of living, healthy trees

Establish in old wounds
of living, healthy trees
once tissues become
desiccated

Some taxa can persist in
wood with asexual

chlamydospore Decline overtime due to

2
prozaguh\es as % chronicstresses, such as
endophytes B oot disturbance, soil
%,
Basidiospores disperse in @ 7,

wind as infectious
propagules

compaction, drought,
flood, etc. sapwood
becomes compromised

Annual basidiocarps prodiice, Stressed Trees

billions of spores in growing
season N\
White rot type decay of
lower bole and roots of
dead wood

Chapter 5: Pathogenicity

Proposed General Life Cycle uf}aeca‘te'Ga?oﬂe’hm-Sqecies
« Discussion / S
~
~
Establish through nasyral
openingsof  \
stressed/weakened roots\

Establish in old wounds /“' .,‘ ‘.
of living, healthy trees /' £
once tissues become

J ‘?. ‘3.\\
desiccated 1 of living, healthy trees  \.
\ Living Trees \
Some taxa can persist in
wood with asexual

chlamydospore \ Q Decline overtime due to

2
P’°Zag“h‘es as % chronic stresses, such as
endophytes “,/\ root disturbance, soil
%,
compaction, drought,
Basidiospores. dlsperse in 4,9 ,

flood, etc. sapwood

wind as infectious
propagules - becomes compromissd
TH e o = =

Dead, Decllnlng or

Annual basidiocarps prodiice, Stressed Trees

billions of spores in growing
season

White ot type derav of
lower bole and roots of
dead wood

Future Directions

* Establish stress in trees, and inoculate
* Trap plant study with G. zonatum on palms

* Survey of wood decay fungi in select urban
landscapes, and correlate to extent of decay

* Rapid screening of decay aggressiveness of a broad
group of wood decay fungi across different wood

types

/

5/28/2019
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The Many “Faces” of G. /ucidum
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