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Ganoderma P. Karst. 
(1881)

• Fungi
• Basidiomycota

• Agaricomycetes
• Polyporales

• Ganodermataceae

• Ganoderma

• G. lucidum

• Greek for “Shiny skin”

• Globally-distributed, 
cosmopolitan decay fungus 
genus

• Causes white rot of roots and 
lower bole

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

The Laccate Ganoderma

Shane Hanofee

Cultural Significance • 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 (Sanodiya et al 2009)
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Literature Review
• Introduction
• Materials & Methods
• Results
• Discussion
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The Controversy: Murrill didn’t 
accept G. lucidum as a North 

American taxon (1908)
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Gilbertson RL, Ryvarden L. 1986. North American polypores.
Vol. 1. Abortiporus-Lindtneria. Oslo, Norway:Fungiflora. 433 p.

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

Recognized laccate species: G. colossum, G. lucidum, 
G. oregonense, G. tsugae, and G. zonatum

Literature Review
• Introduction
• Materials & Methods
• Results
• Discussion

(Hong and Jung 2004)

Literature Review
• Introduction
• Materials & Methods
• Results
• Discussion
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Major Research Questions

• TAXONOMY: WILL THE REAL GANODERMA LUCIDUM PLEASE STAND 
UP? 
• Chapter 1: Elucidating “lucidum”: distinguishing the diverse laccate (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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Elucidating “lucidum”: distinguishing the diverse 
laccate (shiny) Ganoderma species present in the 

United States

Chapter 1: Elucidate “lucidum”
• Introduction
• Materials & Methods
• Results
• Discussion

TAXONOMY

Chapter 1: Elucidate “lucidum”
• Introduction
• Materials & Methods
• Results
• Discussion

MORPHOLOGY CULTURE
DNA BARCODE 

(ITS)

COLLECTIONS

NCSCLG and FLAS Fungaria

• 507 collections across 34 states
• 88 collectors

• 13 putative laccate Ganoderma taxa

We have clarity!
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Chapter 1: Elucidate “lucidum”
• Introduction
• Materials & Methods
• Results
• Discussion 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 IS 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
• Materials & Methods
• Results
• Discussion

Wood decomposition by four species 
of Ganoderma from the United States

FUNCTION

Chapter 4: Decay
• Introduction
• Materials & Methods
• Results
• Discussion

Brown vs. white rot

T. Volk
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Chapter 4: Decay
• Introduction
• Materials & Methods
• Results
• Discussion

Adaskaveg and Gilbertson 1986

Rates of Decay: Ganoderma

Chapter 4: Decay
• Introduction
• Materials & Methods
• Results
• Discussion

Adaskaveg and Gilbertson 1986

Rates of Decay: Ganoderma
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Chapter 4: Decay
• Introduction
• Materials & Methods
• Results
• Discussion

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
• Introduction
• Materials & Methods
• Results
• Discussion

Isolations from 4 
Ganoderma

species different 
host preferences

Decay by 
mass loss

• Wood pieces 
incubated in dH2O 
at 80 C for 5 hours

• Filtered extractives 
used as 2% MEA 
solvent

• Isolates grown on 
wood medias, and 
growth measured 
after 8 days of 
growth

G. curtisii f.sp. 
meredithiae

G. zonatum
G. curtisii and 

G. sessile

Pinus taeda Sabal palmetto
Quercus nigra/Q. 

virginiana

• Microcosms setup 
based on ASTM 
Standard D1413-07

• Full factorial design 
w/ 5 reps

• Percent mass loss 
calculated with dry 
mass (initial and final)

• Duration: 90 Days
• Repeated twice

Wood 
chemicals

1 2

Chapter 4: Decay
• Introduction
• Materials & Methods
• Results
• Discussion

Decay by 
mass loss

1
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Chapter 4: Decay
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Decay by 
mass loss

1
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Chapter 4: Decay
• Introduction
• Materials & Methods
• Results
• Discussion

Decay by 
mass loss

1
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Sabal palmetto

Chapter 4: Decay
• Introduction
• Materials & Methods
• Results
• Discussion

Decay by 
mass loss

1

Decay of Sabal palmetto sclerenchyma fibers caused by G. zonatum
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Wood 
chemicals

2
Chapter 4: Decay
• Introduction
• Materials & Methods
• Results
• Discussion

Effects of Water-soluble Wood Extracts on 
Growth of Ganoderma

CONTROL 
(MEA)

LIVE OAK
LOBLOLLY 

PINE
PALM

WATER 
OAK

G. meredithiae

Wood 
chemicals

2
Chapter 4: Decay
• Introduction
• Materials & Methods
• Results
• Discussion
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Chapter 4: Decay
• Introduction
• Materials & Methods
• Results
• 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 decay 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 specificity is complex, and involves more than just 
chemistry. Fungal competition is likely how these Ganodmera have 
specific groups of substrates
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Chapter 5: Pathogenicity
• Introduction
• Materials & Methods
• Results
• Discussion

Pathogenicity of Ganoderma Species on 
Landscape Trees in the Southeastern 

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

FUNCTION

The Utility: Why 
study this group?
• Confusion as to 

what conks on trees 
mean to arborists
• Are all Ganoderma

spp. created equal?
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Chapter 5: Pathogenicity
• Introduction
• Materials & Methods
• Results
• Discussion

Chapter 5: Pathogenicity
• Introduction
• Materials & Methods
• Results
• Discussion

Chapter 5: Pathogenicity
• Introduction
• Materials & Methods
• Results
• Discussion The Current Paradigm
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Isolations from 4 
Ganoderma

species different 
host preferences

G. curtisii f.sp. 
meredithiae

G. zonatum
G. curtisii and 

G. sesile

Pinus taeda/ 
P. elliottii

Butia odorata
Quercus shumardii/ 

Q. virginiana

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
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Chapter 5: Pathogenicity
• Introduction
• Materials & Methods
• Results
• Discussion Tree Health Rating

1. Healthy
2. Symptomatic
3. Dead

Wound Response
1. Complete
2. Partial
3. None
4. Cavity

1 2

3

Chapter 5: Pathogenicity
• Introduction
• Materials & Methods
• Results
• Discussion Tree Health Rating

1. Healthy
2. Symptomatic
3. Dead

Wound Response
1. Complete
2. Partial
3. None
4. Cavity

1 2

3

•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

Chapter 5: Pathogenicity
• Introduction
• Materials & Methods
• Results
• Discussion

Reisolations

• 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)
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or

Chapter 5: Pathogenicity
• Introduction
• Materials & Methods
• Results
• Discussion

Conclusions

• 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)
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Chapter 5: Pathogenicity
• Introduction
• Materials & Methods
• Results
• Discussion

Living Trees

Dead, Declining or 
Stressed Trees

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

desiccated

Establish through natural 
openings of 

stressed/weakened roots 
of living, healthy trees

Some taxa can persist in 
wood with asexual 

chlamydospore
propagules as 
endophytes

Annual basidiocarps produce 
billions of spores in growing 

season

Basidiospores disperse in 
wind as infectious 

propagules

Decline overtime due to 
chronic stresses, such as 

root disturbance, soil 
compaction, drought, 
flood, etc. sapwood 

becomes compromised

White rot type decay of 
lower bole and roots of 

dead wood

Proposed General Life Cycle of Laccate Ganoderma Species
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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
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Questions?

The Many “Faces” of G. lucidum


