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Mycorrhizae of the Ericaceae

• Anatomy

• Ecology

• Evolution

Ericoideae

Calluna, Erica

Vaccinioideae

Gaultheria, Lyonia, Vaccinium (blueberry)

Rhododendroideae

Andromeda, Kalmia, Rhododendron

Arbutoideae

Genera: Arctostaphylos (bearberry), Arbutus, Epigeae (trailing arbutus)

Pyroloideae

Chimaphila, Pyrola

Monotropoideae

Monotropa (indian pipe), Pterospora (pinedrops), Sarcodes (snowplant)

Subfamilies in the Ericaceae

Ericoid = Ericoideae, Rhododendroideae, Vacciniodeae

Fungi = Hymenocyphus erica, Oidiodendron sp.,
and molecular data suggest others including
basidiomycetes

Arbutoid/Monotropoid = Arbutoideae, Pyroloideae,
Monotropoideae

Fungi = Typical ectomycorrhizal fungi

Mycorrhizal types in Ericaceae Ericoid anatomy

Hyphae colonize epidermal cells of
extremely fine roots called hair roots;
note the cortex is only one layer thick

Heathlands are dominated by ericoid
mycorrhizal plants Ericoid plant communities

• Dominate in soils that are extremely
nutrient poor, with high pH and C:N ratios
– Dominate in high alpine and northern boreal

regions
– But also a dominant understory in conifer

forests of the Pacific Northwest

• The fungi are able to access nitrogen bound
to tannins and organic nitrogen sources
(amino acids)



2

Arbutoid anatomy

Like typical EM, there is a well defined mantle and
Hartig net but…hyphae also penetrate epidermal cells.

Arbutoideae

Picture of
trailing arbutus
goes here…

Arbutoid communities

• Forest practices use
herbicides after a harvest
to remove Arctostaphylos
(competition w/Douglas-
fir)

• Evidence that Arbutus and
Arctostaphylos support
fungi that are good for
Douglas-fir The fungi formed very different morphologies on the

two plants - the morphology is controlled by the plant

Douglas-fir
Ectomycorrhizae

Manzanita
Arbutoid mycorrhizae

The Monotropoideae

Indian pipe
Monotropa uniflora

Snow plant
Sarcodes sanguinea

Candy stick
Allotropa virgata

Pine drops
Pterospora andromedea

Pinesap
Monotropa hypopithys

Pityopus californicus Hemitomes congestum

Monotropoid anatomy

Root mass is an extremely tight cluster in some species, and quite
diffuse in others.

Cross-section reveals that this is a variant of the arbutoid EM
type, but now only a ‘penetration peg’ is seen in the epidermal
cells. Note the Hartig net.

The peg has been shown to burst into the plant cell -- ‘With
friends like that, who needs parasites?’
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Our local version
Indian pipe or Monotropa uniflora

Carbon movement between plants

Cullings et al. 1996

Parasites tend to specialize on their victims

Bidartondo et al. 2002

Extreme specificity

Bruns and Read 2000

•These plants produce ‘dust seed’ by the thousands per capsule -- disperse
far and wide.

•Snow plant and pinedrops associate with related but different species of
Rhizopogon

•Seeds of the two plant species will germinate in the presence of each
other’s fungus, but…

•Germinants die unless they are with the correct fungus

Case Study: Pinedrops in NY

30 populations in 20 counties recorded
in the early 1900s

Only 4 known locations left, all at
Letchworth State park

A similar story for New England
states: one population left in New
Hampshire and 2 in Vermont

Bakshi 1959

Pinedrops (Ericaceae, Monotropoideae)

Cullings et al 1996

NO Fungal Symbiont = NO Pinedrops
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Field Sites

• 3 pinedrops sites in NY and Michigan

• 3 white pine sites in NY and Michigan

Fungal Symbiont and Pinedrops Haplotype I.D.

METHODS
• Collect pinedrops root tips
•  PCR, RFLP, and Sequence DNA

– Fungus =  ITS
– Plant = plastid trn locus

• Genbank blast search
• Phylogenetic analysis

Fungal - RFLP Pinedrops - RFLP

Hinf Alu Dpn Hinf Alu Dpn

R.ellenae.HoloT.AHS66137
R.fallax.WYHF165
R semireticulat.PType.AHS71326

R semireticulat.HType.AHS71330
R.pedicellus.PType.AHS66176

R atroviolaceous PType.AHS68263
R subpurpurascens.PType.AHS69801
R.kauffmanii.HType.AHS69813

R subpurpurascens ParaT AHS65669
R.subpurpurascens.HType.AHS65398

Pterospora.Quebec.3000
Pterospora.Quebec.3001
Pterospora.Quebec.3002
Pterospora.Michigan.1DM

Pterospora.Michigan.8DM
Pterospora.Michigan.13DM
Pterospora.Michigan.6WSP

Pterospora.near4304.SNF
DUNE Pogy trh 542

Pterospora.QuincyCamp.2098
R subcaerulescens F2882

Pterospora symbiont 2B
R subgelatinosus PType.AHS66072

Pterospora.CrescORE.2381
R salebrosus.PType.AHS69299

R salebrosus.PType.AHS69292
Pterospora.RoundValley.2095

R subcaerulescens.v.subp.PType.AHS68612
R fallax PType.AHS65762

R subbadius.PType.AHS68485
Pterospora.Dunes.2541

R.subc.v.subcaer.PType.AHS59523
R.arctostaphyli.jpt5705

Pterospora.isolate15A.Liz
Pterospora.Whitaker.2299

Pterospora.QuincyCamp.2097
Pterospora.CrescORE.2398

Pterospora.isolate.378
Pterospora.isolate.380
Pterospora.1448.SNF

R.alkalivirens.AHS74030
R.subcaerulescens.HType.AHS66162
R.idahoensis.PType.AHS71422
R.idahoensis.HType.AHS66300

R.idahoensis.PType.AHS70715

0.001 changes

Eastern Rhizopogon species

This is a new species!!

Rhizopogon salebrosus group

Rhizopogon arctostaphyli

100

100

85

100

M. Trappe

The Fungus
3.4315.bridge.A
4.4316.DinkeyCtr.A
5.317.swimhole.A

6.4318.swimhole.A
2283.Blodgett.S

13.4325.DinkeyCtr.A
2639.SawmillFlat.A
4303.belowRockCrRd.A
4308.bridge.A
2256.Moraine.S
16.McKinleyRd.1465.A
15.Gigantea.1467.A
18.Trailer.1291.A
25.DinkeyRd.1288.A
2247.SLTahoe.A
2258.Moraine.Tahoe.A
2285.Blodgett.S
2298.Muir.Sequoia.S
2294.PearL.Sequoia.S
2300.Whitaker.A

Hazard 1DM
Hazard 4DM
Hazard 5DM
Hazard 6DM
Hazard 7DM
Hazard 8DM
Hazard 10DM
Hazard 11DM
Hazard 15DM
Hazard 16DM
Hazard 17DM
Hazard 1WSP
Hazard 2WSP
Hazard 3WSP
Hazard 4WSP
Hazard 5WSP
Hazard 6WSP
Hazard 7WSP
27.LunchStop.1439.A
20.Trailer.1446.A
2244.FallenTahoe.A
2303.Whitaker.A
2274.Stumpy.S
2296.PearL.Sequoia.S
2301.Whitaker.A
4302.belowRockCrRd.S
4305.RockCrRd.S
4310.bridge.S
7.4319.1447.S
9.4321.swimhole.S
4328.DinkeyMcKinley.S

14.Siskiyou.OR.S
2284.Blodgett.S
20.DinkeyRd.1289.S

4306.Gigantea.S
4307.Gigantea.S
17.Gigantea.1466.S
26.Gigantea.1468.S
28.Gigantea.1496.S
4.QuincyCamp.2098.S
2242.Blodgett.S
2255.Moraine.S
2266.Moraine.S
2250.baby.SLTahoe.A
2277.Stumpy.S

11.4323.DinkeyCtr.A
10.4322.DinkeyCtr.A
2.QuincyCamp.2097.A

2280.Stumpy.S
2.ChuskaMtns.2074.S
3.RoundValley.2095.S
6.RoundValley.2119.S

4326.DinkeyCtr.A
22.Trailer.1458.A

0.0005 changes

NJ

           86

63

95
61

One eastern pinedrops

haplotype

One of several western

pinedrops haplotypes

The Plant

Frequency of fungus in dormant spore
banks

METHODS

• Collect soil samples

• Bioassay with white pine

• Harvest seedlings and collect
root tips

• Identify fungi

• 6% of eastern soils yielded the eastern Rhizopogon sp.
– All 4 matches were from pinedrops plots - 0 from non-pinedrops plots
– 2 each from Letchworth Park, NY and Michigan

• 20-60% of western soils yielded the western Rhizopogon spp.

The fungal host of pinedrops (Rhizopogon) is
common out west but relatively rare in the east

Kjøller and Bruns 2003
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Species radiated after the loss of
chlorophyll

Bidartondo & Bruns 2002

Plant-centric question: Why be host specific?
• The association is beneficial to the fungus

– But this is no different than the normal mutualism. Why avoid carbon sources?

• Tap into the best source of carbon, that is, a fungus with a high carbon
availability

– Perhaps some fungi get more carbon than others, and can afford to loose a little.

•  Specialize on a fungus that is commonly encountered in both space
and time

– Specializing on a rare fungus seems to be a doomed strategy from the outset. This makes sense,
but probably does not drive specificity.

•  The plant is a parasite on the fungus
– Most fungi evolve defenses against parasitic plants. But the plants evolve ways around the

defense with some fungus species. Partners lock in combat in an arms race towards specificity.

Arbutoid ------------------Monotropoid

A look at the EM community in and around
Sarcodes

0cm 10cm 50cm 100cm 500cm

Bidartondo et al. (2000) sampled EM
roots of red fir at increasing distances
from Sarcodes root balls.

Bidartondo et al. 2000

Rhizopogon on red fir proliferate around
Sarcodes root mass

Bidartondo et al. 2002

Is Sarcodes a parasite on Rhizopogon?

Perhaps Rhizopogon benefits because
when the “parasite” flowers and dies, the
fungus has no competition for all those fir
root tips surrounding the root ball

Frequency of active fungal symbiont in situ

Method

• Collected pinedrops seeds

• Out-planted seed packets

• Harvested seed packets after

1 year

Rasmussen and Whigham 1993

5m

5m


