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S Section on: Ectomycorrhizal Fungi (EMF)

oot A Range-Wide Restoration Strategy for

of Agraculare

:.f::;"“ Whitebark Pine (Pinus albicaulis) A Aware NESS

General Jechoical
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June 20012

All pines need mycorrhizal fungi to survive in nature!

A Conservation; minimize negative impacts

tree cutting, soil removal, mechanical disturbance,
liming, N-deposition, fertilization, removaidf woody
debris &nursetrees, highintensityfire

A Strategies for maintaining EMF

plant seedling near livingghitebarkpines
plant seedlings within a year of disturbance
assessoils for EMF, monitor for EMF

inoculateif necessary witmative fungi
(do not use commercial inoculum)




Z — photosynthesis

7 carbohydrates

Ectomycorrhizae
on roots

celium

‘leaky roots’

Up to 10% of sugars
go to the fungi

ectomycorrhizae

How do Ectomycorrhizal Fungi benetrees?

w enhancenutrient uptake
especiallynitrogen

w provide protection
drought
pathogens
grazers
heavymetals

w aggregate the soill

In nature

Many different fungionroots of each tree

Cripps, CL 2002&4ycorrhiza In: Pscheidi& Ocamh PacficNW Plant Disease Management Handbook




Over 50 species of Ectomycorrhizal Fungi associatewhitebarkpine

Generalists:are they enough?veedy Specialists:are they necessary?

species, that associate with many tree species Host specific: only associate with pines,
5-needle pineswhitebarkpine

) ( Suilloids

Host specific
On seedlings

On mature
trees

Can be used
in restoration

ik S J
Mostly no fruiting bodies Amanitaalpinicolacripps CortinariusbridgeiCripps

Only inwhitebarkpine forests

Not all mycorrhizal fungi are the same:
Each fungus functions differently and provides different benefits to the trees




SU|II0|dSW|th whitebark pine (Plnusalblcaulls)

Primarily
nitrogen

Suillussibiricussingerwith 5-needle pines in
sectlonstrobusN hemlsphere

Suillussubalpinusmoser. endemic, withwhitebark
pine. on funagal conservation list

SUI||USdISCO|OI’ (A H. Smlth Thiers & O.K _ Miller) N.H. Nguyen
with 5 needle pines(s.tomentosusvar. discolor) Rhizopogorevadens 5-needle and 23 needle pines




Suilloidsare important in accessing nitrogen favhitebark pine.
What nitrogen sources can they access? Are all fungal species the same?
Culturestudy:Examined utilizatiomf organic and inorganic nitrogen sources bySt8lloidsfrom whitebark

pine forests
Results: Growth rates, densities, pigment production varied among species

Species CLC Amm Nit Ala Gin Ala-GIn BSA

Rhizopogon evadens 2035 0.62 0.09 0.15 0.27 0.26 0.10 & - - -

Rhizopogon evadens 2451 024/ om| o2l oar o3l os None ammonia nitrate alanine glutamine ala-glu BSA
Rhizopogon milleri 2544 0.21 -0.04 0.38 0.37 0.34 0.07 g - .
Rhizopogo I 2469 0.88 0.08 0.76 1.10 1.23 0.28 Suilloid A amino acids proteln
Rhizopogon roseolus 2475 0.30 0.23 0.22 0.26 0.44 0.32 - = -

Rhizopogon roseolus 2489 0.63 0.09 0.35 0.58 0.48 0.18 v .

Rhizopogonsp. Hypl 1.70 0.26 0.52 1.64 1.83 0.29 Rep 1 2

Suillus cf. placidus 2473 0.92 -0.07 0.83 1.60 1.34 0.56 4

Suillus discol 2422 111 0.12 0.33 0.64 0.42 0.16

Suillus discol 2433 0.22 0.28 0.70 1.32 0.87 0.11 S

Suillus discolor 2441 1.39 0.90 1.89 211 181 1.37 > ;

Suillus discol 2500 0.98 0.10 1.58 1.53 1.45 0.51 Rep 2 = g ’

Suillus discol 2510 0.92 1.55 1.60 191 131 0.65 » 5 ! \

Suillus discol 2539 0.92 0.19 1.05 141 0.81 0.88 ‘% m . |

Suillus sibiri 2421 117 0.82 117 1.18 1.14 0.63 a .

Suillus sibiri 2449 1.22 0.50 121 1.35 1.06 0.66 :

Suillus sibiri 2450 0.73 0.00 0.33 0.96 1.01 0.55 4

Suillus sibiri 2484 1.27 -0.03 0.85 1.52 1.48 0.19 Rep 3 — q - “

Suillus sibiri 2540 0.65' -0.13 0.15 0.30 0.16 0.15 BN .

Suillussp. 2199 1.08 0.11 0.08 0.89 1.23 0.08 ) ~

Suillussp. 2467 1.06 0.10 0.93 0.96 0.85 0.34

Suillus sp. 2480 2.07 0.90 0.69 2.06 2.10 0.42

Suillus subalpinus 2347 0.80 -0.04 0.67 0.58 0.56 0.29

Suillus subalpinus 2487 0.40| -0.12 0.22 0.39 0.25 0.12

Suillus subalpinus 2505 0.36 -0.05 0.12 0.24 0.16 0.03 y

Suillus subalpinus 2508 0.35' -0.10 0.20 0.44 0.19 0.05 e = _,.‘

Suillus subalpinus 2533 111 0.13 0.20 0.97 0.68 0.32 organlc h

Suillus subalpinus 2536 0.35| -0.09 0.18 0.33 0.14 0.07

A Most did best on ammonia and amino acids, and not as well on inorganic nitrogen sources (nitrate)
A There is functional diversitgmong ectomycorrhizal fungi!

A If EMF communities change, overall mycorrhizal functioning changes Antibus Hobbieand Cripps 2018



When appropriate ectomycorrhizdungi are reduced or lacking in soill
0 we need to inoculate seedlings for restoration?

High intensity fire
(Wiensczylet al. 2002)

Beetle infestationreuet al. 2014)

Rust infection? ‘
(how long can EMF survive in ghost forests

Nonforested areas
(absent)

Soll disturbance




Specialist fungi,
including
Suilloids '

| m— b o oo

Prefire

i ""?;:'a.t, A Nutcrackers present

Optimal conditions for recovery after fire

After fire
¥ lower EMFdiversity
‘A lower EMF speciedgchness
shift in EMF communities
(Trusty and Cripps 2010)

#4 A Adjacent mature forest
& . A Seed source

A Source of fungal inoculum
A Mammal vectors present

Teetertotter Model

Specialist fungi
including
Generalist fungi Suilloids
- Generalist fungi
A .

Postfire
Time to full recovery?
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If appropriate Ectomycorrhizal Fungi are
lacking, there may be a need to inoculate.

AN 4

We developed a method for inoculation
with native ectomycorrhizal fungi from
whitebarkpine forests




Collectappropriate native mycorrhizafungi from WBP forests

o




Keep cool!




Remove pore surface
(contains spores) for
Suillus




From this

Save thePoreg spongy layefcontain spores)
Whole mushroom




| EZ_Z8sg¥2es _sge e M

ForRhizopogon
slice them up!
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Or dry them on ;
food dehydrator



Making aspore slurryfrom fresh pores (spongy layer)

Movie clip




Dilute spore slurry to 1 million spores/ml

Slurry color chart or Use a counting chamber
(Haemocytomete®& microscope)
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Then calculate the
YydzYo SN 2 F &a4LI2NBak Y

Dark Chocolate Milk Chocolate Tea color

Typically this means diluting the spores slurry 10 or 20 times.
Store in refrigerator

How long does it last?


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjP77-Z_NfhAhVHjp4KHbNmCnkQjRx6BAgBEAU&url=https://gizmosupplyco.wordpress.com/2015/12/13/facts-about-using-haemocytometer-for-blood-count/&psig=AOvVaw2A9ehoj1CUB4ST26AMdP-9&ust=1555619407776522

How to inoculate Seedlings with Spore Slurries

We use 3 ml of slurry (@ 1 million spores/ml) = 3 million spores/container

Drip method using aippette or Inoculation gun

¥
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On soil surface near base of seedling Cattle vaccination gun




Use of Native Ectomycorrhizal Fungi to inoculatéitebark pine seedlings for restoratio

urposes e . 75
purp S i WO R

Screened 28 strains of native EMF In the
areenhouse and examinedonditions to
optimize colonization in the greenhouse

A species/isolates of fungi

Suillussibericus(certain strains) ! D

A types of inoculum/ how much
spore slurries

A whento inoculate

older seedlings

A substrate type

compostedarkmix
A inoculation method

injection

A fertilizer regime
low nitrogen fertilizer

_ _ _ Webinar link: CrippWhitebaerine and native mycorrhizal fungi
Cripps &rimme2010;Lonergan Cripps 2013 UTube https:// www.youtube.com/watch?v=JIHKCoaSBIw



https://www.youtube.com/watch?v=JlHKCoaSBlw

Inoculation versus Colonization!

Not all seedlings beconmdlonizedafter inoculation

Some seedlings that aret inoculatedcan becomeolonized

Idaho Nursery: fieedle pine orchard in back of Full ofSuillusmaking spores!
greenhouse withwhitebarkpine seedlings



