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Phytophthora

A Oomycete
A Over 11 species identified
i P.cinnamomi and P. cryptogea

i Spreads via contaminated
seedlings

i Through water on site
A Causes Phytophthora root rot on fir




Phytophthora root rot (PRR)

A #1 production issue
A 15-30% in production losses

A PRR-infested land no longer
suitable for production of Fraser

A Flooding spreads PRR quickly
i Hurricane Helene
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How does Phytophthora cause PRR?

A Phytophthora spreads on-site by
water

A Zoospores swim towards roots

A Phytophthora attacks the root
tips

A To cause disease conditions
need to be favorable
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The Disease Triangle
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Plant -Pathogen Terminology

A Susceptible: Little to no defense against the pathogen
i significant damage, stunted growth, or death

A Tolerant. Can host the pest and suffer some damage
i Continues to grow regardless
i Can be overcome if disease pressure is high

A Resistant: Through physical barriers or chemical
response, it actively prevents the pest from establishing
itself or causes the pathogen to die
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How do we control PRR?

A Prevention of spread
Containment of PRR hotspots

A Plant alternative PRR-
resistant/tolerant Christmas trees

A Grafting onto PRR-resistant/tolerant
root stock

To
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Grafting

A Cultivating PRR susceptible trees in
PRR hotspots

A Take advantage of root stock traits
i PRR resistance
i Drought tolerance

A Graft compatibility
i Genetic similarity Is key!

A Skilled process




NC STATE UNIVERSITY

Exotic Conifers

A 600+ Conifer species
A 50+ True Fir

Not all will work as Christmas
treesé

ébut some may b/
resistant
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Determining PRR resistance

A Resistance screens
i Controlled inoculations

i  Maximize environmental
conditions for PRR

i Measure seedlings for
mortality
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Phytophthora Inoculation:
Rice Grain Method

Phytophthora cinnamomi
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Phytophthora inoculation:
Assessments




NC STATE UNIVERSITY

Godfathers of Christmas tree PRR Research

NCSU

A Dr. John Frampton
A Dr. Mike Benson
WSU

A Dr. Gary Chastagner
Supported by

A Extension agents

A Researchers

A Graduate students

Youl!
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Looking to Exotic Firs for PRR Resistance

A Fraser and Noble fir are
completely susceptible to PRR

A In 2000 Dr. Frampton and Dr.
Benson started expanded the
search for PRR resistance

A 32 different Abies

A Aggressively screened for PRR
resistance
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Table 1 Least-squares means and standard errors for seedling mortality (proportion) of 32 Abies species from nine taxonomic sections 16 weeks

Seedling resistance to Phytoph th ora L'inna”lomi after inoculation with Phytaphthera cinnamami
. ° Section Mean SE Species Mean SE
in the genus Abies

Abies 0.7926d 0.0193 A. alba Mill. 0.9177 0.0301

A. borisii-regis Mattf. 0.7577 0.0482

g g
John Frampton + D. Michael Benson t:i:? !:2:
- o A. cilicica (Ant. et Kotschy) Carriére 0.6318 1128
Annals of Forest Science (2012) 69:805-812 4. equi-trojant Aschers. and Sint 0.8497 o252
DOI 10.1007/s13595-012-0205-4 A_nordmanniang (Steven) Spach 05127 0188
Amabilis (Matzenko) 0.9929be 0.0071 A. amabilis Dougl. ex Forbes 0.9929 0.0071

Farjon and Rushforth
Balsamea Engelm. emend. 01.9994h 00002 A. balsamea (L.) Mill 0.9867 (.0044
Fanon and Rushforth A. fraseri (Pursch) Poir. 1.0000 0.0000
A. koreana Wilson 0.9942 0.0058
= = = A. lasiocarpa (Hook ) Nutt. 0.9882 (L0083
F I r S pe CI eS P R R M O rtal Ity A. nephrolepis (Trautv. Ex Maxim_) Maxim. 1.0000 00000
A. sachalinensis (Fr. Schmidt) Masters 0.9318 00477
. A. sibirica Ledeb. 0.6941 0.0521
M omi 1 O 6 % A, veitchii Lindl 09942 0.0058
. Bracteata Engelm. 09708 00129 A. bracteata (D. Don) D. Don ex Poit. 0.9708 00129

emend. Sargent

. Grandis Engelm. emend 09390 00204 A. concalor (Gord. and Glend.) Lindl. ex Hildebr. 0.8510 0.0280
T u rkl S h 6 1 7 % Farjon and Rushforth A. grandis (Dougl. ex D. Don) Lindl. 0.9849 0.0150
. A. guatemalensis Rehder 0.9073 0.0231
Momi Franco 06554 0.0252 A. chensiensis Van Tieghem 0.8322 00367
0 I A. firma Sieb. and Zucc. 0. 1064 '.ll24ll
N O rd m an n 8 1 a 3 /() A. holophyila Maxim. 05936 0.0240
A. pindrow (D. Don) Royle 0.2931 0.0364
. A. recurvata Masters 0.9237 0.0206
T rOJ an 8 5% Nobhilis Engelm. 1.000a 5. 8600E-06 A. magnifica Andr. Murray 1.0000 0.0000
A. procera Rehder 0.9761 0.0097
Piceaster Spach. emend. 0.9768c 0.0163 A. numidica Die Lannoy ex Carriére 0.9768 0.0163

Farjon and Rushforth
F rase r 1 O O% Pseudopicea Hickel emend, (.9646¢ 00102 A. delavayi Franch. 0.9592 0.9592
Farjon and Rushforth A. fabri (Masters) Craib 0.9117 0.0220
A. farge: 0.929 00279
A. foresiii C. Colim. Rogers. 0.9942 00058
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Further delving into Turkish and Trojan Fir

A Turkish and Trojan fir showed Turish Fir__
promise! |

A In 2005 Dr. Frampton and Dr.
Isik traveled to Turkey

A Range-wide collection of seed
from natural stands

Seedlings were grown by family

Screened for PRR resistance
with P. cinnamomi

To

To
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PRR Resistance by Provenance

Black Sea

-
Karabik | percentage = average

mortality across all
families

= Trojan fir
Red = Turkish Fir

John Frampton Flkret |Slk & D. Mlchael Benson 2013
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What about with more than one
Phytophthora species?

A 8 total Phytophthora
Isolates

i 6 P.cinnamomi
i 2 P.cryptogea

A Same families as previous
study

SAgee b - ]

A& Screened in 2011 | Kohlway et al. 2017
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Average PRR mortality with  P. cinnamomi and P. cryptogea
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PRR Resistance Rankings

e " -

Momi fir Turkish fir Nordmann fir Trojan fir Korean fir Canaan fir

Resistant Tolerant
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Momi Fir ( Ables firma)

A Fir native to Japan
A Completely resistant to PRR
A Makes a poor Christmas tree
i Spiky needles i Slow growth
i Shrub growth i Early budbreak
A Mainly used as PRR resistant rootstock
i Some graft incompatibility with Fraser £ I
A Extremely low seedling availability T Momi fi

B T
L S S N
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How do they grow as Christmas Trees?
CoFirGE |

Collaborative Fir Germplasm Evaluation
Country-wide collaboration

Cones collected in 2010

10 Sites planted in 2013

Includes Turkish, Trojan, Nordmann,
Fraser, Noble, Concolor, Korean, Balsam,
Grand fir

A Focus on exotic fir species growth and
PRR resistance

To To To Do I»
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Turkish fir ' ‘ Bulgarian fir

Nordmann fir Grand fir Concolor fir Bva|sam fir Noble fir



Year 8 heights of NC CoFirGE
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Why are Nordmann and Turkish fir so slow growing?
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Frost Damage Rating of NC CoFirGE
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CoFirGE 1l

Collaborative Fir Germplasm Evaluation Il
Started in 2022
Country-wide collaboration

Includes elite Trojan and Nordmann fir s J
Identified in CoFirGE | e\

11 total trial sites across USA
Focus on PRR screening

To To To o

To To I

Currently underway!
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Where are Turkish and Trojan today?

A CoFirGE I lives on!
i Some plots of the study remain

A Survivors of early PRR screens
were also planted in NC

A Both studies are being converted
to seed sources

A Plantings are still immature
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Exotic Christmas tree Breeding

A CoFirGE cohort has lots of data
i Still at founder population stage

A Need information on progeny performance for selection

A Ensure PRR resistance remains!

A Quantitative genetics--n Tr adi t 1 onal Br e
i Slow and steady improvement

A We can speed this up with functional genetics
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ldentifying PRR Resistance Mechanisms

A Functional genetics

A Determine the genetic basis of
PRR resistance

A Compare PRR resistant and
susceptible fir

i Molecular sequencing
A Current research at Whitehill lab

Adarsha
Devihalli
PhD Student
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Graduate work with Trojan fir

A One family, Kaz24

A OP family had 50% mortality in
2012 study

i ~70% mortality in later studies |

A Large seed stock with high
germination rate

A Increasingly large amount of
genomic data
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ldentifying Trojan fir PRR Resistance
Mechanisms

A ~200 Kaz24 seedlings were transferred
into Phytophthora colonized potting
media

2 replicate inoculations
2 incubation periods each (48/96hr)

Seedlings transferred to sterile media
and assessed for disease progression

A RNA was extracted from root tips

To o Iw
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Trojan fir Seedling inoculation

SAAA L/

Inoculation of Fir

Seedlings Root RNA - _—
Extraction and Transfer to sterile media

Sequencing
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Genes Differentially expressed
Resistant vs susceptible seedlings

Cluster name

Cluster:

Probable metal-nicotianamine

transporter YSL5
Glucan endo-1,3-beta-glucosidase 5 Arabidopsis thaliana

Cluster:

Cluster:
Cluster:
Cluster:
Cluster:
Cluster:
Cluster:
Cluster:
Cluster:

Neutral ceramidase

Quinolinate synthase, chloroplastic
Nudix hydrolase 1

Ribonuclease 1

Metacaspase-6

Mannose-specific lectin

CEN-like protein 1
Retrovirus-related Pol polyprotein

from transposon TNT 1-94

Cluster:
Cluster:
YSL2

Beta-glucosidase 24
Metal-nicotianamine transporter

Organisms
Arabidopsis thaliana

Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Dendrobium findlayanum
Nicotiana tabacum

BiologicalAssociation
Transport

Defense response
Carbohydratanetabolic process
Apoptoticprocess
NADbiosynthesis

Responséo DNA damage

RNA hydrolysis

Hydrolysiof polypeptide chains
Innate immunity

Cytoplasm

Nicotiana tabacum; Arabidopsis DNA integration (transposon)

thaliana

Oryza sativa subsp. japonica
Oryza sativa subsp. japonica

Carbohydratanetabolic process
lon transport
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To o Io o

Marker assisted breeding

Develop DNA markers linked
to PRR resistance

Genotype CoFirGE progeny
Nordmann-complex DNA chip
Maximize trait improvement

Get the best exotic fir out to
Christmas tree fields!
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Gene Editing

A PRR resistance mechanisms
identified in Turkish/Trojan/Momi fir

A Targeted DNA mutation
i CRISPR

A Takes advantage of natural DNA
repair mechanisms 0

Fraser fir embryo
A Need somatic embryogenic cells
A Potential for PRR resistant Frasers

4
4
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Other uses for Exotic firs

A Variety on Choose & Cut/retall lot g
A Growing on marginal sites

i Nordmann is drought resistant
A Greenery!

i Turkish and Nordmann fir

i Great color and shape
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In conclusion

A The fight with PRR continues
A Phytosanitation and control of spread is best control

A Grafting on PRR resistant root stock is best option for
PRR hotspots

A Turkish, Nordmann, and Trojan fir are good trees to
plant in PRR hotspots

i And will get better!
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Thank you for your attention!

Email: whkohlwa@ncsu.edu
Office: 828 -684-2862
Cell: 919-906-0347

https://christmastrees.ces.ncsu.edu/
https://research.cnr.ncsu.edu/sites/whitehilllab/

Any questions?



