
Strategies for Combating Phytophthora 

Root Rot with Turkish, Trojan, and Other 

Exotic Firs

Will Kohlway

Christmas Tree Production & Marketing Specialist || NCSU

PCTGa Winter Meeting || Feb 6 th, 2026



Phytophthora

Å Oomycete

Å Over 11 species identified 

ï P. cinnamomi and P. cryptogea

ï Spreads via contaminated 

seedlings

ï Through water on site

Å Causes Phytophthora root rot on fir



Phytophthora root rot (PRR)

Å #1 production issue

Å 15-30% in production losses

Å PRR-infested land no longer 

suitable for production of Fraser

Å Flooding spreads PRR quickly

ï Hurricane Helene



How does Phytophthora cause PRR?

Å Phytophthora spreads on-site by 

water

Å Zoospores swim towards roots

Å Phytophthora attacks the root 

tips

Å To cause disease conditions 

need to be favorable



The Disease Triangle 
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Plant -Pathogen Terminology

Å Susceptible: Little to no defense against the pathogen

ï significant damage, stunted growth, or death

Å Tolerant: Can host the pest and suffer some damage

ï Continues to grow regardless

ï Can be overcome if disease pressure is high

Å Resistant: Through physical barriers or chemical 

response, it actively prevents the pest from establishing 

itself or causes the pathogen to die



How do we control PRR?

Å Prevention of spread

Å Containment of PRR hotspots

Å Plant alternative PRR-

resistant/tolerant Christmas trees

Å Grafting onto PRR-resistant/tolerant 

root stock



Grafting 

Å Cultivating PRR susceptible trees in 

PRR hotspots

Å Take advantage of root stock traits

ï PRR resistance

ï Drought tolerance

Å Graft compatibility

ï Genetic similarity is key!

Å Skilled process



Exotic Conifers

Å 600+ Conifer species

Å 50+ True Fir 

Not all will work as Christmas 

treesé

ébut some may be PRR 

resistant 



Determining PRR resistance 

Å Resistance screens

ï Controlled inoculations

ï Maximize environmental 

conditions for PRR

ï Measure seedlings for 

mortality 



Phytophthora inoculation:

Rice Grain Method



Phytophthora inoculation:

Assessments

16 

weeks 



Godfathers of Christmas tree PRR Research

NCSU

Å Dr. John Frampton

Å Dr. Mike Benson

WSU

Å Dr. Gary Chastagner 

Supported by

Å Extension agents

Å Researchers

Å Graduate students 

You!



Looking to Exotic Firs for PRR Resistance

Å Fraser and Noble fir are 

completely susceptible to PRR

Å In 2000 Dr. Frampton and Dr. 

Benson started expanded the 

search for PRR resistance

Å 32 different Abies

Å Aggressively screened for PRR 

resistance



Fir species PRR Mortality

Momi 10.6%

Turkish 61.7%

Nordmann 81.3%

Trojan 85%

Fraser 100%



Further delving into Turkish and Trojan Fir 

Å Turkish and Trojan fir showed 

promise!

Å In 2005 Dr. Frampton and Dr. 

Isik traveled to Turkey 

Å Range-wide collection of seed 

from natural stands

Å Seedlings were grown by family

Å Screened for PRR resistance 

with P. cinnamomi 

Trojan firTurkish Fir

Photo credit: Hillfarms Photo credit: botanikfoto



PRR Resistance by Provenance 

Percentage = average 

mortality across all 

families 

Yellow = Trojan fir

Red = Turkish Fir

John Frampton, Fikret Isik & D. Michael Benson 2013



What about with more than one 

Phytophthora species?

Å 8 total Phytophthora 

isolates

ï 6 P. cinnamomi

ï 2 P. cryptogea

Å Same families as previous 

study

Å Screened in 2011 Kohlway et al. 2017
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Resistant Tolerant

Trojan firTurkish fir Nordmann fir Korean fir Canaan firMomi fir

PRR Resistance Rankings



Momi Fir ( Abies firma )

Å Fir native to Japan

Å Completely resistant to PRR

Å Makes a poor Christmas tree

ï Spiky needles 

ï Shrub growth

Å Mainly used as PRR resistant rootstock

ï Some graft incompatibility with Fraser

Å Extremely low seedling availability Momi fir

ï Slow growth

ï Early budbreak



How do they grow as Christmas Trees? 

CoFirGE I
Å Collaborative Fir Germplasm Evaluation

Å Country-wide collaboration 

Å Cones collected in 2010

Å 10 Sites planted in 2013

Å Includes Turkish, Trojan, Nordmann, 

Fraser, Noble, Concolor, Korean, Balsam, 

Grand fir

Å Focus on exotic fir species growth and 

PRR resistance





Year 8 heights of NC CoFirGE



Why are Nordmann and Turkish fir so slow growing? 

They were selected for slow growth!



Frost Damage Rating of NC CoFirGE



CoFirGE II

Å Collaborative Fir Germplasm Evaluation II

Å Started in 2022

Å Country-wide collaboration 

Å Includes elite Trojan and Nordmann fir  

identified in CoFirGE I 

Å 11 total trial sites across USA

Å Focus on PRR screening

Å Currently underway!



Where are Turkish and Trojan today?

Å CoFirGE I lives on!

ï Some plots of the study remain

Å Survivors of early PRR screens 

were also planted in NC

Å Both studies are being converted 

to seed sources

Å Plantings are still immature 



Exotic Christmas tree Breeding 

Å CoFirGE cohort has lots of data

ï Still at founder population stage

Å Need information on progeny performance for selection

Å Ensure PRR resistance remains!

Å Quantitative genetics --ñTraditional Breedingò

ï Slow and steady improvement

Å We can speed this up with functional genetics



Identifying PRR Resistance Mechanisms 

Å Functional genetics

Å Determine the genetic basis of 

PRR resistance

Å Compare PRR resistant and 

susceptible fir

ï Molecular sequencing

Å Current research at Whitehill lab Adarsha 

Devihalli

PhD Student



Graduate work with Trojan fir

Å One family, Kaz24

Å OP family had 50% mortality in 

2012 study

ï ~70% mortality in later studies 

Å Large seed stock with high 

germination rate

Å Increasingly large amount of 

genomic data



Identifying Trojan fir PRR Resistance 

Mechanisms 

Å ~200 Kaz24 seedlings were transferred 

into Phytophthora colonized potting 

media

Å 2 replicate inoculations

Å 2 incubation periods each (48/96hr)

Å Seedlings transferred to sterile media 

and assessed for disease progression

Å RNA was extracted from root tips 



Trojan fir Seedling inoculation

Inoculation of Fir 

Seedlings Root RNA 

Extraction and 

Sequencing

33

Transfer to sterile media



Trojan fir innoculation

34



Genes Differentially expressed 
Resistant vs susceptible seedlings

Cluster name Organisms BiologicalAssociation

Cluster: Probable metal-nicotianamine

transporter YSL5

Arabidopsis thaliana Transport

Cluster: Glucan endo-1,3-beta-glucosidase 5 Arabidopsis thaliana Defense response
Carbohydratemetabolic process

Cluster: Neutral ceramidase Arabidopsis thaliana Apoptoticprocess

Cluster: Quinolinate synthase, chloroplastic Arabidopsis thaliana NADbiosynthesis

Cluster: Nudix hydrolase 1 Arabidopsis thaliana Responseto DNA damage

Cluster: Ribonuclease 1 Arabidopsis thaliana RNA hydrolysis

Cluster: Metacaspase-6 Arabidopsis thaliana Hydrolysisof polypeptide chains

Cluster: Mannose-specific lectin Dendrobium findlayanum Innate immunity

Cluster: CEN-like protein 1 Nicotiana tabacum Cytoplasm 

Cluster: Retrovirus-related Pol polyprotein 

from transposon TNT 1-94

Nicotiana tabacum; Arabidopsis 

thaliana

DNA integration (transposon)

Cluster: Beta-glucosidase 24 Oryza sativa subsp. japonica Carbohydratemetabolic process

Cluster: Metal-nicotianamine transporter 

YSL2

Oryza sativa subsp. japonica Ion transport



Marker assisted breeding

Å Develop DNA markers linked 

to PRR resistance

Å Genotype CoFirGE progeny

Å Nordmann-complex DNA chip 

Å Maximize trait improvement

Å Get the best exotic fir out to 

Christmas tree fields!



Gene Editing 

Å PRR resistance mechanisms 

identified in Turkish/Trojan/Momi fir

Å Targeted DNA mutation

ï CRISPR 

Å Takes advantage of natural DNA 

repair mechanisms

Å Need somatic embryogenic cells

Å Potential for PRR resistant Frasers



Other uses for Exotic firs

Å Variety on Choose & Cut/retail lot

Å Growing on marginal sites

ï Nordmann is drought resistant

Å Greenery!

ï Turkish and Nordmann fir 

ï Great color and shape



In conclusion 

Å The fight with PRR continues

Å Phytosanitation and control of spread is best control

Å Grafting on PRR resistant root stock is best option for 

PRR hotspots

Å Turkish, Nordmann, and Trojan fir are good trees to 

plant in PRR hotspots 

ï And will get better!



Thank you for your attention!

Any questions?

Email: whkohlwa@ncsu.edu

Office: 828 -684-2862

Cell: 919 -906-0347

https://christmastrees.ces.ncsu.edu/

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


