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Outline

 What is Phytophthora?

 Why the concern about plant diseases in native plant 
nurseries?

 Results of sampling for Phytophthora in OR and WA native 
plant nurseries

 What is a systems approach to preventing disease?

 What are the most common sources of contamination in 
nurseries?

 What management practices will help prevent disease?

 Resources for more information



Phytophthora – the plant destroyer

More than 100 species identified

P. infestans – responsible for the 
Irish potato famine in 1845

P. sojae - soybean stem and root 
rot

Several Phytophthora spp. cause 
disease on cacao

P. cinnamomi – causes damage to 
forest ecosystems worldwide

P. ramorum – causes Sudden Oak 
Death (SOD)

“Perhaps no other single plant disease has 
resulted in such widespread human 
suffering and sociological impact.” 



• Oomycetes (aka “water molds”) were once considered to be fungi

• Fungi and Oomycetes have similar growth forms – convergent evolution

• Control agents for fungi may not work for Oomycetes and vice-versa

Eukaryote phylogenetic tree based on DNA sequence data

Phytophthora is not a fungus

Miklós Csűrös
University of Montreal



Phytophthora

P. alni oospore

Chlamydospores 

(P. ramorum)

Oospores of P. megasperma

Sporangia containing 

swimming zoospores 

(P. ramorum)

Phytophthora is microscopic and 
species can be identified by spore 
stages and/or DNA sequencing



Damage caused by Phytophthora spp.
P. ramorum foliar and shoot 
blight on Vaccinium at a nursery

P. cinnamomi root disease on Pacific madrone

Bleeding cankers cause by P. 
alni ssp. alni on Alder

Root disease
Bleeding cankers
Shoot blight
Foliar lesions



Movement of plant diseases
Nursery

Wildland

Restoration site



Some examples of exotic Phytophthora spp. most likely 
spread from nurseries to wildlands

Source Approx.
Year

Pathogen Nursery host(s) Threatens

??? 1990s P. ramorum Rhododendron, viburnum, 
camellia, Mahonia, salal

Forests, urban 
landscapes

Taiwan, 
OR, CA, 
EU

1925 P. lateralis Port-Orford cedar, yew Forests, 
hedgerows, 
ornamentals

EU Late
1900s

P. alni ssp. alni Alder Forests, riparian 
areas, urban 
landscapes

CA Early 
2000s

P. cinnamomi Many (Arctostaphylos,
Arbutus, chinquapin)

Native landscapes, 
ornamentals

CA 2012 P. tentaculata Mimulus (Diplacus) 
aurantiacus, toyon

Native landscapes

OR 2015 P. occultans Ceanothus, salal, boxwood,
rhododendron

Native landscapes, 
ornamentals



Sudden Oak Death

Phytophthora ramorum



Sudden Oak Death

Rhododendron infected with Phytophthora ramorum



Phytophthora lateralis

Port-Orford cedar root rot   OR, CA; 

Now in France, UK

Photo by Cecile Robin



P. alni ssp. alni
Alder decline, Europe



Phytophthora  cinnamomi

Arctostaphylos myrtifolia,  A. viscida - CA

Photo by Phytosphere Research



Photos from Reeser, Sutton and Hansen 
(2012); First Report Reeser et al. 2015

Ceanothus velutinus

+ P. occultans Control

Ceanothus sanguineus

+ P. occultans Control

Phytophthora occultans on Ceanothus spp.- OR 



Photos from Reeser, Sutton and Hansen 
(2012); First Report Reeser et al. 2015

Ceanothus velutinus

+ P. occultans Control

Ceanothus sanguineus

+ P. occultans Control



Phytophthora incidence in native plants purchased in Oregon and 

Washington

1. Pour-through test:
For each plant species, leachate collected from 30 plants 
(10 from each of 3 nurseries)

2. Leachate baited with rhodo leaves

3. Baits plated onto PARPH 4. Pure cultures 
sequenced and 
examined in 
microscope to i.d.
species



Phytophthora spp. present
Host Code Genus species Family OR WA
Forest

Kinnickinnick ARUV Arctostaphylos uva-ursi Ericaceae cinnamomi cinnamomi
aCeanothus spp. Ceanothus spp. Rhamnaceae cambivora, occultans n/a

Western red cedar THPL Thuja plicata Pinaceae chlamydospora, citricola, pini citricola, pini

Oregon grape MAHO Mahonia spp. Berberidaceae syringae cactorum, citricola, occultans

Riparian

Red alder ALRU Alnus rubra Betulaceae
cambivora, cinnamomi, 
cryptogea, plurivora, 
siskiyouensis

alni ssp. uniformis, cactorum, 
citricola, occultans, pini, 
plurivora

Pacific crabapple MAFU Malus fusca (a.k. Pyrus fusca) Rosaceae cambivora
cactorum, cambivora, citricola, 
cryptogea, plurivora

Red osier dogwood COSE Cornus sericea Cornaceae cambivora, cinnamomi gallica, occultans, plurivora, pini

Prairie

Bigleaf lupine LUPO Lupinus polyphyllus Fabaceae
borealis, cactorum, 
cinnamomi, cryptogea, 
hedraiandra

cryptogea, pini, plurivora

Mimulus spp. MIMU Mimulus cardinalis
Phrymaceae 
(Scrophulariaceae)

occultans citricola

bYarrow ACMI Achillea millifolium Ranunculaceae n/a occultans

Slender cinquefoil POGR Potentilla gracilis Rosaceae cryptogea, plurivora cactorum, citricola, plurivora

aNot available in WA
bSubstituted for Delphinium spp.



Soilborne Phytophthoras in potted 
native plants at nurseries

• Phytophthora spp. not previously reported 
in WA State include P. occultans, P. alni 
ssp. uniformis, and P. gallica. 
New to OR – P. hedraiandra

• Several new host/pathogen combinations

• 10 homothallic and 5 heterothallic species

Oospore of a homothallic Phytophthora sp. 

Plants in gallon pots are 
stacked for shipping



Why should we be concerned about 
exotic Phytophthora spp. in nursery 
stock used for habitat restoration? 

-Introduced Phytophthora species have already been shown to affect a wide 
range of plant communities in varying climates and soils 

-Both rare and common native plant species affected 

-Increasingly wide variety of Phytophthora species in nurseries

-Contaminated soil moved via vehicles, bikes, and foot traffic -Phytophthora 
moves quickly downhill with flowing water 

-Very persistent in soil, not possible to eradicate over large areas 

-Contaminated nursery stock is probably the most direct and efficient 
means of introduction 

Phytophthora tentaculata on
Mimulus (Diplacus) aurantiacus - CA 

First Report
Rooney-Latham and Blomquist (2014)

Photo by Phytosphere Research



The disease triangle

Disease

Conducive 

environment

Susceptible host

Virulent 

pathogen



A Systems Approach for Growing Healthy Plants

 Considers the entire system of plant production from start to 
finish

 Identifies greatest hazards of contamination

 Leads to correction of any unsafe practices; development of 
Best Management Practices

 Reduces risk of disease

 Proactive

 Preventative 



Seed collection

Cuttings 
collection

Up-pottingPropagation

Plants purchased from other 
nurseries

Holding 
nursery

Outplanting

A systems approach for producing healthy native 

plants

Potting 
media/soil

Water Pots

Cull plants, 
healthy 

Compost Cull plants, 
diseased 

Disposal



Components of a Systems Approach
in Nurseries

• Site selection, preparation, and maintenance

• Plant sources

• Plant propagation and greenhouse production

• Water management

• Container production

• Field production 

• Potting media and containers

• Disposal and composting

• Training

• Scouting

• Recordkeeping



Site selection



A beautiful native plant nursery



But it’s surrounded by a forest infested with Sudden Oak Death.



Locate your nursery away from known sources of pests and 

pathogens

Oregon 

myrtlewood

infested 

with P. 

ramorum



Propagation



Maintain ultraclean propagation houses





Disinfectants for cleaning hard surfaces, tools, 
and equipment

Chemical name Trade name

peroxides ZeroTol, TerraCyte, Virkon

sodium hypochlorite (bleach) Chlorox

quaternary ammonia Physan, Greenshield

For best results,  clean soil or plant debris from objects or surfaces before applying the disinfectant. 
Use labeled rates and minimum contact time.



Wood is impossible to clean



Photo by Phytosphere Research



Placement of containers



Never put containers in direct contact with the ground





Get containers up and 

off the ground



.











Prevent leafy debris from accumulating on the ground



Collect and dispose of leafy debris between crops.



Keep your 
greenhouses 
free of leafy 

debris



Water management



Prevent standing water







A
well-

drained  
outdoor 
growing 

area



Assume all surface water is contaminated with 
Phytophthora spp. and do not use it for irrigation.

Municipal water and well water do not contain plant pathogens.



Soil and potting media



Soil is teeming with 

microorganisms and most of them 

are “good guys”

….but some of them aren’t.



Temperatures necessary to kill various groups of soil organisms 

– 30 min. aerated steam

212 100

200

190

180

170

160

150

140

120

130

100

110

° F ° C

90

80

70

60

50

40

Few resistant weed 
seeds

Most weed 
seeds

Soil 
insects Most plant pathogenic fungi, bacteria and 

viruses, 

Pythium, 
Phytophthora

Most 
nematodes

Most saprophytic fungi and 
bacteria

Worms, slugs and centipedes

Few resistant plant 
viruses 



Steamer cart to pasteurize soil at 140° F for 30 min 

once soil has come up to temperature





http://www.ipm.ucdavis.edu/PDF/PESTNOTES/pnsoilsolarization.pdf

Solarize

To eliminate pests and 
pathogens, maintain:
≥158°F for 30 min, or   ≥140°F 

for 60 min

http://www.ipm.ucdavis.edu/PDF/PESTNOTES/pnsoilsolarization.pdf


Solarization of fallow soil for 4-6 weeks is very 

effective at killing many soilborne pathogens and also 

weeds.



Nonsolarized Solarized 
1.4-mil AC

Solarization of fallow soil for 4-6 weeks is very 

effective at killing many soilborne pathogens and also 

weeds.





Potting media options

Purchase bagged soilless potting media from a reliable supplier, OR



Potting media options (cont’d)

• Prepare your own media from raw materials free from pathogens: 
bark, compost*, sand*, pumice, vermiculite, perlite; do not let it 
become contaminated during storage or mixing

• Can add to treated soil or potting media: inoculum of mycorrhizal
fungi (granular, powder, liquid) or biocontrol products available 
commercially



Store media ingredients on a well-drained, paved surface, 

preferably covered. Do not use field equipment for mixing.



Dirty potting media



Containers



Do not reuse dirty pots without cleaning them first!



How to disinfest pots, trays, racks, and cones

1. Steam  (no washing necessary) 140-180° F for 30 min

OR

2. Wash to remove soil, roots, and organic debris

Then sanitize:
 Soak in hot water bath 180° F for 30 min.

OR
 Soak in a 10% bleach solution for 30 min., then rinse

OR

3. Solarize



Pot and conewashing stations



Steam



BMP: Disinfest containers before re-use, with steam...

Mobile Steam Unit



BMP: Hot water dip

Hot water dip



Scouting and monitoring



Regularly 
scout your 
plants for 
pests and 
diseases







If you find a sick or dead plant, dispose of it.



Know what a healthy plant should look like.





Use ELISA diagnostic kits to test suspect 
plants

Phytophthora Immunostrips

Agdia, Inc. USA 

Strips with SEB1 buffer-filled 

mesh bags

ISK 92601/0025= 25 strips

25 strips =  $150 ($6.25 each)

https://orders.agdia.com/InventoryD.asp?loc=IN&collection=ISK 92601&attribute_Size=25


Two ways to bait the root ball

Then flood the saucer

In the pot

Or under the pot

Send the leaf 

bait to a plant 

diagnostic lab 



Education, diagnostics, tools for early detection



Systems Approach Manual

Available for free download from the OAN website http://oan.org/associations/4440/files/pdf/SafeProduction.pdf
under Publications

Griesbach, Parke, Chastagner, Grünwald, & Aguirre, 2012 

http://oan.org/associations/4440/files/pdf/SafeProduction.pdf








Come to our 

workshop!
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5 Principles of Plant Disease Control

Disease

 Exclusion: quarantines, inspections, certification

 Avoidance: planting site, time of year

 Eradication: sanitation, heat treatment

 Protection: biological control, chemical control

 Resistance: innate genetic resistance, induced 

resistance



Seed collection

Cuttings 
collection

Up-pottingPropagation

Plants purchased from other 
nurseries

Holding 
nursery

Outplanting

Production flow chart for native plant nurseries

Potting 
media/soil

Water Pots

Cull plants, 
healthy 

Compost Cull plants, 
diseased 

Disposal



Principles of soil treatment to avoid soilborne plant 
diseases

K. F. Baker (1957)                                   Baker and Cook (1974)



Clean potting media



Clean pots



Dead and dying plants



Healthy plants



Get containers up and 
off the ground



Avoid 
standing 

water



Ways to disinfest irrigation water



Ways to disinfest irrigation water (cont’d)

Parke and Fisher, 2012



Anti-condensation filmRegular film



Bait the root ball

• Collect fresh leaves of Rhododendron catawbiense
‘Grandiflorum’ from greenhouse-grown plants not treated 
with fungicides. 

• Wound leaves with wounding device
• Place 4 leaves leaf in pot under root ball
• Fill saucer under container with water
• Incubate 3-5 days. 



Disinfectants for treating cuttings

Chemical name Trade name

Hydrogen dioxide ZeroTol

Chlorine dioxide

ZeroTol is labeled for use on ornamental plants in 
greenhouses and nurseries as a preplant dip and 
foliar spray. Chlorine dioxide is labeled for use on 
vegetable and fruit processing.



Optimize drainage.


