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Presenter
Presentation Notes
Hi, I am Dale Blum, I’m a professor at Pierce College Puyallup and for the last 8 years my students  and I have had the pleasure of working with Marianne Elliott, a researcher at Washington State University Research and Extension Center.

We’ll start our presentation by having Dr. Elliott give some background information on  a group of plant pathogens that has been our focus  and then I will discuss the work my students have done with Dr. Elliott.



Movement of plant diseases
Nursery

Wildland

Restoration site

Presenter
Presentation Notes
We are interested in studying the movement of plant diseases between nurseries, restoration sites, and wildlands. Sudden oak death, caused by Phytophthora ramorum was introduced into California on nursery plants and has escaped, causing the death of millions of trees in forests.



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.” Forest Phytophthoras.org

http://forestphytophthoras.org/proceedings


Phytophthora

Oospores of P. megasperma

Sporangia containing 
swimming zoospores 
(P. ramorum)

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

(P. ramorum)

Presenter
Presentation Notes
Phytophthora is a fungus-like organism that can be detected by the symptoms it causes on plants. It has a swimming spore stage. Other spore stages can survive in harsh, dry environments and can germinate when there is sufficient moisture.



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

P. cinnamomi root disease on Eucalyptus

Root disease
Bleeding cankers

Shoot blight
Foliar lesions

Bleeding cankers caused by 
P. citricola on Alder
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Phytophthora causes a variety of symptoms on plants. Stem cankers and root disease can be lethal.



P. ramorum distribution in 
forests

Western US – oak, tanoak

UK - larch
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Forest outbreaks of P. ramorum have occurred in California and the UK, although the organism has been found in nurseries in other locations.



Native plants from 
nurseries

Plants were purchased from nurseries 
in WA and OR that provide to 
restoration sites

Sampled for Phytophthora species in 
spring by soil baiting, also isolation 
from symptomatic material

2016-17– sample dead plants from 
restoration sites and adjacent forests
Phytophthoras we don’t want to find 
include:
• P. alni ssp. alni
• P. ramorum
• P. tentaculata

Plants in gallon 
pots are stacked 
for shipping

USDA-APHIS Farm Bill Project
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We are focusing on the movement of P. ramorum and other Phytophthoras in potted plants grown by native plant nurseries for use in restoration planting projects.



Pot sampling results - WA

Nursery # ACMI ALRU ARUV COSE LUPO MAFU MAHO MIMU POGR THPL total
1 0% 50% 40% 30% 30%
2 10% 20% 30% 20%
3 0% 30% 20% 20% 30% 20%
4 0% 10% 8%
5 70% 40% 80% 0% 48%
6 10% 60% 0% 10% 20%
7 100% 0% 33% 50% 0% 7% 21%

total 3% 67% 35% 25% 27% 35% 20% 4% 13% 15% 25%

Presenter
Presentation Notes
Results of native plant nursery survey for WA. 7 nurseries were sampled. The top row gives the abbreviation for each of 10 plant hosts that were sampled. Phytophthoras from the root zone of each plant were identified. 25% of the pots contained at least 1 Phytophthora species, with red alder (ALRU) having the highest recovery rate (67% of pots had Phytophthora).



Phytophthora species in WA native plant nurseries
Clade Species ACMI ALRU ARUV COSE LUPO MAFU MAHO MIMU POGR THPL

1 P. cactorum x x x x

2
P. citricola
group x x x x x x x

2 P. plurivora x x x x x
2 P. pini x x x x
2 P. occultans x x x x

7
P. alni ssp. 
uniformis x

7 P. cambivora x
7 P. cinnamomi x
8 P. cryptogea x x x

10 P. gallica x
unidentified x x x x x

Presenter
Presentation Notes
This table shows the species of Phytophthora detected in the root zone of potted plants from native plant nurseries in WA. Many of these are known root disease pathogens commonly found in ornamental nurseries. Some are newly described species.



Summary

• Phytophthora is everywhere
• Not all Phytophthora is created 

equal – it is important to know what 
species are present

• Soilborne Phytophthoras that form 
oospores (homothallic) are generally 
a bigger threat than waterborne 
species

• Movement of Phytophthora in 
potted plants is a key pathway for 
introduction into ecosystems

www.plantheroes.org



Research goals:
1. Are Phytophthora spp. moving from nursery plants into natural 
ecosystems?
2. Baseline survey of local Phytophthora species
3. Biology of Phytophthora spp.
WSU Ornamental Plant Pathology researchers worked with local schools 
and volunteer groups to expand sample collecting and processing, increase 
public awareness of the issue, and provide students with research 
experiences.

Master Gardeners

Puyallup High School

UW Tacoma

Pierce College
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So we started looking to see if pathogenic Phytophthoras were escaping from nursery plants into our forests,creeks, and stormwater retention ponds, and also wanted to determine which species we already had locally.

Worked with several schools and volunteer groups to expand collecting--  (pictures of various volunteers) 



Many Different Projects

Presenter
Presentation Notes
Pierce College students, either as independent projects and/or as class projects have been working with Dr. Elliott on various aspects of this research since 2010
Photos show some student projects such as Setting leaf bait to check for oomycete species in Clark Creek, Root rot by Phutophthora on wetland species, Root rot by Phytophora on different conifers, Investigating which microbes pass through various biofiltration systems and the shoe experiment, where students checked to see how effective disinfectants were at killing Phytophora ramorum on shoes that were covered with mud.



2017-2018 – Phytophthora in habitat restoration sites

Does Phytophthora survive outplanting?
Woodland Creek 

Clarks Creek 

Presenter
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For the last two years we have working at two small  restoration sites, one on Clark Creek and one  at Woodland Creek at the mouth of Clark’s Creek, to determine if various Phytophthora species especially plant pathogens, have moved from plants that were grown in a nursery into the soil around the plants or into the creeks.



Methods: Collecting Samples

Setting and Collecting 
the “Baits” in Streams

Collecting and Baiting 
Soil Samples
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To do this we “bait” for these species by placing leaves in stream or with the soil so the Phytophthora will “attack” the leaves. After leaving the leaves in the water for two weeks leaves that are being attacked by plant pathogens will show lesions. To bait for microbes in the soil samples, water was added along with a leaf bait and left for 72 hours



Methods: Culturing and Isolating Phytophthora

Students cutting out pieces of infected 
leaves and putting onto media that selects 
for Phytophthora

Presenter
Presentation Notes
Next we culture and isolate the Phytophora. Here you can see some of the lesions caused by the infections. pieces of the leaves that appear to have been infected are cut out and placed  onto a semi-selective growth medium. This media will encourage the growth of Phytophthora but does allow some other species of microbes to grow. After the mycelium has grown a piece of the agar with the mycelium is moved into its own plate to make a pure culture.

After microbes start to grow (usually 24 to 48 hours) Phytophthora colonies are isolated by moving small amounts of growth onto individual plates that encourages the growth of Phytohthora. 



Methods: Culturing and Isolating Phytophthora

After hyphae grow from the infected leaves, one 
section is moved onto its own plate to make a 
pure culture



Methods: Preparing for DNA Sequencing and Analysis

Students prepping and amplifying the ITS region 
of DNA from a pure culure. This is sent off for 
DNA sequencing.
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Once we have pure cultures, Students use some of the mycelium and prep it so a section  of the DNA can be amplified.



DNA Sequences are Compared to a 
Gene Library to Determine Species
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This gets sent off and sequenced. the DNA sequence is sent back and can be checked against the GenBank database (https://www.ncbi.nlm.nih.gov/genbank/) to determine which species was growing in that culture



Clarks Creek Results
Year Site Phytophthoras

2010 1001 P. gonapodyides, P. lacustris, P. taxon Raspberry

2011 1102 P. gonapodyides, P. lacustris, P. megasperma, 
P. siskiyouensis, P. chlamydospora, P. bilorbang

2017 WC1 P. gonapodyides, P. lacustris, P. chlamydospora

2017 WC2 P. lacustris, P. chlamydospora

2017 WC3 P. gonapodyides, P. lacustris, P. chlamydospora, 
P. gregata

2017 WC4 P. lacustris, P. chlamydospora

2018 CC6 P. gonapodyides, P. lacustris, P. chlamydospora

2010 1007 P. gonapodyides, 
P. cambivora (possibly P. uniformis*)

2011 1103 P. gonapodyides, P. siskiyouensis

Fish hatchery

WSUP

Puyallup 
River

Endemic root nibblers
Plant pathogens *possibly invasive
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These are the results from sampling for the last 8 years. Phytophthoras are everywhere and we found a bunch. The good news is we did not find P. ramorum. Among those found were three plant pathogens that Marianne calls root nibblers. These are species that are common around this area, are opportunistic and usually do not cause much damage unless the soil is very wet.  These species were not on found on the nursery plants. 
One species, P. Cambivora that was found at the site was also found on the nursery plants. It is possible that this Phytophthora may have been misidentified. The reason for the possible mis-ID is that the section of DNA that was sequenced is identical for P. cambivora and P. uniformis. Both of these species attack red alder, but P. uniformis is invasive. To tell the difference between the two species the cultures need to be examined in the microscope and/or more genes need to be sequenced. 



Future Work:
Survey more sites:

Restoration sites – before and after planting



Survey more sites: Storm water ponds, runoff, etc., for 
movement from ornamental plantings into the environment

Future Work:



Future Work: Monitor Same Sites Over Time

It is possible that Phytophthora
species that were on the nursery 
plants are still in the soil but not 
sporulating because of our warmer 
soils when compared to California. 
Early detection of invasive pathogens 
may help stop its spread.

Phytophthora cinnamomi infecting
Pacific madrone in  California
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We would also like to monitor some of the same sites again. This is a photo that Marianne Elliott took in  Santa Cruz California showing the effect on Phytophthora cinnamomi on Pacific Madrone, this Phytophora is known to be a plant pathogen to not only Pacific madrone but several other species of native plants that we have here in Washington.  And although this Phytophthora has been found on plants in WA nurseries it has not been found outside of nurseries here in WA. One possible reason is that although this plant pathogen has been found on some nursery plants it was not on any of the plants that were put into these restoration sites but also possible that it was on the nursery plants but did not survive or not spread yet because our soils are too cool, So with climate change we think it would be wise to continue monitoring these sites.



Thanks to Marianne Elliott and WSU
Great Opportunity for Students

Presenter
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I want to  thanks Marianne and WSU for working with me and my students. As you  can see, this project gives students opportunity to do useful research in their own community. And while engaging in this research they gain experience from field work through molecular techniques and analysis. 

And thanks for inviting us to share our research. If anyone has questions about Phytophthora ask Marianne . Questions about using this as a student project contact Dale.
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