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Sudden oak death
(SOD)

e Caused by exotic oomycete
Phytophthora ramorum

— introduced to California via
ornamental nursery trade
* Massive mortality of tanoak
(Notholithocarpus densiflorus)
and oaks (esp. Quercus
agrifolia)

e (California bay laurel
(Umbellularia californica)
supports high inoculum levels
but is not negatively affected




Tanoak Bay Live oak



Other species of Phytophthora

* Two other species co-occur with
P. ramorum

I:P. nemorosa (210288
* F. psycnrophila P10433 Clade 3

* P. pseudosyringae and P. R
nemorosa cause identical 8 e tomania1

symptoms on SOD hosts, but L

rarely tree mortality

P. sp. kelmania P10613

P. drechsleri P10331 a
P. medicaginis P10683

P. trifolii P7010

P. sansomeana P3163

P. syringae P10330

P. austrocedri P15132 d | Clade 8

*
* P. porri P7518
{L— P. primulae P10333 | b
*

70 P. brassicae P10414
96 - P. ramorum 110301

P. lateralis P3888

63
ol P. hibemalis P3822 c
a1 P. foliorum P10969 !

* Unclear whether they are native
to California




Big Sur SOD Plot network

Forest Type

s * Plot network was established
e about a decade ago to study
long-term effects of SOD

* 40 plots in redwood forest, 50
plots in mixed evergreen forests

* |n 2008, two forest fires burned

many of the plots




Effects of fire on Phytophthora

e Post-fire sampling revealed that
P. ramorum persisted where
infected bay trees survived

* P. pseudosyringae and P.
nemorosa dominated post-fire
resprouts, even in plots where
they had never previously been
detected

 Why did the fire have different
effects on different species of
Phytophthora?




Oospores in the soil?

* Qospores are the most resistant
structures formed by
Phytophthora

* P ramorum is heterothallic, with
only one mating present in CA
forests

— This means it can’t complete its
sexual cycle and form oospores

* P. pseudosyringae & P. nemorosa
are homothallic, forming
oospores readily without mating




Hypothesis & objectives

If P. pseudosyringae & P.
nemorosa survived the fire
as oospores in the soil, they
should be detectable in the
soil of unburned plots

Objective: Use Rhodo-
dendron leaves to “bait”
Phytophthora out of soil

Plots were to be visited

during summer field

seasons of 2013 & 2014 . The d _l N
— This meant sampling during e 40 plots containing coast

an ongoing drought redwood were sampled in 2013

Plant tissue was _als.o * The 50 “mixed evergreen” plots
sampled from within plots were sampled in 2014




Successful
isolations

(Redwood)

Phytophthora

species Baltlng

P. ramorum

P. pseudosyringae

P. nemorosa

P. "sequoiasoil"

P. syringae

P. chlamydospora

2013 results

Due to the ongoing SOD
epidemic, isolation of P.
ramorum from foliage

was extremely common

P. pseudosyringae was
more common in soil
than in plant tissue

Three plots yielded
multiple species (up to 4)

A previously undescribed
species related to P,
cactorum was most
commonly baited

— This species was given the
placeholder taxon

'|”

“sequoiasoi



2014 results

Phytophthora
species

P. ramorum

P. pseudosyringae
P. nemorosa

P. "sequoiasoil"

P. syringae

P. chlamydospora

2013 (Redwood)

Plant
Tissue

492

Successful isolations

2014

(Mixed evergreen)

The drought
increased to
maximum severity in

2014

P ramorum was not
recovered from soil

Viable propagules of
P. pseudosyringae
were present in Big
Sur forest soil during
an extreme drought
— These are likely the
same propagules
that allowed it to
survive the 2008
fire
Difficult to separate
the effect of drought
from the effect of
forest type



Successful isolations
2014
2013 (Redwood) ) | 2015
Phytophthora Total
. Plant Plant
species Tissue Tissue
P. ramorum 492 198 699
P. pseudosyringae 2 3 15
P. nemorosa 13 1 15
P. "sequoiasoil" 10
P. syringae 4
P. chlamydospora 1

* The drought continued into 205

* Soil was baited from all 20 previously positive plots
plus 15 previously negative plots



Percentage of plots from which
Phytophthora was baited

o

30 -

20 -

D | 1 1

2013 2014 2015

Phytophthora baited from 15/40 = 38% of plots in 2013, 5/50 = 10% of plots in 2014,
2/35 = 6% of plots in 2015




Ongoing work

Correlate baiting success with
edaphic factors, vegetation
data & plot history

Determine if the psychrophilic
P. nemorosa can be reliably
baited at room temperature

Soil metagenomics

In vitro investigations of spore
hardiness: subject oospores to
heat and desiccation stress
followed by viability tests

Phylogenetic studies of
Phytophthora clade 1a




— P. cactorum Po7i14

i P. sequoiasoil TB192

— — P. pseudotsugae P10339 clade 1a
P. hedraiandra P11056

P. idaer P6767

. P. iranica P3882

P. clandestina P3942
P. tentaculata P8497

P. mcotianae P6303

—— P. ipomoeae P10225

— P. phaseol1 P10145

— P. andina P13365

P. mirabilis P3005

— P. infestans P10650

P. ramorum P10301

am

Maximum likelihood tree of Phytophthora clade 1 inferred from the mtCOXII locus.
Support value percentages >70 from 1000 bootstrap iterations are shown. Tree created
with MEGAG6 using default settings with GTR+G nucleotide evolutionary model



PCRE35 Stream kolate 2014, PCK (Del Morte)
QCRO25 Stream bolate 2015, MIN (Del Morte)

PCRS45 Stream b clate 2015, PCK (Del Morte) w?ﬂhzz;hl‘uadb; dbﬁa::je;:i N
PCRB45 Stream ks olate 2014, PCK (Del Morte) leaves, Del Norte &
QCRO40 Stream Isolate 2015, WNS (Del Morte) CEE:]EF;;%A
| QCR041 Stream b olate 2015, CLK (Del Morte)

PCR259 Streamn k olate 2015, NFMM (Humboldt)
PCREZT Stream is clate 2014, NIC {Del Morte)

cactorum_FP8825 Strawberry, Taiwan

Grape, South Africa
Lilac, Metherlands
Apple, Zimbabwe  Rhododendron OH
Soil, Argentina

Angelica-tree, Japan

25 cactorum_P1725

cactorum_POD714

cactorum_P10183_P10184_P 10185
cactorum P10385

cactorum_P107F3

cactorum_P10372

Strawberry, Argentina
FPCRE10 Soil 5olate 2014 res toration nurs ery

88

Restoration sites and
QCR137F SCVWD cactorum haplotype I nurseries, Bay Area, CA
ps eudots ugae F10339

Doug-fir, OR
ps eudotsugae P10218 -

CR548 sequoiss oil Stream Mon 2010, RNPTV {Del Norte Rizzo Lab: Stream, Del Norte Co, CA

QCR117 s equoissoil tancak s eedling Big Sur 2015 plot BS002 Rizzo Lab: Tanoak seedling, Big Sur, CA
PCRE84 sequoiss oil 5 oil baiting Big Sur 2013 plot BS002

Rizzo Lab: Seil. Big Sur, CA
89 PCRE55 sequoiasoil scil baiting Big Sur 2013 plot BS002 - 219 '

| cactorum_P11184

hedrsiandra_F11878
hedrsiandra_P11055

ok

idasi_PEFET

Neighbor joining tree from mtCOXIl + COXII-COXI spacer

cactorum

pseudotsugae

"sequoiasoil”
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Widespread Phytophthora infestations in European nurseries put forest, semi-natural
and horticultural ecosystems at high risk of Phytophthora diseases
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Discussion

|H

Variability within P. “sequoiasoil” suggest it is a native species

P. cactorum represents many lineages;
— isolates from streams in Northern CA form a unique lineage
— so do Bay area nursery/restoration strains

Are these lineages exotic or native?
Is there gene flow?
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cactorum_20 {1 strain, apple, Korea)

cactorum_24 {1 strain, Taiwan)

cactorum_12 {4 strains; declining forest scil, Poland/Serbia; baited s il of Fras er fir, MI; petunia, IL; R hododendron, MN)

cactorum_2 (21 strains, mos tly Ewrope sk o Papua Mew Guinea, BC, HI, MI, MN. 18XRos, Z{Eric, 1% Arec Mor Pin Sapind) 1 Rizzo s train, SCVWD res toration nursery

cactorum_19 {1 strain, baited scil of Fras e fir nursery bed, MI)

cactorum_1 {29 s trains, mostly Europe also Argenting, MY, MI, OR. TX Ros, 8XFag, Z{Api Eric & Pin, 1X Laur, ak o 2Xdeclining forest scil) 5XRizzo strains, all SCVWD

cactorum_11 {1 strain, ches tnut tree rhizosphere, Switzerland)

cactorum_17 {1 strein, baited s oil of Fras e fir nursery bed, M)
cactorum_32 (2strains; apple, UK; Juglans, CA)
cactorum_38 {1 strain, Arslia cordsta, Japan)
cactorum_5 {1 strain, M|, baited s oil of Fras er fir roots |
cactorum_15 {1 s train, crown rot of pear, Korea)

cactorum_33 {1 s train, Pelargonium grandiflorum, clone of hybrid)

cactorum_41 {1 strain, Pelargonium grandifiorum, clone of hy brid)
cactorum_44 (1 s train, Pelargonium grandificrum)

cactorum_7 {3 strains ; Z¢{ Fagus syhatica bleeding cankers, NY; 1 fom nursery apple, MMN)

cactorum_32 {1 strain, lilec. Netherlands )

cactorum_2 (48 strains, mostly Europe alo Taiwan, Japan, Zmbabwe, MI, MN, OH, W, CA. 20x Ros, 8XEric & Pin, 4XFag, 1 Arali Cact Lami Cle Sapind Scolan, ako 2X{declining fores t soil) 1 Rizzo strain, Stream Mon 2015 Del Norte

cactorum_18 {1 strain, ginseng, USA)

cactorum_27 {2 strains , Pinus radiata, Mew Zealand)
—|_ cactorum_31 (7 strains; 4 strewbery, Ventura County CA, Mexico & Argentina; 2 s cil, Argenting)

hedrsisndra_10

hedraiandra_8

13

hedraiandra_51

hedraiandra_52

hedraiandra 53
hedraiandra 54

seguoissoil_22 12X Rizzostrains ; 100{ Big Sur Scil, 1Xtsncek seedling root, 12010 Stream Mon Del Norte
cactorum_42 (2 strains, declining forest s oil, Poland/Serbia)
| ps eudots ugse 24 (5 strains, all Dougles -fir, OR)

Bﬂl—pseudmsugae_% {1 strain, Doug-fir, OR)

cactorum_132 (2 strains, Switzerland)

cactorum_21 (2 streins ; declining forest soil, Poland'Serbis; Fagus syhatica bleeding cankers, NY) 7X Rizzo strains, all 20142015 Stream Men, Del Morte

idaei_50

aam



