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Armillaria root rot, symptoms & signs
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Armillaria, background, biology

 A. mellea is the pathogen

 Found most often in riparian
areas, former oak woodlands

 Wide host range, including all
fruit and nut crops, many
ornamentals

e Strains vary in aggressiveness
e Inoculum soilborne, persistant

e Spread tree to tree in sail, also
by flooding, movement of
infested soil and plants

e Likely that stress can predispose
trees to Armillaria infection



Armillaria, management considerations

eCarefully consider and prepare
orchard site, drainage included

*Well-drained soil less conducive to
disease development and spread

*Eradication with preplant fumigation &=
virtually impossible, but can reduce / <
delay incidence




Armillaria, management considerations

*Design and operate irrigation
system to keep root crown and
trunk dry while meeting crop
ET; the dryness is less conducive
to Armillaria



Armillaria, management considerations

* Among rootstocks, English
walnut (Juglans regia) much
more susceptible to Amillaria
than Northern black (J. hindsii)
or Paradox seedling (J. hindsii x
J. regia)

* Mixed trial results on NCB vs.
Paradox seedling e e

Armillaria mellea

e Diverse Paradox hybrid clones
evaluated for tolerance to
Armillaria in tissue culture,
confirmatory field trials needed

K. Baumgartner



Armillaria, resistance of rootstock clones in tissue culture

Data of K. Baumgartner
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ophthora crown and root rots
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Phytophthora- the pathogens

Photos: Whart d Kirk, MSU
e More than 10 species of e ng;an = o
Phytophthora affect California Pl

walnuts

e P. cinnamomi and P. citricola are
the most aggressive species

* Most species, incl. P. cinnamomi
and P, citricola have wide host

Sporangium,

ranges Oospore,
- : note thick wall note zoospores,
 Inoculum soilborne, persistant (one swimming out)

* Spread by soil, surface water,
infested planting material

e Soil water saturation favors
[ 2=

infection Zoospore Zoospores on root
Photo: Sullivan, NC State
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Phytophthora disease symptoms
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Joe Grant

Attack through roots, typical of P. cinnamomi...



Phytophthora disease symptoms




Phytophthora disease symptoms

Invasion of trunk under tree sleeves, Phytophthora sp....




Phytophthora diagnostics

[ Species identification ] <:|
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Phytophthora and water, biology

Soil water saturation
favors:

e zoospore production

N
e zoospore dispersal > //////////

Soil
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“Explosive potential...”



Interaction of
Phytophthora
with soil flooding
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Phytophthora and
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Phytophthora and water, biolgy
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“Take-home message”: assume exposure, management matters...
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Avoid introduction of Phytophthora & i

Design and operate orchard &
irrigation system to meet crop ET
while avoiding prolonged soil water
saturation

Avoid >24 hr soil water saturation,
especially when trees are active

Berms, “splitters”, “cutout” patterns |
helpful
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Managing Phytophthora- chemical approach

SO Known as

-
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Managing Phytophthora- chemical

 [reatments:
1 foliar spray.




Results, UCD phosphonate trial

Efficacy of phosphonate treatments (3 qts./A),

-Trees inoculated 1 month after phosphonate treatments completed
-Cankers measured 3 months after inoculation

E Non-inoculated B Phytophthora citricola

Area of necrosis (cm?)

No phosphonate 3 chemigations 1 foliar spray 3 chemigations + 1

foliar spray




Phosphonates continued

 Need to stay abreast of updates on crop residue
tolerances for phosphonates in EU

e California phosphonate advisory information
available through Carl Eidsath, Technical Support
Director: carl@walnuts.org

e When evaluating phosphonates, pay attention to
PO, (phosphorous acid) content, the a.i.


mailto:carl@walnuts.org

Searching for
rootstock
resistance to
Phytophthora

In diverse species and hybrids of Juglans from the NCGR and WIP...



Assessing resistance to Phytophthora

~ 2 to 3-month exposure to P. cinnamomi, P. citricola,
Control




Assessing resistance to Phytophthora
N YA A / Pl N
- ‘ . Resistance assessed according to:
_+ * Survival duration; ratings, 0 to 5 scale)

~ o Crown length rotted (%) (measured)
= ¢ Root length rotted (%) (visual)
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2014 Experiment 1, clonal selections
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B P citricola

113G - 894 x a4
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€-SD - 834 x 12
G-G€ - 824 x 3ed
9T-S€ - 834 x 32
NM - dO31d
IXY - 834 X 21w
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LIM - dOuly
IXV - 821 x|ea
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mm P cinnamo

£9-S - 1e2 x 3a.
6-L -1 X 83.

v-INM1S
66-TSIN
L6-TSIN
96-TSIN
S6-TSIN
76-TSIN
“ €6-TSN
06-TSIN
“ 68-TSIN
L8-TSIN
98-TSIN
V8-TSIN
8-TSN
CL- TSN
TL- TSN
LTSN
S9-TSIN
¢9-TSIN
9S-TSIN
SS-TSIN
TS-TSIN
67-TSIN
87-TSIN
Sv-TSIN
vv-TISIN
Tv-TSIN
9€-TSIN
CE-TSIN
TE-TSN
€-TSN
8¢-TSIN
LC-TSIN
9¢-TSIN
Ve-TSIN
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6T-TSIN
8T-TSIN
VI-TSIN
8ET-TSIN
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LCT-TSN
SCT-TSN
CCI-TSN
CT-TSIN
6TT-TSN
90T-TSIN
€0T-TSN
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8-IN6¢
OT-INr6¢
T-INf6¢C

Z-61 - 21U X 1
! T-61 - 91w X Jiw
SE-ETI - W X I

6-) - dOd1W
TT-) - dOodiw
YoB[A - 594 X Ul

mic X reg
Notes: 29JM series=29.11 x Serr; MS series=31.01mic x Serr

NM - dO31d
XY - 834 x 1w
TXd - 8aax uiy
LTM - dOouly

IXV - 821 x|es

2014 Experiment 2, clonal selections
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Field testing of RX1 rootstock with Joe
Grant, UCCE Farm Advisor

3|
0 gle earth

7-15-2003 0-16-2011
Orchard area infested with P. cinnamomi
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Field testing RX1

(trees planted 2010
Joe Grant)

Mortality
Yr Rootstock (%)

2010  Pdx sdg. 0
RX1 0

2011  Pdx. sdg. 17 (+6)
RX1 0

2012 Pdx.Sdg.  31(+17)

0

RX1

*P. cinnamomi isolated from
549% of dead trees and 21% of

poorly growing trees (2012).



Avg. trunk circumference, cm

Farmington RX1 - Seeedling Trial
Scion: Serr budded Fall 2010
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Paradox canker, aka. “Lethal paradox canker” (LPC)

R |

Photos by E. Fichtner




Discriminating between LPC and Phytophthora cankers

&7 kg i Note: irregular canker
RIVE *
Note “lobes on lobes” of B8 margins 7
necrotic tissue B 0Tl

Bleeding trunk

Lethal Paradox Phytophthora
canker canker




Symptoms of other canker diseases in walnut

Deep/shallow bark canker




Near Hanford

¥ 22012 Googlef

Near Tehama
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Distribution of LPC in California

Fresno
Tulare
Kings
Yolo
Colusa
Sutter
Yuba
Tehama

o
*Crescent Ciyy  'rekas
Siskiyou AbLrazs

Modoc

Shasta Lassen
‘EMBWem-emllh :
ﬁ Trinity Reddings
&

Su=anvlles
&
Plumas
Quincys
F ufte .
& Enn Sierra
laQb Wilowss Grovil@ ‘Dan&\;lewlla
&
< Cnﬁan whlevzds City
Ukgne Yuba npaville”  Placer
Lakapcgs Colusa
Lake e .1!& wAiiburi
= Placenlle g
Senoma Nmme @'an. El Dorado ;l":erk“""e
Sanfa Rosae e Smran'nenlu%@ _p‘mgdq.r P
apa s
Fairfietd * b"’o S.aﬂAndrﬂas- _1..@& Enogezorte
Marin
Sa ®Marbnez, " sStockton 6‘ sSonora
Cantra Coslak = Fren nciszas ‘Mand 2%y Tuolumne Mano
San Francisco” Alameda %" eModesis Maripesa
Redwood Bitya \i‘? Mariposs «
San Jose
San Mateo~T Saf;!a 5\%“ erceds (oiar
Santa Cruz 4 Crs,. | Merced
Santa Cruga & Whadara « Fresno
Huollistars
& Fracnos Independences
Salingge %% Inyo
o ” £
Monterey

S, ¢
San Luis Obigfos ‘?O%

B

Bakersfield «

Kern

San Bernardino

Santa Barbara
Wentura
#58nta Barbars
«verturz | LOS Angeles
+58n Bernarding
sRiverside

=)
Santafnaey, Riverside
‘o

Lod Angelese

San Diego Imperial
San Diegof £l Centros

= County Sest



Determining the unknown cause of LPC

To date no culturable organism has consistently been
associated with LPC



Culture-independent approach to LPC etiology:

Metagenomic Next Generation Sequencing of DNA and RNA
e e = 3

Nucleic acid extraction
H. Gouran (DNA/RNA)



Concluding management considerations

Armillaria and Phytophthora:
e Site selection, history, sanitation are the foundation, avoid spread
* Fumigation benefit temporary

e Rootstock selection critical, resistance available- know your soilborne
pathogen(s), keep abreast of rootstock improvements

e Orchard and irrigation system design, operation: meet crop ET, avoid
prolonged soil water saturation, keep root crown region dry
Phytophthora only:

 Phosphonates suppress Phytophthora, but be aware of EU-based crop residue
advisories

Paradox canker:

e We need to determine cause, experimenting with various Paradox clones as
replacements for lost trees may offer insights
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