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Symptoms on a backyard avocado tree in South Gate,
Los Angeles




Symptoms on the bark and cortex tissue




Symptoms on the bark and cortex tissue




Symptoms on avocado branches (cv. Hass)




Symptoms on avocado branches (cv. Hass)




Fusarium sp. isolated from both symptomatic plant tissues,
beetle and larvae

Fusarium sp.




Tea Shot hole borer (Euwallacea fornicatus)




Polyphagous Shot hole borer (Euwallacea sp.)




A complex of fungal species associated with PSHB

Host Plant Female Beetle Male Beetle Larvae Gallery Wall

Fusarium sp.
Fusarium solani 1

Fusarium solani 2

Fusarium sp. 2
Graphium sp.

Yeast

Fusarium lateridium
Fusarium oxysporum
Neofusicoccum parvum
Neofusicoccum arbuti
Neofusicoccum australe
Bionectria ochroieuce
Phaeoacremonium sp.
Aerobasidium proteae
Epicoccum nigrum
Exophiala mesophyla
Female Beetle Hd Cosmospora cymosa




A complex of fungal species associated with PSHB

Host Plant Female Beetle Male Beetle Larvae Gallery Wall

Fusarium sp.
Fusarium solani 1

Fusarium solani 2

Fusarium sp. 2
Graphium sp.

Yeast

Fusarium lateridium
Fusarium oxysporum
Neofusicoccum parvum
Neofusicoccum arbuti
Neofusicoccum australe
Bionectria ochroieuce
Phaeoacremonium sp.
Aerobasidium proteae
Epicoccum nigrum
Exophiala mesophyla
Female Beetle Bd Cosmospora cymosa




A complex of fungal species associated with PSHB

Host Plant Female Beetle Male Beetle Larvae Gallery Wall

Fusarium sp.
Fusarium solani 1

Fusarium solani 2

Fusarium sp. 2
Graphium sp.

Yeast

Fusarium lateridium
Fusarium oxysporum
Neofusicoccum parvum
Neofusicoccum arbuti
Neofusicoccum australe
Bionectria ochroieuce
Phaeoacremonium sp.
Aerobasidium proteae
Epicoccum nigrum
Exophiala mesophyla

Male Beetle Cosmospora cymosa




A complex of fungal species associated with PSHB

Fusarium sp.
Fusarium solani 1

Fusarium solani 2
Fusarium sp. 2
Graphium sp.

Yeast

Host Plant Female Beetle

Larvae

Male Beetle Larvae Gallery Wall

Fusarium lateridium
Fusarium oxysporum
Neofusicoccum parvum
Neofusicoccum arbuti
Neofusicoccum australe
Bionectria ochroieuce
Phaeoacremonium sp.
Aerobasidium proteae
Epicoccum nigrum
Exophiala mesophyla
Cosmospora cymosa




A complex of fungal species associated with PSHB

Host Plant Female Beetle Male Beetle Larvae Gallery Wall

Fusarium sp.
Fusarium solani 1

Fusarium solani 2

Fusarium sp. 2
Graphium sp.

Yeast

Fusarium lateridium
Fusarium oxysporum
Neofusicoccum parvum
Neofusicoccum arbuti
Neofusicoccum australe
Bionectria ochroieuce
Phaeoacremonium sp.
Aerobasidium proteae
Epicoccum nigrum
Exophiala mesophyla

e ery Walll Cosmospora cymosa




A complex of fungal species associated with PSHB

Host Plant Female Beetle Male Beetle Larvae Gallery Wall

Fusarium sp.
Fusarium solani 1

Fusarium solani 2

Fusarium sp. 2
Graphium sp.

Yeast

Fusarium lateridium
Fusarium oxysporum
Neofusicoccum parvum
Neofusicoccum arbuti
Neofusicoccum australe
Bionectria ochroieuce
Phaeoacremonium sp.
Aerobasidium proteae
Epicoccum nigrum
Exophiala mesophyla

Gall ery Wall Cosmospora cymosa




Maximum parsimony tree
from ITS +EF1-a + RPB2
sequence data of Fusarium T ,
. I : Fusarium sp.
isolates | rssc 1a

- NRRL25137
FSSC 27a

Fusarium solani

Fusarium solani

T —— 1 Fusarium sp.

NRRL22098
NRRL22153
NRRL22570 Fusarium solani
NRRL22178
NRRL22468
_rNRRL43467
1852 F.BT
BE387 ACNE
C391.2 CISl
FD21 ACAC
FD22 ACNE

FD27 PEAM =
ED31 | California

Fusarium sp.
99 |

NRRL54723

Israel

- | Fusarium ambrosium

| NRRL22354 1 Fusarium sp.
NRRL52933

NRRL37393
50 changes




Maximum parsimony analysis of the ITS and EF1-a genes
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Maximum parsimony tree
from ITS sequence data of ,

Graphium isolates

85

69

- JCM8083

s

-

JR

CMW503
CMWS5611
JCM9331
CMWS601
- CMWS602
CMW3353

78

29 'CMWS606

a9 | JCM10498
JCM10499

64 | JCM7440
9 ' JCM9299

JCM9300

CMW12418
CMW12420

Graphium pseudormiticum

Graphium laricis

Graphium fimbriisporum

Graphium penicillioides

Graphium basitruncatum

Graphium sp.

Graphium carbonarium
Pissodes galleries in Salix babylonica

EMB8107 Pseudallescheria boyds



ol

H. Ye - M. J. Wingfield

Received: 10 September 2008 /Accepted: 20 March 2009 /Published online: 16 January 2010

© Kevin D. Hyde 2010

Abstract Ophiostomatoid fungi on trees are typically bark
beetle associates that cause sapstain in timber and some are
pathogens. Very little is known regarding the ophiostoma-
toid fungi associated with bark beetles in China and the aim
§; ' V W identify a OIIC |'| NEST IUT T with
synnematous anamorphs. Micromorphology and DNA
sequences of the internal transcribed spacer regions (ITS)
of the ribosomal DNA and the partial 3-tubulin gene were
used for identifications. The isolates could be divided in six
morphological groups. DNA sequence comparisons with
published data confirmed that these groups represented six
species, four in the Ophiostomatales (Sordatriomycetidac)
and two in the Microascales (Hypocteomycetidae). The
majority of these were isolated from conifer hosts.
Ophiostoma quercus, O. setosum, Pesotum fragrans
(Ophiostomatales) and Graphium pseudormiticum (Micro-
ascales) were found on Tsuga dumosa infested by a

TneT witl

Pissodes sp. In addition, O. quercus and P. fragrans were
found associated with Tomicus yunnanensis on Pinus
yunnanensis, P. fragrans with a Pissodes sp. on P. armandi,
and O. piceae with Ips subelongatus on Larix olgensis.
1 } —— ) 1 Tew Ay i the
Graphium penicilliodes complex, described here as Graph-
ium carbonarium sp. nov., were isolated from Pissodes
galleries on Salix babylonica. These results include several
new fungus-host and fungus-insect associations, and G.
pseudormiticum 1s reported here for the first time from
China.

Keywords Conifers - Graphium - Hardwoods -
Ophiostoma - Pesotum - Phylogeny - Taxonomy

Introduction




Koch’s Postulates on Hass

1 mm diameter drill bit




Pathogenicity test on Avocado (cv.Hass)

Fusarium sp. Control




Internal symptoms on green shoot of avocado (cv. Hass)
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Species infested with PSHB Species infected with Fusarium sp.

Legend
Positive finding Fusarium sp./Polyphagous Shot Hole Borer

O Negative-Fusarium sp./Polyphagous Shot Hole Borer




Distribution of infestation in Huntington Botanical Garden




Distribution of infestation in LA Arboretum




Symptoms on Castor Bean (Ricinus communis)




Symptoms on Castor Bean (Ricinus communis)




Hosts in California

Box Alder (Acer negundo)




Hosts in California

Box Alder (Acer negundo)




Hosts in California

English Oak (Quercus robus)




Symptoms on avocado (cv. Hass)




Hosts in California

Coast live oak (Quercus agrifolia)




Detection of Fusarium sp. directly from plant
material using Quantitative Real Time PCR

EF-1a
Forward: ACGTGATTGACCACAAAC
Reverse: CAGCGACATACCAATGAC

Ladder
Water Control

Fusarium solani




Conclusion

eFusarium dieback (FD) is a new disease of avocado and landscape
trees caused by new Fusarium sp. vectored by an ambrosia beetle.

*Multiple species, including Fusarim solani and a new Graphium sp.
are associated with PSHB in California

°Los Angeles and Orange counties thus far are infested with
FD/PSHB in California

*Symptoms of FD on Box elder, castor bean, avocado and English
oak are more severe than observed on other hosts.

*Biology, epidemiology and management strategies are now being
investigated.
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