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Trade is global, high in volume and
Increasing
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https://www.flightradar24.com/

As well as non-native insects and fungi
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https://www.nature.com/articles/ncomms14435
https://www.nature.com/articles/ncomms14435
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2006025
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2006025
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2006025
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2006025

With devastating consequences for the
enVi ron ment $10 billion over a decade in lost forest resources due

to EAB (Kovacs et al. 2010 Ecological Economics)

Example 1. The emerald ash borer (EAB, Agrilus planipennis) is an invasive buprestid
beetle native to Asia (Northeast China, Korea, Japan, and Far-east Russia).

Example 2. The fungus causing ash dieback was first described in 2006 as Chalara
fraxinea. Four years later it was shown that Chalara fraxinea was the asexual
(anamorphic) stage of a fungus that was subsequently named Hymenoscyphus
pseudoalbidus.

*In 2014 the fungus was described as a new species, H. fraxineus
(Baral et al., 2014).

Fraxinus excelsior American ash spp.

Photo: , Wikimedia Commons Photo: Songlin Fei, Purdue University



http://www.fao.org/3/au056e/au056e.pdf
https://commons.wikimedia.org/wiki/User:Mirgolth
https://commons.wikimedia.org/wiki/User:Mirgolth
https://www.sciencedirect.com/science/article/pii/S0921800909003681

* Pest

* Any species, strain or biotype of plant, animal or pathogenic
agent injurious to plants or plant products.

* Main groups of tree pests are insects and fungi (sometimes
referred to as: insect pests and fungal pathogens or pests and
diseases).

 Native or non-native


https://www.ippc.int/static/media/files/publication/en/2018/06/ISPM_05_2018_En_Glossary_2018-05-20_PostCPM13_R9GJ0UK.pdf
https://www.ippc.int/static/media/files/publication/en/2018/06/ISPM_05_2018_En_Glossary_2018-05-20_PostCPM13_R9GJ0UK.pdf
https://www.ippc.int/static/media/files/publication/en/2018/06/ISPM_05_2018_En_Glossary_2018-05-20_PostCPM13_R9GJ0UK.pdf

Living plants are the main pathway for non-
native pests
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https://esajournals.onlinelibrary.wiley.com/doi/10.1002/eap.2721
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/eap.2721
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/eap.2721

Living plants are the main pathway for non-
native pests
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https://esajournals.onlinelibrary.wiley.com/doi/10.1002/eap.2721
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/eap.2721
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/eap.2721
https://nph.onlinelibrary.wiley.com/doi/full/10.1111/j.1469-8137.2012.04364.x

Live plant imports are increasing
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https://doi.org/10.1111/brv.12402
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H. fraxineus
Photo: Valentin Queloz?WSL

Left: Before EAB June 2006 | Right: Peak EAB June 2009
Photo: Dan Hermes, The Ohio State University

U.S. TREE MORTALITY

FROM

Ei'NVA

2020-2050

.+ 1.4 million street trees killed 2020-2050

- >US$ 900 million in replacement costs
(@t
Hotspots of tree mortality include New

York, NY; Milwaukee, WI; and Seattle,
WA

LOST BENEFITS OF URBAN TREES

Lessening Supporting
heating/cooling mental and
demands physical health

Providing
habitat

Preventing
floods

emerald ash borer

47 will kill “99% of - = Asian wood-boring
| street ash trees in 7 beetles of maple and
156000 communities oak entering via

Highest future risk:

Southern port

Effective wood packaging and product,
inspection remain key

Hotspots are quarantine and/or
management priorities

Hudgins, EJ., Koch, F. H., Ambrose, M. ., & Leung, B. 2022. ] Appl. Ecol.



https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.14141?af=R#:%7E:text=We%20estimate%20that%201.4%20million,of%20all%20insect%2Dinduced%20mortality.
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.14141?af=R#:%7E:text=We%20estimate%20that%201.4%20million,of%20all%20insect%2Dinduced%20mortality.
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.14141?af=R#:%7E:text=We%20estimate%20that%201.4%20million,of%20all%20insect%2Dinduced%20mortality.
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.14141?af=R#:%7E:text=We%20estimate%20that%201.4%20million,of%20all%20insect%2Dinduced%20mortality.

Legislation can reduce pest establ
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Legal framework for phytosanitary
regulation — global level

— International treaties and conventions set the standards for phytosanitary
regulation of trade on a global level

— International Plant Protection Convention (IPPC; 1951) LD e

— Aims at preventing the introduction, and spread of pests of plants and plant products, and
to promote appropriate measures for their control

— The WTO Agreement on the Application of Sanitary and Phytosanitary
Measures (SPS Agreement; 1995) @D S 2 womam

: 0 ORGANIZATION
United Nations

— Sets constraints on member-states' policies relating to food safety, animal and plant health



Legal framework for phytosanitary
regulation — global level

— International Standards for Phytosanitary Measures (ISPMs)

(&7 Food and Agriculture TS Intemational
Q\\:@ Organization of the @ Plant Protection
United Nations =3 =" Convention
1SPM 15
ENG

Regulation of wood
packaging material in
international trade
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Diagnostic protocols
for regulated pests

Framework for
pest risk analysis

Glossary of
phytosanitary terms
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https://www.ippc.int/en/core-activities/standards-setting/ispms/

Legal framework for phytosanitary
regulation — regional level

— Regional Plant Protection Organisations (RPPOs)

Asia & Pacific
» Asia and Pacific Plant Protection Commission (APPPC) E.I-mm;g:gﬁm“
+ Caribbean Agricultural Health and Food Safety Agency (CAHFSA) |

 Comunidad Andina (CAN)

+ Comite de Sanidad Vegetal del Cono Sur (COSAVE)

* European and Mediterranean Plant Protection Organization (EPPO)
+ |nter-African Phytosanitary Council (IAPSC)

» Near East Plant Protection Organization (NEPPO)

« North American Plant Protection Organization (NAPPO)
* Organismo Internacional Regional de Sanidad Agropecuaria (OIRSA)

« Pacific Plant Protection Organization (PPPO) Mg!:gmmt

Qrganizacion Norteamericana de Proteccidén a las Plantas




Legal framework for phytosanitary
regulation — regional level — Europe

— 1951: EPPO (first RPPO) — 15 European countries working on the
development of international standards

— 1977 Plant Health Directive (77/73/EEC) with harmonized list of
quarantine pests of 9 countries (BE, FR, DE, IT, LU, NL, DK, IR, UK)

— 2000: EU harmonized Plant Health Law (EU/2000/29)

— 2006: EFSA Plant Health Panel — advisory body of EU Commission

— 2016: complete revision of EU Plant Health Law (EU/2016/2031)

European |
Commission


https://www.eppo.int/
https://www.efsa.europa.eu/en/science/scientific-committee-and-panels/plh
https://eur-lex.europa.eu/eli/reg/2016/2031/oj

Legal framework for phytosanitary
regulation — national level

— Regulatory frameworks (phytosanitary legislations, regulations and
procedures) and National Plant Protection Organisations (NPPOs)

Germany Il

IPPC Official Contact Point

Ms. Karcla Schorn

Federal Ministry for Food and Agriculture
Rochusstr. 1, 0'53123 Bonn, German v
Phene: (+49) 228 99 529 3527
Fax: (+49) 228 99 529 4262

Email: 714@bmel bund.de

Alternate Email: karola.schorn@bmel.bund.de

Preferred languages: English

Date contact registration: 01 Feb 2005
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Conftracting Parties 184

North America 2

Latin America and the Caraibbean 33
Europe 46

Africa 50

Asia 25

Near East 15

South West Pacific 13

IPPC Secretariat

RPPOs 10




Closed vs opened biosecurity approach

Closed countries Opened countries
— Ban on import of the commodity, unless it| | — Import allowed if there is no evidence of
has been proven to be safe risk
— Commodity Risk Assessment — Import|| — Pest Risk Assessment — Requirements

permits for Pathways




Pest Risk Analysis

Pest risk analysis flow chart

— PRAis the process of | SHLB Momng
evaluating biological or other

Stage 2 Pest Risk

u LN ok . - m.a.nagement anagemen
scientific and economic ) pemsk L gome
= . age 1 assessmenr acceptable a"a
evidence to determine Initiation e e issory
[P . Pest
o e
* whether an organism is a pest ko, crop
Risk
- whether it should be regulated /3 acceptable beyondte s proces
including area @— STOP

specification Organism

- the strength of any phytosanitary .
measures to be taken against it. |



https://www.ippc.int/en/core-activities/capacity-development/phytosanitary-system/pest-risk-analysis/pra-process/

Pest Risk Assessment

Section 1. The organism

Section 2. Biological characteristics of the pest
Section 3. Geographical distribution of the pest
Section 4. Host plants of the pest

Sect . N Nceyy.,
ection 5. Potential of the pest for establishment in PRA area a/n l‘/
es

( )

Phytosanitary
measures

Section 6. Control of the pest
Section 7. Transport of the pest
Section 8. Economic impact of the pest



Regulated pests

4 EPPO A1 and A2 list of pests recommended for regulation as quarantine pests

EPPO started to elaborate its A1 and A2 Lists in the early 1970s, the first lists were approved in 1975. The EPPO A1 List contains pests that are absent
in the EPPO region, the EPPO A2 List contains pests that are not widely distributed in the EPPO region. In these early days, additions of pests to the A1
or A2 List were proposed by EPPO member countries and made on the basis of scientific documentation and expert judgement. Since the 1990s,
additions to the EPPO A1 and A2 lists have been made on the basis of PRAs.

EPPO A1 List (online with links to pest-specific information) Quarantine pests
EPPO AZ List (online with links to pest-specific information) Non-q uarantine pests
EPPO AT and A2 Lists (PDF version )

List of pests recently added to the EPPO A1 and AZ Lists (or of urgent phytosanitary concern)




Pest Risk Management

— The identification of phytosanitary measures that (alone or in combination)
reduce the risk to an acceptable level.

Entry Establishment Spread

Strategic Goal

selCe of
Epidemic reducti‘

Biological integration

Identify potentially

dangerous
pests/pathogens

Malintain absenc
pes¥s/pathoge

ost

|Egjection/Forecast Prevention

n Egntainment Damage control

Measures

 ——




Phytosanitary measures

Table 2 - Summary of the measures stated in regulations, arranged by country. That a measure is required for all live
plants imports is indicated with + and measures that are not required at all are indicated with —. Hash signs (#) indicate

that additional measures are required for specific genus-origin combinations. In Europe, pathway risk analyses are
carmried out in exceptional cases, by the European and Mediterranean Plant Protection Organisation.

New Australia USA  Canada India China Brazil Kenya South EU

Zealand Africa
Phytosanitary certificate - + - + - - - - - -
Import permit + + + + + + + + + —
Pathway risk analysis - + # + - - - # # -
No contaminants/soil # # # + # - - - # #
Pre-export treatments + + # # # # + # # #
Pest free area # # # # # # # # # #
Pest free production site # # # # # # # # # #
Shipping in specific season # + # # - - - - - #
Post-entry quarantine + + # # # # + # # #



https://www.sciencedirect.com/science/article/pii/S1462901115000945#sec0005

Phytosanitary certificate/ Plant passport

— Guaranties that certain plants, plant
products, and other objects entering
the EU are:

* properly inspected;

FFLANZEMFPAZS.,
FLAMT FRZEZPORT

& CLUSIA ROZEA C 201910

E D-123456789 [ GERMAHY

» free from quarantine pests, within the

requirements for regulated non-quarantine
* Top left: The EU flag (in color, black and white, or

pests and practically free from other pests; reverse/negative)
. - _ . * Top right: The word Plant Passport in the national language
* in line with the plant health requirements of and in English.
. . . ¢ A: Botanical name of the plant
the EU’ Iald down In ReglJIat|On (EU) * B: Country code and 9-digit registration number
201 9/2072 * C: Traceability code

* D: Country of origin (e.g. NL, US, etc.)



Import inspections

— Large volumes of traded plants and limited number of inspectors.
— Visual inspections — pests are often imported on their native hosts (no visible
damage).




ISPM 15: treatment of wood packaging material

— Wood packaging materials must be , ,
: . bl oIN-679 EKCE'."E"“CEf f | IN- 469
debarked prior to: E( e voodeolf) H( T
» Being heat treated until its core reaches 56°C ”

for at least 30 minutes.
« Being fumigated (Methyl Bromide).

Provide Good Quality Wooden Box/Pallet/Crate
With Fumigation Service & Heat Treatment Service Under ISPM-15,

Fumigation Services & Heat Treatment Services



Monitoring - early detection, rapid response

E.g., periurban areas In the nurseries

Abb. 1. Eingesetzte Fallentypen. vinr: Deltafalle, griine Trichterfalle, schwarze Trichterfalle, Sporenfalle. Fotos: WSS

— Traps for collection of specimens and/or examination or sampling of
symptomatic/asymptomatic plants.




Diagnostics

— Sampling and laboratory methods

based on ISPMs.

£V

Plant tissue Specimens DNA extraction, PCR, sequencing &

identification

ITS - fungi
COl -insects

V

DNA extraction & gPCR with species-specific primers

Positive

Negative

ISPM 27
Diagnostic protocols for regulated pests

DP 22: Fusarium circinatum

Adopted 2017; published 2017
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Eradication

— Small affected areas, quick response, and
efficient implementation of quarantine restrictions
— high probability of eradication success.

— Expensive, disruptive
and visible — likely to
lead to opposition from
the public and industry.



https://neobiota.pensoft.net/article/95687/
https://neobiota.pensoft.net/article/95687/

Phytosanitary measures in EU target
known, risky pests

— The majority of non-native forest pests were not known as harmful
before the introduction and were thus not regulated.

5449380

Emerald ash borer (Agrilus planipennis). Ash dieback fungus (Hymenoscyphus fraxineus).
Photo by Debbie Miller, USDA Forest Service, Bugwood.org Photo by Amadey Trnkoczy, mushroomobserver.org




Detection before introduction — sentinel
plantings

Exporting country

Woody plants native Pests native to Woody plants native Woody plants
to exporting country exporting country ;at?;‘:;sz;g: bo importing country imported /

Importing country

— In-patria plantings - Likelihood of introduction to
importing country

— Ex-patria plantings - Potential impacts if introduced

— Additional info for PRA (e.g., pest-host associations)



https://link.springer.com/article/10.1007/s10340-018-1041-6

New efforts are being made

— Shift to pathway/commodity risk analysis

— Several tree genera are now listed as high-risk plants and their import into the EU
territory is prohibited until a proper risk assessment is done.

— Priority pests

— Information campaigns to the public if present in the country, annual surveys, contingency
plans, simulation exercises, and action plans for eradication.



https://ec.europa.eu/commission/presscorner/detail/en/IP_19_5981

Summary

— Prevention is better than cure.

— Pest Risk Analysis — many uncertainties; doesn’t deal with unknown pests.

— Import inspections — large volumes of traded plants and limited number of
iInspectors and methodological tools.

— Good news — EU is switching to pathway/commodity risk analysis.

— https://youtu.be/MXtQ9zVVUql0



https://youtu.be/MXtQ9zVUqI0

WSL

A research institute
of the ETH Domain

Phytosanitary safety of tree seed trade

lva Franic (iva.franic@wsl.ch)



Few restrictions target tree seed exchange in
Europe

™  [PPO
&~ Global
— All tree seed needs phytosanitary

certification.

— Specific phytosanitary requirements for the
movement of Pinus spp. and Pseudotsuga
menziensii seed.

— Fusarium circinatum is the only quarantine
forest pest that is known as seed-borne.




Intercontinental tree seed exchange is
Increasing

~ 25 million kg of tree seeds traded annually worldwide

a) 2005-2008 (~14 x 10° kg) b) 2010-2014 {~10 x 10° kg) c) 2015-2019 (~16 x 108 kg)
Export Import Export Import Export Impaort

Morth America

Morth, west and
central Europe

Mortheast Europe e
Southeast Europe [I] .

South Europe

West Asia
East Asia

QOceania

Franic et al. Under review in Current Forestry Reports




Ecological Applications, 29(7), 2019, e01971
© 2019 by the Ecological Society of America

Are traded forest tree seeds a potential source of nonnative pests?

© 1,23,
Iva F RANlc,l’z’ ¥ SIMONE PROSPERO,2 MARTIN HARTMANN,4 Eric ALLAN,3
2

MARIE-ANNE AUGER-ROZENBERG,” NikLAUS J. GRUNWALD,” Marc Kenis,! ALaiN ROQUES,> SALOME SCHNEIDER;
RICHARD SNIEZKO,” WYATT WiLLIAMS,® AND RENE ESCHEN!

No. seed
Tree species Common names Family Group Origin lots
Acer macrophyllum Pursh bigleaf maple, Oregon maple Sapindaceae  Angiosperm North America 6
Quercus garryvana Douglas ex Garry oak, Oregon white oak, Fagaceae Angiosperm North America 6
Hook Oregon oak
Pinus ponderosa Douglas ex Ponderosa pine, bull pine, Pinaceae Gymnosperm  North America 8
C. Lawson blackjack pine, western
yellow-pine
Tsuga heterophylla (Raf)) western hemlock, western Pinaceae Gymnosperm  North America 7
Sarg. hemlock—spruce
Acer pseudoplatanus L. sycamore Sapindaceae  Angiosperm Europe 3
Fagus sylvatica L. common beech Fagaceae Angiosperm Europe 6
Pinus sylvestris L. Scots pine Pinaceae Gymnosperm  Europe 5
Picea abies (L.) H. Karst. Norway spruce, European Pinaceae Gymnosperm  Europe 5
spruce
Acer palmatum Thunb. palmate maple, Japanese maple,  Sapindaceae  Angiosperm Asia 5
smooth Japanese maple
Pinus tabuliformis Carriere Manchurian red pine, southern Pinaceae Gymnosperm  Asia 4

Chinese pine, Chinese red pine
Larix gmelinii (Rupr.) Kuzen. Dahurian larch Pinaceae Gymnosperm  Asia 3




Methods
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30% of SL infested with total of 79 insects

Group B angiosperms I gymnosperms
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Dominant gymnosperm and angiosperm
insects are different

Asia Europe North America

Insect order

0 B Coleoptera _ : "

© 304 & Diptera Ernobius spp. larva in an acorn.

D B Hymenoptera Photo: Stephen Katovich, USDA Forest

) H Leépidoptera Service, Bugwood.org

je ¥ other

L . - e ;

o <0 g 4

- = M_,J'.__l" . : -

& 10- e
Megastigmus strobilobius larva in — - — g — ' -
Picea abies seed. Angio Gymno  Angio Gymno  Angio Gymno Cydia latiferreana larva in an
Photo lva Franic G roup acorn.

Photo: Iva Franic



Megastigmus pictus — Eurasian Larix spp
Megastigmus tsugae — North American Tsuga spp

Megastigmus strobilobius — Eurasian Picea spp

Megastigmus spp.

Photo by S. Boivin, INRAE,
DOI:


http://dx.doi.org/10.1007/s00114-004-0554-4

Fungal diversity is high, especially in
angiosperm seeds and seeds from Asia

Group B angiosperms I gymnosperms

* All seed lots infected.

* 1905 ESVs belonging to
234 genera and 269

species.
- * Large fraction of
unidentified ESVs.
.-

Asia Europe North America

Origin
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o
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Fungal ESVs per SL
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Seed fungi differ among seeds of
different groups and continents

1.0

— 19% of ESVs shared between
groups.

0.5

— 65% of ESVs unique for one of the
continents.

MDS2
0.0

— Europe and North America share 3
times more ESVs than each of them
with Asia.

-0.5

-1.0




Identified plant pathogens

« 630 out of 1905 ESVs (33%) classified as plant pathogens based on
their taxonomy (FUNGuild).
* Angiosperms have a higher fraction of plant pathogenic ESVs than

gymnosperms.
Number
Identified fungal species 269
Plant pathogenic fungal species 100
Woody plant pathogens not previously recorded in EU 7
Woody plant pathogens with limited distribution in EU 4



TasrLe 5. Fungal species known to be potential pathogens of woody plants, found in traded seed lots from different continents.

Origin of seed lots

Corresponding
Plant pathogenic species ESV Europe  North America Asia
Absent from Europe
Alternaria rosae E.G. Simmons & C.E. Hill ESV0248 57,73 11, 12, 50
Colletotrichum gigasporum Rakotonir. & Munaut ESV2475 29,75, 77
Diaporthe australafricana Crous & Van Niekerk ESV0675 57,78  5,7.10,11, 14,15
Diaporthe siamensis Udayanga, X. Z. Liu & K.D. Hyde ESVI1R8I1 77
Lasiodiplodia erassispora T. Burgess & Barber ESV0546 27,29,74,75,76
Phaeoacremonium roseum J.R. Urbez-Torres, P. Haag & ESV0482 16, 17, 20 77
D.T. O’Gorman
Pseudocercospora sphaerellae-eugeniae (Rangel) Crous, ESV0479 75,77
Alfenas & R.W. Barreto ESV0731
ESV0856
ESV1113
ESV1721
ESV2598
Limited distribution in Europe
Diplodia corticola A.J.L. Phillips, A. Alves & J. Luque ESV2722 19 75
Neonectria major (Wollenw.) Castl. & Rossman ESV0139 63
Setomelanomma holmii M. Morelet ESV0362 71,73 30
Diaporthe alleghaniensis R.H. Arnold ESV1258 73 28, 30, 68,74
ESV2757

Notes: New records for species-continent combinations are identified by boldface type. Numbers indicate the seed lots
(Appendix S1: Table S1) in which the species were found. ESV, exact sequence variant.

Evidence for movement of fungal pathogens




Host identity is the key
factor in shaping tree
seed mycobiomes

Host genus
Continent

Continent of seed collection
Natural distribution range Europe North America
Asia 12 4
Acer palmatum Thunb. 5 NN 4 NN
Larix gmelinii (Rupr.) Kuzen. 7 NN 0NN
Europe 34 8
Acer pseudoplatanus L. 10N 2NN
Fagus sylvatica L. 10N 2 NN
Picea abies (L.) H. Karst. 6N 2 NN
Pinus sylvestris L. 8N 2NN
North America 12 8
Acer macrophyllum Pursh 5 NN 3N
Pinus ponderosa Douglas ex Hook 3 NN 3N Host genus I
Tsuga heterophylla (Raf.) Sarg. 4 NN 2N I wmws Acer emm= Fagus === larix === Picea === Pinus === Tsuga
Total 58 20 Continent

Europe e=m= North America

Franic et al. 2020 FEMS Microbiology Ecology




Vertical transmission
« Pollen and/or embryo

Horizontal transmission




Methods

— We characterized fungi associated with seeds and seedlings grown in
sterile environment of Pinus sylvestris and Fagus sylvatica, 5 SL each.

— Fungi were assessed directly from seeds and seedlings using traditional
plating and rDNA metabarcoding.




Species composition similar in seeds and

seedlings

— ~70% of OTUs found in seeds were also
present in seedlings.

Fagus sylvatica: 71 out of 97 genera (73%)
Pinus sylvestris: 114 out of 136 genera (84%)

R2? (Tree species) ~ 0.40

R2 (Tissue) ~ 0.10

= Seed Fagus sylvatica
= Seed Pinus sylvestris
= Seedling Fagus sylvatica
= Seedling Pinus sylvestris




High percentage of plant pathogenic fungal

genera

« Large fraction of genera not
assigned to trophic guild.

* One third of fungal genera
are possible or probable
plant pathogens.

Trophic guild

I plant pathogens
pathotrophs

| saprotrophs

| symbiotrophs

I mixed

1 unknown

100 -

~
()]
L

Percentage (%)
[8;]
o

254

Fagus sylvatica Pinus sylvestris
Tree species




Summary and conclusions

— Seed-borne fungal pathogens are highly diverse and can be vertically
transmitted — risk of transport, introduction and establishment is high”?

— Improved risk assessment requires additional information about seed-borne
fungi: viability, persistence in seedlings over time, reproduction,
dispersal and damage.
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