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The number of non-native pests of woody 
plants has been increasing worldwide 

Eschen et al., 2015 Diversity and Distributions

https://onlinelibrary.wiley.com/doi/10.1111/ddi.12267


Plants for planting represent a main 
introduction pathway for non-native pests

Liebhold et al., 2012 Frontiers in Ecology and Environment; Santini et al., 2013 New Phytologist

https://esajournals.onlinelibrary.wiley.com/doi/full/10.1890/110198#support-information-section
https://nph.onlinelibrary.wiley.com/doi/10.1111/j.1469-8137.2012.04364.x


Pest Risk Management

Entry Establishment Spread



Phytosanitary regulations are in place to manage 
the risk of introducing harmful organisms

Eschen et al., 2015  Environmental Science & Policy

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


Risk mitigation is limited

• Phytosanitary measures target known, 
risky pests – many non-native pests are not 
known before the introduction and are 
thus not regulated.

• Data on pests and pest-host associations 
for pest/commodity risk assessment are 
lacking. 

• Many pests are not detected during 
inspections & years can pass before they 
are discovered.

Emerald ash borer (Agrilus planipennis).
Photo by Debbie Miller, USDA Forest Service, Bugwood.org

Ash dieback fungus (Hymenoscyphus fraxineus).
Photo by Amadey Trnkoczy, mushroomobserver.orgEschen et al., 2015  Environmental Science & Policy

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


Detection and identification 
of pests prior to their arrival 
or establishment may allow 

the development of 
preventative mitigation 

measures.



Sentinel and trap trees

• A sentinel is a guard, a lookout, a person 
keeping watch.

• Sentinel plants/trees:
• Trees present close to high-risk sites inspected 

regularly for signs and symptoms of pest attacks.

• Trap tress:
• Trees treated with girdling, wounding, or with 

semiochemicals to render them attractive to a 
given target species.

• Post-border surveillance – eradication 
difficult or expensive.

Eschen et al., 2019 Journal of Pest Science

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


Sentinel plantings – a tool for identifying 
potential pests before they are introduced

• Located in the country of origin of the 
pest (exporting country).

• Sentinel nursery  (in-patria plantings) 
– information about likelihood of 
introduction of non-native pests.
• Newly established plantations.

• Sentinel plantation (ex-patria 
plantings) – identification of potential 
pests of a valuable plant species & 
their impact.
• Newly established plantations or 

existing plantations (e.g., sentinel 
arboreta).Eschen et al., 2019 Journal of Pest Science

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


Sentinel nurseries        
(in-patria plantings)



Sentinel nursery 
(in-patria planting)

• Tree species native to 
exporting country exposed 
to pests native to the 
exporting country.

• Enables identification of a 
broad range of pests that 
may be introduced with 
traded plants.
• Complements the traditional 

approach of identifying 
pests in the nature.

Eschen et al., 2019 Journal of Pest Science

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


Sentinel nursery                                    
(in-patria planting)

• Only young trees considered.
• Choice of sentinel plant species/cultivars:

• Commonly exported or planned to be exported 
from the sentinel country to the importing country.

• Closely related (same genus or family) to plants of 
importance to the importing country.

• Currently prohibited for export to the importing 
country and the sentinel country is planning to 
gather evidence to support a commodity risk 
assessment. 

EPPO  2020 EPPO Bulletin

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698


Sentinel nursery    
(in-patria planting)

• Newly set up plantings located close to the 
commercial nurseries that export similar plants. 

• No pest control measures allowed.

• Monitoring needed over several years.

• Symptoms weak or absent – no indication of impact.
EPPO  2020 EPPO Bulletin

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698


• Sentinel nurseries established in April 
2012 in Beijing and Fuyang, China.

• Five woody plant species commonly 
exported from China to Europe were 
selected: Acer palmatum, Ilex 
cornuta, Buxus microphylla, Fraxinus 
chinensis and Zelkova schneideriana. 

• The two nurseries were surveyed every 
two weeks from April to October, in 
2012 and 2013, and once a month 
during the rest of the year.

Kenis et al., 2018 Scientific Reports

https://www.nature.com/articles/s41598-018-29551-y


• At each site, 105 insect 
species-host associations 
were found.

• Most of these associations had 
not been previously recorded 
in literature.

• Many specimens were not 
identified to genus/species.

• 9%, 7% and 84% of the insect 
records represent a high, 
moderate and low likelihood 
of introduction, respectively. 

Kenis et al., 2018 Scientific Reports

https://www.nature.com/articles/s41598-018-29551-y


Cydalima perspectalis

Bras et al. 2019 Journal 
of Pest Science

https://link.springer.com/article/10.1007/s10340-019-01111-x
https://link.springer.com/article/10.1007/s10340-019-01111-x


Sentinel plantations
(ex-patria plantings)



Sentinel plantation 
(ex-patria planting)

• Tree species native to 
importing country exposed 
to pests native to the 
exporting country.

• Reliable evidence on the 
potential impact of non-
native pests.

Eschen et al., 2019 Journal of Pest Science

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


Choice of sentinel plant 
species/cultivars
• Priority given to plant species/cultivars that are:

• Widely grown or present in the importing 
country. 

• Valuable and/or under threat in the 
importing country.

• Ecologically significant to the importing 
country.

• Plants from different provenances (i.e., 
different genotypes) within the importing 
country should be tested.

• Young trees in plantations limit the range of 
organisms that can be detected. 

EPPO  2020 EPPO Bulletin

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698


Selection of sites

• A close match between the 
environmental conditions 
(e.g. climate, soil, habitat 
type, presence of closely 
related host genera) in the 
exporting and importing 
country.

• Multiple trees and sites 
covering combinations of 
environmental conditions 
may be needed for obtaining 
a complete inventory.

EPPO  2020 EPPO Bulletin

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698


Eschen et al. 2019 Journal of Biogeography

Sampling design and strategy depends on 
multiple factors:
• Objective (all organisms vs pests)
• Woody plant species of interest 

(associated diversity & distribution)
• Existence of collaboration network
• Financial constrains 

https://onlinelibrary.wiley.com/doi/epdf/10.1111/jbi.13670


Bronze birch borer 
(Agrilus anxius)

• In a 20-year common garden study in Ohio, 
USA, BBB infestation caused complete 
mortality of Eurasian species (B. pendula, 
B. pubescens, B. maximowicziana, 
B. szechuanica), but not of most individuals 
(>75%) of North American species 
(B. papyrifera, B. populifolia, B. nigra).

• PRA confirmed high potential risk for EPPO 
region, and the pest was added to EPPO A1 
List of pests recommended for regulation.

Photo: Whitney Cranshaw, Colorado State University, 
Bugwood.org, CC-BY-3.0-US 

EPPO 2011 EPPO Bulletin; Nielsen et al. 
2011 Environmental Entomology 

https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2338.2011.02510.x#b34
https://onlinelibrary.wiley.com/servlet/linkout?suffix=ref&dbid=16&doi=10.1111%2Fj.1365-2338.2011.02510.x&key=10.1603%2FEN10227&getFTLinkType=true&doiForPubOfPage=10.1111%2Fj.1365-2338.2011.02510.x&refDoi=10.1603%2FEN10227&linkType=Crossref&linkSource=FULL_TEXT&linkLocation=Reference
https://onlinelibrary.wiley.com/servlet/linkout?suffix=ref&dbid=16&doi=10.1111%2Fj.1365-2338.2011.02510.x&key=10.1603%2FEN10227&getFTLinkType=true&doiForPubOfPage=10.1111%2Fj.1365-2338.2011.02510.x&refDoi=10.1603%2FEN10227&linkType=Crossref&linkSource=FULL_TEXT&linkLocation=Reference


Sentinel arboreta



Sentinel arboreta

Morales-Rodríguez et al., 2019 Neobiota 

https://neobiota.pensoft.net/article/34276/


Advantages (vs. newly 
established plantations)

• Cheaper, quicker and easier to 
implement.

• Trees more likely to be mature.
• Plant collections are normally well 

curated.
• The origin and identity of the plants 

is known.
• Knowledgeable collaborators on 

the site who can potentially carry 
out surveys of the plants of interest.

EPPO  2020 EPPO Bulletin

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698


Disadvantages (vs. newly 
established plantations)

• Not possible to choose the tree 
species or cultivars.

• A limited number of plants of 
each species or cultivars and 
their genetic diversity.

• Only trees that have survived are 
present.

• Potential use of pesticides.
• Climate-induced stress may 

modify plant susceptibility to 
pests leading to overestimation 
or underestimation of pest risk. 

EPPO  2020 EPPO Bulletin

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698


https://www.bgci.org/our-work/networks/ipsn/

https://www.bgci.org/our-work/networks/ipsn/


https://www.bgci.org/resources/bgci-databases/plantsearch/
https://www.bgci.org/resources/bgci-databases/gardensearch/

https://www.bgci.org/resources/bgci-databases/plantsearch/
https://www.bgci.org/resources/bgci-databases/gardensearch/


45 botanic gardens across 12 countries in 
Eastern Europe that house ash trees 
(Fraxinus spp.) in their collections.



Emerald ash borer (EAB)

• EAB killed several trees of the North 
American Fraxinus pennsylvanica in 
the botanic garden in the Russian Far 
East (Yurchenko and Turova 2007; 
Kirichenko et al. 2011). 

https://link.springer.com/article/10.1007/s10340-018-1041-6#ref-CR54
https://link.springer.com/article/10.1007/s10340-018-1041-6#ref-CR24


Paap et al. 2017 Biological Invasions

• Sentinel plants in urban areas can also be 
used for sentinel approaches.

• A survey has first to be carried out to locate 
these sentinel plants and to get access to 
private gardens.

• The European Urban Tree Inventory 
(Augustinus et al., in prep):
• 183 municipalities
• 31 countries
• ~9.5mio trees
• ~8.5mio trees identified to species

Other existing 
sentinel plants –
urban trees

https://link.springer.com/article/10.1007/s10530-017-1595-x


Conclusion

• Strong local expertise, and collaboration between scientists and national 
plant protection organisations of importing and exporting country needed. 

• Standardised detection and identification methods to reduce costs and 
facilitate interpretation of the results.

• A promising tool for early warning 
against pests of woody plants.

• Relevant information for 
pest/pathway risk analysis and 
development of measures against 
new pests.
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International Plant Protection Convention

• Set the standards for 

phytosanitary regulation of 

trade to protect biodiversity and 

resources.

• Regulation must 

• not discriminate against 

imports from certain 

countries

• must be based on scientific 

evidence and the level of 

acceptable risk set by the 

importing country.



What is EPPO?
• The European and Mediterranean Plant Protection Organization (EPPO) is an 

international organization responsible for cooperation and harmonization in 
plant protection within the European and Mediterranean region.

https://www.eppo.int/index

https://www.eppo.int/index


EPPO`s main activities



EPPO`s standards
• Recommendations addressed 

to the NPPOs.

• In order to ensure international 
acceptance, draft standards go 
through an approval procedure, 
by all EPPO member countries. 

• Final decisions are obtained by 
consensus and EPPO Standards 
are officially adopted by the 
EPPO Council.

• Following approval, EPPO 
Standards are published in the 
EPPO Bulletin and can also be 
retrieved via EPPO`s website

https://www.eppo.int/RESOURCES/eppo_standards

https://www.eppo.int/RESOURCES/eppo_standards


• Provides NPPOs and other institutions, including national forest agencies, 
with an explanation of the concept of sentinel plants. 

• Gives guidance on the types and objectives of sentinel programmes, 
surveillance of sentinel plants, interpretation of results and their use for 
early warning or horizon scanning and risk analysis. 

• Written from the perspective of the importing country which wants to 
protect its woody plant resources and ecosystems.

EPPO  2020 EPPO Bulletin

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698


Sentinel plantings

• Which two types of sentinel plantings exist?
• What are their objectives?
• Which tree species are planted in each type 

of sentinel plantings?
• What is a typical age of plants in the two 

types of plantings?
• In which types of plantings we focus on 

symptomatic plants?
• In which types of plantings we focus on 

asymptomatic plants?
• Which type of plantings can be established 

in existing plantations?
• Which type of plantings is easier to 

establish when newly established 
plantations are used?



EPPO  2020 EPPO Bulletin

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698


Import of sentinel plants to 
sentinel country

• The import of the safest categories of plants for 
planting should be considered (e.g., seeds, 
cuttings or tissue cultures). 

EPPO  2020 EPPO Bulletin

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698


Risk of transport and introduction of seed-borne insects and fungi is high, establishment is limited by the 
presence of host species, and risk of spread and impact is largely unknown.



High diversity of insects and fungi in dormant 
tree twigs



Import of sentinel plants to 
sentinel country

• The import of the safest categories of plants for 
planting should be considered (e.g., seeds, 
cuttings or tissue cultures). 

• When importing plants for planting, it is 
important to assess the presence of pests on 
the imported material at the time of planting. 

• Plants of a suitable size need to be grown before 
the sentinel planting can be established, which 
may take several years.

EPPO  2020 EPPO Bulletin

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698


Source of sentinel plants

• The easiest and cheapest option is to 
obtain plants in the sentinel (exporting) 
country.

• If this is not possible the use of imported 
plants can be considered.

• Most countries require an import permit 
for all live plant imports, do not allow the 
import of plants with soil attached and 
some require that all live plants are 
submitted to post-entry quarantine 
before being released. 

Eschen et al., 2015  Environmental Science & Policy

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


Casarin et al., 2023 Neobiota

https://neobiota.pensoft.net/article/90024/


Inspection of plants, sampling 
and diagnosis

• Three basic steps in the monitoring of pests in a 
sentinel programme: 
• Assessment of signs and symptoms
• Isolation of potential pests
• Identification of the pest species. 

https://www.cost.eu/publication/field-guide-for-the-
identification-of-damage-on-woody-sentinel-plants/

https://www.cost.eu/publication/field-guide-for-the-identification-of-damage-on-woody-sentinel-plants/
https://www.cost.eu/publication/field-guide-for-the-identification-of-damage-on-woody-sentinel-plants/


Inspection of plants, 
sampling and diagnosis

1. Each part of the sentinel plants should be inspected. 
Samples should be taken from a range of 
representative symptomatic parts of the plant.

2. Before samples are taken, high-resolution 
photographs should be taken of the whole plant, the 
damaged part of the plant and if present and visible the 
pest itself.

3. Samples can also be taken from non-symptomatic 
plants to test for latent infection.

4. Sampling instruments should be sterilized after taking 
each sample to prevent cross-contamination.

5. If possible, inspections and samples should be taken at 
least three times a year, in the spring, summer and 
autumn.

6. Samples should also be taken from apparently healthy 
plants/tissue to provide an indication of what healthy 
tissue looks like during normal growth.

7. Labels should include at least locality, GPS 
coordinates, host plant, date of collection, collector 
and a unique identifying number.

EPPO  2020 EPPO BulletinMorales-Rodríguez et al. 2019 NeoBiota

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698
https://neobiota.pensoft.net/article/34276/element/8/60696/


Arrangements 
between importing 
and sentinel countries

1. Phytosanitary import requirements. Imported plants for planting should 
meet the phytosanitary import requirements of the sentinel country. A 
relevant agreement between NPPOs may be useful to simplify export and 
import phytosanitary procedures.

2. Permission to plant sentinel plants on the territory of the sentinel 
country. Such permission should be granted by the relevant authority in the 
sentinel country and may be included in the agreement between NPPOs to 
simplify export and import procedures.

3. Land for sentinel nurseries or sentinel plantations. The land for 
establishment of sentinel nurseries or sentinel plantations may be provided 
by different authorities. The arrangement with these authorities should be 
reached in advance and either be the subject of a separate agreement or 
included in the agreement between NPPOs.

4. Funding. It should be agreed who will fund the sentinel plant programme, 
including export, import, transport, planting and survey of the sentinel 
plants

5. Reporting. Partners of the sentinel plant programmes should come to an 
agreement as to who will write the report of the results and how and when 
they will be published. The results concerning information on pest 
distribution and pest risks should be made available to all interested 
parties. This should be provided by the NPPO of the sentinel country.

EPPO  2020 EPPO Bulletin

https://onlinelibrary.wiley.com/doi/10.1111/epp.12698


On-going sentinel plants project in the USA, 
Italy, Sweden and China led by Enrico Bonello.

https://chadwickarboretum.osu.edu/research-
and-education/sentinel-plant-research

https://chadwickarboretum.osu.edu/research-and-education/sentinel-plant-research
https://chadwickarboretum.osu.edu/research-and-education/sentinel-plant-research




The assessment of tree seed mycobiomes 

using Illumina and Nanopore metabarcoding 
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Forestry depends on a constant supply of good 

quality seed

• Almost one third of European 

forests are artificially 

regenerated.

• Propagation material for artificial 

forest regeneration is often 

locally sourced.

• Around 2.5 million kg of tree 

seeds are traded internationally 

every year.

Central Forest Nursery, Valladolid, Spain



Seed imports vary over time

Franić et al. 2024



Few restrictions target tree seed exchange in 

Europe

• 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-transmitted.



Tree seeds carry known plant pathogens

Diplodia tip blight 

(Sphaeropsis sapinea)

Photo credit: Blumenstein et al. 2021 Journal of Fungi and Wiktoria Breza; Braganca et al. 2015 Forest Pathology; García-Díaz et al. 2017 Agrociencia; 

Aylward et al. 2018 Molecular Plant Pathology; Cortinas et al. 2006

Pine pitch canker 

(Fusarium circinatum)

Quambalaria eucalypti

Stem canker of Eucalyptus 

(Teratosphaeria zuluensis)





Metabarcoding reveals highly diverse 

communities of seed-borne fungi

• Complete and accurate assessment of 

fungal pathogens is crucial for phytosanitary 

risk assessment.

• Phytosanitary measures can only target 

described and named species.

• Metabarcoding allows a rapid parallel 

assessment of many individuals, including 

unculturable taxa.

• Large fraction of unknown species using 

Illumina platforms.



Taxonomic resolution Diversity coverage

High Low

High Medium/High

Medium/Low High

Long-read sequencing may facilitate improved 

identification of fungi

DNA barcoding

(Sanger)

Short-read 

metabarcoding

(Illumina)

Long-read 

metabarcoding

(Nanopore)



Fungi assessed directly from 100 seeds per SL using culturing and short-

and long-read metabarcoding (Illumina and Nanopore, respectively).



Similar proportion of OTUs assigned to genera 

and species in Illumina and Nanopore datasets

• Culturing revealed one quarter of 

genera/species captured by metabarcoding.

• Most reads in short-read metabarcoding 

dataset belong to cultured fungi.

• With short- and long-read metabarcoding, 

similar number of fungal reads and OTUs 

were assigned to comparable number of 

genera and species.

• Long reads do not improve taxonomic 

resolution, possibly due to high error rates and 

lack of reference sequences.

244 226

253 282

62

72



Metabarcoding with llumina and Nanopore 

reveal distinct communities of seed-borne fungi

Illumina Nanopore

Illumina

67 

(23%)
177

(60%)
49 

(17%)

Nanopore

• Possibly due to different primer 

sets used in the metabarcoding 

approaches.



Lower diversity coverage with Nanopore than 

Illumina metabarcoding

Illumina Nanopore

Illumina

67 

(23%)
177

(60%)
49 

(17%)

Nanopore

• Possibly due to lower sequencing 

depth and higher error rates.



Taxonomic resolution Diversity coverage

High Low

High Medium/Low Medium/High

Medium/Low High

Long-read sequencing did not improve 

identification of fungi

DNA barcoding

(Sanger)

Short-read 

metabarcoding

(Illumina)

Long-read 

metabarcoding

(Nanopore)



Summary

• No improvement in taxonomic resolution in Nanopore vs Illumina 

metabarcoding, possibly due to high error rates and lack of sequences in 

reference databases.

• Lower sequencing depth and higher error rates result in lower diversity coverage 

in Nanopore vs Illumina metabarcoding.



Conclusions

• Short-read metabarcoding optimal for fungal diversity screening due to high 

sequencing depths and diversity coverage. 

• As error rates decrease, reference databases expand, and throughput improves, 

long-read metabarcoding may become a strong candidate for future diagnostic 

studies of fungi. 

• Traditional culturing captures most of the fungi from short-read metabarcoding and 

remains valuable for obtaining isolates for further research.

• Combined approach recommended for complete and accurate assessment of 

fungal pathogens needed for phytosanitary risk assessment.



Thank you for your attention.
iva.franic@wsl.ch

jana.orbach@wsl.ch

Phytopathology Group WSL

mailto:iva.franic@wsl.ch
mailto:jana.Orbach@wsl.ch
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