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The spermosphere — a paradise for many organisms
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Fungal Order

B Hypocreales
E Mortierellales
[ Pezizales

B Pleosporales
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[ Tremeliales
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Shelake et al., Microorganisms (2019); Rochefort et al., mSystems (2021)
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Seed microbiota diversity is dependent on plant species
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Plant Species

Chee-Sanford et al., Weed Sci. (2006); Goggin et al. Ann. Bot. (2015);
Barret et al., Mol. Plant Pathol. (2016); Nelson, Plant Soil (2018); Simonin et al., New Phytol. (2022)
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How do beneficial and undesirable microbes meet seeds?

Alternative sources:
during / after harvest
(environment & human activities)

pericarp hilum stigma
(ovary wall)  (vascular system) (floral part)

Baker & Smith, Annu. Rev. Phytopathol. (1966); Maude, in: Seedborne diseases and their control: principles and practice (1996)
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International seed trade - a few statistics

Import Export

field crops
flower seed
potato seed
tree seed
vegetable crops

6 841 668 metric tons Quantity 7 257 898 metric tons
13.86 billions USD Values 14.37 billions USD

Source: ISF compilation based on official statistics and international seed trade reports
data 2019 / release Oct. 2021; https://www.worldseed.org/resources/seed-statistics/
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Seed pests threaten food security

1. Corynebacterium michiganense 1942
2. Pseudomonas glycinea 1940s

3. Xanthomonas campestris 1961

4. Corynebacterium rathayi 1945, 1965
5. Xanthomonas phaseoli 1969

6-8. Puccinia sp. 1885, 1906, 1940, 1952
9. Uromyces betae 1943

10. Tilletia caries 1854

11. Urocystis agropyri 1919, 1946

12. Ustilago tritici 1970

13. Urocystis cepulae 1924

14. Gloeotinia temulenta 1940

15-17. Peronospora sp. 1881, 1922, 1935
18. Botrytis riini 1926

19. Sclerotium oryzae 1926

20. Gloeocercospora sorghi 1949

21. Septoria linicola 1948

22. Epichloé typhina 1942

23. Barley stripe mosaic virus 1959, 1972
24. Squash mosaic virus 1964

25. Ascochyta rabei 1973

Pest
dissemination

Emerging
diseases

Introduction via infested seeds 1880s — 1970s

Neergaard, In: Seed Pathology 1977; Strange & Scott, Annu. Rev. phytopathol. 2005; Engering et al., Emerg. Microb. infect. 2013
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Recent outbreaks of seed-borne pests — Magnaporthe oryzae (MoT)

First reported in South America... ...now reported in Asia and Africa
1930s 1980s 1990s 2000s — 2010s 2016 2020
Brazil Brazil Brazil Paraguay Zambia
(1 state) (2 states) (6 states) Argentina (observed
Bolivia 2017-2018)

a Total graln Imports from Brazil between 2006 and 2017
(x1,000 tons of wheat, durum wheat, or mixtures of wheatand rye) _
R0 0 1 100 200 3000 400 500 600 700 800 900 1,000 1,100 1,200

Islam et al., BMC Biol. (2016); Islam et al. Plant Pathol. J. (2019); Ceresini et al., Mol. Plant Pathol. (2019);
https://gd.eppo.int/taxon/PYRIOR ; http://openwheatblast.net/
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How to tackle the spread
of seed-borne pests

due to the international movement of seeds?

@ISTA
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Seed-borne pests — what’s behind the term?

W nnnnnnnnnnnnnnnnnn AN Ir||te
\/ 2) Organization of the q {21 Plant Protection
Q@ Ung ’Q’f%/ Convention

= Carried externally
I.e., seed surface

Endosperm
= Carried internally Epicotyl C -
l.e., seed coat, endosperm, Hypocotyl \_. |
perisperm, embryo Embryo— Rad,me§ | [FEmbryo i
= May or may not be transmitted woviedon P — _
to plants growing from these seeds Seed codt o -
and cause their infestation e fonoce) :

Baker & Smith, Annu. Rev. Phytopathol. 1966; Maude, in: Seedborne diseases and their control: principles and practice 1996; IPPC, in ISPM38 2017
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Seed is a pathway — what does it mean?

@: Z::":ﬁ:f'"v“fe Tl B
Seed-transmitted Seed-transferred
(via seeds directly to plants) (to the environment; then infests plants)

IPPC, in ISPM38 (2017)
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ISTA has published “An annotated list of seed-borne diseases’

= ey ‘TLA»TEDUSTOF
s g;‘g{éﬁggm DISEASES

Fourth Edion

= 1958 - 1990: 4 editions, 2 supplements

= Latest revised: +30 years ago

Noble et al., 1st edition 1958; Noble & Richardson, 2"? edition 1968;
Richardson, 3™ edition 1979, Supplement 1 1981, Supplement 2 1983, 4t edition 1990; Yorini et al., In: Seed pathology — Progress and problems 1979
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From outdated to updated lists — process of validation and publication

ISTA SHC

fi n aI reVieW Home | Tools | Seed Health Committee

and validation ‘ ISTA Reference Pest List

Project lead

investigations & O ISTA Secretariat
drafted lists International experts publication of the lists op
@ independent review

(private seed companies,
governmental bodies,
academic research)

Any expertise to offer?
Please, contact me!
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ISTA Reference Pest List — investigated non-vegetable crops

Spermatophytes
Angiosperms

.

A 19 families * 40 species

v

4 families * 9 species —+ % Dicots

Haiits

/\ Monocot
Gymnosperm _ . .
'//\ 2 ¥ > 1 family ¢ 8 species

Flowering plants

Cereals

Legumes « temperate
Herbs * (sub)tropical
Forest trees (conifers, deciduous) P
Fruit trees
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ISTA Reference Pest List — investigated pests

Oomycetes
Myxomycetes

Nematodes

Viruses

A/ viroids
r'rls?n-‘-c:'tsf-'-'

Fungi | , \ ‘

Bacteria

« Seed-borne (general)
 Seed-borne and seed-transmitted
« Seed-borne and seed-tfransferred

* Other diseases, insects or disorders are
excluded (at the moment)
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ISTA Reference Pest List - methodology

seed-borne (transported) + seed-transmitted ? | |
seed-borne (transported) + seed-transferred ? Level of information:
* Host & disease

‘ ‘ « Pest taxonomy & regulation
* Role of the seed
e Scientific data & references

no uncertainty yes
seed is not seed pathway seed is a

a pathway not proven pathway

Yes but artificially (if natural conditions)

or

No research found
No definitive evidence
Contradictory results
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ISTA Reference Pest List — current version (July 2022)
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PHOTO: GeVES

TRITICALE
15 PESTS

4 SEED FATHWAY

23 hosts = 333 seed-borne pests = 146 “seed pathway” = 558 scientific references

RICE
37 PEBTS
10 SEED PATHWAY
FHOTO: GEVEE

SUNFLOWER

18 PESTS

12 SEED PATHWAY

OTO: GEVES

SOYBEAN WHEAT
50 PESTS 25 PESTS
28 SEED PATHWAY 16 SEED PATHWAY

PHOTO: GEVES A=0T0: GEVEE

o

COTTON
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£ SFEM PATHWAY

AR OTO: GEVEE

SORGHUM
38 PESTS
11 SEED PATHWAY

HOTO: JEVES
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FHOTO: GEVES

OAT
34 PESTS
12 SEED PATI

ALFALFA
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W AY
= FHOTD: GEVES

4 SEED PATHWAY

ARAUCARIA
12 PESTS
1 SEED PATHWAY
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DOUGLAS FIR

1T1-PESTS

3 SEED FATHWAY
PHOTO: VUM ORIN MK ADD

FIR PINE SPRUCE

& PESTS 14 FESTS 5 FESTS
1 SEED PATHWAY 2 SEED PATHWAY 2 SEED PATHWAY
PHOTO: W11 WOR -l 1 AT PHGTR: il MOR F-MiK &N FHOTE: Wil MOR - MK AN

Free tool online
(ISTA website)
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ISTA Reference Pest List — the knowns & the unknowns

seed-borne (n=333)
funi - |

146 145 4
viruses / viroids ||| NGNS
transmission Proved Proved Not No bacteria [N
or transfer? naturally  artificially proven
oomycetes [
/ nematodes ||
Seed Seed myxomycetes |
athwa is not
. P y Seed 0 50 100 150 200 250
is proven a pathway
pathway BMseedis a pathway B pathwaynotproven Mseedis notpathway
is not proven
@ISTA
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More to come — stay tuned!

chickpea

Pests: 15
Seed pathway: 8
Literature: 14

lentil
Pests: 7 Pests: 11
Seed pathway: 4 Seed pathway: 5
Literature: 6 Literature: 10

(preliminary data — international experts to identify)

(expected publication: Q1-2023)

potato
(TPS + tubers, to be distinguished)

Pests: 11
Seed pathway: 4
Literature: 15

... and others!

uuuuuuuuuuuuu
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Take home messages & future challenges — From science to ...

... R&D (public & private) ... NPPOs and policymakers
» Diagnostics * Primary bibliographic resource
» Detection or treatment methods * Part of future PRAs, complementary to others
* Breeding

* Investigation of seed transmission

Seed Seed Seed
pathway pathway is not
is proven is not proven a pathway
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Thank you!

Christine HENRY (FERA)

,‘ ‘\’ GEVES Alex JEBB
Expertise & Performance
-'--,. I S TA Groupe d’Etude et de contrdle . .
o / SEEd Quallhl" Aﬂﬂurﬂnﬂe des Variétés Et des Semences Terry AVELINGT (UmV- Pretona)
Station Nationale d'Essais de Semences Nicole JOUBERT
Executive Committee Godfrey KGATLE
Seed Health Committee Valérie GRIMAULT Edgar MANGWENDE
Andreas WAIS & Secretariat Giulia FARINARO Gloria MUKWIRIMBA
Renaan THOMPSON

Irene BANZIGER (Agroscope) ¢ Arnaud BOISNARD (Centre Francais du riz) ¢ Pierre BOUTTEAUD (Vilmorin Mikado) ¢ Yoann BRANS (CTIFL) ¢ Guro BRODAL
(NIBIO) ¢ David CAFFIER (INRAE) ¢ Claire CAMPION (Univ. Angers) ¢ Matthias DAUB (Julius Kuhn-Institut) ¢ Marie-Laure DESPREZ-LOUSTAU (INRAE) ¢
Renaud I0OS (Anses) ¢ Douglas JARDINE (Kansas State Univ.) ¢ Randy KUTCHER (College of Agriculture and Bioresources) ¢ Marian McEWAN (SASA) ¢
Gary MUNKVOLD (lowa State Univ.) ¢ Israel PAGAN-MUNOZ (CBGP) ¢ Annette PENAUD (Terres Innovia) ¢ Ana PEREZ-SIERRA (Forest Research) ¢ Rosa
PINA (Pinto Piga Seeds) ¢ Deborah SAMAC (USDA-ARS) ¢ Guillaume SAUBEAU (Florimond-Desprez) ¢ Mercedes SCANDIANI (CEREMIC) ¢ Hans-Jakob
SCHARER (FiBL) # Karin SPERLINGSSON (Jordbruksverket) ¢ Marie-Claire TARDIN (RAGT 2n) ¢ Didier THARREAU (CIRAD) # Jane THOMAS (NIAB) ¢ Michel
VALES (CIRAD) ¢ Felicity VEAR (INRAE) ¢ Ana Maria VETTRAINO (DIBAF) ¢ Patrick VINCOURT (INRAE) ¢ Ron WALCOTT (Univ. Georgia) ¢ Owen WALLY
(Agriculture and Agri-Food) ¢ Dominie WRIGHT (Dept. Primary Industries and Regional Development)
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