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Pathogenic fungi: what (who) are they?

> Diversity of plant pathogenic fungi

e.g. Fusarium graminearum causing
Ascomycota fusarium head blight

Archaeplastida Dikarya
plantae, green algae —_—

Basidiomycota eg. .‘f’uccfnfa triticina
Eukaryota animalia causing leaf rust
Mucoromycota e.g. Rhizopus microsporus
Amorphea — causing rice seedling blight
) Zoopagomycota
slimemolds
Stramenopila oomycota Chytridiomyceta e.g. Synch _;f!;fum er?dobioﬁcum
e.9. Plasmopara viticola . causing potatowa
Archae causing downy mildew, Blastocladiomycota
Phytophthora infestans
. . causing late blight Opisthosporidia
Bacteria g1ate blg P p

Fungal & Pathogenic
fungal-like (oomycota)
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8 to 10k species.
2 to 4.10° species.

=> Major losses in global food production.

Burki et al., 2019; James et al., 2020;
Lietal, 2021; Fisher et al., 2012 2




‘ Phenology of plant pathogenic fungi

fitness, dispersal patterns, species
interactions and ecosystem functioning...

Phenology [ Ecology and evolution




‘ Phenology of plant pathogenic fungi

fitness, dispersal patterns, species
interactions and ecosystem functioning...

Phenology [ Ecology and evolution

Q? Co-evolution
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{é & Phenology of Phenology of
¢ < the host plant the pathogen

Disease dynamics
(timing of the host-
pathogen interaction)

Forest & Miller-Rushing 2010;
Dickie et al 2020; Grulke 2011 4




Phenology of plant pathogenic fungi

> Is the phenology of fungi phenology studied?
1.

No !

In the literature “phenology” for plant pathogenic fungi

-> 1 ref “pathogen phenology” (Desprez-Loustau et al., 2010
-> 2 refs “disease phenology” (Clay et al., 2020; Daugherty et al., 2017)

2. But life history traits

. Endophyte Mychorrizal fungi
may be considered as “phenology” ®. .
. : Trait category
' i llIl e
o B : .
Fungal fruiting, spore release, Pathogen ™ Saprothosh =an:.ct
3 o ” ife history
Latency period, cycle length... . . Il vorphologica
. - 1 » Physiological
m) Sparse in the databases P EParse s= B lsocnome

Fungal Functional Trait Database (FunFun), Zanne et al., 2020
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FunScale: a common & global phenological scale

> Would the BBCH scale be a guideline for building such a scale for
pathogenic fungi ?

Principle Phase BBCH Name
Vegetative 00-09 Germination
10-19 Leaf development . oo . .
20-29 Tillering Simplified biological cycle
30-39 Stem elongation . .
1049 Booting of pathogenic fungi
Reproductive 50-59 Heading
60-69 Flowering
Maturity 70-79 Development of fruit R
80-89 Ripening Reproduction (30)
90-99
0 Senescence asexual (31 _>)
Transplanting 00-19 Transplanting, recovery (rice only)
e sexual (34 ->)
Zadoks et al., 1974
Myecelial
growth (20) Spore (0)
\ Spore
germination
(10)

Conservation (40)




FunScale: a common & global phenological scale

> Would the BBCH scale be a guideline for building such a scale for
pathogenic fungi ?

Main stage code | Name of the main stage

0 Spore Simplified biological cycle
10 Spore germination . .
of pathogenic fungi
20 Mycelial growth
30 Reproduction Reproduction (30)
40 Conservation asexual (31 ->)
sexual (34 ->)

Myecelial

growth (20) Spore (0)

\‘\ Spore

germination
(10)

Conservation (40)




FunScale: a common & global phenological scale

Main stage code

Name of the main stage

Name of the main stage

Secondary stage code

Name of the secondary stage

Entire spore without mycelium

Spore germination

Spore germination

Development of the appressorium if existing

Mycelial growth

Beginning of mycelium growth (without ramification)

Appearance of ramifications

Mycelium in active growth

Reproduction

Asexual reproduction (AR) - Appearance of sporocarps/ conidiophores
(immature)

AR- Mature sporocarps/ conidiophores

AR - Sporulation

Sexual Reproduction (SR) - Formation of gametangium and meeting of gametes

SR - Immature fructification

SR - Mature fructification

SR - Sporulation

Conservation

Conservation of mycelium or spores

After unfavorable conditions: mycelium decondensation

Decondensed mycelium




FunScale: a common & global phenological scale

Main stage code

Name of the main stage

Secondary stage code

Name of the
secondary stage

Tertiary
stage code

Name of the tertiary stage

Taxonomic group

Entire spore without
mycelium

01.1

Spore from sexual reproduction (basidiospore)

Basidiomycota

01.2

Spore from asexual reproduction (spermatium)

Basidiomycota

01.3

Spore from asexual reproduction (aeciospore)

Basidiomycota

01.4

Spore from asexual reproduction (uredospore)

Basidiomycota

01.5

Spore from asexual reproduction (teliospore)

Basidiomycota

01.6

Spore from sexual reproduction (ascospore)

Ascomycota

01.7

Spore from asexual reproduction (conidiumy)

Ascomycota

01.8

Spore from sexual reproduction (sporangium)

Oomycota

01.9

Spore from asexual reproduction (sporangium)

Comycota

01.10

Spore from sexual reproduction (zoospore)

Oomycotal Chytridiomycota

01.11

Spore from asexual reproduction (zoospore)

Spore germination

Spore germination

all phyla

Development of the appressorium if existing

Mycelial growth

Beginning of mycelium growth {without ramification)

all phyla

Appearance of ramifications

all phyla

Mycelium in active
growth

231

Branched mycelium in active growth (heterothallic)

Heterothallic fungus

23.2

Branched mycelium in active growth (homothallic)

Homothallic fungus

Reproduction

Asexual reproductiol

n (AR) - Appearance of sporocarps/ conidiophores (immature)

all phyla

AR- Mature
sporocarps/
conidiophores

321

spermogonia

Basidiomycota

32.2

aecium

Basidiomycota

32.3

uredium

Basidiomycota

324

telium (teleutosorus)

Basidiomycota

32.5

naked conidiophores

Ascomycota

32.6

acenvulus

Ascomycota

327

pycnidium

Ascomycota

32.8

sporodachium

Ascomycota

32.9

Synnema

Ascomycota

32.10

sporangiophore

Oomycota

3211

sporangium (bag not a spore)

Oomycota/Chytridiomycota

AR - Sporulation

3341

less than 10% of sporocarps

33.5

50% of sporocarps

33.9

90% of sporocarps

Sexual Reproduction
(SR} - Formation of
gametangium and

meeting of gametes

341

spermatium

Ascomycota, Basidiomycota

34.2

oogone, antheridium

Oomycota

SR - Immature fructification

basidium

Basidiomycota




FunScale: let’s play!

> Oomycota (ex: Plasmopara viticola)

without
ramification

Mycelial
growth (20)

ey

v

branched
mycelium in
active growth

Spore (0)

\‘ Spore

germination
(10)

D o

EP €D

germination

appressorium

@INRAE UMR SAVE

Zoospore

Zoospore

Delmas et al., 2014
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Delmas et al., 2014

FunScale: let’s play!

> Oomycota (ex: Plasmopara viticola)

sporangiophore _
sporangium sporulation

asexual (31 ->)
ol (24> (302 ) (366 ) 715979 >
oogone oospore sporulatio

Spore7(0)
~—~ _a
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FunScale: let’s play!

> Oomycota (ex: Plasmopara viticola)

@/ L P

decondensation

mycelium

Conservation (40) 00Spore
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FunScale: a common & global phenological scale

> We succeeded in doing this one:

... but what about the other ones ?
Agrios, 2004

Ascospore lands ~
et o [e 'ﬁmuru_) —
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5 ,
‘c'c‘ Mycelium attacks lower  Mycelum ievades succulent  White, ffy imycelium grows on
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FIGURE 11-123 Development and symptoms of discases of vegetables sad flowens caused by Sclerotms
sclerotionmm.

FIGURE 11:29 Disease cydle of lote Mgt of peotase s tomman chused by Prytopbiinons infestions.

Infacted cells colapse
penetrates, and ivades g didneograte
nssue
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FIGURE 11-134  Discaie cycle of stem raat of whest camed by Paccinis graminis tritit,
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FIGURE 11-90  Discase cycle of apple seab cauned by Venturis imangualis

FIGURE 11-97 Discase cycle of Botrytis gray mold diseases.




FunScale: a common & global phenological scale

> Basidiomycota (ex: Puccinia striiformis sp. tritici)
: spermogonia aecium uredium telium

Reproduction (30) .
asexual (31 ->33.9) @ . basidium
sexual (34 ->37.9) | sparmatium immature fruct.

Ve G

Mycelial spermatium aeciospore

growth (20) Spore (0) _ . .
\‘ Spore uredospore teliospore

germination .
- basidiospore

(10)
P ) A &
; B 2
teliospore &4 ("8 %
LY )5 A

Conservation (40)

14




FunScale: a common & global phenological scale

> Ascomycota (ex: Botrytis cinerea)

FunScale :

Main stages -> common key development stages

Secondary and tertiary stages -> various pathways (e.g. sexual

or asexual reproduction) and organ structures (e.g. spores,
fruiting organs) depending on the species




FunScale: what for ?

A global phenological scale to describe a huge diversity of pathogenic fungi.
FunScale is a potential tool for:

> Structuring and combining different databases (and thus share!)
=> plant health epidemiological monitoring platforms
=> common framework for observation acquisition

> ldentifying phenological changes related to climate, crop management,
and land use

> Surveying, anticipating, and managing situations at risk of epidemics
=> tool for modelling (conceptual framework, calibration and evaluation)
=> implement pathogen management strategies (e.g. agroecology based
on natural regulations)

16
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Thank you for your attention
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