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Pathogenic fungi: what (who) are they?
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Burki et al., 2019; James et al., 2020; 
Li et al., 2021; Fisher et al., 2012 

⮚ Diversity of plant pathogenic fungi

fungi

Fungal & 
fungal-like (oomycota) 

≈
2 to 4.106 species.

Pathogenic  

≈
8 to 10k species.

=> Major losses in global food production.



Phenology of plant pathogenic fungi

Ecology and evolution

fitness, dispersal patterns, species 
interactions and ecosystem functioning…
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Phenology



Phenology of plant pathogenic fungi

Phenology of 
the host plant

Phenology of 
the pathogen

Co-evolution

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

Disease dynamics
(timing of the host-

pathogen interaction)
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Ecology and evolution

fitness, dispersal patterns, species 
interactions and ecosystem functioning…

Phenology
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Phenology of plant pathogenic fungi

⮚ Is the phenology of fungi phenology studied?

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) 

1. No !

2. But life history traits 
may be considered as “phenology”

Fungal fruiting, spore release,
Latency period, cycle length…

Sparse in the databases

Fungal Functional Trait Database (FunFun), Zanne et al., 2020



FunScale: a common & global phenological scale
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⮚ Would the BBCH scale be a guideline for building such a scale for 
pathogenic fungi ?

Zadoks et al., 1974
?

Simplified biological cycle 
of pathogenic fungi



FunScale: a common & global phenological scale
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⮚ Would the BBCH scale be a guideline for building such a scale for 
pathogenic fungi ?

Simplified biological cycle 
of pathogenic fungi



FunScale: a common & global phenological scale
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⮚ Would the BBCH scale be a guideline for building such a  scale for 
pathogenic fungi ?



FunScale: a common & global phenological scale
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⮚ Would the BBCH scale be a guideline for building such a  scale for 
pathogenic fungi ?



FunScale: let’s play!

⮚ Oomycota (ex: Plasmopara viticola)
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FunScale: let’s play!

⮚ Oomycota (ex: Plasmopara viticola)
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FunScale: let’s play!

⮚ Oomycota (ex: Plasmopara viticola)

Reproduction (30)
asexual (31 ->) 
sexual (34 ->)

Spore 
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FunScale: a common & global phenological scale

⮚ We succeeded in doing this one:

… but what about the other ones ?
Agrios, 2004
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36.1

FunScale: a common & global phenological scale

Spore (0)

⮚ Basidiomycota (ex: Puccinia striiformis sp. tritici)

©F. Suffert – INRAE
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FunScale: a common & global phenological scale

Spore (0)

1211

⮚ Ascomycota (ex: Botrytis cinerea)

01.6
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23.121 22

©ephytia – INRAE
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naked conidiophores

apothecium35

Reproduction (30)
asexual (31 ->33.9) 
sexual (34 ->37.9)
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32.5
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Spore 
germination 
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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



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

⮚ Identifying phenological changes related to climate, crop management, 
and land use

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

⮚ 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)
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FunScale: what for ?



Thank you for your attention
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