
Description of the relationship between GTDs 
and meteorological conditions, irrigations and 

physiological response 
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Environment
Soil, climat, … Plants 

Cultivars, rootstock, age, 
cultural practices, vigor

Management?
Prophylactic, biocontrol,

no chemicals

Pathogens
Complexe of fungi

Saveguard of
vineyard

Economic
losses

Contributing factors

Aggravating factors

Predisposing factors

chronic/apo
forms

S. Trouvelot

Herlemont, 1995, Mugnai et al. 1999, Bertsch et al. 2012, Mondello et al. 2018, Fischer & Peighami 2019
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Fungal diseases

Several fungi

Different families

Wood decay fungi

Enzymes to degrade the wood

Produce phytotoxic molecules

Grapevine

Necroses in wood

Specificity according to fungi

Xylem

1st plant response:
gummosis, tyloses

@S. Trouvelot
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arsenal of fungi

expression of 
symptoms:

leaves & berries

1, 2, 3…10…

years later

death of the 
vine

infection

Pruning wound
(winter, spring)

necrosis
in wood

Decrease of yield
&

Sustainability of vineyard

Grapevine Trunk Diseases

X



• Which diseases?
• Discontinuity of foliar symptoms expression from one year to the 

next

Eutypa dieback

Esca
disease

Botryosphaeria
diebacck

Diversity of fungi inside the 
vine

other
diseases
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Water/nitrogen status

CHO production

Reserves

Vegetation

Bunches

Sap flow
• “Quality” of hydraulics

• Quantity (num, size of vessels)

Plant 
defenses

Colonization by fungi, decayed 
and discolored wood, inner 

inoculum
(biomass, composition)

Wounds

Outer inoculum
Foliar symptoms

� Toxin(s)� Xylem dysfunct.

Pruning
Nursery Disease/pest 

management

Fertilization

Plant density, soil
management (=water-N 

competition)

Irrigation

Climate
• temperature
• Climatic demand (VPD)
• Rain
• Wind

Soil
• Water capacity
• N status, organic 

matter

• Water balance
• Nitrogen balance

Rootstock

Green harvesting

Cultivar, (clone)

De-budding

Microbiota

Claverie et al. 2020

Ba
ck

gr
ou

nd
 o

n 
GT

Ds



GT
Ds

-C
lim

at
e

Vine
cultivars, rootstock, clone, age

Pathogenes
Family, Species, Strain

Climate
Heat & Water stress

(intensity, duration, timing)

Songy et al. 2019, Fischer & Peighami 2019
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Temperature

&
Virulence

Qiu et al. 2016

Water stress
&

Virulence



Qiu et al. 2016

N. parvum

D. seriata
wide distribution

L. theobromae
Warm area

Prediction – location of Botryo. & climate Climat
Kottet et al. 2006

Warm temperature, steppe, hot-warm summer
Warm temperature, fully humide
Warm temperature, winter dry, warm summerPa
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Fischer & Peighami 2019
Songy et al. 2019

Vine
&

Water stress

Physiological & biochemical
changes

Photosynthesis
Carbon / Vigor
Respiration

Growth / vigor
Transport

Hormones



Vine & Heat(HS) or Water (WS) Stress

Aragonez
Transcriptomic changes

Rocheta et al. 2014
Carvalho et al. 2015
Songy et al. 2019
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Specific
Responses HS / WS
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Songy et al. 2019



Songy et al. 2019

Rooststock HeatWater
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Larignon 2009

Preliminary observations

annual fluctuation

Relationship between
rainfall

& heat 30°C
& phenological stage: 

flowering
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Costières de Nîmes
Sauvignon 2007

Favorable conditions :
high rainfall

T ≈ 30°C

Rainfall



Proposal of a scale by P. Larignon (IFV)

Analyse of data from 1920 to 2016
in 5 French vineyards

Bordeaux
Languedoc
Bourgogne

Alsace
Champagne

Rainfall/Temperature :
1 may to 30 sept. (5 months)

Vi
ne

 –
GT

Ds
-C

lim
at

e



Bordeaux / Languedoc

favorable
high favorable

favorable
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Champagne area

Low/interm.
favorable

favorable

Susceptibility 
to cultivars
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Relationship with the use of
Sodium arsenate….

Larignon 2019 Observatoire

GTDs

Literature

Bourgogne

1
High unfavorable

5
High favorable

expression

?

lowlow low

unfavo favo unfavo favo

low

high favo
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increase



Esca
incidence

Climatic 
factors

Chardonnay
Plant response

Calvo-Garrido et al., 2020

vineyard – 3 years (2016-18)
Spain, Barbastro area
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Irrigation

Drop, 3.1 – 9.3 Lm-2

May – September
depending on water requirement

Control, no irrigation

Plant responses

pea-size, pre-veraison, pre-harvest
Water potential 

Photosynthesis parameters

Irrigation system is not comparable to heavy rainfall over a short period



Esca incidence
Irrigated < 

control  

Vintage 
effect

Calvo-Garrido et al., 2020

2016

2017

2018

Relevant parameters
water availability/transpiration rate and period of heat (T°C> 35°C)

Irrigation before flowering, increase of water availability for vine, 
decrease the incidence of Esca
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Esca symptoms

Asymptomatic plants

2017
Irrigation 

effect
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Years 2015 2014 2013 2012 2011 2010 2009 2008 2007 2006

Cognac
Number of days Tmax ≥ 35°C 1 1 2 3 2 3 3 0 1 8
Mean Tmin 18,9 18,0 20,1 17,4 20,9 15,6 17,3 - 14,8 19,6

Champagne
Number of days Tmax ≥ 35°C 3 1 1 2 2 0 1 0 0 1

Mean Tmin 17,9 15,7 17,7 16,1 16,6 - 20,6 - - 16,6

Projet G Dfree Climatic data Vineyard

Tolerance of fungi to high temperature

Optimum 
temperature for 
mycelial growth

Tmin and Tmax for 
mycelial growth References

Diplodia seriata
27,6°C 4°C - 35°C Qiu et al., 2016
25°C 15°C - 36°C Bellée et al., 2016
26,8°C 10°C – 35°C Pitt et al., 2013
26,8°C 10°C – 40°C Úrbez-Torres et al., 2006

Neofusicoccum parvum
22-28°C 15°C - 33°C Bellée et al., 2016
30,2°C 4°C - 35°C Qiu et al., 2016
26,8°C 10°C – 35°C Pitt et al., 2013
28,2°C 10°C – 40°C Úrbez-Torres et al., 2006

HS 35°C day & 18°C night (16h/8h) during 3 days with WS 50%
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Projet G Dfree
Chardonnay
Ugni blanc WS & HS

Artificial 
infection Differential responses according to the 

pathogens
Double stress increase the aggressiveness of 

D. seriata

HT&WT

Control 2 days

Control 

Differential plant responses
according to the stress conditions

Fernandez et al.,  in preparation
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GTD foliar 
symptoms 
expression

Drought 
stress

differential responses
WS & HS

Esca & WS
BUT in both

water transport & carbon balance altered

Bortolami et al. 2021, Rocheta et al. 2014

Photosynthesis parameters

WS is not enough to explain esca expression 
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vessel occlusions

Bortolami et al. 2019

Susceptibility  +          ++        +++  
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Pouzoulet et al. 2014

Vessel diameter



Vigne

PathogènesConditions 
climatiques
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Kottek et al. 2006, Qiu et al. 2016, OIV 2017

Climat
Cépages

(Chardonnay)
Pathogènes
(Australie)

Incidence des MDB
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As it is not possible to control climate,
what we could do to reduce the incidence of GTDs…

A control irrigation before flowering,
if necessary, could limit foliar symptom expression (in Chili, irrigation and few GTDs)

Water Stress, depending on intensity and timing, is not enough to induce Esca disease

Periods with high rainfall & warm temperature are favorable to Esca disease expression



Prophylactic 
methods

Pruning wound 
protection

Control the 
plant vigor

Eliminate dead arm, dead vine
Vine training: Guyot better than Cordon (Eutypa)

Limit number and size of pruning wounds
Trunk renewal

Re-grafting
Trunk surgery or “Curetage”

Best period to prune? early versus late
depend to GTD diseases and climatic conditions

Mondello et al. 2018, Larigon 2016, Bettenfeld et al., 2021

Especially for
Esca & Botryosphaeria dieback

Balance leaves / fruits
(number of buds)

Physical by pastes
BCA - Niche competition

What is known on the vineyard GTD management… 

What is currently being tested … 
Hydrogen peroxide application

Plants extracts
Combination of BCAs

Trunk injection

What is currently being studied …
plant & soil microbiome
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Projet G Dfree

International Council of 
Grapevine Trunk Diseases
http://icgtd.ucr.edu/

Merci à tous
Any questions…..

florence.fontaine@univ-reims.fr


