
Interactions between drought 
and forest pests and diseases

3 approaches

Epidemiological approach: field surveys

Experimental, quantitative approach: 
metaanalysis of available evidence

Analysis of underlying mechanisms in 
experimental conditions



Field surveys

Field surveys by operational services: spatial and 
temporal patterns of occurrence and damage
for different (important) species

 Qualitative information (expert judgement) 
availabe quickly: massive bark beetle attack in 
2003 (increase after a decrease in 2002 in the 
areas damaged by the 1999 storms, and in 
other regions), etc.

 Quantitative information on occurrence / 
damage is delayed (with a few exceptions) 
due to validation procedure, not homogeneous 
over the borders, and generally poor quality.



Field surveys and their interpretation

 Relating intensity of damage to intensity of 
water stress / heat is sofar almost impossible 
outside experimental conditions

 Few scientists have tried to explore the (large-
scale) spatial-temporal patterns of pests and 
diseases versus climate stress



Analysis of published information on 
the response of pests and diseases to 

water stress
See Jactel et al.

Numerous experiments, few well documented!

Damage proportional to pests and diseases

But : response of pests and diseases to stress is 
non linear (confirms that the intensity of 
water stress must be known)
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Interactive effects of drought 
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Présentateur
Commentaires de présentation
Context = heat and drought episode of 2003What is expected in terms of disease changes in the case of severe and ferquent drought and heat events?Note that this is not limited to forest health (ex : the impact of St Louis encephalitis virus is amplified by drought Shaman et al 2002)Results on the specific 2003 event still to be analysedScope of the presentation = the current knowledge from observations in past episodes and experimental studies



THE DISEASE TRIANGLE

PATHOGEN HOST

DISEASE

ENVIRONMENT
 natural and anthropic effects ; local and global change

(drought, heat, sylviculture, …)

Présentateur
Commentaires de présentation
Interactions among plants, their pathogens and the abiotic environment can be illustrated as a disease triangle 



DIRECT or INDIRECT EFFECTS OF 
DROUGHT ON PATHOGENS?

 Foliar polycyclic 
diseases : often 
less common and 
less severe during 
drought episodes:

rain/moisture 
needed for 
dissemination,  
germination and 
penetration)

E

DISEASE

HP

Relative importance of external / internal infection processes: 

 Stem and 
root diseases : 
indirect effects 
through host 
physiology : 
water stress is 
determinant

Présentateur
Commentaires de présentation
Presentation focuses on two main interactions (cf following slide) Drought considered as a physiological stress and not in the meteorological meaning



1. Effects of drought on host –pathogen interaction : 

increased susceptibility to pathogens:PREDISPOSITION

• generally, development of disease during or following 
stress

• some types of pathogens: mainly necrotrophs, 
facultative parasites

E

HP
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HP

2. Effects of disease on the plant response to 
drought stress :  

decreased tolerance  to MULTIPLE STRESSES

•disease developed before stress 

•all types of pathogens (including biotrophs)



1. Predisposition of trees to disease by 
drought (heat) stress

 « Drought-enhanced diseases » : favoured by 
drought but caused by « true parasites »  

mainly cankers (necrotroph pathogens)
Example : Sphaeropsis sapinea

Sensu lato: Increased « disease proneness » resulting from 
external causes (does not imply that infection always occurs after stress)

 « Drought-induced diseases »: caused by 
opportunistic, facultative or conditional parasites

mainly endophytic species
Example : Biscognauxia mediterranea

Présentateur
Commentaires de présentation
Definition de la predisposition selon les pathologistesDisease proneness : predisposition may affect host, parasite and/or the interactionThe distinction of two types of diseases (based on differences of pathogen aggressiveness) is a very simplified view : they may represent extremes of a continuum (a given pathogen species may be classified in different ways according to host (ex : armillaria)



Mechanisms of predisposition

Decrease in photosynthetic activity and altered protein 
synthesis in dehydrated plants resulting in :

 Metabolic changes : improved substrate for 
pathogen (nitrogen) 

 Decreased defensive compounds (phytoalexins, 
enzymes, etc…)

 Slowed defenses limiting compartmentalization



Experimental evidence of predisposition mechanisms: 
Effects of water stress on the rate of formation of 

physical defenses (after wounding) in Abies grandis* 
(Puritch & Mulklick 1975)
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Sphaeropsis sapinea : an endemic pathogen 
in Europe with recent outbreaks in pine forests 

associated with predisposing stresses
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Champignon decrit depuis longtemps en Europe (surtout comme saprophyte) mais degats surtout importants dans l’hemisphere sud en forets de plantations jusque dans les annees 1980D’apres publications dans CAB (depuis 1971) : on voit de nb mentions depuis les annees 1990 (cf « top ten » DSF), au sud d’une ligne Hambourg-IstambulAvant 1971 : tres peu de mentions (et surtout en europe du sud) , par ex, Pas detaille dans le bouquin de  Lanier en 1976 (juste mentionne) la moitie des mentions signalent la secheresse comme facteur declenchantMeme situation aux US qu’en Europe a noter que l’Optimum thermique de croissance de s sapinea est de 30°Cet que la decennie 1990 est la plus chaude jamais observee



Main symptoms associated with drought * S. sapinea

Bark necrosisCanker (uncommon 
in Europe)

Crown or branch 
dieback

Affected stands are always plantation forests
(P. pinaster not affected in Europe but heavily damaged in S Africa

Présentateur
Commentaires de présentation
Symptôme « shoot blight » le plus annciennement decrit, deperissements apparemment plus recents; en Europe : seulement dans les pays du sudLa maladie n’a jamais ete mentionnee en peuplements naturels : la dissemination par les graines pourrait avoir joue un role important (champignon latent dans les graines)



Biscogniauxia (Hypoxylon) mediterraneum :
an endophyte turning to parasite with drought stress

Présentateur
Commentaires de présentation
Distribution mediterraneenne (optimum env.30°C – opt croiss myc a –1MPa, potentiel relativement bas)La maladie ne se developpe qu’apres une secheresseAssocie a des mortalitesImpact accru en Italie DANS LES 2 dernieres decennies (facteur suppose = episodes de secheresse)



Q. cerris

Q. pubescens
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B. mediterraneum is more
readily isolated in stressed 

trees (Quercus cerris) 
(Lucero 2000)

The development of 
symptoms is linked to 
water status 

(Vannini et al. 1996)



1. Predisposition
2. Combination of biotic and abiotic 
stresses : effects of multiples stresses

Both infection and drought act as stresses on the 
plant

In general, this results in additive or synergistic 
deleterious effects

3.Collapse or 
exhaustion



Combined effects of infection and drought stresses
1. Root pathogen (affecting directly water relations)

Ex : Collybia fusipes, root pathogen on oak (Marçais)

Not a predisposition effect : oaks growing in high sand content 
are not more susceptible to Collybia)  > likely explained by a 
reduced water uptake due to root loss
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infected trees 
(compared to 
healthy ones) 
increases sign. with 
sand content 
(decreasing water 
availability)
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À 0% sand content : risque de dépérissement 1.8 fois plus élevé chez arbres infectés que sains, mais 6 fois plus élevé à 60%



2. Foliar pathogen (Groundsel rust, Ayres 1991) 
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The decline concept (Manion 1991)



Some documented oak declines in France
Tronçais Harth Mediterr. 
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Haguenau Lure
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Secheresse et pathogenes tres souvent impliques mais les combinaisons ne sont pas toujours les memes, en particulier pathogenes pouvant etre dans les facteurs predisposants, declenchants ou secondaires



MECHANISMS : Plants stress responses 

STRESS
Stress 
recognition

Signal 
transduction

Gene 
expression

Altered cell 
metabolism

Physiological 
and 
developmental 
response

Présentateur
Commentaires de présentation
Considerable progress in recent years in the genomics of stress, especially in the model plant Arabidopsis



Effects of stresses in plant 
populations and communities

Drought and infection can have additive effects 
in increasing both inter- and intra- specific 
competitive fitness

Competition for 
resources

DROUGHTDISEASE

Fitness



Competitive fitness affected by disease and drought
groundsel rust: an experimental demonstration of 

(Ayres 1991)
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Expl :en haut, a gauche : les plants infectes, non melanges aux plants sains, se comportent pratiquement aussi bien (effets de compensation, cf precedemment)a gauche en bas, la meme chose avec stress hydrique : on voit que les plants infectes resistent moins bien (pot + bas) : on retrouve ce qu’on avait vu avant sur l’addition des stress : compensations moins efficacesdans les 2 figures de droite, on s’interesse a des populations avec plants sains et infectes en melange , donc en competitionEn haut, meme en l’absence de stress hydrique , on voit que les plantes saines ont un avantage competitif : meilleure croissance que les infEn bas, avec stress, les differences de taille et de statut hydrique sont exacerbees quand la competition est plus forte pour l’eauConcl : reallocation de la ressource (notamment eau) au sein de la population au profit des plants sains et au detriment des infectes (augmentation de la diversite)L’effet negatif du double stress est moindre au niveau de la pop que des individus (c’est parfois moins simple ; effets spatiaux notamment : les infections sont souvent agrégées)



An example of long-term response of ecosystems 
to extreme stresses
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Effects of chestnut blight (Cryphonectria parasitica) on a 
deciduous forest ecosystem (after Day & Monk 1974)
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Dans la poursuite de la dia precedente : ici la competition est inter au lieu d’intra specifique : l’arbitrage parasitaire favorise les especes resistantes , la production globale de l’ecosysteme etant retrouvee a long terme



Conclusions and future prospects

Interactive effects of drought and disease  
favor two types of damage :

 drought-induced diseases (Predisposition) 
 declines (Multiple stress effects)

In both cases, the severity of water stress
experienced by trees is crucial

Présentateur
Commentaires de présentation
C’est le « water stress » des arbres plutot que la secheresse (meteorologique)



Conclusions and future prospects (2)

Considerations for management

 Measures aimed at limiting pathogen spread : 
seeds (S. sapinea), nursery plants (Phytophthora
spp)

 Favour silvicultural practices that promote elastic 
responses of stands to drought(heat) stresses (cf 
physiology group), including use of inter- and 
intra- specific diversity

Présentateur
Commentaires de présentation
Ca fait peut etre rabachage, mais a chaque occasion, il faut rappeler la necessite de prevenir les introductions de parasites, ce qui ne se limite pas aux parasites de quarantaine (un parasite present en europe ou dans tel pays ne l’est pas forcement partout; de plus la variabilite genetique des champignons est parfois considerable a l’interieur d’une espece et on risque d’introduire des souches encore plus virulentes, ou capables de se croiser…Un article recent montre que plus de la moitie des maladies emergentes de plantes (pas forcement nouvelles mais en forte augmentation) sont liees a des introductionsS. sapinea constitue tres certainement une menace importante (thermophile, favorise par la secheresse) et sa transmission par graines constitue un risque supplementaire (article piou en preparation)



Conclusions and future prospects (3)

Future needs for research

 Heat stress effects

 Long-term effects of multiple stresses (ex :N 
deposition * drought * disease) 

 Shifts between mutualism and parasitism  : 
genetic and environmental control

 Population (community)-wide studies of the impact 
of multiple stresses (on yield and diversity) ; 
implications for breeding programs and sylviculture
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