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Increased vulnerability of forests to future 
warming and drought related die-off

Source: Hartmann et al. (2022)

S
ur

vi
va

l (
%

)



4

Questions and hypothesis root associated fungi:

1. How are fungal community abundance, richness, structure, and composition of 
pathogens, saprotrophs, and mutualists influenced by high and low H2O?

● Mutualists abundance and richness higher under high H2O, while pathogens and 
saprotrophs higher under low H2O

2. How do root traits structure the root microbiome under low or high H2O

● Abundance of pathogenic and saprotrophic fungi higher under low H2O through 
high specific root length, specific root surface area, and root branching density

3. How is shoot mass affected through fungal functional groups, root traits, and H2O

● (see structural equation model)
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International Diversity Experiment Network with Trees (IDENT), Sault Ste. Marie (Ontario)

Source: https://treedivnet.ugent.be/ExpIDENT.html

Source: William C. Parker

Source: Florentin Jaeger
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250 % moisture addition vs. 25 % moisture 
removal

Source: Belluau et al. (2021) supp. info
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Root coring (August & September 2018)



8

Root sorting and collection of molecular root 
samples

Source: Mc Cormack et al. (2015)



  

Linear and generalized linear mixed 
effect models

● lme4::lmer(richness ~ species x H20 + (1 | bloc), 
data = …, REML = T)

● adonis2(formula = vegdist(comm_rarfy, method 
= “bray”) ~ species x H20, data = ...)



  

Increase of absorptive capacity through higher root branching density 
rather than greater surface area per se (i.e. root length, SRL & RLD)

Source: https://www.alamy.comSource: https://www.creativefabrica.com/product/water-drops-2/
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Angio- vs. Gymnosperms separated fungal 
community and root traits
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Total fungal community --> A. Saccharum and P. Glauca are separated according to H2O (a), 
while fungal groups are only separated according to H2O on a global level (b)
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Higher richness under more benign growing 
conditions (H2O high) for A. Saccharum & L. laricina
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Saprotroph richness increased under low H2O for 
B. Papyrifera & P. Glauca
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Pathotrophs might take advantage of dryer roots 
(more root leasons?)
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Saprotroph and pathogen abundance not higher under low H2O, and high root 
surface area not the primary driver of saprotroph and pathogen abundance.
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Fungal functional groups are more important than 
H2O, and only RTD effects saprotroph abundance.
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Only Aphelidiomycota marginally shift with H2O



20

Conclusion

● Tree species-specific fungal response
● Slower growing species (Acer saccharum & Picea glauca) 

might be more vulnerable
● Root branching density more important for fungi than root 

surface area
● Fungal functional group influence on tree productivity 

stronger than root traits
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Root traits
Traits Hypothesized function Predicted response to H2O

Architecture

Root branching density
(n cm-1)

Absorptive capacity, foraging precision, resistance 
to and avoidance of drought

Increase under drought

System and distribution

Root length density
(cm cm-3)

Spatial coverage of a given soil volume, water 
acquisition and resistance to and avoidance of 
drought (exploitation intensity)

Decreased under drought

Morphology

Specific root length
(m g-1)

Length of roots exploring or exploiting the soil per 
unit root mass invested, water acquisition and plant 
resistance to and avoidance of drought

Varied response

Root tissue density
(g cm-3)

Recalcitrance and desiccation resistance Predominantly no effect of drought, or 
increased under lower precipitation
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