Tracking tree growth and tree water status to
reveal their intra-annual response to climatic events
and to foresee future forest dynamics
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Commentaires du présentateur
Commentaires de présentation
Glad to present this project here : 

opening up a new line of research… and therefore looking for any comments on our ideas
With this project, we are also looking for new collaborations
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= the context of this study
Climate change and global changes
Increased temperatures, more frequent and intense droughts and heatwaves
Affecting forest ecosystem functionning
Affecting the provision of forest ecosystem services. Timber production but not only

We need to better understand and model how disturbances and especially drought will affect forest dynamics. So far many models predict increased tree growth due to future climate changes…



hitps://doi.org,/10.1038/241467-021-27579-9 OPEN

The 2018 European heatwave led to stem
dehydration but not to consistent growth
reductions in forests
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Salomon et al. 2022 Nature communications
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We propose to use dendrometers

Measuring continuously variation in tree diameter 

has been shown to be instrumental in better understanding tree response to extreme climatic events and predicting tree resilience and adaptation to climate change. 




Annual increment variability and phenology
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With dendrometers, we can quantify annual response of tree growth




Annual increment variability and phenology
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With dendrometers, we can quantify annual response of tree growth

Zooming in, we can also capture daily fluctuation of stem diameter

disentangle stem growth, shrinkage, swelling

And compute indices, such as TWD, to estimate how stressful a drought can be



Intra-annual increment variability
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Diameter increment
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Zooming in, we can also capture seasonal fluctuation of stem diameter




Intra-day increment variability
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Zooming further in, we can also capture daily fluctuation of stem diameter

disentangle stem growth, shrinkage, swelling

And compute indices, such as TWD, to estimate how stressful a drought can be

With dendrometers, we can quantify annual response of tree growth

Zooming in, we can also capture daily fluctuation of stem diameter

disentangle stem growth, shrinkage, swelling

And compute indices, such as TWD, to estimate how stressful a drought can be
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FOREST RESILIENCE, TIPPING POINTS AND GLOBAL CHANGE PROCESSES
To die or not to die: early warnings of tree dieback in
response to a severe drought

J. Julio Camarero'2*, Antonio Gazol®, Gabriel Sangiiesa-Barreda®, Jonas Oliva* and

Sergio M. Vicente-Serrano®
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But many different growth patterns can be
observed prior to mortality and many
different mechanisms are at play

Progressive decline in hydraulic
performance and depletion of carbon
reserves

VS

Abrupt reduction in growth due to
widespread hydraulic failure
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This isn’t enough to predict tree decline or mortality.

Because different growth patterns to drought can observe prior tree death

Progressive decline

Abrupt decline

To better interpret growth patterns/response we therefore need to know the hydraulic strategies of species and trees


Tree hydraulic strategies
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To identify species hydraulic strategies, we plan position these species along the isohydric/anisohydric gradient

Isohydric specie closes rapidly their stomata during drought events, therefore maintaining high leaf water potential which can keep them safe from hydraulic failure

At the opposite end of this gradient, the anisohydric species let their stomata open, which leads to a decrease of leaf water potential and eventually can increase the risk of hydraulic failure.

Hydraulic strategies can therefore been identified measuring these diff. variables. But these used to rely on expensive equipment that are hardly used on large sample of trees
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Study objectives

For a set of species and across
multiple sites

 Model annual and intra-annua
growth patterns in response to
climatic conditions

e |dentify the physiological processes
driving tree growth response (to
drought




Sites

« 34 sites

« Southern Belgium

 One ecological region (Condroz)
«9.6° :937 mm/year

* Mostly pure evenaged stands

e Dg: 22 -40 cm

« Stony loamy soils with no signs of
temporary waterlogging




Tree sample

sites

Northern red oak  Quercus rubra 3 4 (25 - 40)
Sessile oak Quercus petraea 3 30 34 (24 — 46)
European beech  Fagus sylvatica 3 30 34 (27 - 44)
Norway maple Acer platanoides 3 30 40 (26 - 54)
Wild cherry Prunus avium 4 30 29 (23 - 36)
Silver birch Betula pendula 3 30 34 (25 - 40)
Littleleaf linden Tilia cordata 3 30 31 (22 - 46)
Douglas-fir Pseudotsuga menziesii 3 30 30 (22 - 41)
Scots pine Finus sylvestris 3 30 38 (32 - 41)
Black pine Pinus nigra corsicana 3 30 39 (33 - 44)



Point dendrometers

e TOMST dendrometer
« Maintenance : 1-3 times/year

e 300 trees
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Point dendrometers
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Competition

Circular plot :

- centered on each monitored trees
- Radius : 1b =18 m

- = 15 surrounding trees

- Minimum DBH : 22 cm

- Diameter, species, distance, azimuth




\Vleteorological data

 Air sensors of temperature and
umidity
« Ventilated shelter

* 1 in each site in the understory

Will be combined with meteorologica
observations in open field conditions
IRM, Copernicus




Soil sensors

? soil sensors / site (20 — 60 cm)
Tomst TMS
L ab calibration (humidity ~ permittivity, sensor bias)

| ab measurement (bulk density, Humidity ~soil water
potential)




~

_eal water potential and
stomatal conductance

e 3 SPECIES : Quercus petraca, Betula penduls, Quercus rubra
e 3 trees / site / species (n = 27)

 Monthly + during drought periods

* Predawn + midday leaf water potential




Preliminary results

and tests (2025, n=81)
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Stomata traits

« 10 species

e 3 trees / site / species (n = 90)
« 2025

e 3 sun-exposed leaves

« Stomata size

« Stomata density




Pressure — Volume curves

eH S pecies . Quercus petraea, Fagus sylvatica, Tilia
cordata, Betula pendula, FPrunus avium, Quercus rubra

e 3 trees / site / species (n = b4)
e 7 times during the growing season
¢ 7 sun-exposed leaves

w

« Plotting xylem pressure against 1 . \
relative water content o
« — leaf traits : Turgor loss point (TLP) =" % w
BT
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When the relationships become linear, this means that all the water evaporated…


Vulnerability curve and hydraulic safety
margins

* O SPECIES : Quercus petraea, Fagus sylvatica, Tilia un|ver5|tat

cordata, Betula penadula, FPrunus avium, Quercus rubra
e 3 trees / site / species (n = 54)
* Pneumatron

ulm

e Resistance to embolism
« — PHO, P&E




Hypotheses

e Contrasting tree growth response — deviations from "normal"” growth rates
— when exposed to droughts and heatwaves. Some species (or individuals)

experience a strong reduction in growth, while others are less affected.
« Growth response depends on the intensity, duration, and recurrence of

drought and heat events.

Radial growth

Growth units

Growth contrasting growth
response response

Wet
year

Drought intensity,

Dry .
duration, recurrence

year

X  Competition



Hypotheses

« Growth response is determined by hydraulic strategies.

* The more anisohydric and embolism-resistant a species is, the
more likely it is to maintain relatively stable growth under drought
and heat stress.

Species 1 - Isohydric
Species 2 - Anisohydric

%embolism Radial growth

Transpiration

Wet year

ettt | Dry year

Drought Stress Drought Stress Time
U —Wv



Hypotheses

* In @ homogeneous site, within-species variability in hydraulic
resistance is much less important than between-species

variability.
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Developing more

e
networks for
monitoring tree
growth and
hydraulic
resistance

iLerrey

Grande Région | GroGregion



Perspectives

« Discuss potential species-specific adaptation to drier and warmer
climatic conditions

« Develop monitoring system to quantity how future climatic events
will affect forest functioning and guide forest management

e Provide data to calibrate mechanistic forest dynamics models

e Provide data to simulate different drought stress scenarios
(sensitivity analysis with empirical models)
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