randing Forest Acclimation
mics Using Stable Isotopes

Dr. Valentina Vitali




osystems

W e

Y Hre 'F R 1RE 1R

Impact of climate change on forest ec

‘‘‘‘

Mortality Year

1970 '80 90 00 '10 2018

Tree Heiht imi :
T it
AN AN 0 - ar [ ME W UVE Y

e S_,Hammond 2022

Locations of substantial drought- and heat-induced tree mortality around the globe.

1860 | 2010
perature change




Acclimation to new environmental conditions

Understanding tree acclimation to drought is important
for forest ecosystem resilience.

Acclimation occurs through
physiological,
biochemical,

and structural changes.

* Physiological adjustments reduce water loss.
* Biochemical changes balance reduced CO2 uptake.

* Structural alterations include morphological
adjustments.




Structural and physiological changes

Environmental driver

Trait changes affect source capacity and sink demand

(a) Short-term control with given structural and functional traits (b) Adjustment of structural (and functional) traits

Source control Sink control

Environmental drivers

-3
Structural traits
(e.g. leaf mass fraction)

Time for adjustment depends on
lifetime of the structural elements

Sink—source dynamics translate into structure

Gessler A & Zweifel R 2024



Acclimation to new environmental conditions

a. Tree level
Carrying capacity is a
term used in ecology to
define the maximum load Stable equilibrium,
that an environment can High functionality

support.

The environment's
physical characteristics,
such as resources, and
competition, act as
limiting factors. Therefore,
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Long-term irrigation experiment:

Ptynwald

Pfynwald forest used for a 17-year
irrigation experiment is ideal for
assessing tree acclimation to water
availability changes.

Testing a multiproxy approach to
identify the reaching of an
"acclimation equilibrium” or
"physiological imbalance”.
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Multiproxy approach

Combining proxies provides an overview of tree functioning
which can quantify the physiological and structural acclimation responses
of trees to altered environmental conditions.

O-H

613C-6180
relationship

Photosynthetic  Hydrological

Climate Water transport -
e activity signature
variables Carbon Timing of cell Stomatal Metabolic
allocation formation conductance impact
Tree Canopy Acclimatio
- Growth Hydraulic capacity
functioning functioning n status

How can isotopes can be used to study acclimation?
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Using isotopes as a Clirggte
proxy for tree

physiology

Atmosphere

Co,

H Source water

Deuterium

Relative abundance of H.0

stable Isotopes .
2

52H (%o) = g
Relative abundance is affected by physical (evaporation) and

biochemical (photosynthesis) processes.

The change between source and product creates a unique fingerprint
that allows us to “reverse engineer” these processes.
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Using isotopes as a Climate
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Using isotopes as a Clirggte
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But also to understand tree functioning:
Tree-ring cellulose 680 &BC are proxies for stomata conductance and photosynthetic rates.
&2H records shifts in autotrophic versus heterotrophic processes. Vitali et al. 2022 STOTEN

Vitali et al. 2023 Tree Phys.



The §80-82H relationship in
precipitation follows the
- Global Meteoric Water Line.

ESWever in tree-rings
A "l.v. ose, this relationship
i“‘ S m i‘ omes site and species-
Sp ecific due to changes
ted to plant metabolism.

H relationship indicates
how tree physiology modifies
ydro|ogica| signal.

The 6180 - &2H relationship
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Defoliation fingerprint in larch budmoth outbreaks

Normal Year Qutbreak Year

Wae O-H
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A decoupling between
&?H 680 is found in
cases of “physiological
imbalance”.

In the case of LBM,
indicated an imprinting
of resource
remobilization.
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Acclimation to new environmental conditions

/ a. Tree level \

Stable equilibrium,
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Long-term treatment effects
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The O-H relationship
across plant tissues
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The acclimation slope and the multi-proxy measures
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By using a multiproxy approach, which combines data from different parts of
trees and different time resolutions, we can gain a better understanding of the
tree's physiology, stages of acclimation, or shifts between steady states.



Take home message
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This information can be used as an early warning sign of an unbalanced ecosystem, which could lead
to lower functioning states and potentially mortality if the acclimation processes are insufficient.
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Thank you for your attention
Questions @ valentina.vitali@wsl.ch
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"O-H-decoupling” observed during LBM-outbreaks

1600 1800
Year

In defoliation years 62H are significantly enriched and §80 depleted, compared to normal years.
Older NSCs isotope signal is modified by post-photosynthetic isotope fractionations:
180-depletion during the transport of sugars to sink tissues and tree-ring cellulose synthesis (Gessler et al., 2014),
’H-enrichment is connected to the use of C reserves, and heterotrophic metabolism (Kimak et al., 2015).

(Vitali V., et al 2023)



