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1. Test a drone-based remote sensing approach to capture and scale tree invisible physiological 
adjustments in response to drought.

2. understand the role of tree acclimation (and thus past environmental conditions) in defining 
current tree drought stress responses.

Study objectives
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Xanthophyll pigments interconversion safely 
dissipates excess light

Figures were modified from Demmig-Adams et al. 1995, 2020 and Gamon, Peñuelas, & Field, 1992. 

During drought periods light cannot be used for photosynthesis and needs to be safely dissipated via 
pigments interconversions.

PRI = (R531 – RREF) / (R531 + RREF)Photochemical Reflectance Index
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of induced drought stress
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Mechanistic basis



Field campaigns for two growing seasons (2019 & 2020) in spring, summer and autumn

Experimental design
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1 pixel ≈ 3 cm

The Photochemical Reflectance Index
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increasing stress response
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Pigments Gas exchange & fluorescence

: de-epoxidation state of the xanthophyll cycle

: xanthophylls to chlorophyll pool ratio : non-photochemical quenching

© LI-COR Biosciences

Physiology validation
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Seasonal timescales Diurnal timescales

Soil water availability Atmospheric water availability
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1. Soil and atmospheric drought are respectively main seasonal and diurnal drivers.
2. Past environmental conditions, and acclimation to it, influence current response.
3. Differences in traits acclimation rates influence response.
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Response drivers
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Conclusions & Next steps
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• Drone-based remote sensing is effective tool to monitor physiological adjustments in response 
to current environmental stress, but also highlights slow transitions resulting from acclimation
to prolonged pressures.

• More holistic approach combining traits linked with physiological processes and structural 
development of crowns, as well as below ground traits, needed to understand tree adaptation 
strategies.

Ongoing/proposed activities:
• Improved characterization of water use efficiency, including thermal remote sensing 
• Integration with structural parameters from ground inventories or terrestrial / airborne LiDAR 

measurements?



Thank you for your attention!

Acknowledging the collaboration and support of many 
colleagues, especially: Arthur Gessler, Ingo Ensminger, Leonie 
Schönbeck, Marcus Schaub, Jonas Gisler, Katrin Meusburger, 
Andreas Rigling, Christian Ginzler, Valentina Vitali, Yann 
Vitasse, Michèle Dobbertin, Roman Zweifel, Ruedi Bösch, 
Mauro Marty. 

© Michèle Dobbertin


