N

N

Wood formation and tree adaptation to climate
Cyrille Rathgeber, Patrick Fonti, Vladimir V Shishov, Philippe Rozenberg

» To cite this version:

Cyrille Rathgeber, Patrick Fonti, Vladimir V Shishov, Philippe Rozenberg. Wood formation and tree
adaptation to climate. Annals of Forest Science, 2019, 76 (4), 10.1007/s13595-019-0902-3 . hal-
02501278

HAL Id: hal-02501278
https://hal.science/hal-02501278
Submitted on 6 Mar 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-02501278
https://hal.archives-ouvertes.fr

Wood formation and tree adaptation to climate

Cyrille B. K. Rathgeberl'*, Patrick Fonti?, Vladimir V. Shishov**, Philippe Rozenberg’

! Université de Lorraine, AgroParisTech, INRA, Silva, F-54000 Nancy, France

2 Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Ziircherstrasse
111, 8903 Birmensdorf, Switzerland

> Mathematical Methods and Information Technology Department, Siberian Federal
University, L Prushinskoi st., 2,

660075 Krasnoyarsk, Russia

* Le Studium Loire Valley Institute for Advanced Studies, 1 rue Dupanloup, 45000
Orléans, France

> UMR 588 BIOFORA, INRA, F-45075 Cedex 2, Orléans, France
* Corresponded author Cyrille B. K. Rathgeber (cyrille.rathgeber@inra.fr)

Abstract

Key message This special issue of Annals of Forest Science compiles ten papers on
“Wood formation and tree adaptation to climate”, which were presented at “Le
Studium” International Conference in May 2018 in Orléans (France). These papers
present observational, experimental and modelling studies investigating the influence of
climatic changes on treegrowth from the hour to the century, and from the cell to the
landscape.
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Tree rings are an extremely valuable source of environmental information. Tree rings
have been successfully used to date anthropogenic activities, reconstruct past climates,
study the dynamics of forest growth and succession, reconstruct natural disturbances
and geomorphic processes and even used to quantify the contribution of the vegetation
to the global carbon and water biochemical cycles. More recently, thanks to novel high-
resolution tree-rings proxy and intra-annual density, anatomy or isotopes profiles, tree-
ring have also served to assess the impact of climate change on tree physiology and
health as well as on forest functioning and distribution or even to quantify the
contribution of the vegetation to the global carbon and water cycles. Indeed, woody
plants, via the formation of annual rings of xylem, not only provide a crucial natural
material that fixes atmospheric CO2 contributing to mitigate climate warming, but also
records and archives with intra-annual resolution, their physiological, compositional and
structural responses to changing developmental and environmental conditions.



Wood provides four essential functions in trees, namely it (1) supports and spatially
distributes the photosynthetic tissues above ground; (2) conducts the raw sap (i.e.
water and nutrients) from the roots up to the leaves; (3) stores carbohydrates, water
and other compounds; and finally (4) protects the trees from pathogens, by storing and
distributing defensive compounds.

The ability of trees to face environmental stress, including climate change, strongly
depends on wood capacity to provide these vital functions. Generally, the anatomy,
structure and functions of the wood fit the environmental conditions trees are living in.
However, under a strongly and rapidly changing climate, these characteristics need
adjustments that might lie outside the current natural phenotypic plasticity and/or
evolutionary adaptation of trees. A more detailed mechanistic understanding of the
process leading to wood formation is therefore crucial to fully exploit this wonderful
natural archive.
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Questions such as “which environmental factor induced what feature”, “when during
the growing season does it occurred”, “what process are involved in the creation of such
a feature” are fundamental questions to link effects to causes and structures to
functions.

Since observations of wood formation are hindered by the fact that growth occurs
under the bark of a tree, tree-ring development must be assessed via a variety of
‘indirect’ methods. Techniques such as stem-dimension monitoring (dendrometers),
repeated marking (pinning), and sampling (micro-coring) of the stem at regular intervals
during the growing season can be used to study wood formation dynamics.

Thanks to the continuous improvements in measuring tools, techniques and methods,
there is an increasing capacity to explore tree rings structure at high resolutions,
opening new frontiers in environmental research.

To promote a sound future management of forest resources it is thus fundamental that
tree breeders and forest managers select and promote individuals, provenances and
species that best fit uncertain future conditions. It is therefore important and urgent
that plant scientists provide tools and knowledge helping to identify and select the most
relevant adaptive traits.

This special issue of Annals of Forest Science compiles ten papers on “Wood formation
and tree adaptation to climate”, which were presented at the “Le Studium”
International Conference (http://www.lestudium-ias.com/event/woodformation-and-
tree-adaptation-climate). This conference, organized by Prof. Vladimir Shishov and Dr.
Philippe Rozenberg, from the 23 to the 25 May 2018 in Orléans (France), gathered 72
researchers from 18 countries and five continents—Asia (1), Europe (51), North America
(15), South America (4), and Australia and Oceania (1).

This special issue includes timely contributions from observational, experimental and
modelling studies in the broad field of tree-ring sciences. Some large-scale observational
studies based on tree-ring width and structure are dealing with global change impacts
on forest and fire dynamics (Abrams and Nowacki 2019), as well as on permafrost and
wood quality (Arzac et al. 2019). More detailed observational studies focus on the
adaptive response of trees to rapidly changing environments, in terms of stem cycle
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variations (Balducci et al. 2019), wood formation phenology (Saderi et al. 2019) and
dynamics (Nanayakkara et al. 2019), intra-annual dynamics of carbon sequestration
(Andrianantenaina et al. 2019), and resulting tree-ring structure and function (Rosner et
al. 2019). Moreover, experimental studies explore the impact of forecasted climate
changes (global warming and drought events in particular) on primary and secondary
growth (Vieira et al. 2019), as well as on tree mortality, in interaction with biotic stress
such as defoliation (Bouzidi et al. 2019). Finally, an opinion paper (Friend et al. 2019)
shows how a mechanistic understanding of wood formation process may not only serve
tree-ring sciences, but also help developing more realistic global dynamic vegetation
models to confidently assess the carbon cycle.
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