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Introduction 

Alpine treelines are temperature-limited forest ecotones. Understanding the effect of elevated CO2 

and warming may help to predict treeline responses to global change (Streit et al., 2014).  

The 9 years free air CO2 enrichment experiment (FACE) performed at the treeline ecosystem at 

Stillberg (Swiss Alps) demonstrated that above-ground growth responses differed between tree 

species, with a 33% mean annual stimulation in Larix decidua but no evidence of significant 

responses in Pinus mugo spp. uncinata (Dawes et al., 2013). In order to test the hypothesis of a 

plastic response in xylem functional traits sustaining the enhanced growth in Larix trees, we planned 

an allometry-based approach to compare ambient vs CO2 enriched and/or soil warmed trees. More 

precisely, the temporal variations of the axial trends of xylem traits (i.e., variation in tracheid size 

and abundance of parenchyma rays within a given annual ring along the longitudinal axis of stem 

and roots) allows to separate the size-related trends in xylem traits from those potentially induced 

by environmental changes. 
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Purpose of the STSM 

The aim of this STSM was to collect data and competence to analyze the axial variation (above and 

belowground) of functional traits of the xylem architecture (e.g., tracheid lumen, parenchyma rays) 

in order to assess the potential species plasticity to climate change at the current treeline. A close 

collaboration with the host institution was necessary to well calibrate and adapt the software 

ROXAS for the analysis of long timeseries of xylem anatomical traits and to plan the appropriate 

statistical procedures and protocols for data analyses. 

 

Description of the work carried out during the STSM 

The full study aims at collecting and comparing the evolution of axial trends in xylem traits (tracheid 

size and parenchyma rays) at 10 position along the main longitudinal axis of stem (6) and root (4) of 

8 Larix trees (4 ambient and 4 fumigated with enriched CO2 for 10 years) collected at the Stillberg 

FACE site. This study represents an unique data set in terms of detailed anatomical analysis 

generating an unprecedented amount of data. In total there are 240 sections for radial parenchyma 

rays quantification and 160 cross-sections for tracheid analysis. The cross-sections were prepared 

before the STMS visit. 

The activities performed during my STSM at WSL were including samples preparation for radial rays 

quantification,  improvement of procedures for acquisition of anatomical data with ROXAS, and 

definition of protocols for data analysis with R. Specifically: 

1) Sample preparation: During the stay I prepared the tangential sections needed for rays 

analysis using the slide microtome and following the standard protocol for wood anatomical 

analysis. The sections had been digitalized for image analysis to be performed with an 

adjusted version of the software Roxas (see point 2) after the my return at home Institution.  
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Fig. 1: Tangential section samples of Larix decidua 

Mill. 

Fig.2: Sample of Larix decidua Mill. tangential section 

captured at 100X. 

 

2) Data acquisition: During the 1st part of my stay at the WSL I focused on the image processing 

and data acquisition of the cross-sections. After stitched all the pictures using PTGui v8.3 

(New House Internet Services B.V. , Rotterdam, NL) I started the data acquisition with ROXAS 

v 1.6. Pro (© G. von Arx, Birmensdorf, Switzerland, www.wsl.ch/roxas; (von Arx & Dietz, 

2005).  

Due to the large amount of sections I had to analyze, we first implemented additional specific 

functions in the software (together with Georg von Arx) to increase the efficiency of 

automatic analysis.  In addition, the quality of the automatic analysis was tested with 

comparison of manual collected data to understand the differences in the value of Roxas 

output files. Now ROXAS output files are available in .xlsx and .txt format and ready for 

analyses. At the moment we have collected data for 3 full trees (~1.7 millions of tracheids 

analyzed), including lumen area and cell wall thickness,  and in short time we should be able 

to complete the whole data set (with about 7 millions of tracheids measured). In parallel, we 

also started to implement procedures in the software to add new parameters for the 

identification and measurement of rays (es. %rays, ray height, numbers of rays cell and their 

size) from the tangential sections. 

http://www.wsl.ch/roxas
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Fig. 3: Processed image of cross section analyzed by 
ROXAS. 

Fig. 4: ROXAS processed image of cross section, focus on cell 
wall thickness identification. 

 

 

Data analysis: To manage the large amount of data (now possible to be collected thanks to ROXAS), 

it was necessary to define procedure for the statistical analysis and create a script using the software 

R to analyze the huge informations collected. The analysis and the obtained results will be further 

discussed with the members of the host Institution in order to prepare a manuscript to submit to 

an international scientific journal. 

 

Description of the main obtained results 

This STSM had been fundamental to acquire the tools for the acquisitions and analysis of large and 

complex data-sets necessary for the aim of the study. In particular the protocols for data acquisition 

and analysis were successfully defined. In additions, during the scientific mission I had the 

opportunity to prepare anatomical sections, collect data and explore data analysis. This work will 

allow now a significant step forward towards the completion of the full study. Soon we will be able 

to analyze ROXAS outputs relative to the cross sections of all the sections from the 8 selected trees 

and compare the effect of the different treatments (CO2 enrichment and soil warming) on a) 

anatomical and b) allometric characteristics. Later on, as soon as the  output of the tangential 

section will be available, we will expand the analyses also to the characteristics of the parenchyma 

rays.  
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Some very preliminary results (data from only 3 trees!) seems to promisingly show that the widening 

of the mean hydraulic diameter along the stem might be affected by the CO2  treatment. In fact, as 

shown in the graph below (in a log-log scale), the relationship between the hydraulic diameter and 

the distance from the stem apex appears shifted for the annual rings (after 2001) when the trees 

was growing in elevated CO2 (E1L1), while this shift does not appear for the control trees (A1L1 and 

A1L2). CO2 seems to have promoted an increase in hydraulic diameter all along the tree, while 

maintaining the rate of change along the stem. Similar analyses can now be performed for several 

anatomical parameters (e.g., Lumen area, cell wall thickness) and considering different sectors 

within the tree- ring (e.g., earlywood and latewood).   

 

Fig. 5: Variation of mean Hydraulic diameter with the distance to the apex before and after 2001. 

 

 

 

Description about how the results contribute to the Action aims 

This STMS had primarily contributed to the general “scientific” aims of the Action by providing new 

tools and approaches for a better basic understanding of trees anatomical responses to different 

environmental stress-releases. The output of this study will improve our understanding of the whole 

tree cell-anatomical allometric adjustments and consequently used to understand how stress can 

hinder tree growth. 
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Furthermore, the STMS had given me (as a young researcher that just started a PhD) the opportunity 

to move abroad to collect new knowledge and enlarge my scientific network. The STSM had also 

further promoted the collaboration between both institutions (WSL and UniPD). The expected 

publication(s) will finally increase the list of products of the Action.   

 

Confirmation by the host institution of the successful execution of the STSM can be found in the 

attachment. 

 

 

This report may be posted on the Action website. 
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