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Apart from ensuring strength and stability, the woody body of trees also

provides the vascular tissue for long distance water transport from roots to

shoots. Different to angiosperm trees, having developed a specialized cell

type for long distance water transport, axial water transport in gymnosperm

trees like spruce (Picea abies (L.) Karst.) occurs in tracheids. About 95% of

softwood xylem is composed of this cell type, and it is both responsible for

stability as well as for axial water transport. Within one growth ring tracheids

vary in their appearance: in the early wood region, i.e. xylem cells built from

early spring to summer, the main purpose of the tracheids is to ensure water

transport pathways into the tree’s crown; hence, the tracheid lumina are

wide and the cell walls are much thinner than in late wood region (Fig. 1 A).

Once the water transport pathway is established, tracheids change their

features towards thick cell walls and small lumina. Due to the resulting

increase in density, thus formed late wood region, produced between late

summer and autumn, enhances strength and stability to the tree. Being a

physiological process, wood formation can also be influenced by biotic as

well as abiotic impacts, resulting in an altered wood tissue composition or in

a change of early wood / late wood characteristics 1, 2, 3.

Two reconstruction methods of SRµCT data sets were applied. Comparing

reconstructions without (Fig. 2A) and with phase retrieval (Fig. 2B), contrast

is enhanced, noise is reduced and ‘unphysical’ density variations in the

reconstruction stemming from propagation effects are removed. In

consequence, segmentation process of 3D voxel data sets in the 3D

visualization and analysis software AVIZO has a more effective

implementation. Furthermore, 3D visualization in terms of images (Fig. 3) or

animated videos (please read QR code below) as well as analyzing

procedure is less time-consuming.

In order to analyze the over-all water transport capacity within one growth

ring, time-consuming light microscopy analysis of the woody sample still is

the conventional approach for calculating tracheid lumen area (Fig. 1). In our

investigations at the Imaging Beamline (IBL) operated by the Helmholtz-

Zentrum Geesthacht (HZG) at PETRA III storage ring of the Deutsches

Elektronen-Synchrotron DESY, Hamburg, we applied SRµCT on small wood

samples of spruce trees in order to visualize and analyze size and formation

of xylem elements and their respective lumina (Fig. 3 and 4). The selected

high-resolution phase-contrast technique makes full use of the novel

20 MPixel CMOS area detector developed within the cooperation of HZG

and the Karlsruhe Institute of Technology.

Light microscopy analysis on tracheids revealed an average lumen volume

of 0.005 mm³ per early wood tracheid, compared to 0.0005 mm³ in late

wood tracheids. The ten times higher lumina volume in early wood tracheids

is reflecting the importance of this tissue for axial water transport capacity.

Both, results of light microscopy analysis and SRµCT analysis on the

identical spruce wood sample revealed a very similar volume ratio of early

wood : late wood tracheid lumina (Fig. 4). These results corroborate our

microscopic analysis presenting a substantialy higher lumina volume in early

wood tracheids. Likewise, increase of cell wall volume in late wood regions

of a growth ring points towards the enhancement of strength and stability for

the woody body in this part of the growth ring.

SRµCT is a promising method for non-destructive 3d 
analysis of xylem 4,5.

The novel 20 MPixel CMOS camera in combination 
with propagation phase contrast allows for high 
throughput scan showing high dynamics within the 
tomogram.
Even though spatial resolution in SRµCT is still 
below that of light microscopy, volume calculation of 
selected wood tissues gained by SRµCT correspond 
well with traditional light microscopic analysis 
methods.

Fig. 3 Visualization of cell wall (yellow, left) and lumina (blue, right) volumes 
of representative 3D areas of spruce’s early wood region. ROI: 0.13 mm³. 
For 3D animation please follow QR code.

Fig. 4 Calculated ratio of spruce wood tracheid’s lumina and cell wall of a 
chosen region of interest of synchrotron radiation-based microtomography. 
Early wood tracheid lumen clearly exceeds late wood lumen, emphasizing its 
importance for axial water transport. ROI: 0.13 mm³
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Fig. 1 Light microscopy images of spruce wood. A: cross section; B: 
tangential section through early wood region. ew-early wood; lw-late wood; 
rd- resin duct; t-tracheid. Scale bars represent 200 µm

Fig. 2 Horizontal slice through tomographic reconstructions where flat-and-
dark field corrected projections (A) or retrieved phase maps (B) served as 
input. Scale bars represent 200 µm
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For further 3D animations of spruce
wood, please read QR code
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