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1. Purpose of the STSM
The anatomy of wood is the key to understand the properties of the surface of the
material. The wood is a porous heterogeneous material formed by cells and every
species has its own tissue morphology. Moreover it might include crystals and
substances that modify the colour and the behaviour against other chemicals like
adhesives, dyes, paints or varnishes. For this reason the results of the wood finishing
may be different on every species. The aim of the STSM is to learn to analyse the
structure of the tissues of wood by using staining and microscopic techniques. The
knowledge achieved by the trainee will help him to better understand the results in
future researches and improve the process of product development.

2. Description of the work carried out during the
STSM
The work carried out is focused on understanding the influence of wood anatomy on
the surface characteristics. Therefore, learning about wood anatomy is essential. The
choosing of the species was the first step. The botanical distinction between
hardwoods and softwoods was taken into account because of the important
differences in the anatomy of its tissues. Softwoods are ancient species with simple
tissues whereas hardwoods are more evolved species that have more different cell
types. Such differences can even be seen with the naked eye. Thus every single
timber has specific characteristics that affect the surface aspect. For those reasons
the STSM focused on two different softwoods and three hardwoods. All of them are
Mediterranean species frequently used by the Catalan local industry:


Evergreen oak (Quercus ilex)



Mountain pine (Pinus uncinata)



Black pine (Pinus nigra subsp. salzmannii)



Cerrioides oak (Quercus cerrioides)



Algerian oak (Quercus canariensis)

All the samples were from Catalonia. The mountain pine was from la Cerdanya, a
shire in the Pyrenees. The black pine and the evergreen oak was obtained in the
Solsonès. The Algerian oak and the cerrioides oak were from the mountains by the
Mediterranean coast.

2.1. Sample selection and preparation
The first step is to cut a clear wood sample of at least 15x15x25 mm. Knots, decay
and juvenile wood must be avoided. Two sides of the cube must be parallel to the
rays and the other two must be perpendicular. The largest dimension must be parallel
to the fibres. About five samples are needed for each species. Afterwards the wood
samples must be boiled to be softened in order to obtain proper histological cuts. The
time of boiling varies much depending on the species. The coniferous may be soft
enough after four hours of boiling whereas coniferous may need several days. The
samples are placed in a flask filled up to half with osmosis water and some drops of
glycerine. The glycerine is used to reduce the superficial tension of the water to
achieve a fastest and better softening.

Figure 1. Wood samples

Figure 2. Wood softening

2.2. Histological cutting
The observation of the wood tissues at a cellular level is done with extremely thin
slices. These slices are obtained with a microtome. This way, the light of a microscope
can pass through the sections and the details of the species can be clearly seen. In
the STSM a Leica sledge microtome equipped with a steel blade was used (See Figure
3 and Figure 4). The thickness of the slices was between 14 µm and 20 µm depending
on the hardness of the species and the orientation of the cut.

Figure 3. Sledge microtome

Figure 4. Cutting

Three different kind of slices were obtained depending on the plane of wood: radial,
tangential and cross section. Slices were cut for obtaining slides for six types of dyes
for the five species studied. 10 repetitions were done for every case (See Table 1).
About 900 slices were cut to prepare 300 slides.
Table 1. Species, staining procedures and sections
Species
Staining
Quercus ilex
Quercus canariensis
Quercus cerrioides
Pinus uncinata
Pinus nigra subsp. salzmanii

Sections

Repetitions

Unstained
FCA
Roeser
Kallichrom
ACN

Radial
Tangential
Transverse

10 for every
combination

Toulidinblau

Afterwards, the histological cuts were stored in alcohol 70% for approximately 24
hours until they were ready for the staining procedure (See Figure 6).

Figure 5. Slices before being

Figure 6. Slices stored in 70% alcohol

soaked in 70% alcohol

2.3. Staining and embedding techniques
The main goal of the mounting procedure is to prepare slides for every single species.
The mounting includes the procedure of staining and embedding. The staining
procedure makes clearly distinguishable the cells and the tissues while the
embedding keeps the slices dehydrated in good conditions for a long time. Five
staining procedures were used to prepare the samples because every staining
procedure has its own colouring particularities. Nevertheless, the general working
procedure is quite similar. In addition one preparation was left as was. The staining
and embedding procedure is as follows:


Wash with distilled water to eliminate the 70% alcohol.



Soak completely the slice on the staining.



Wash the excess of staining with distilled water.



Phasing out of the water with alcohol: 50% 5 min., 70% 10 min., 80% 10
min., 90% 10 min, 99% 10 min.



Remove the alcohol by placing the slices in isopropanol for at least 10 minutes
for three consecutive times.



Embedding the slices with Histokit on a slide and a coverslip.

The staining procedures used were:


ACN: Preparation of new fuchsin, chrysoidin and astra blue



FCA: Staining based on New fuchsin, chrysoidin and alcian green



Kallichrom: Preparation of auramine and brillant cresyl violett



Roeser: Mixture of fuchsine, astra blue and picric acid solution



Toulidinblau: Dye based on tolonium chloride

Figure 7. Stains

Figure 8. Slices stained ready to be embedded

Once stained, the slices are placed in the slides and embedded with Histokit.
Afterwards are loaded with weights to avoid air bubbles. Finally the slides must be
dried in a furnace for two days at 60ºC.

Figure 9. Histokit bottle, coverslip box

Figure 10. Slides loaded with weights

and slides box

to avoid the presence of bubbles

Figure 11. Labelling example of the slides

Figure 12. Slide of Quercus ilex stained
with the Roeser method

2.4. Microscopic analysis of the tissues
Once the slides are ready, they are checked in a microscope. The slides must be free
of air bubbles and neither cracks in the coverslip nor defects on the slices are
accepted. The microscope is equipped with a digital camera and has five different
magnifications: 4x, 10x, 20x, 40x, 100x. Then several pictures are taken depending
on its interest. A combination of the staining procedures, magnifications and
orientations of the cuts is selected with the objective to describe all the details of the
species. Nevertheless at least one image of every staining and histological cut is
taken. Finally The images are saved into a database. This allows to compare the
species with other wood samples in the future.

Figure 13. Image processing software

Figure 14. Microscope equipped with a digital
camera connected to a PC

3. Description of the main results obtained
The results obtained is a collection of slides and digital images for the five species
studied.

Figure 15. Slides before being put into the
furnace

Figure 16. Slides

Figure 17. Quercus ilex. 4x.

Figure 18. Quercus ilex. 10x.

Cross section. Unstained

Cross section. Unstained

Figure 19. Quercus ilex. 10x.

Figure 20. Quercus ilex. 20x.

Radial section. Unstained

Radial section. Unstained

Figure 21. Quercus ilex. 40x.

Figure 22. Quercus ilex. 4x.

Radial section. Unstained

Tangential section. Unstained

Figure 23. Quercus ilex. 4x.

Figure 24. Quercus ilex. 10x.

Cross section. Kallichrom

Cross section. Kallichrom

Figure 25. Quercus ilex. 10x.

Figure 26. Quercus ilex. 4x.

Radial section. Kallichrom

Tangential section. Kallichrom

Figure 27. Quercus canariensis. 4x.

Figure 28. Quercus canariensis. 2x.

Cross section. Kallichrom

Cross section. FCA

Figure 29. Quercus canariensis. 4x.

Figure 30. Quercus canariensis. 10x.

Cross section. FCA

Cross section. FCA

Figure 31. Quercus canariensis 4x.

Figure 32. Quercus canariensis 10x.

Radial section. FCA

Radial section. FCA

Figure 33. Quercus canariensis 20x.

Figure 34. Quercus canariensis 2x.

Radial section. FCA

Tangential section. FCA

Figure 35. Quercus canariensis 4x.

Figure 36. Quercus canariensis 10x.

Tangential section. FCA

Tangential section. FCA

Figure 37. Pinus nigra. 4x.

Figure 38. Pinus nigra. 10x.

Cross section. Roeser

Cross section. Roeser

Figure 39. Pinus nigra. 20x.

Figure 40. Pinus nigra. 10x.

Tangential section. Roeser

Radial section. Roeser

Figure 41. Pinus nigra. 20x.

Figure 42. Pinus nigra. 4x.

Radial section. Roeser

Tangential section. Roeser

Figure 43. Pinus nigra. 10x.

Figure 44. Pinus uncinata. 4x.

Tangential section. Roeser

Cross section. Toulidinblue

Figure 45. Pinus uncinata. 10x.

Figure 46. Pinus uncinata. 10x.

Radial section. Toulidinblue

Tangential section. Toulidinblue

Figure 47. Quercus cerrioides. 4x.

Figure 48. Quercus cerrioides. 10x.

Cross section. ACN

Cross section. ACN

Figure 49. Quercus cerrioides. 10x.

Figure 50. Quercus cerrioides. 20x.

Radial section. ACN

Radial section. ACN

Figure 51. Quercus cerrioides. 4x.

Figure 52. Quercus cerrioides. 10x.

Tangential section. ACN

Tangential section. ACN

4. Future collaboration with host institution
Future writing of scientific papers is expected and collaborations concerning species
identification, wood pathology and wood modification at an histologic level as well.

5. Confirmation by the host institution of the
successful execution of the STSM
The confirmation is in a separate file.

6. Other comments
The STSM allowed me to gain experience in the histology laboratory techniques. This
way I will be able to conduct researches in which histology is a significant factor. I
also learned about plant physiology. This knowledge will be very useful to understand
the influence of plant structure in the wood based products. This will allow me to
improve the analysis of the results in future researches. So, the acquired knowledge
will be very useful to me in future researches.
And last but not least I want to great acknowledge Ms. Brigitte Mies for her wonderful
involvement in the STSM and the lot of matters she taught me during the whole
month that the STSM last.
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