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Abstract 

 
The study of the mechanical wood tissue also requires the length of the cells to be examined. This is achieved by 

digging small pieces of wood in order the cells to be separated from each other. This allows either to measure the length 
and thickness of the cell wall and to describe the peculiarities of their shape. This work examines two typical representa-
tives of oaks in Bulgaria – Hungarian oak (Quercus frainetto Ten.) and sessile oak (Quercus petraea Liebl.). The fibers 
and tracheids were studied as they are main part of the tissue structure. The length and diameter of the cells were 
measured. Their severity is determined. Dependencies between the values obtained in five typical for these types of 
habitats in Bulgaria have been identified. 
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Introduction 
In order to be measured the length of the wood 

elements (especially the mechanical cells), as well 
as to highlight the features in the anatomical struc-
ture of the cellular elements, it is necessary to be 
made macerated wood preparations. 

The maceration is a process during which the 
cells can be separated from one another without 
disturbing their integrity. In this way the features of 
each cell and tissues can be described in general. 
The pores, cell ends and cell wall alterations can be 
observed. 

The oaks have ring-porous wood. Their late 
vessels are located in radial groups called dendrites. 
It is known that the tracheids are shorter and have 
larger cross-section. The parenchymal cells are the 
smallest and they have many pores on the walls. 
The lateral vessels have typical protrusion on the 
frontal wall and simple perforation, which is located 
obliquely. 

The present work aims to determine the dimen-
sions of the mechanical cells (fibers and tracheids) 
in hungarian oak and sessile oak. 

 
Methods and materials 

The tested wood is taken from the central area 
of the washers. There it is the most typical structure 
and the most uniform width of the annual rings 
(around the 30th annual ring). As the aim of this 
study is not to cover the differences between the 
different stages of tree development, but between 
species and individual habitats, no preparations of 
juvenile and peripheral wood had been produced. 

The method used is boiling the wood for several 
hours in a solution of acetic acid and hydrogen per-
oxide (perhydrol). This method is not as rough as 
most existing methods. It allows the production of 
microscopic preparations in which all the details of 
the cell wall are clearly visible. The amount of wood 
required for maceration is about 2–3 grams. The 

wood is placed in the mixture of equal parts of ice 
cold acetic acid and 30% hydrogen peroxide (per-
hydrol). For 1 to 4 days the preparations stay at 
60°C. Then they are being washed in water and 
70% alcohol and placed in glycerol. 

During boiling the lignin decomposes, the cells 
detach freely from each other while retaining their 
integrity. The mixture obtained is washed with water, 
after which the cells are placed in pure glycerol to 
which colorant (safran) is added. 

Two drops of the obtained mixture are placed on 
the slide and fixed with a cover glass (Fig. 1). Each 
habitat is represented by a washer, acquired at a 
height of 1.3 m. Five microscopic preparations of 
each species are prepared from each washer. 

A light microscope type „Laboval” equipped with 
an eyepiece-micrometer was used for this study. 
Each of the preparations was sequentially exam-
ined zone by zone. All the mechanical cells are be-
ing measured. 

There are five typical oak habitats in Bulgaria, 
located in Western, Southwest and South-eastern 
Bulgaria. They are Stara Planina in the region of 
Sliven, South-western Mizia in the region of Sofia, 
Belasitsa in the region of Sandanski and Strandja 
and Kosti in the region of Tsarevo. 

The selected tree species as well as the se-
lected habitats are typical for the oak tree and 
would allow more complete presentation of the 
variation of the oak wood in Bulgaria. While San-
danski is located in the warmest part of the country, 
location Sofia is chosen because of its compara-
tively high altitude, where the examined oak spe-
cies can be found. On the contrary, the habitats of 
Tsarevo and Kosti have the lowest altitude, where 
forests in Bulgaria are encountered. The habitat 
Sliven is selected because its location assures av-
erage values of most of the characteristics of the 
habitats. 



Diana Mladenova, Antonia Todorova, Nikolai Bardarov 
 

 

  
a) b) 

Fig. 1. Wood fibers (a), late vessel and parenchymal cells of oak wood (b) 
 

Results and discussion 
The average obtained fiber length of the Hun-

garian oak is 1 214 mm, which is close to the 1 290 
mm in the literature [12]. However, in the case of 
sessile oak there are significantly lower values – 
1 306 mm, compared to the indicated 1 530 mm. 
Similar values have the red (Q. rubra – 1 300 mm) 
and the white (Q. alba – 1 360 mm) oaks. 

In Hungarian oak groves, the habitat affects 
negligibly this indicator, as the differences from the 
arithmetic average can reach 13% at habitat 
Tsarevo and 16% at habitat Sandanski. In the case 
of sessile oak, the influence of the habitat is even 
weaker with the biggest differences obtained 9.6% 
at habitat Sliven and 11.9% at the habitat Sofia 
(Fig. 2). 

 

  
a) b) 

Fig. 2. The length of the fibers of the Hungarian oak (a) and the sessile oak (b) of the different habitats 
 
There is generally no dependence between the 

minimum and the maximum values and the studied 
habitats. While the maximum value for the Hungar-
ian oak is at habitat Tzarevo (1 371 mm), for sessile 
oak it is at habitat Sofia (1 463 mm). The situation 
is the same with the minimum values. For Hungar-
ian oak it is situated at habitat Sandanski (1 020 
mm), while for sessile oak it is situated at habitat 
Sliven (1 180 mm). 

The average value obtained for the tracheids 
length of the Hungarian oak is 692 mm, and the 
sessile oak – 729 mm. There is no indication about 
the length of these cells in the literature. 

Similar to the fibers, the tracheids are slightly in-
fluenced by the habitat. For Hungarian oak the dif-
ferences from the average range vary from 9.0–
10.0% for most habitats. For sessile oak this differ-

ence reaches 14.6% at habitat Tsarevo, but the 
impact is generally lower (Fig. 3). 

There is no dependence between the habitat 
and the tracheids values. While the maximum value 
for Hungarian oak trees is at habitat Tsarevo and 
habitat Sliven (751 and 752 mm respectively), in 
the case of the sessile oak it is at habitat Tsarevo 
(835 mm). The minimum value for the Hungarian 
oak is at habitat Sandanski (624 mm) and for the 
sessile oak it is at habitat Sliven (657 mm). 

The values obtained for the cross-sectional di-
mensions (2W+L) of the fibers are very similar both 
to the individual species and the individual habitats 
(Fig. 4). The average value obtained is about 13.5 
mm, which is very close to the mentioned in the 
literature for sessile oak (13.8 mm) and a not so 
close for Hungarian oak (15.9 mm).  
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Fig. 3. Length of the tracheids of the Hungarian oak (a) and of the sessile oak (b) at the different habitats 
 

  
a) b) 

Fig. 4. Cross-sectional area of the fibers (a) and tracheids (b) at the individual habitats 
 

Due to the proximity of the values, the minimum 
and maximum values can not be considered. 

Similar is the situation for the size of the tra-
cheids cross section. The average values for Hun-
garian oak (18.1 mm) and sessile oak (18.4 mm) 
are almost the same, with very little variation at the 
different habitats. 

Slenderness is another anatomical indicator, 
particularly important for the species used as a raw 

material for the production of wood fiber boards and 
paper. It is the dimensional size in cross-section 
relative to the length of the mechanical cells 
(2W+L)/l. The present study does not analyze the 
oak species as a raw material, but seeks to exam-
ine and compare the species according to different 
established anatomical characteristics (Fig. 5). 

 

  
a) b) 

Fig. 5. Slenderness of the fibers (a) and tracheids (b) 
 
Generally, values vary within close range and 

for sessile oak they are more homogeneous. The 
values for Sliven, Sofia and Tsarevo habitats are 
close. Overall the values of the Hungarian oak are 
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higher, which can be seen most clearly at Sandan-
ski habitat. 

The values obtained from the examined species 
can be divided into two – from 0.08 to 0.10 and 
from 0.10 to 0.14. In comparison with the spruce, fir, 
poplar, beech and black locust (recently used in our 
country for paper production) the values are: for 
spruce – vary from 0.016 for early wood to 0.009 for 
late wood; fir – they are respectively 0.010 and 
0.005; for poplar and beech – about 0.013 and for 
black locust – 0.006. 

The values obtained for the tracheids are signifi-
cantly higher. These cells perform both conductive 
and mechanical functions. They are shorter and 
have larger cross section. Here the values are more 
various compared to the slenderness of the fibers. 
It is difficult to indicate a tendency or predominance 
of any of the species. At some habitats there are 
higher values for the Hungarian oak groves, at oth-
ers – for the sessile oak. It is noteworthy that at 
Sofia habitat, both values for fibers and tracheids 
are higher. 

 
Conclusions  

Both tree species have close values for both the 
length of the fiber and tracheids. The fiber length 
values of the sessile oak differ greatly from the av-
erage for Europe. 

The habitat has little effect on the length of the 
fibers and tracheids. The differences between the 
individual values and the average do not exceeded 
15%. 

There is no dependence between the habitat 
and the extreme length values for both the fibers 
and the tracheids. 

The values obtained for the cross-sectional di-
mensions of both the fibers and the tracheids are 
very close to the single species and the separate 
habitats. 
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Резюме 
 

Изследването на механичната тъкан на дървесината изисква да се изследва и дължината на клетките. Това 
се постига чрез изваряването на малки проби от дървесина, така, че да се отделят клетките здрави една от друга. 
Това позволява не само да се измери дължината им и дебелината на клетъчната стена, но и да се опишат осо-
беностите във формата им. Работата разглежда два типични представителя на дъбовете у нас – благуна 
(Quercus frainetto Ten.) и горуна (Quercus petraea Liebl.). Изследвани са влакната и трахеидите като основна част, 
изграждаща механичната тъкан. Измерени са дължината и диаметъра на клетките. Определена е стройността 
им. Потърсени са зависимости между получените стойности в пет типични за тези видове месторастения у нас. 

 
Ключови думи: дървесина, дъб, влакна. 


