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Abstract 

The article discusses the location of the vessels as abstract structures. The influence of the location on the coefficient 
of inequality has been examined. Object of study is the wood of some tropical wood species. The density of the vessels in 
radial and tangential direction has been determined. The value of the coefficient has been calculated in both directions. 
On the one hand, the dependencies between the density of the wood, the diameter, density and location of the vessels 
have been sought. On the other hand, the value of the coefficient has been studied.  
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Introduction  

Cyclicality in temperate climate creates some 
periodicals in the division of the cambium. Although 
the differences between the main building (conifers, 
ring porous and diffuse porous) are very large, have 

similar tendencies in the formation of cells in the 
early and late wood. Therefore, in this article on the 
subject of study were selected tropical wood spe-
cies. They are found in areas where cambium is 
working continuously throughout the year. Neverthe-
less, they are typically available to cells. 

  

Fig. 1. Anatomical structure of wood species with close values of coefficient of inequality „k” of about 0.1, both in the radial 

and in the tangential direction. Terminalia solomonensis (density of wood 400 kg.m-3, diameter vessels 230 m,  

density vessels 4 vessels/mm-2) and Vitex cofassus (density of wood 680 kg.m-3, diameter vessels 140 m,  

density vessels 16 vessels/mm-2) 

The dimensions of the vessels depend on hab-
itat conditions and even on many factors [2, 3, 4, 7]. 
Much of wood species have a genetic out differences 
in the location of cells. The combination of larger with 

smaller vessels also is genetically set. In some spe-
cies there are apparently uniformly location to the 
vessels in other – not (fig. 1 and fig. 2). 

  

Fig. 2. Anatomical structure of species with similar values of anatomical indicators, but with different values of coefficient of 

inequality „k”. Hevea brasiliensis (density of wood 600 kg.m-3, diameter vessels 210 m, density vessels 3 vessels/mm-2,  

coefficient of inequality krad 0.39, ktang 0.36) and Oxystigma oxyphyllum (density of wood 600 kg.m-3, diameter vessels 200 m, 

density vessels 3 vessels/mm-2, coefficient of inequality krad 0.19, ktang 0.11). 
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This work aims to investigate the location of the 
vessels (especially as density), using abstract 
method, independent of wood species, habitat con-
ditions, the diameter of the vessels, etc. 

Methods and materials 

The studied wood is the most famous tropical 
wood species which have industrial significance. 
The distribution of the vessels in the radial and tan-
gential direction has been studied. The studies are 
conducted entirely in cross-section. In order to 
achieve diversity in the object of the study was used 
collection „Commercial Timbers: Descriptions, Illus-
trations, Identification, and Information Retrieval.” 
[5]. The main feature of the location of the vessels, 
was elected integral factor of structural differences, 
proposed by Professor Gatev [6]. For this purpose, 
studied area was divided into five equal-size seg-
ments (strips). There has been a comparison of the 
actual structure of the vessels, determined experi-
mentally with uniform reference structure: 

    (1) 

Wherein: 
 – components of the real structure; 

 – components of a uniform standard struc-

ture. 
The mechanism of comparison is based on the 

logic of the coefficient of inequality, which can be 
seen as a special case of the integral factor of struc-
tural differences. It should be noted that the said 
method does not depend on the size and type of the 
vessels. 

The values of the coefficient are from 0 to 1. 
Low values are even in available of the vessels are 
high – if uneven. Between the values in the radial 

and tangential direction there is no connection. Us-
ing the combination of their values all species can be 
divided into the following groups (Table. 1). 

Table 1. Correlation coefficient of inequality in radial and 
tangential direction in individual groups. 

to 0.33 to 0.66 to 1.0 
0.33:0.33 0.66:0.33 1.0:0.33 
0.33:0.66 0.66:0.66 1.0:0.66 
0.33:1.0 0.66:1.0 1.0:1.0 

 

This division covers all species – coniferous 
and deciduous ring porous and diffuse porous. How-
ever, studied tropical wood, has a much more even 
distribution of the vessels. Therefore, here the main 
part of the species fell into the first group. For a more 
precise study of the species it was also divided into 
groups (Table. 2). The ambition was there to be less 
species in the group, and the possibility of filling 
them in future research. 

Table 2. Correlation coefficient of inequality in radial and 
tangential direction in individual groups. 

to 0.11 to 0.22 to 0.33 
0.11:0.10 0.22:0.10 0.33:0.10 
0.11:0.21 0.22:0.21 0.33:0.21 
0.11:0.32 0.22:0.32 0.33:0.32 

 

In this division were determined average den-
sity of wood (according to data from the literature), 
diameter and density of the vessels. The average co-
efficient of inequality in radial and tangential direc-
tion was determined. There was also a correlation 
analysis between the indicators examined by estab-
lishing linear correlation coefficient (Rx,y).  

Results and discussion 

A total 212 species of wood have been studied. 
Separation becomes by several indicators. (Ta-
ble. 3). The purpose of this separation is to look for 
a correlation between indicators of wood and coeffi-
cient of inequality. Furthermore, the species were 
separated and according to the testimony of the co-
efficient of inequality (Table. 4). 

Table 3. Distribution of the studied species groups according to studied indicators 

Groups 
structure 

Number 
of species 

Average  
density 

Number 
of species 

Diameter 
vessels 

Number 
of species 

Density  
vessels 

Number 
of species 

IV.1 13 400 28 very small –  
<50 m 0 very low – 

 < 5 v.mm-2 98 

IV.2 48 500 35 small –  
50-100 m 16 low –  

5 -10 v.mm-2 46 

IV.3 13 600 37 medium –  
100-150 m 58 medium –  

10 -20 v.mm-2 43 

IV.4 49 700 31 large –  
150-200 m 47 high –  

20-50 v.mm-2 20 

IV.5 83 800 39 very large – 
>200 m 92 very high –  

>50 v.mm-2 6 

  1000 40     
 
One possibility is this separation to be used as 

a tool for identifying the timber. Each tree species 
belongs to only one group of indicators and indica-
tions coefficient of inequality. This would contribute 
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to the rapid determination of species with quantita-
tive characteristics of their anatomical elements. 

Table 4. Distribution of the studied species groups according to the testimony of the coefficient of inequality 

group number of 
species group number of 

species group number of 
species group number of 

species 
0.11:0.10 27 0.22:0.10 55 0.33:0.10 12 0.66:0.10 1 
0.11:0.21 20 0.22:0.21 37 0.33:0.21 15 0.66:0.21 8 
0.11:0.32 3 0.22:0.32 18 0.33:0.32 8 0.66:0.32 11 

to 0.11 50 to 0.22 110 to 0.33 35 to 0.66 20 
 

Groups as indicators of wood 

Groups by structure 
Albeit conditionally, the division of tree species 

groups structure shows some dependencies [1]. In 
tropical species it is blurred, but the coefficient are 
very different in each of them. 

Density is a complex qualitative indicator and 
its values groups are significant. The resulting aver-
age density of species of the first and second group 
are close – respectively 607 and 631 kg.m-3. In the 
third and fourth group density is lower – respectively 
536 and 467 kg.m-3. In classes of fifth group it is the 
highest – about 833 kg.m-3. 

The diameter of the vessels varies in a narrow 
range and doesn’t show determined trends. In clas-
ses from first to fourth group values range from about 
180 m to 200 m. The largest diameter occurs in 
species of the second group – 204 m. Expected in 
species of the fifth group diameter of the vessels is 
the smallest – 156 m. Density of vessels also varies 
in a narrow range – from 5 vessels.mm-2 (a kind of 
third group) to 8 vessels.mm-2 (a kind of fourth 
group). The species of the fifth group, however, have 
a significantly higher density – 15 vessels.mm-2. 
Moreover, it cannot be used as a diagnostic sign, the 
values of these indicators show how close the tropi-
cal tree species are in the anatomical structure of 
their wood. 

The coefficient of inequality is subject to an in-
teresting trend. It gradually increases in the types of 
the first group to about 0.19 in the species of third 
group, and then gradually decreases. Furthermore, 
the values of „k” of 0.16 and 0.11 respectively in the 
radial and tangential direction are aligned with the 
types of third group. 

Density of wood 
The division of tree species according to the 

density of the wood is in six groups. Here anatomical 
indicators are also a subject to a trend. Depending 
on the density, the diameter of the vessels gradually 
decreases. Impressive is the most difference of spe-
cies with density 400 and 1000 kg.m-3. The average 
values of the types of light wood exceed 230 m, 
whereas in the worst it is about 130 m. In other spe-
cies it is 170 to 190 m. In the density vessels this 
trend is even more pronounced. In species with light 
wood average is about 3 vessels.mm-2, and at 

worst – more than 20 vessels.mm-2. In other types of 
density, it is about 6–8 vessels.mm-2. 

The coefficient of inequality decreased gradu-
ally from about 0.22 and 0.20, in species with density 
of 400 kg.m-3 and reached to 0.15 and 0.10 for spe-
cies with a density of 1,000 kg.m-3 (respectively ra-
dial and tangential direction). Values in both direc-
tions are very close. 

Diameter vessels 
The division of tree species according to the di-

ameter of the vessels offers them a notable trend of 
the values of anatomical indicators. Here the species 
are divided into five groups [1, 7]. It is noteworthy 
that among the studied species will not be represent-
atives with a diameter of less than 50 m. The den-
sity of wood decreases gradually from about 
860 kg.m-3 (for species with a diameter of 50 to 
100 m) to about 570 kg.m-3 (in the species of diam-
eter larger than 200 m). The density of the vessels 
is reduced strongly than about 35 vessels.mm-2 (in 
species with a diameter of 50 to 100 m) to about 
3 vessels.mm-2 (in the species of diameter larger 
than 200 m). When this reduction is exponential, it 
is not linear. 

Conversely, the coefficients of inequality are in-
creased by about 0.15 and 0.08 in the species with 
a diameter of 50 to 100 m, about 0.20 to 0.19 in the 
species of diameter larger than 200 m (respectively 
radially and tangentially direction). Here, the differ-
ence between the values in the different directions is 
greater. 

Density of the vessels 

According to the density of species vessels 
were divided into five groups [1, 7]. Here the density 
of the wood in various groups gradually increases 
from about 610 kg.m-3 (for species with density 
<5 vessels.mm-2), to about 830 kg.m-3 (for species 
with density >50 vessels.mm-2). Contrary to the di-
ameter of the vessels, it is reduced, also gradually 
from 220 m, to about 55 m. 

A very special present trend coefficient of ine-
quality. They are reduced at a minimum density here 
is at 20–50 vessels.mm-2, then gradually increased, 
in both directions following the hyperbolic depend-
ence. 

Groups according to the coefficient of inequality 

In the first group (0.11:0.10 to 0.32) are the spe-
cies with the even distribution here and coefficient 
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values are smaller. Here, with the increase in the 
value of the coefficient of inequality in the radial di-
rection reduces the density (of about 770 to 
480 kg.m-3), and the diameter of the vessels is in-
creased (from about 140 to 240 m). The density of 
the vessels reduces from about 26 to 2 vessels.    
mm-2. 

In the second group (0.22:0.10 to 0.32) are ob-
served similar trends. The reduction of the density is 
however less – of about 710 to 550 kg.m-3. Less is 
the increase of the diameter of the vessels – from 
about 120 to 220 m. Their density is also in a nar-
row range, decreasing from 11 to 3 vessels.mm-2. 
There is a weak to moderate correlation between the 
density of the wood and the diameter of the vessels. 
The relationship between the diameter and the den-
sity of the vessels is medium to high. Here too, there 
was no correlation between the density of the ves-
sels and the coefficient of inequality. 

More diverse trends are in the third group. At 
the beginning the density decreases from about 740 
to 600 kg.m-3, and then is raised to 670 kg.m-3. To 
the diameter of the vessels the relationship is in-
verse. They grew from about 160 to 220 m, then 
are reduced to 180 m. The density of the vessels 
reduces from 11 to 3–4 vessels.mm-2. This group is 
the most varied in density of wood. Therefore, here 
are not observed correlations between it and other 
indicators. Even in the latter group (0.33:0.32) with 
the increase in the density of the wood diameter and 
the density of the vessels reduced. 

Conclusions 

The diameter and density of the vessels cannot 
be taken as a definitive indication separating the in-
dividual groups of structure. 

In the division of the wood species according to 
their density, according to the anatomical parame-
ters and the values of the coefficient of inequality can 
be separated from other species only these having a 
density of 400 and 1000 kg.m-3. 

The division of the wood species according to 
the diameter and density of the vessels, the individ-
ual groups can be clearly distinguished after analysis 
of all studied parameters. 

The determination of appurtenance of a wood 
species according to the coefficient of inequality can 
be done only after establishing their limits of variation 
for each species. 
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