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Abstract 

The article discusses the distribution of tracheids within the annual rings. Resonant spruce wood intended for the 
production of musical instruments is examined. Dimensions and arrangement of the cells in the early and late wood and 
the transition zone between them has been established. The tracheids are tested sequentially in the radial direction line 
by line. Dependencies between anatomical elements in three zones at different width of the annual rings had been sought. 
They were investigated also in other part of late wood zone and transition zone. It had been sought influence of the place-
ment of the transition zone on the coefficient of inequality. 
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Introduction 

There are many requirements, physical and an-
atomical, which a wood must meet to be called res-
onance. It is characterized by an ordered structure 
and nearly equal annual rings. There are fewer resin 
canals core rays in a specific sequence, the size of 
the early tracheids are certain proportion of the late, 
etc. All these characteristics have been studied in 
detail. Furthermore, different methods are used of 
identifying dependencies between anatomical struc-
ture and acoustical properties [4]. 

 
Fig. 1. Placement of the transition zone. a) fully in the early 
wood (type EW); b) in early wood, but it is bordered by the 
late (type EW-0); c) on the boundary between the early and 
the late wood, but more in the early (type 0-0 EW); d) on the 

boundary between the early and the late wood (type 0-0); 
e)on the boundary between the early and the late wood, but 

more in the late (type 0-0 LW); f) in the late wood but is  
bordered by the early (type 0-LW); g) entirely in the late 

wood (type LW). 

Much more limited are the studies of the distri-
bution of tracheids at resonant spruce wood. The es-
tablishment of its influence on the acoustic proper-
ties would help in modelling this type of wood. Par-
ticularly interesting is the placement of the transition 
zone (Fig. 1). It has several options and hardly de-
pends on other quantitative parameters of anatomi-
cal structure. It remains very difficult to describe an-
alytically this arrangement and its impact on the 
structure of the annual rings at all. 

The purpose of this work is to study rings with 
different characteristics to look for correlations be-
tween the structure of wood and the degree of ine-
quality in the deployment of tracheids, which would 
allow the step to objectify the findings in need of an 
expert assessment on the quality of the resonant 
wood. 

Methods and materials 

For such a detailed study of the wood structure, 
we will try to present it as a uniform structure built 
particulate. These are tracheids that make up almost 
the entire rings [2, 5]. In early spruce wood they are 
rectangular with thin wall – thickness of 1.9–3.5–
4.9 m. Their cell lumen is wide – 45–32–16 m. 
Their density is around 840 pieces/mm2. Tracheids 
at the end of the annual rings are radially flattened 
with wall thickness of 9.3-10.7-11.6 m. Their lumen 
is narrow at the end of the rings cleft prominent – 
22.0–17.4–6.4 m. Their density is about 
1250 pieces/mm2. The transition between early and 
late wood in the annual rings is gradual. The percent-
age of late wood is average – about 15–25%. [1, 9]. 

The study used a light microscope brand 
„Laboval”, working with preparations passing light. 
The studies were conducted at an optical zoom of 
32 x (mainly the frequency and number of tracheids), 
100 x (placement of tracheids) and 400 x (sizes of 
tracheids). Measured are sizes tracheids in radial 
and tangential direction. It’s determined the number 
of cells in a radial direction between the two borders 
of the annual rings, and the size of the study area in 
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the radial and tangential direction. Of these are cal-
culated the density of cells in the annual rings and in 
different zones. There were an estimated surface 
area of the cell walls and cell lumen. It is Defined the 
boundary between early and late wood as equality 
between these indicators. The outer boundary of the 
transition zone is defined by the equality of the cell 
wall and cell lumen in the radial direction. The inner 
border is defined by equality twice the cell walls and 
cell lumen. On this basis is calculated the proportion 
of the transition zone and the late wood. The place-
ment of the transition zone is done for each ring sep-
arately. 
 

 
Fig. 2. Separation of the annual rings when in determining 
the coefficient of inequality. a) three stripes; b) four stripes 

c) five stripes. 

To determine the degree of inequality in the dis-
tribution of tracheids in the field of cross-section of 
studies material it was compared to the actual struc-
ture of the tracheids determined experimentally with 
uniform standard structure theoretically obtained 
when three, four or five equal-size stripes. The 
mechanism of comparison is based on the logic of 
the coefficient of inequality, which can be regarded 
as a special case of the integral factor of structural 
differences, proposed by professor Gatev [8]. 

 (1) 

Wherein: 
 – components of the real structure; 

 – components of a uniform standard struc-

ture. 
 

In determining the coefficient of inequality, the 
annual rings are divided accordingly three, four or 
five equal-width stripes disposed one after the other 
in the radial direction (Fig. 2). 

Results and discussion 

Density of the cells 
For the density tracheids it can be said that they 

are directly related to the size of tracheids. The av-
erage values for the density of tracheids within the 
annual rings are in the range of 980–1100 
pieces/mm2 (Fig. 3).  

 
Fig. 3. Effect of the width of the annual rings on the density 

of the tracheids in different zones 

Exceptions are only the narrowest rings with 
values around 1800 pieces/mm2. The largest size is 
the tracheids in early wood. Their density values are 
very close – about 800 to 900 pieces/mm2. Excep-
tion here are doing the narrowest and widest rings. 
Going in this transition and then in late wood trache-
ids the radial size is gradually reduced. This leads to 
an increase of the density values. For the transition 
zone they vary in the range of 1150–
1800 pieces/mm2. In late wood they are even 
greater – from 1330–2300 pieces/mm2. These val-
ues are slightly higher than indicated in the literature, 
but this can be explained by the fact that it is a reso-
nance wood. 

Interesting are regularities in the manifestation 
of the relation studied between different zones. 
While in the early wood all are similar in values (i.e. 
and size), at tracheids in the transitional and late 
wood density decreases gradually with increasing of 
the width of the rings. The exception are the trache-
ids of the narrowest rings. This demonstrates lead-
ership of the tracheids in transition and late wood in 
acoustic properties. 

To determine more accurately the variation in 
the density of tracheids, the annual rings were di-
vided into 5 groups according to the part which oc-
cupies late wood and 4 groups according to the part 
which occupies the transition zone. Both divisions 
are not observed pronounced regularities in the dis-
tribution of individual areas. In the annual rings is ob-
served a gradual and almost uniform increase in the 
density tracheids. Given that these values are re-
lated to the size of the cells may indicate that the 
larger cells (i.e., the lowest density) have rings with 
part of the late wood about 20%. 

Of interest is the fact that the amount of the 
transition zone does not affect the density of trache-
ids. There are a few exceptions in early wood, but in 
the transition zone and the late wood does not 
change in the values of density at different sizes of 
the transition zone. 

The placement of the transition zone has a con-
siderable influence on the density tracheids (Fig. 4). 
As this zone is located towards the outer part of the 
annual rings, so density of tracheids increases. This 
influence is strongest in the transition zone and the 
least in the area of early wood It values ranging 
around 870 to 1100 pieces/mm2. 
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Fig. 4. Influence of the placement of the transition zone on 

the density of the different zones in tracheids 

But clearly distinguishable rings are the place-
ment of the transition zone in the early wood and bor-
ders late. Here, the density is about 20-25% higher 
than all other variants. Given that this is the correct 
structure of the annual rings in resonant wood, this 
proves that it must have a high density of tracheids. 

Size of the zones with transitional and late 
wood 

Examining the influence of the width of the rings 
it can be said that this indicator has little impact on 
the distribution of the zones of transition and late 
wood. Although the values obtained for the transition 
zone are slightly higher than those in the literature 
8–10% (Bucur), these studies have shown that most 
rings transition zone occupies approximately the 
same amount – about 10–12%. 

In both areas the exception is the tightest (up to 
0,5 mm) and widest (up to 3,0 mm) rings. In the nar-
row size of the zones it is more than two times 
greater than the other. In broad - conversely, the pro-
portion of the areas is considerably smaller. Rings 
with such widths can be identified as unsuitable for 
resonant wood. 

The size of the transition zone also depends on 
its placement. There is a gradual reduction of its pro-
portion ranging from 16% (when placement type 0–
0 EW) to 4.0% (in the placement type LW). This ex-
ception makes placement type EW-0 with its 8.0%. 
A problem with this placement is the largest amount 
of late wood – more than 20%. Generally, no corre-
lation is made between the location of the transition 
zone and the part of late wood. It is noteworthy that 
the placement type 0–0 LW, 0–LW and LW late 
wood is about 16%, which is within the normal range 
for resonant wood. 

Coefficient of inequality 
After analysis of the results for the coefficient of 

inequality determined in the study of three, four and 
five stripes, it may be indicated that the differences 
between these options are insignificant (Fig. 5–7). 
There is a slight increase in values with an increas-
ing number of studied strips. 

In the rings of varying width values of this factor 
are very different. The narrow rings are with a width 
of up to 0.5 mm, the values have increased from 0.15 

to 0.21 for those with a width up to 2.0 mm. This in-
dicates that the distribution of the density of the cells 
is an increasingly uneven. Broad band – those with 
a depth of 2.5 to 3.0 mm have significantly lower val-
ues – about 0.1 to 0.15. 

 
Fig. 5. Influence of the width of the annual rings on  

the coefficient of inequality 

By increasing the amount of late wood it is dif-
ficult to find a pattern valid for all rings. On the one 
hand, the rings with the least (10%) and the highest 
(over 30%) amount of late wood have significantly 
lower values – from 0.11 to 0.17. However, the rings 
with an amount of the late wood from 15 to 30% have 
higher values of the ratio. Furthermore, with the in-
crease of its part these values gradually decreased. 
Probably in this part of the late wood, typical of the 
resonance timber, the distribution of tracheids within 
the rings must be uneven. 

 
Fig. 6. Effect of the amount of the late wood on  

the coefficient of inequality 

 
The study concerns distribution of values of the 

coefficient of unevenness of the separation of the 
rings with a different amount of the transition zone 
(Fig. 6). Here the main part of the rings has regular 
structures, with values of 0.15 to 0.18, which are 
slightly increased by increasing the number of test 
strips. The annual rings of typical for resonant wood 
part of the transition zone – up to 10% have signifi-
cantly higher values – from 0.22 to 0.26. 
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Fig. 7. Effect of the size of the transition zone on the coeffi-

cient of inequality 

At the location of the transition zone into the dif-
ferent parts of the annual rings the regularities are 
not brought down to of the values of the coefficient 
of inequality. All that can be claimed is that the tran-
sition zone is located at the inner boundary of the 
rings (ie in the early wood), the rings have irregular 
structure. The location of such a thin-walled trache-
ids in the late wood adjusted more evenly they are 
placed in the rings as a whole. 

Conclusions 

The density of the wood in the early tracheids 
does not depend on the width of the rings. 

By increasing the width of the rings density of 
tracheids of transition and late wood is gradually re-
duced. This is one proof of the leading role of these 
tracheids in acoustics properties. 

There is no established correlation between the 
share of the transition and late wood and density tra-
cheids. 

A typical ring of the resonance timber has a 
substantially higher density tracheids and location of 
the transition zone in the early wood and bordering 
to the late. 

As inappropriate to the resonance wood, there 
may be mentioned rings having width up to 0.5 mm 
and more than 2.5 mm wide, due to the inappropriate 
sizes of the individual zones. 

The annual rings of typical resonance wood 
part in the transition zone – up to 10% have signifi-
cantly higher inequality. 

The annual rings with a typical resonance wood 
disposal of the transition zone (in the early wood, but 
bordering to the late) have significantly higher ine-
quality. 
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