
ISSN 1822-1823 Žmogaus ir gamtos sauga 2013, ASU 
 

42 

The dynamics of diameter increase in correlation to the proportion of sapwood 

and hardwood in stems of Scots Pine (Pinus sylvestris L.)  

 
K. Skrzypek, W. Pazdrowski, M. Litner 
 

Poznan University of Life Sciences 

 
This paper shows the results of studies concerning estimating proportions of sapwood and heartwood in the sample trees grown in mixed fresh 

coniferous forest and mixed forest representing III, IV, V and VIII age classes. The aim was also to determine the thickness growth rate in five years 

period of  trees lifetime, and verify the share of sapwood and heartwood. The proportion of heartwood in the stems increases with age,  as well as you can 

see the increased participation of heartwood on more rich habitat of MF in V and VIII age class. The value of heartwood in the stem decreases with an 
increase of five-year period width of trees. 
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Introduction  

 

Wood as a renewable raw material is accompanied by 

people from the dawn of time. The importance of wood 

still has not changed, it is very valuable and needed. 

It is used in almost all sectors of the economy, and 

therefore the demand for wood is increasing. In 2009, the 

State Forests raised 33.1 million m3 of wood. 

Wood owes its high value of the porous structure and 

the system of sub-micron capillaries, so that is 

characterized by high strength at low specific gravity. It is 

very durable, yet has a low thermal conductivity and voice 

(Krzysik, 1974). 

Wood, despite its many advantages, it has also 

disadvantages such as non-uniform structure, flammability, 

high hygroscopicity, or sensitivity to fungi and insects. 

These defects are limited to a certain extent its scope, but 

in spite of all the wood is an indispensable resource. It 

would further prevent the internal structure, which affects 

the mechanical and physical properties of wood.  

Wood is a material with a heterogeneous structure. On 

the cross the naked eye can see the characteristic layered 

structure, which consists of sapwood and heartwood. 

Heartwood is physiologically dead zone occurs in the inner 

part of the trunk and is completely excluded from active 

participation in the processes of life by impregnating 

heartwoods cell wall substances. Surrounded by a 

peripheral part of the wood is sapwood, which acts as the 

conduction of water and collection of materials up 

(Krzysik,  1974). 

Because the dominant species in the forests is pine, so 

its wood dominates the domestic market. Pine wood is 

characterized by intensely coloured heartwood. It is easy to 

handle, flexible, of good mechanical strength (Krzysik, 

1974). 

 

Methods  

 

The purpose of this article is to determine the share of 

sapwood and heartwood in stems of Scots pine (Pinus 

sylvestris L.) grown on a mixed forest of fresh and fresh 

mixed forest in III, IV, V and VIII class of age. Is defined 

as the rate of diameter growth in five times of living trees 

and determined the relationship between the increments, 

and the share of sapwood and heartwood. 

The research material was derived from eight one 

hectare experimental area where the scheduled trial of 

three trees. Tested 1 hectare area located in the stand so 

that it accurately represented in terms taxation separation 

and growth. Trees trial were divided into six-foot sections, 

which were cut from the centre of the disc of wood is used 

to determine the share of sapwood and heartwood.  

Acquired the puck with butt (0.00 m), which was used 

to determine the diameter growth. 

For lying stem, using a measuring tape was measured 

with an accuracy of one centimetre zones: 

 zone knob less than 1 cm section of the timber 

without defects, 

 zone knob greater than 1 cm, 

  stump zone, 

  living area crown. 

Also defines how far from but trees is the crown and 

root length was measured to the nearest 0.5 cm further 

verticils of crown. Measured the diameter of the crown 

lying, as well as defining where the crown verticil divided 

into a luminous and shadowy part. 

Research carried out in the Forestry Kluczbork 

forming a part of the Regional Directorate of State Forests 

in Katowice. 

Based on the obtained in the wood discs started to 

detailed measurements, part of which consisted of: 

 measuring the diameter of the maximum and 

minimum running through the core disc, 

 measuring the width of the sapwood minimum 

and maximum diameter of the disc, from the core to the 

peripheral part of the disc, with two opposite sides of 

the core, 

 measuring the width of the heartwood minimum 

and maximum diameter of the disc, from the core to the 

peripheral part of the disc, with two opposite sides of 

the core, 

 determine the number of annual rings are 

sapwood, 

 determine the number of annual rings are of 

heartwood, 

 measurement successive five-year annual growth 

of the lower disc (0.00 m). 

Measuring wood discs held using electronic callipers 

accurate to 0.5 mm. The results will be used to determine 

the stem volume and the volume sapwood and heartwood 
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in the next two-meter sections based on the formula of the 

middle section. 

 

Results 

 

The volume of the tested tree varies in a broad range 

from 0.1887 to 2.2375 m3 (approximately 1.0193 m3). The 

study found the presence of heartwood in each age class, as 

illustrated in the following figure 1: 
 

 

 

Fig.1. The average share of sapwood and heartwood by age subjects trees. 

 

Analyzing these data appear in Figure 1, it was found 

that the share of heartwood in the test stem increases with 

the age of the trees. In the third age class, was on average 

0.0644 m3 (15.6%), in the fourth age class, 0.3356 m3 

(31.6%), in the fifth century age class, 0.3590 m3 (35.8%), 

and age class VIII 0.5987 m3 (37.4%). This is a clear 

confirmation of the thesis that the age of the trees growing 

in the stem of heartwood content (Duda, Pazdrowski 1975, 

Jakubowski 2004). 

Considering the above argument for individual trees 

before we come to conclusions. The smallest share of of 

heartwood is characterized by a tree forest compartment 

test of 185a (III age class) by 10.1 percentage of heartwood 

zone. The highest share was recorded in forest 

compartment 185 d ( age class VIII ) and amounted to 

48.8%. 

Suspecting a connection between habitat fertility and 

participation sapwood and heartwood of trees subjects, it 

was found that significant differentiation marked only in 

stands of age class V and VIII (Figure 2). 

Both the V and VIII as age class trees grown on fresh 

mixed broadleaved forest characterized by a significantly 

higher proportion of heartwood than increasing the habitat 

fresh mixed coniferous forest. 

This confirms that the trees grown on more fertile 

habitats are characterized by a higher proportion of 

heartwood zone stem (Duda, Pazdrowski 1975, 

Jakubowski 2004). 
 

 

 

Fig. 2. The average share of sapwood and heartwood by age and type of 

forest habitat 

 

The diameter growth in tree was determined by 

measuring annual growth rings on the bottom of the disc 

radius (0.00 m). We are interested in the five-year period, 

so the measurement relates to the width of five annual 

rings measured cross-section of the test disc tree. 

Growth ring width at different locations circumference 

is different, so the measurements were carried out at 

increments of different radii, then the average width of the 

drawing for the life periods five trees. The diameter growth 

is double the value of the radius increase (Buchwald 1999). 

 
Table 1. Average width of the diameter growth in the tested five-year 

periods 
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 Average width diameter growth (mm) 

FMCF FMBF 

155 b 188 d 154 b 185 f 185 a 186 f 150 a 185 d 

1 34,81 30,15 26,54 32,35 36,67 25,56 30,71 29,94 

2 35,82 37,26 16,25 16,85 37,15 32,85 36,24 22,74 

3 32,66 22,97 16,95 13,89 36,67 29,57 32,83 17,77 

4 28,76 25,99 18,14 13,88 30,68 30,54 26,54 17,20 

5 24,91 22,09 14,77 12,05 20,55 24,71 24,38 13,70 

6 20,26 22,36 16,38 10,98 26,67 20,04 21,71 13,68 

7 17,93 23,61 13,76 11,31 24,57 21,78 20,83 18,83 

8 16,19 20,76 18,37 9,37 19,28 20,36 17,16 20,94 

9 - 19,64 16,23 12,14 - 20,92 20,10 18,13 

10 - 22,10 20,80 13,91 - 17,53 16,82 17,56 

11 - 18,77 14,19 13,32 - 13,00 16,20 18,39 

12 - 18,81 21,59 12,64 - 12,37 16,36 20,42 

13 - 18,29 19,52 12,02 - 13,91 12,50 14,30 

14 - 17,06 20,86 11,37 - 17,73 11,45 18,52 

15 - - 20,83 10,27 - - 12,96 13,38 

16 - - 18,73 13,55 - - 11,56 18,64 

17 - - 17,69 12,65 - - 8,81 13,95 

18 - - 15,57 14,39 - - 8,45 15,66 

19 - - 11,95 12,67 - - 10,17 13,33 

20 - - - 15,80 - - - 15,47 

21 - - - 16,17 - - - 13,18 

22 - - - 16,60 - - - 11,78 

23 - - - 16,11 - - - 22,72 

24 - - - 17,23 - - - 27,15 

25 - - - 21,90 - - - 22,86 

26 - - - 16,94 - - - 18,33 

 

By analyzing the above table it can be seen high 

volatility course of the diameter growth. The culmination 

of the increase occurred in the first or second five-year 

period, followed by a sharp decline, which, depending on 

age class lasts for 15 -30 year old trees 

 

Conclusions 

 

1. Participation in the studied heartwood stem 

increases with the age of the trees. In the third age class 

was on average 0.0644 m3 (15.6%) in age class IV 0.3356 

The average share of sapwood and heartwood 
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m3 (31.6%), in the fifth age class, 0.3590 m3 (35.8%), and 

VIII 0.5987 m3 age class (37.4%). This is a clear 

confirmation of the thesis that the age of the trees growing 

in the stem of heartwood content. 

2. The smallest share of of heartwood is 

characterized by a tree forest compartment test with a 185 

(age class III) by 10.1 percentage of heartwood zone. The 

highest share was recorded in forest compartment 185 d ( 

age class VIII ) and was 48.8%. 

3. Trees grown on more fertile habitats are 

characterized by a higher proportion of of heartwood zone 

stem.   

4. Distribution of heartwood in subjects stem of 

trees is characterized by two trends. The first one is 

characterized by a small proportion of heartwood in the 

butt (0,00 m), followed by a sharp increase starting from 

the first tube to slowly start to sink toward the tree-top. 

Another trend in the course of heartwood in the studied 

trees is a significant part of its participation in the butt 

(0.00 m), and with increasing distance from the butt is its 

slow decline. Heartwood in both cases completely 

disappears in the final parts of the tree-top. 

5. The diameter growth in the next five-year period 

is varied. The culmination of the increase occurred in the 

first or second five-year period, followed by a sharp 

decline, which, depending on age class lasts for 15 -30 

year old trees.  

6. Based on statistical analysis, it was found that 

with increasing width of the five-year period of living 

trees, decreasing the content of heartwood participate in 

stem. 
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