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ABSTRACT

The article deals with the quality factors that affect the assortment structure of poplar 
plantations from the aspect of implementing national and European round wood quality standards.

The research was conducted on sample plots located in 25 year old poplar plantations 
Populus×euramericana 'I-214'. The following quality factors were studied: knots, taperness, sweep 
and ovality. The data obtained by recording were processed by the original methodology.

The obtained results were used to rank the analyzed quality factors according to their 
significance and to propose measures for decreasing their effect. In the studied plantations, knots 
are the most significant factor, and their effect is the biggest in the plantation in which the branches 
of young poplar trees have not been pruned. Sweep of the stem in the plantations which are exposed 
to flood waters has a significantly greater effect on the total value of the produced assortments in 
comparison to plantations protected from floods. It is ranked second in importance. 

The plantations with an asymmetrical planting layout are more affected by ovality than the 
plantations with symmetrical planting layout.

The effect of the sweep of the stem on the total value of the produced assortments decreases 
with the increase of diameter, while the effect of knots and ovality increases.

KEYWORDS: Norway spruce, decay, natural resins, conservation, sorption, swelling, strength. 

INTRODUCTION

Poplar is a species that grows in natural stands or is grown in artificially raised plantations on 
a surface area of around 80 million hectares according to data obtained from the MKP report for 
2004 (Ball et al. 2004). Russia, Canada and the USA are the countries with the largest number 
of natural poplar stands, while China, India, and Pakistan have the greatest number of artificially 
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raised plantations. Poplars in Serbia cover 1.9 % of the total forest area.
There are numerous researches about production characteristics of poplar, as well as about 

their structural, physical and mechanical properties (Flinkman 1985, Zhou 1990, Klašnja et al. 
2003, Matyas and Peszlen 1997, DeBell and Gartner 1997, Hernandez et al. 1998, Kärki et al. 
2000, Kärki 2001, Balatinecz and Kretschmann 2001, Cuevas 2002, Heräjärvi and Verkasalo 
2002).

The aim of this study is not only to assess the effect of the quality factors defined by the 
quality standards for round wood, but to analyze the effect of silvicultural measures as well. The 
ranking of the analyzed quality factors that will be the final result of the applied methodology 
will be used to define silvicultural measures that should be implemented in poplar plantations 
in order to improve the quality of the raw material used in the mechanical and chemical wood 
processing and thus maximize the economic profit of the forest owner. Previous studies of the 
outer stem characteristics and wood defects took various species of trees into consideration 
(Asikainen and Panhelainen 1970a, b, Kärkkäinen 1986, Prescher and Stahl 1986, Harless et al. 
1991, Grace 1993, Uusitalo 1994, Kärki 1999, Kärki and Vainikainen, 2004, Petráš et al. 2008a). 
Kärki and Vainikainen (2004) analyzed the stem of aspen and concluded that knots and rotting 
had the biggest effect on the decreased quality of aspen logs. The authors who have studied this 
issue stress the signifacance of knots in assessing the quality of logs (Samson 1993, Kärki 1999, 
Rutkowska and Barszcz 1999, Danilović 2000a, c, Danilović and Janjatović 2005, Danilović 
2006, Moberg 2006, Šušnjar et al. 2006).

Wood assortments are determined by the macroscopic characteristics of the outer and inner 
stem as well by the length and diameter of the logs. Of all outer stem characteristics, the presence 
of knots and sweep are ranked as the most important, followed by eccentricity in cross-section, 
full bole stems, etc. The most important internal characteristics are the presence of rot or false 
heartwood (Petráš et al. 2008b).

Clone characteristics have a significant effect on the quality and the quantity of wood 
assortments.

On the basis of the research conducted by Petráš et al. (2008b), it can be concluded that 
the Robusta clone produces several times higher proportions of the highest and average quality 
assortments than I-214 clone. The I-214 clone has not reached the level of the highest quality 
assortments even in the best site indexes. It has reached the same proportion of the average quality 
assortment as Robusta clone only in the above average site indexes. 

The Robusta clone has a slower stem diameter growth and poorer branching. Its stem is 
straight, with no twisted growth of fibers and with an almost circular shape of the stem. On 
the other hand, the clone I-214 has a faster stem diameter growth and a greater branch diameter 
(Petráš et al. 2008b)

In order to remove trade barriers, both EU and non-EU countries are harmonizing the 
exisying national standards with European standards for round wood. National standards for 
round wood are currently in force in Serbia (SRPS). In future, these standards will most probably 
be harmonized with European standards for round wood, as Serbia seeks to join the EU. Having 
this in mind, European quality standards for round wood have also been implemented in this 
research.

The primary aim of the study is to rank the quality factors in the plantations of 
Populus×euramericana 'I-214' from the aspect of implementing national and European standards 
for quality of round wood in various stand conditions. Being aware of the fact that only some of 
the factors can significantly affect the quality of assortment structure, it is important to answer 
the following questions: what are these factors and how significant are they when national and 
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European round wood quality standards are applied?
This study, which is based both on research (Danilović 2000a) and on the studies of other 

authors priamarily deals with knots, sweep, ovality and taperness.
With the aim of ranking the quality factors, but taking previous findings into account , it is 

based on the following hypotheses:
- Knots (in comparison to other analyzed factors) have the greatest effect on the total value of 

the produced assortments and the effect is significantly lower if poplar trees have previously 
been pruned,

- Sweep has a greater effect on the total value of the produced assortments if the plantation is 
established in the area with a high risk of f looding,

- Ovality has a greater effect on the total value of the produced assortments if the plantation 
has an asymmetrical planting layout,

- Knots have the greatest effect on the total value of the assortment structure even if the 
European standards for round wood are implemented.

MATERIAL AND METHODS

The research activities were conducted in the period from 2002 to 2005 on four sample plots 
in the forelands of the rivers Danube, Tisza and Tamis (Fig. 1).

Fig.1: Location of the sample plots.

The selected sample plots represent the state of poplar plantations in Serbia. The plantations 
in which the sample plots (SP) have been established are 25 years old.

Of numerous factors (wood defects and characteristics) that can affect the assortment 
structure, the following ones have been singled out in this study: knots, taperness, sweep and 
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ovality according to the provisions of the national SRPS standards and knots, sweep and ovality 
according to the provisions of the European standards (EN).

The sample plots differ to a certain degree due to different factors that are being studied.
SP 1 is established in a poplar plantation located in north-western Backa in the bottomland 

of the river Danube (Fig. 1). The plantation is established on mollic f luvisol. The spacing between 
the seedlings at the time of establishment was 6×6 m. Young poplar trees have not been pruned.

We assume that the effect of knots will be greater here than in the plantations where pruning 
has been carried out and that there is a correlation between knots and other factors.

SP 2 is positioned in the southeast part of Backa in the foreland of the river Tisza on mollic 
f luvisol. The plantation is located on the bottomland. It has an asymmetrical planting layout with 
the spatial arrangement of 6×3 m or 555 seedlings per hectare. Thinning was conducted 10 years 
after the establishment of the plantation, after which the spacing between the seedlings was 6×6 
m. Lower branches have been pruned up to the height of 6 m.

We assume that ovality in these plantations will have a greater effect on the production of 
the higher quality assortments in comparison with the plantations with a symmetrical planting 
layout.

SP 3 is positioned in the area protected from the impact of flood waters in southern Banat.
The plantation is established on mollic gleysol with the planting spacing of 6×6 m. Pruning 

of poplar trees has been done up to the height of 6 m.
The key criterion for the selection of this plantation was its location since it is exposed to 

frequent flooding which can cause curving of the lower, most valuable part of the stem.
SP 4 is positioned on the bottom land, on calcic gleysol. Planting spacing is 6×6 m. Standing 

trees have been pruned up to the height of 6 m.
The plantation is located along the river bed of the river Tamis. In the first years of its growth, 

the plantation was exposed to frequent flooding, and the water table level in the plantation reached 
over two meters.

Border trees were not included in the sample area, since they can weaken the credibility of 
the conclusions.

For the purposes of assessing all the elements needed for the theoretical cross-cutting, a 
number of trees was felled on the sample plots. The principle of random sampling was applied in 
the selection of trees for the analysis. Diameter at breast height (DBH) of the trees on the sample 
plots range from 20 to 60 cm.

Felled and delimbed trees were analyzed. All the tree elements required by the provisions of 
national and European standards for the qualitative marking of the stems were measured both on 
the surface of the stems and on the cross-cuts.

Stem diameters were cross measured, on every two meters, starting from the thicker end.
The cross-sections were used to determine the health state of the trees (occurrence of rotting) 

as well as to measure the biological heartwood eccentricity from the geometric centre of the cross-
section in (mm). Sweep elements were measured on the compact stems before cross-cutting.

On the other hand, the distance between the center of the knot and the cross-cut on the 
thicker end of the stem was measured on the surface of the stem. Furthermore, the dimension of 
the shorter axis of the knot was measured with the accuracy up to a millimeter. The health state 
was determined for each knot, as well as their color and the degree of coalescence. Apart from 
that, dimensions of intergrown knots and their position on the stem were determined. Other 
tree characteristics, wood defects and biological injuries on the stems were measured according to 
standards.

Recorded data were processed by the original methodology that has been adapted to the 
primary aim of the research.
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The essence of the applied methodology was to perform several markings for cross-cuttings 
for each tree based on the quality standards for roundwood and the principle of the maximal 
financial effect. The variant which achieves the maximal financial effect will be adopted as final. 
By isolating an individual quality factor from the analysis, we obtain a greater total value of the 
assortment structure in comparison to the value when the factor is not isolated. The difference 
between these two values is adopted as the measure of the effect of the study factor.

The price of the assortments is expressed as the price ratio. Coefficients that represent the 
price ratio according to the provisions of the national standards are: logs for sliced veneer (1.74) 
logs for peeled veneer (1.59), logs for matches (1.33), logs for sawing I class (1.22), logs for sawing 
II class (1), cellulose wood (0.67), fuel wood (0.44).

The price coefficients for the assortments that are processed according to the European 
standards for roundwood are: superior quality class (1.75), normal quality class (1), quality class 
that includes trunks, logs and trunk sections that cannot be classified into any of the previous 
quality classes (0.67).

The prices used in this research for the assortments produced according to the provisions of 
the national standards were obtained from the forest assortment price list of PE “Srbijasume”, 
while the prices of the assortments processed according to the European standards for roundwood 
were based on the prices of the Stick Trade service in Seattle. The fact that changes in exchange 
rate can lead to the changes of the value parameters was also taken into consideration.

The resulting data of the performed marking for stem cross-cutting, expressed as a total 
value of the of produced tree assortments (best variant) are classified in 5 cm diameter degrees. 
They are subsequently used in the statistical and mathematical analyses.

RESULTS

The number of knots in the lower or the most valuable part of the stem was analyzed  
on SA 1. Their number was assessed in 1 meter long sections (Fig. 2). The average number of 
knots per stem at a height of up to 6 m is 4.37 or 1.35 of intergrown knots and 3.02 of loose knots. 

Fig. 2: Number of knots on the stem up to 6 m of height by sections.
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Of the total number of loose knots, 32.8 % are located at a height from 4 to 5 m and 59.5 %  
at a height from 5 to 6 m, while 32.5 % of intergrown knots are found at a height from 3 to 4 m, 
39.2 % at a height from 4 to 5 m and 24 % at a height from 5 to 6 m.

The average height of trees on SA 1 amounts to 35.4 m, and the first green branch is at a 
height of approximately 17.72 m. The average number of knots on a 25 meter long trunk is 37, or 
5 intergrown and 32 loose knots respectively. Of the total number of intergrown knots, 70.6 % 
are located at a height of up to 10 m.

In comparison to other factors, knots have the greatest effect on the total value of produced 
assortments and their effect grows with the increase of diameter at breast height (Fig. 3). 

  

Fig.3: Effect of knots in correlation to diameter        Fig. 4: Effect of sweet in correlation to diameter
at breast height.                                                         at breast height.

The analyzed factors have no significant effect on the changes of the total value of the 
produced assortments in the diameter degrees of 22.5, 27.5, and 32.5 cm on all sample plots, 
which proves that minimal dimensions are of crucial importance in marking thinner stems for 
cross-cutting.

In other diameter degrees on all sample plots, knots are regarded as the most important 
quality factor. 

Apart from knots, sweep also has a significant effect on the total value of the produced 
assortments in the diameter degrees of 37.5, 42.5 and 47.5 cm on SA 4. SA 4 is located along 
the river bank of the Tamis where frequent f loods have contributed to the occurrence of multiple 
sweeps.

The average number of sweeps on a stem up to the height of 6 m on SA 4 amounts to 3.73 or 
50 % of the total number of sweeps on the whole stem, while on the sample plot that is protected 
from the impact of f lood waters, the average number of sweeps up to the height of 6 m equals 
1.56 or 49.6 % of the total number of sweeps on the whole stem. Furthermore, the number of 
curvatures above 3 % of sweep is 2.51 times greater. The effect of sweep on the total value of 
the produced assortments decreases with the increase of the diameter at breast height and it is 
considerably smaller in the plantation protected from the f lood waters (Fig. 4). 

In the plantations with the symmetrical planting layout, the effect of ovality on the total 
value of the produced assortments is minimal and it does not vary significantly with the increase 
of the diameter at breast height, while the effect of ovality significantly grows with the increase 
of diameter at breast height on SA 2 (Fig. 5).
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Fig. 5: Impact of ovality in correlation to diameter   Fig. 6:  Impact of the analyzed factors for both
at breast height.                                                       standards (SA 4).

Fig. 6 presents the effect of the quality factors in correlation to the diameter at breast height 
according to the national and European quality standards. 

If we analyze the effect of the study factors from the aspect of European standards for round 
wood (EN), we can conclude that in the diameter degrees of 22.5, 27.5 and 32.5 cm there are 
no statistically significant differences between the total values of the assortments obtained in 
different variants of marking trees for cross-cutting, at the confidence interval of 0.05.

In the diameter degrees of 37.5 and 42.5 cm, knots and sweep have a significant effect on the 
increase of the total value of the assortments. In other diameter degrees the effect of knots is also 
significant and stands out from the effect of other factors. The effect of sweep on the production 
of higher quality assortments is the greatest in the lower part of the tree stem, where often due 
to minimal length of class A, which amounts to 3 m, its production is not possible. Of the total 
number of analyzed stems on the SA 4, multiple sweep has occurred on 28.1 % of the trees. The 
percentage of trees with multiple sweep on the lower part of the stem significantly affects the 
change in the structure of assortments (Fig. 7).

Fig. 7: Volumetric shares of assortments.

The greatest changes are the in the superior quality class. The total volume of the A class 
assortments significantly grows with the increase of the stem diameter (F-27.8, R-0.769) if the 
effect of knots is isolated, which further increases the volumetric share of these assortments by   
35.2 % (Fig. 7).



420

WOOD RESEARCH

Sweep has a considerably smaller effect on the decrease of volumetric share of superior 
quality logs than knots. The average increase, when sweep is isolated, equals to 13.6 %. The effect 
of ovality on the volumetric share of superior quality logs is minimal. Actually, the volumetric 
share of superior quality logs is increased by only 0.6 % by isolating ovality (Fig. 7).

The correlation between the total value of produced assortments and the stem diameters for 
all studied variants, when SRPS standards for round wood are applied, can be represented by 
the power function model Q= a.DBHb , and when European standards are applied the function 
Q= (a+b.DBH)2 is used.

The minimal number of trees required for the analysis was obtained by using the variational 
statistical method.

The number of trees in the sample corresponds to the minimal number of required trees            
(Tab. 1).

Tab. 1: Number of required and conducted measurements.  

Variants
SA 1 SA 2 SA 3 SA 4 SA 4 (EN) Total

N A N A N A N A N A N A
Q 228 250 135 176 168 182 135 176 208 250 874 1034

Q-sweep 168 250 135 176 161 182 135 176 173 250 772 1034
Q-knots 221 250 139 176 154 182 139 176 174 250 827 1034
Q-ovality 183 250 133 176 166 182 133 176 192 250 807 1034

Q-taperness 169 250 145 176 169 182 145 176 203 250 831 1034

N- number of required trees, A- number of analyzed trees 

Researched variants were:

Qreal - total value of produced assortments,
Qsweep - total value of produced assortments when sweep is isolated,
Qknots - total value of produced assortments when knots are isolated,
Qovality - total value of produced assortments when ovality is isolated,
Qtaperness - total value of produced assortments when taperness is isolated.

The correlation between the total value of assortments and the tree diameters for all variants 
and on all sample plots is very strong and complete (Reomer-Orphal's distribution). Depending 
on the variant the value of R ranges from 0.867 to 0.970, while the coefficient of determination 
R2 ranges from 75.2 to 91.3. The standard regression error is in the range from 0.106 to 0.294 
depending on the variant.

Tab. 2 presents the function parameters.
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Tab. 2: Function parameters of researched dependance.

Standard 
type

Stady 
area Function

Function 
parameters

Q Q- sweep Q-knots Q-ovality Q-taperness

SRPS

SA 1

Q=a.DBHb 

 a -8.25 -7.94 -8.94 -8.25 -0.85

 b 2.39 2.32 2.61 2.39 2.48

SA 2
 a -9.28 -8.81 -9.46 -9.27 -9.20

 b 2.67 2.56 2.74 2.67 2.66

SA 3
 a -10.47 -10.3 -11.25 -10.69 -10.8

 b 2.94 2.91 3.19 3.01 3.04

SA 4
 a -8.76 -8.26 -9.33 -8.78 -8.80

 b 2.49 2.37 2.69 2.5 2.52

EN
SA 4

Q=(a+b.DBH)2
 a -0.26 -0.56 -0.25 -0.27 -

 (EN)  b 0.035 0.047 0.037 0.04 -

SRPS - national standards, EN - European standards

Ranking of significance of researched quality factors
Knots have the greatest effect on the total value of the produced assortments on all sample 

plots and are ranked first in significance (Fig. 8). The effect of knots is significantly greater on SA 
1 than on the sample plots in which the lower branches of young standing trees have been pruned. 

Sweep has the greatest effect on SA 4 and is ranked second in significance, while on other 
sample plots it is ranked third, behind taperness. The average number of curvatures at a height of 
up to 6m is 58 % greater in this plantation than in the plantation protected from flooding.

Ovality has a minimal effect on the total value of the produced assortments in the plantations 
with a symmetrical planting layout.Its effect is 5 to 6 times greater in the plantations which 
had an asymmetrical planting layout at the time of establishment than in the plantations with 
a symmetrical planting layout. Nevertheless, it does not affect the ranking order of the study 
factors.

The weaker effect of knots on SA 2 than on SA 3 and SA 4 is due to denser planting which 
encourages trees to self-prune of lower branches.

The impact of sweep on SA 4 is 2.3 times greater when European standards for round wood  
are applied than when we apply the national standards for the quality of round wood, while the 
effect of knots is 2.44 times greater in the same situation. 
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Fig. 8: Effect of researched quality factors.

Based on the performed analyses, a mathematical model for calculating the total value of 
the massive wood in 25 year old poplar Populus×euramericana 'I-214' plantations was developed :

where: QMTDD - total value of produced assortments from the average tree of the diameter degree
vNVS- whole wood volume 
V, R, SI, SII, C, F – volumetric share of assortment classes in % of the net volume of whole wood
Cv; CR ;CSI ;CSII ;CC ;CF – coefficient derived from the price ratio for assortments of certain 
quality 
QTDD - total value of processed assortments from the average tree of a diameter degree 
corrected in the dependance of the effect of studied factors
k - coefficient of the increase of the total value of produced assortments in the plantations 
with conducted pruning
c - coefficient of the increase of the total value of produced assortments in the plantations 
protected from the impact of f looding
o - coefficient of the increase of the total value of produced assortments in the plantations 
with symmetrical planting layout 
xk; xc; xo - coefficient of excluson and inclusion of a certain factor
NTDD - number of trees in a diameter degree
QDD – total value of produced assortments in a diameter degree
QP - total value of a plantation
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DISCUSSION

Diameter at breast height has a significant effect on the total value of produced assortments 
on all sample plots and for all studied variants. In other words, with the increase of the diameter 
at breast height, the total value of the produced assortments increases significantly. Other 
authors also point out the significance of stem dimensions for the production of higher quality 
assortments, but they also emphasize the utmost importance of wood defects (Trull 1983, Nikolić 
1988, Danilović 2000a, b, Uusitalo et al. 2004, Petráš et.al. 2008c).

It is obvious that the mean stand diameter affects the assortments structure. In general, the 
greater the mean stand diameter, the smaller the percentage of pulpwood assortments of class V 
and the bigger percentage of the round wood assortments of the I–IIIC class (Slovak technical 
standard STN 48 0056 of 2004). The percentage of the higher quality assortments increases 
with the increase of the stand tree diameter of up to 40 cm. If the diameter is above 40 cm, their 
percentage slightly decreases. It is logical that the percentage of the highest quality assortments 
increases with the better quality of stems and this is the reason why the stands of Robusta have 
a higher percentage of more valuable assortments than the stands of I-214 (Petráš et al. 2008a).

According to the results of the previous researches (Danilović 2000a, Vestøl and Høibø 2000, 
Kärki and Vainikainen 2004, Šušnjar et al. 2006) knots have the greatest effect on the assortment 
structure which is confirmed by this research too. The effect of knots grows with the increase 
of the diameter at breast height (Fig. 3). The possibility of producing higher quality assortments 
from longer stem sections which are not influenced by the minimal diameter requirement 
increases with the increase of the diameter at breast height. Sweep is the greatest in the lower 
part of the stem, where it often appears as a multiple sweep, which often makes it impossible to 
fulfill the minimal length requirement proposed by the standards. Its effect decreases towards 
the thinner end of the trunk which makes it possible to meet the requirements necessary for the 
production of the higher quality assortments. Even though the conditions for the production of 
the higher quality assortments from the aspect of minimal dimensions and sweeps are met, their 
production in this portion of the stem is limited by the presence of knots. 

The effect of knots on the total value of the produced assortments is significantly greater in 
the plantations where pruning of the lower branches has not been done than in the plantations 
where the pruning has been done at a height of up to 6 m. The differences between the studied 
plantations are betwee 4.2 and 7.3 %.

The analysis of the poplar plantations from the aspect of the manner, time and intensity of 
pruning on the territory of Serbia indicates that there are significant differences. Pruning has 
never been done in the majority of older plantations, while the rest of the plantations have been 
pruned only once, at a height of 4 to 5 m. In young plantations correctional pruning is carried out 
at a height of up to 6 m, which is very important because 59 % of knots that appear at a height of 
up to 6 m, are found on the portion of the stem from 5 to 6 m.

On the basis of these findings, it can be concluded that pruning of poplar trees can 
significantly improve the quality of assortment structure and enhance the total value of the 
produced assortments in the plantation. In order to increase the total value of the produced 
assortments, pruning of poplar trees should be carried out on time and with certain intensity 
(Danilović 2006, Rytter and Jansson 2009). 

It is proved by researches (Marković et al. 1997, Marković 1985, Pudar 1987, Danilović 
2006) that planting density significantly affects the quantity and the quality of the produced 
wood. Tree stems that originate from the plantations with a denser planting layout have a slighter 
decrease in diameter and fewer knots. They have a smaller branch diameter because the crowns 
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have less space for their development (Danilović 2006).
The effect of sweep decreases with the increase of the stem diameter (Fig. 4). This 

occurrence is expected since marking the thinner trees for cross-cutting the production of the 
higher quality assortments is only possible in the lower part of the stem where the effect of sweep 
is the most significant. The greater effect of sweep on marking thinner trees for cross-cutting can 
be explained by the fact that it is impossible to produce higher quality assortments from the lower 
part of the stem due to their small diameters. In that case, lower quality assortments are produced 
which are only slightly affected by knots, while sweep remains the only significant quality factor.

Sweep of the trees in the plantation that is protected from the impact of f lood waters has 
been caused primarily by winds and it appears as a single sweep in the greatest number of cases.

The differences in the effect of sweep on the total value of the produced assortments 
between the plantations that are exposed to the impact of f lood waters and the plantations that 
are protected from this impact do not vary significantly with the increase of the diameter at the 
breast height (Fig. 4).

In the plantations that are exposed to f looding, sweep has the greatest effect on marking 
thinner stems for cross-cutting, especially the trees up to 29.4 cm of diameter at breast height, 
while in the plantations protected from the f looding water, the effect is the greatest in marking 
trees up to 27.1 cm of diameter at breast height (Fig. 6). Marking the stems with greater diameters 
should give priority to knots.

Sweep of the lower part of the stem can be reduced by planting mature seedlings 2/2, by a 
better quality planting or by straightening out the plants after the withdrawal of f lood waters in 
the first few years of the plantation development.

In the plantations that were established with a symmetrical planting layout, the effect of 
ovality on the total value of the produced assortments is minimal and does not vary significantly 
with the increase of the stem diameter, while in the plantations that were established with a 
symmetrical planting layout this effect significantly increases with the increase of the diameter 
at breast height (Fig. 5).

This can be explained by the fact that in the plantations in which the plants were 
asymmetrically laid out at the time of establishment, considerably shorter time is needed for 
making the contact between the branches of the neighbouring trees than between the rows. 
Before the first thinning is performed, the amount of sunlight that reaches the crowns is greater 
between the rows than inside the row, which leads to the occurrence of asymmetrical cross-
section of the stems.

The effect of knots on the total value of the produced assortments is greater when European 
standards for round wood are implemented, and the reason is the minimal prescribed length of 
the superior quality assortments (Fig. 8).

In both cases, we applied the price ratios that were currently used at the time of marking 
stems for cross-cutting. A potential change in the price of the assortments cannot significantly 
affect the established ranking of quality factors. For example, if the change in the price ratio  
is influenced by an increase of the price of the higher quality assortments, the effect of all 
factors will increase in accordance with this price ratio change or it will decrease if the change 
is influenced by a price reduction. It proves that these changes cannot change the established 
ranking of researched factors which was the primary goal of this study and they cannot lead to 
significant changes in the volumetric share of the assortments.

The share of the assortment classes varies depending on the study factors (Fig. 7). Ovality 
has a minimal effect on the changes in volumetric share, which has been expected since it is a 
plantation with a symmetric planting layout. In comparison to ovality, the effect of sweep on the 
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volumetric share of assortments is significantly greater. The increase of the volumetric share of 
the class A on the account of the volumetric share of other assortment classes was primarily due 
to the fact that multiple sweeps in the lower parts of the stem are not a limiting factor for the 
production of the assortments of the minimal length of 3 m, proposed by the European standard 
for round poplar wood. Knots cause considerable changes in the volumetric share of assortments, 
so they should be regarded as the most significant factor in marking stems for cross-cutting.

CONCLUSIONS

The results of this research show that diameter at breast height has a significant effect on the 
total value of the produced assortments in all studied plantations and for both applied standards.

The correlation between the total value of the produced assortments and the stem diameter 
is very strong and complete and can be represented by a power function when national standards 
are applied, and by a square root Y model when European standards for quality of round wood 
are applied.

Knots have the greatest effect on the total value of the produced assortments in all 
plantations, and in the plantation where pruning of the branches on young poplar trees has not 
been conducted the impact is significantly greater. The effect of this wood defect significantly 
increases with the growth of diameter at breast height.

When national standards are applied, sweep is ranked second in importance in the plantation 
which is exposed to frequent f looding, while in all other plantation it is ranked third after knots 
and taperness.

When European standards are applied knots have the greatest effect on the qualitative 
structure of assortments, while sweep is ranked second.

In this case, the effect of these factors is significantly greater than the effect of the same 
factos when national standards are applied.

In the plantations with the asymmetrical planting layout, the effect of ovality on the total 
value of the produced assortments is greater than the effect of this characteristicin the plantations 
that were established with the symmetrical planting layout, but it does not change the ranking of 
the quality factors which is established in the plantations with the symmetrical planting layout.
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