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Abstract. The research aim was to evaluate the influence of different thinning methods on future crop tree growth.
Investigations were conducted on permanent Scots-pine experimental plots, established in 1960s and 1970s in 

Kozienice, Łąck, Parciaki and Janów Lubelski Forest Districts. To assess the response to thinning of future crop trees, 
their dominance coefficients were used. These are defined as quotients for each given future crop tree diameter and 
average stand diameter (WP1), the average dominant layer diameter (WP2) and the average diameter of 100 thickest 
trees per hectare (WP3). The difference between each coefficient value at the beginning and at the end of the measure-
ment period was used as a measure of the thinning effect.

On Kozienice, Łąck and Parciaki plots the differences between treatments were significant, especially in the period 
after first thinning. The increase of WP3 coefficient occurred in a case of strong thinning – TS1 and TS2. On plot Par-
ciaki also the moderate thinning TU1 and TU2 had a significant influence on change of this coefficient. On plot Janów 
Lubelski the influence of treatment has not been stated in the first 5-year period but in the next one.

Analyses of changes in the dominance coefficients confirmed the hypothesis that the WP3 coefficient is very useful 
as it is the most stable indicator of future crop-tree position in a stand. On Kozienice, Łąck and Parciaki plots the sig-
nificant differences between treatments were stated, especially in the period after first thinning.

The influence of thinning treatment on the plot Janów Lubelski was not considered for the first 5-year period but in 
the next one. All reactions to thinning were slower on this plot, possibly because of the relatively poor site conditions.

This was a long-term effect.
The results obtained suggest that very intense thinning of Scots pine stands should only be implemented under a 

restricted set of conditions – in healthy, not neglected, forest stands. Classical moderately-selective thinning is prefer-
able to intense thinning and is the most convenient option for pine stands.
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1. Introduction and study aim 

There are two essential approaches to breeding se-
lection in European thinning concept. The classical ap-
proach consists of the use during forest stand tending the 
phenomenon of natural competition and comes down to 
moderate interference in this process to help individuals 
of desirable quality features in the competitive strug-

gle (Schädelin 1942; Leibundgut 1972; Zajączkowski 
1994). In practice, it means a multi-phase selection of 
best forest stands components, with cooperation of na-
ture forces and human decisions.

The second approach, more modern, consists of 
transferring the burden of selection to humans and min-
imising competition between trees. The result of this 
approach is an early selection of crop trees, strong cut-
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ting and maintenance of open canopy in forest stands 
(Abetz 1967; Johann 1981; Huss 1983, 1993). One of 
the essential causes of such an approach change is an 
increase of forest work costs, resulting in simplification 
of interventions and their mechanisation.

Except quality formation, an important factor taken 
into consideration during thinning planning is a forest 
stand’s stability, including inter alia its resistance to 
mechanical damages caused by atmospheric factors, 
especially wind and snow, and particularly in case of 
coniferous species forest stands (Konôpka et al. 1987; 
Zajączkowski 1991; Peltola et al. 2000). With reference 
to this, two approaches can be distinguished – first, 
focusing on tree’s individual resistance (Fries 1969; 
Abetz 1976; Johann 1981; Huss 1983, 1993, Stępień 
1986; Konôpka et al. 1987) and, second, emphasising 
the importance of group immunity (Zajączkowski 1990, 
1994; Slodičak 1995; Peltola et al. 1993; Talkkari et al. 
2000). The first approach leans towards loose spacing 
and strong thinning and slenderness coefficient is con-
sidered to be a basic stability measurer, which is a rela-
tion of diameter breast height (dbh) to height h/d. The 
second approach prefers moderate cutting, not breaking 
permanently canopy density (light and moderate thin-
ning, possibly group thinning). The compromise model 
involves the use of the first strategy at young age (to II 
class) and a gradual decrease of cutting intensity in av-
erage age and older forest stands (Slodičak 1995).

Due to an expected increase of renewable energy in 
general consumption, the interest in wood use for ener-
gy purposes is renewed (Alam et al. 2012). It may result 
in using again denser spacing and more frequent thin-
ning (Routa et al. 2011).

Thinning research in Forestry Research Institute has 
a long history and in a large measure based on results 
from permanent experimental plots (Bernadzki 1969; 
Grynkiewicz 1972, 1988; Ilmurzyński 1974; Zachara 
1998, 1999, 2000). On the basis of research conducted 
on permanent experimental plots in pine forest stands 
of II age class in Wyszków, Ostrów Mazowiecka and 
Myszyniec Forest Inspectorate, a positive influence of 
selective thinning on growth of crop tree population was 
stated, if the intensity of first cutting amounted to no 
less than 20%. A distinct influence was noticeable with 
cutting intensity amounting to 30%. In this research, for 
selective thinning effect evaluation, measurers among 
others called ‘dominance coefficients‘ (Zachara 1998, 
1999) based on the relation between dbh of examined 
tree and average dbh of whole forest stand or defined 
trees class were used. Among the examined coefficients, 

the best coefficient of thinning effect was WP3 coeffi-
cient, defined as ratio of crop tree’s dbh to average dbh 
of 100 thickest trees per hectare.

The aim of study was to define the influence of vari-
ous thinning methods on growth of forest stand and pop-
ulation of chosen crop trees. In particular, it needs to be 
stated what dominance in increase in thickness individual 
thinning types provide and how permanent this effect is.

2. Research methodology

2.1. Research objects

The research was conducted on the following perma-
nent experimental plots of the Forestry Research Institute: 

• Kozienice Forest Inspectorate, Forest District 
Chinów, comp. 100 

• Łąck Forest Inspectorate, Forest District Korzeń, 
comp. 286b, 290 b, g 

• Parciaki Forest Inspectorate, Forest District Bra-
mura, comp 149 

• Janów Lubelski Forest Inspectorate, Forest Dis-
trict Bukowa, comp. 192, 218, 219.

The first three mentioned objects were created as 
spacing areas, and from 1999 they were treated as thin-
ning areas. A plot in Janów Lubelski was created as thin-
ning area in an already existing small polewood stage.

Kozienice, Łąck and Parciaki plots were created by 
planting after soil preparation by full cultivation. The 
planting material was 1-year-old Scots pine seedlings.

Plot in Kozienice Forest Inspectorate was created in 
an area of fresh coniferous forest, I site index in 1965. 
Plot dimensions were 16×36 m. Plot in Forest Inspec-
torate Łąck was created in 1965 in an area of fresh co-
niferous forest, II site index. Dimensions of whole plots 
were 40×40 m, while measuring plots were 21×37 m. 
Plot in Parciaki Forest Inspectorate was created in 1966 
in an area of fresh coniferous forest, I site index, on for-
mer agricultural land. Dimensions of whole plots were 
50×50 m, and measuring plots were 49×17 m.

Forest stand to 35-year-olds in Parciaki plot did 
not undergo any tending interventions; in Łąck and 
Kozienice plots run was moderate early thinning (Łąck 
– 25 years, Kozienice – 30 years).

Thinning experiment began in 1999–2001 in these 
plots. Thinning experiment in Kozienice plot includes 
four repetitions, in Parciaki and Łąck plots three repe-
titions, whereas Łąck plot had no correct block system.

In each repetition, the following experiment treat-
ments occurred:
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K – control (without thinning) in forest stand grown from 
cultivation planted in rectangular spacing 1.2×0.8 m;
TU1 – classic selective thinning (moderate) in forest 
stand grown from cultivation planted in square sparing 
(distance between seedlings 1.0 m);
TU2 – classic selective thinning (moderate) in forest 
stand grown from cultivation planted in triangular spac-
ing (distance between seedlings 1.2 m);
TS1 – heavy thinning by crop trees in forest stand grown 
from cultivation planted in square spacing (distance be-
tween seedlings 1.2 m);
TS2 – heavy thinning by crop trees in forest stand 
grown from cultivation planted in rectangular spacing 
1.2×0.55 m;
TG1 – group thinning in forest stand grown from cul-
tivation planted in square spacing (distance between 
seedlings 0.8 m);
TG2 – group thinning in forest stand grown from culti-
vation planted in triangular spacing (distance between 
seedlings 1.0 m).

On surfaces designed were crop trees, according to 
adopted below assumptions, and around them 

– harmful trees, for removal. Crop trees were marked 
in a permanent way, with a band painted by aerosol. The 
method of designing crop trees and trees from removal 
was as follows:

– at classic thinning (treatments TU1 and TU2) 500 
crop trees per hectare were chosen, maintaining the reg-
ularity of their arrangement. From harmful trees group, 
no more than one tree from dominant layer was removed;

– at group thinning (treatments TG1 and TG2), crop 
trees in the same number as previously were chosen, 
without maintaining the criteria of even space. During 
thinning, removal of good quality dominant trees was 
attempted to be avoided;

– at heavy thinning (treatments TS1 and TS2) crop 
trees in number of 350 trees per hectare were chosen, 
arranged as far as possible regularly. From their direct 
neighbourhood, all competitors in contact with their 
crowns were removed.

Thinning according to above assumptions in 
Kozienice plots was planned in 1999, and in Łąck and 
Parciaki plots in 2000. Another thinning in Kozienice 
Forest Inspectorate was planned in 2007 and in Łąck 
Forest Inspectorate in 2008. In Parciaki plot, due to 
strong biotic damages, only sanitary cuttings were per-
formed from 2003.

Janów Lubelski plot was created in 1976, in 21-year-
old Scots pine of I site index (II in places) in an area 
of fresh coniferous forest. Experiment was started in a 

system of three random blocks for testing the influence 
of linear cutting and selective thinning of various inten-
sifications on stability and productivity of forest stands 
in II age class. In this plot, the following cuttings treat-
ments were used:
K – control;
S1 – light selective thinning, with basal area reduction 
by 10% in relation to control treatment;
S3 – heavy selection thinning, with basal area reduction 
by 30%;
TE – extreme thinning – in first cutting over 60% of 
basal area was removed.

Size of each plot was 0.1 ha. Last thinning on this 
plot was planned in 2008.

2.2. Measurements on experimental plots

Forest stand in Kozienice, Łąck and Parciaki plots was 
measured before the beginning of experiment (in 1997–
1999). Following measurements in Kozienice plot took 
place in 2005 and 2011; Łąck in 2003, 2007 and 2012; 
and Parciaki in 2003, 2006 and 2012. Measurements on 
Janów Lubelski plot was performed every 5 years be-
tween 1976 and 2001, and then in 2007 and 2012.

In Kozienice, Łąck and Parciaki plots, dbh measure-
ments were performed (in two directions) with an accu-
racy of 1 mm, and total height measurements and height 
of all living crown base treatment (with an accuracy of 
0.1 m). Tree’s location in experimental plots was accu-
rately defined. A silvicultural quality classification of 
individual trees according to Schädelin scale was con-
ducted (Bernadzki et al. 1999). 

In Janów Lubelski plot, dbh of all trees were meas-
ured and their classification was made, whereas the 
height was measured of around 30 trees in every plot in 
order to calculate the regression between dbh and height 
(height curve).

2.3. Elaboration of results

Measurement results are presented as tables and 
graphs. In tables, the number of trees and dbh basal area, 
average dbh, height and upper height and dbh of 100 
thickest trees per hectare were presented, from the begin-
ning of thinning experiment and the last measurement.

Dominance coefficients of crop trees were defined in 
the following way:

WP1 = di/D, 
WP2 = di/DA,
WP3 = di/Dg,       
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where di – dbh of a given tree, D – average dbh of 
whole forest stand, DA – average dbh of dominant trees 
class (1st social class in Schädelin classification, which 
corresponds to I and II class in Kraft’s scale) and Dg – 
dbh of 100 thickest trees per hectare. Values D, DA and 
Dg were treated as permanent within individual plots.

Average dominance coefficients for individual plots 
of experiment are presented in tables.

The results underwent two-factor variance analysis. 
As a variability source taken was experiment treatment, 
group of trees (distinguishing thick, average and thin 
trees) and interactions between them. The differences 
between averages were compared with Tukey test.

For statistical analysis Statistica 8 package was used.
For statistical calculations, a group of trees of aligned 

initial parameters was chosen. Only crop trees were 
chosen in which WP3 coefficient in the beginning of 
research was included in the range 0.65–0.95, rejecting 
the thinnest and thickest individuals. In each variant 
chosen were 30 trees, 10 from each range: 0.65–0.75, 
0.75–0.85 and 0.85–0.95. In total, 210 trees in each of 
Kozienice, Łąck and Parciaki plots were chosen and 120 
trees in Janów plot.

Changes of WP3 coefficient were analysed, which 
are differences between coefficient value of given tree 
in the end and beginning of each measurement period. 
For Kozienice plot, coefficient differences in 1999–2011 
were moreover calculated, for Łąck plot coefficient dif-
ferences in 1997–2012, and for Parciaki plot differences 
in 1998–2012. That is, between a measurement made 
before the beginning of thinning experiment and the last 
measurement. The year of measurement, not on every 
plot coincided with the beginning of experiment or per-
forming the cutting. For plots like Janów, such long-
term changes were calculated for three periods, i.e. from 
the beginning of experiment in 1976 to: 

– 1981, after first thinning,
– 1996 (approximately this period corresponded to 

II age class),
– 2012, that is, to the last measurement. 

3. Research results 

3.1. Biometric features in different cutting 
treatments

In Kozienice plot (Table 1), the initial number of 
trees ranged from 2849 individuals/ha (treatment TS1) 
to 3537 individuals/ha (treatment TG1), and basal area 
from 29.739 m2/ha (TS2) to 33.398 m2/ha (TS1). Treat-

ment TS1 was characterised by higher dbh value, both 
average and upper. During last measurement, the number 
of trees was from 1132 individuals/ha in treatment TS1 
(heavy thinning) to 2076 individuals/ha in treatment K 
(control), and forest stand basal area from 24.412 m2/ha 
in treatment TS2 to 34.804 m2/ha in control treatment. 
Differences were a consequence of cutting performed 
according to the plan. Relatively low values of basal 
area are a result of occurrence of snow and wind dam-
ages in winter months in 2009–2010. These damages 
did not have a whole-surface character, but a single-tree 
character, and so they did not disrupt the experiment.

In Łąck plot (Table 2), the number of initial trees ranged 
from 3004 individuals/ha in treatment TS1 to 4312 indi-
viduals/ha in treatment TG1. Initially, basal area was the 
smallest in control treatment (27.767 m2/ha), and the big-
gest in treatment TS2 (30.916 m2/ha). During last measure-
ment, the number of trees ranged from 1300 individuals/
ha in treatment TS1 to 2064 individuals/ha in control treat-
ment. Forest stands basal area was estimated from 26.234 
m2/ha in treatment TS1 to 34.790 m2/ha in control treat-
ment. Sporadic abiotic damages (wind, snow) and biotic 
damages (Phaenops cyanea) did not have a significant 
influence on course of experiment. In the results (as in 
Kozienice), internal habitat diversity has some influence, 
expressed in forest stand’s upper height diversity.

In Parciaki plot (Table 3) at the beginning of thin-
ning experiment, tree density was much higher than 
on earlier plots discussed (compare Section 2.1), as is 
evidenced by tree number from 3896 individuals/ha in 
treatment TU2 to 5117 individuals/ha in treatment TG1, 
and basal area from 35.738 m2/ha in control treatment 
to 39.382 m2/ha in treatment TS1. After the beginning 
of experiment, biotic damages intensified, causing wid-
ening of existing gap and formation of new ones. That 
is why part of the plots during last measurement was 
characterised by extremely small number of trees and 
basal area, despite the fact that after occurrence of dam-
ages the thinning was stopped and only sanitary cuttings 
were performed. Treatment TG2 was characterised by 
the biggest basal area (30.237 m2/ha), that is, group thin-
ning in forest stand planted in triangular spacing. The 
smallest basal area (19.883 m2/ha) was in treatment TG1 
(dense square sparing, group thinning).

In Janów Lubelski plot (Table 4) at the beginning of ex-
periment, forest stand’s basal area was similar in all treat-
ments, while the number of trees was the highest in control 
treatments (6403 individuals/ha) and in S1 light thinning 
(5783 individuals/ha), which proves the diversity of certain 
objects. Measurement results from 1996 were disrupted on 
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the other hand by cutting mistakenly performed by the then 
forest administration on some part of plot. As a result, basal 
area in control treatment was lower than in light thinning 
treatment. During the last measurement, the forest stand 
was characterised by tree number from 677 individuals/
ha in heavy thinning treatment (S3) to 1280 individuals/
ha in control treatment; on the other hand, forest stands 
basal area was the smallest in treatment S3 (26.594 m2/ha), 
and the highest, according to expectations, in control treat-

ment (35.327 m2/ha). The lowest values of trees number 
and basal area, obtained in S3 treatment, result from the 
fact that in treatment of extreme thinning (TE) the cutting 
was performed more rarely than in remaining treatments. 
By comparing values of average dbh and height in indi-
vidual treatments, it may be noticed that in heavy thinning 
treatments (S3 and TE) – unlike treatments control (K) and 
light thinning (S1) – average slenderness dropped below 
the critical value of 100.

Table 1. Stand characteristics in experimental plot Kozienice

Year Treatment*
Total stand** Future crop trees

n (pcs./ha) G (m2/ha) H (m) D (cm) Hg (m) Dg (cm) n (pcs./ha) G (m2/ha) H (m) D (cm)

1999

K 3349 32.659 13.4 11.2 14.6 17.3 493 7.749 14.1 14.1

TG1 3537 30.402 13.2 10.5 14.7 15.8 550 7.647 14.1 13.4

TG2 3118 31.016 13.6 11.3 15.3 17.3 580 8.854 14.6 14.0

TS1 2849 33.398 14.0 12.3 15.0 18.8 374 7.152 14.8 15.6

TS2 3175 29.739 13.7 10.9 15.2 16.7 365 5.942 14.7 14.4

TU1 3045 30.938 13.8 11.4 14.9 17.1 511 8.475 14.7 14.1

TU2 3054 30.869 13.5 11.4 14.8 17.1 510 8.394 14.3 14.4

average 3161 31.288 13.6 11.3 14.9 17.1 483 7.745 14.5 14.3

2011

K 2076 34.804 16.0 14.7 17.3 21.5 459 11.072 16.6 17.6

TG1 1595 28.245 16.1 15.0 17.4 21.0 523 12.132 16.6 17.0

TG2 1495 30.031 16.8 16.0 18.0 21.8 550 13.819 17.3 17.9

TS1 1132 26.738 16.6 17.5 17.3 22.8 369 11.870 17.2 20.2

TS2 1302 24.412 16.4 15.5 17.3 21.2 357 9.692 16.9 18.6

TU1 1364 27.599 16.8 16.1 17.8 22.6 491 13.511 17.3 18.7

TU2 1382 26.836 16.4 15.8 17.5 21.7 505 13.181 16.9 18.2

average 1478 28.381 16.5 15.8 17.5 21.8 465 12.182 17.0 18.3

* K – control treatment (no thinning), initial spacing of plantation 1.2×0.8 m
 TG1 – group thinning, initial spacing of plantation 0.8x0.8 m
 TG2 – group thinning, initial spacing of plantation – triangle 1.0 m
 TS1 – strong thinning, initial spacing of plantation – 1.21.2 m
 TS2 – strong thinning, initial spacing of plantation 1.2×0.55 m
 TU1 – moderate thinning, initial spacing of plantation 1.0×1.0 m
 TU2 – moderate thinning, initial spacing of plantation – triangle 1.2 m
**  n – number of trees
 G – basal area 
 H – mean height
 D – mean dbh
 Hg – top height 
 Dg – mean dbh of 100 thickest trees per hectare 
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Table 2. Stand characteristics of experimental plot Łąck

Year Treatment*
Total stand Future crop trees

n (pcs./ha) G (m2/ha) H (m) D (cm) Hg (m) Dg (cm) n (pcs./ha) G (m2/ha) H (m) D (cm)

1997

K 3405 27.767 12.1 10.3 13.6 15.5 506 6.364 12.7 12.6
TG1 4312 32.184 11.5 9.7 12.8 15.3 516 6.696 12.4 12.9
TG2 3232 28.700 12.1 10.6 13.4 16.2 516 7.426 12.8 13.5
TS1 3004 28.327 12.1 11.0 13.2 16.4 352 5.438 12.7 14.0
TS2 4011 30.916 11.6 9.9 12.7 15.3 334 4.525 12.4 13.1
TU1 3477 28.666 12.1 10.4 13.5 16.3 481 6.905 12.8 13.5
TU2 3253 28.639 11.7 10.6 12.6 15.9 496 6.850 12.3 13.3

average 3528 29.314 11.9 10.4 13.1 15.8 457 6.315 12.6 13.3

2012

K 2064 34.790 17.3 14.9 18.2 22.0 477 11.509 17.5 17.5
TG1 1827 30.391 15.9 14.6 16.8 19.2 515 11.911 16.6 17.2
TG2 1595 31.145 17.1 15.9 18.2 22.8 504 13.695 17.7 18.6
TS1 1300 26.234 16.7 16.1 17.8 23.0 334 10.095 17.3 19.6
TS2 1537 26.874 16.1 14.9 17.6 21.7 330 9.170 16.9 18.8
TU1 1449 28.207 16.7 15.6 18.4 22.3 440 11.369 17.3 18.2
TU2 1567 27.781 15.9 15.1 17.0 21.6 482 12.155 16.5 17.9

average 1620 29.346 16.5 15.3 17.7 21.8 440 11.415 17.1 18.3

* As in Table 1

Table 3. Stand characteristics in experimental plot Parciaki

Year Treatment*
Total stand Future crop trees

n (pcs./ha) G (m2/ha) H (m) D (cm) Hg (m) Dg (cm) n (pcs./ha) G (m2/ha) H (m) D (cm)

1998

K 4153 35.738 14.1 10.5 15.6 18.0 481 7.689 15.0 14.3
TG1 5117 36.441 13.4 9.0 15.3 17.6 556 8.418 14.5 13.9
TG2 4516 36.872 13.8 9.7 15.6 18.0 533 8.971 14.9 14.6
TS1 3752 39.382 14.3 11.1 15.9 19.5 359 6.890 15.1 15.6
TS2 4646 39.263 13.9 10.1 15.6 18.2 355 6.198 15.0 14.9
TU1 4104 38.880 14.1 10.6 15.3 18.0 493 8.476 15.0 14.8
TU2 3896 38.457 13.9 10.8 15.1 18.2 514 9.004 14.7 14.9

average 4312 37.862 13.9 10.3 15.5 18.2 470 7.949 14.9 14.7

2012

K 1295 26.537 18.0 16.3 19.3 23.2 316 8.299 18.7 18.5
TG1 942 19.883 17.3 16.4 18.8 24.2 295 8.895 18.0 19.6
TG2 1469 30.237 18.2 16.2 19.6 23.7 441 13.097 18.9 19.4
TS1 881 21.967 18.0 17.9 19.3 24.5 225 7.968 18.6 21.2
TS2 974 21.839 17.7 16.9 19.0 23.8 259 8.681 18.5 20.7
TU1 1034 23.492 18.4 17.0 19.4 23.4 322 10.239 18.8 20.2
TU2 1023 23.633 18.0 17.5 19.0 23.6 359 11.360 18.5 20.1

average 1088 23.941 17.9 16.9 19.2 23.8 317 9.791 18.6 20.0

* As in Table 1
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3.2. Advantage coefficients of crop trees and 
their changes

3.2.1. Kozienice plot
In the beginning of experiment, the dominance coeffi-

cient of crop trees over the average of forest stand (WP1) 
was similar in all treatments. Only coefficient in treatment 
TS2 had a slightly higher value (Table 5). After 6 years 
(year 2005), there was a drop of dominance coefficient in 
majority of treatments, wherein the biggest decrease was 
in treatments TG1 and TG2, where the increase of aver-
age dbh was faster than the increase of crop trees dbh. 
The coefficient in treatment TS1 did not change where 
crop trees deprived of competition gained the possibility 
of growth due to exposure, and also in treatment K where 
increase of average dbh was small. After the next 6 years, 
the coefficient dropped in all treatments, which can be ex-
plained by the displacement (natural and due to thinning) 
of the thinnest trees from lower layers and the increase 
of average dbh connected with this process. In 2012, this 
coefficient had the highest value in treatment TS2.

Coefficient WP2 developed similarly with this dif-
ference that in all treatments its systematic decrease 

occurred, with the slowest, like in case of previous coef-
ficient, in treatment TS2.

Coefficient WP3 was the most stable (Table 5). In first 
period, in majority of treatments a small decrease of this 
coefficient took place, remained constant on the same 
level in treatment TU2 and a vivid increase in treatments 
of heavy thinning – TS1 and TS2 – was noticed. Howev-
er, in second period in treatment TS1 a drop of coefficient 
occurred, and a small increase was still noted in treatment 
TS2, and also in TG2 and K.

The analysis of WP3 changes showed in the first period 
a very significant influence of cutting treatment (Table 6), 
and also group significant influence. Homogenous group 
of treatments of the biggest increase were treatments TS1, 
TS2 and TG2, wherein the first of them stands out most 
firmly (Fig. 1). Change of coefficient in treatment TU2 
also had a positive value. In second period, reduction of 
coefficient value occurred in treatment TS1 and increase 
in treatments TG2, TS2 and K. In effect, in all 12 years, 
the treatment influence was very significant (Table 6) and 
positive coefficient’s change occurred in treatments TS2, 
TG2 and TS1. The biggest decrease of coefficient’s value 
was in treatment TG1.

Table 4. Stand characteristics in experimental plot Janów Lubelski

Year Treatment*
Total stand Future crop trees

n (pcs./ha) G (m2/ha) H (m) D (cm) Hg (m) Dg (cm) n (pcs./ha) G (m2/ha) H (m) D (cm)

1976

K 6403 27.473 9.4 7.4 11.5 12.9 757 6.220 10.6 10.4
S1 5783 26.375 9.5 7.6 11.4 13.7 597 5.615 10.6 10.9
S3 5093 27.634 10.2 8.3 11.9 14.3 640 6.559 11.1 11.4
TE 4873 27.961 10.2 8.6 11.8 15.0 600 6.598 11.0 11.8

average 5538 27.361 9.8 8.0 11.7 14.0 648 6.248 10.8 11.1

1996

K 1707 28.260 16.6 14.7 18.2 20.5 683 13.670 17.11 16.2
S1 1820 30.564 16.6 14.8 17.9 21.6 570 12.756 17.11 16.8
S3 1243 26.333 16.9 16.6 18.5 22.5 497 13.197 17.37 18.4
TE 953 26.746 17.8 18.9 18.9 24.7 537 16.804 18.06 20.0

average 1431 27.976 17.0 16.3 18.4 22.3 572 14.107 17.4 17.9

2012

K 1280 35.327 20.7 18.8 22.3 25.7 610 18.745 21.0 20.0
S1 1030 31.006 19.9 19.6 21.3 26.7 420 14.982 20.3 21.2
S3 677 26.594 21.8 22.5 23.1 28.5 373 16.574 22.1 23.9
TE 697 30.754 22.1 23.7 23.1 29.8 437 20.750 22.3 24.6

average 921 30.920 21.1 21.2 22.4 27.7 460 17.763 21.4 22.4

*  K – control treatment, without thinning
 S1 – light thinning, 10% basal area reduction
 S3 – strong thinning, 30% basal area reduction
 TE – very strong thinning, over 60% basal area reduction at the first cutting
**  As in Table 1
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Table 5. Dominance coefficients (WP1, WP2 and WP3) of future crop trees depending on year and treatment in Kozienice 
experimental plot

Treatment*
WP1 WP2 WP3

1999 2005 2011 1999 2005 2011 1999 2005 2011

K 1.254 1.256 1.183 1.147 1.129 1.104 0.812 0.807 0.810

TG1 1.267 1.201 1.138 1.141 1.102 1.098 0.840 0.831 0.818

TG2 1.239 1.191 1.105 1.109 1.088 1.078 0.807 0.806 0.815

TS1 1.261 1.261 1.146 1.152 1.127 1.093 0.825 0.864 0.837

TS2 1.307 1.301 1.195 1.168 1.166 1.144 0.856 0.869 0.872

TU1 1.267 1.251 1.160 1.158 1.127 1.106 0.851 0.842 0.829

TU2 1.265 1.256 1.146 1.158 1.144 1.093 0.838 0.838 0.830

Average 1.266 1.245 1.153 1.148 1.126 1.102 0.833 0.837 0.830

* As in Table 1
WP1 – relationship between dbh of given tree and mean dbh of stand
WP2 – relationship between dbh of given tree and mean dbh of dominant trees in stand
WP3 – relationship between dbh of given tree and mean dbh of 100 thickest trees per hectare

Figure 1. Change of WP3 coefficient  
in consecutive measurement periods  
and 7 treatments in Kozienice  
experimental plot

Table 6. ANOVA results of WP3 coefficient changes in 7 spacing-thinning treatments in Kozienice experimental plot

Period
Source of 
variation

F statistics
Significance 

level
Homogenous groups

1999–2005 A – treatment 5.382 0.0000 1: TG1, TU1, K, TU2, TG2
2: TU1, K, TU2, TG2, TS2

3: TG2, TS2, TS1
B – group* 5.964 0.0031 1: g

2: s, c
1999–2011 A – treatment 3.707 0.0017 1: TG1, TU1, TU2, K, TS1, TG2

2: TU2, K, TS1, TG2, TS2
B – group 1.374 0.2557 –

* 3 groups of future crop trees with initial WP3 coefficient in partitions: 1 – 0.65–0.75; 2 – 0.75–0.85; 3 – 0.85–0.95
Bolded numbers – significant effect
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3.2.2. Łąck plot
The value of WP1 coefficient in first period of meas-

urements decreased in all treatments, except for treatment 
F (Table 7). In second period, i.e. to 2007, it increased 
in all treatments, except for TG2 and K treatment, and 
in third it decreased in every treatment. This may mean 
that in this period, displacement of largest group of trees 
of lower social classes occurred, increasing at the same 
time the average dbh of forest stand.

This coefficient in individual treatments was very sim-
ilar in the beginning of experiment, and in period after first 
thinning, its increase occurred in all treatments, so that in the 
second period another reduction was noted. In 2012, all treat-
ments (except for TU1) were characterised with higher WP2 
coefficient than in the beginning of thinning experiment.

The value of WP3 coefficient slightly decreased in peri-
od after first thinning in all treatments, except for treatment 

with heavy thinning – TS1 and TS2; in second period it 
increased in all treatments, except for treatments TG2 and 
K; in third it slightly decreased in all treatments (Table 7).

Analysis of WP3 coefficient changes showed a signifi-
cant influence of cutting treatment in first period (Table 8). 
The largest drop of this coefficient was visible in K treat-
ment (control) and the highest increase in treatment TS2 
(Fig. 2). In the 15-year period, positive change of WP3 
coefficient took place in treatments TU2, TS2, TU1 and 
TS1, while negative in treatments TG1, TG2 and K. These 
changes, however, are not proved statistically (Table 8). 
This may result in a harder to analyse statistically non-
block experiment system.

3.2.3. Parciaki plot
As was mentioned earlier, an intense disease process re-

vealed itself in this plot, resulting in mass tree displacement. 

Table 7. Dominance coefficients of future crop trees depending on year and treatment in Łąck experimental plot

Treatment*
WP1 WP2 WP3

1997 2003 2007 2012 1997 2003 2007 2012 1997 2003 2007 2012
K 1.229 1.203 1.192 1.173 1.068 1.126 1.087 1.095 0.815 0.806 0.802 0.793

TG1 1.312 1.227 1.238 1.167 1.100 1.149 1.119 1.103 0.835 0.831 0.833 0.822
TG2 1.260 1.200 1.195 1.161 1.079 1.130 1.110 1.100 0.832 0.822 0.818 0.808
TS1 1.264 1.250 1.261 1.209 1.103 1.153 1.131 1.123 0.853 0.853 0.856 0.849
TS2 1.291 1.309 1.318 1.249 1.115 1.198 1.170 1.163 0.851 0.866 0.867 0.860
TU1 1.290 1.223 1.228 1.153 1.107 1.134 1.116 1.096 0.821 0.808 0.814 0.810
TU2 1.236 1.212 1.217 1.180 1.096 1.148 1.111 1.099 0.830 0.827 0.831 0.827

Average 1.269 1.232 1.236 1.185 1.095 1.148 1.121 1.111 0.834 0.830 0.832 0.824

* As in Table 1

Figure 2. Change of WP3 coefficient  
in consecutive measurement periods  
in Łąck experimental plot
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Table 8. ANOVA results of WP3 coefficient changes in 7 spacing-thinning treatments in Kozienice experimental plot

Period Source of variation F statistics Significance level Homogenous groups
1997–2003 A – treatment 3.201 0.0051 1: K, TG2, TU1, TG1, TS1

2: TG2, TU1, TG1, TS1, TU2
3: TU1, TG1, TS1, TU2, TS2

B – group* 0.381 0.6836 –
1997–2012 A – treatment 1.809 0.0992 –

B – group 2.102 0.1251 –

* As in Table 6

Table 9. Dominance coefficients of future crop trees depending on year and treatment in Parciaki experimental plot

Treatment*
WP1 WP2 WP3

1998 2003 2006 2012 1998 2003 2006 2012 1998 2003 2006 2012
K 1.351 1.235 1.167 1.152 1.125 1.109 1.088 1.062 0.789 0.808 0.820 0.808

TG1 1.441 1.214 1.185 1.175 1.131 1.103 1.094 1.074 0.778 0.773 0.798 0.800
TG2 1.416 1.271 1.190 1.187 1.138 1.121 1.102 1.093 0.807 0.801 0.810 0.815
TS1 1.337 1.240 1.203 1.175 1.149 1.164 1.111 1.096 0.795 0.820 0.839 0.857
TS2 1.427 1.259 1.225 1.214 1.155 1.139 1.134 1.114 0.813 0.837 0.859 0.860
TU1 1.334 1.215 1.188 1.181 1.115 1.122 1.105 1.105 0.814 0.829 0.844 0.858
TU2 1.325 1.202 1.174 1.146 1.108 1.127 1.083 1.067 0.816 0.838 0.839 0.848

Average 1.376 1.234 1.190 1.176 1.132 1.126 1.102 1.087 0.802 0.815 0.830 0.835

* As in Table 1

Table 10. ANOVA results of WP3 coefficient changes in 7 spacing-thinning treatments in Parciaki experimental plot

Period Source of variation F statistics Significance level Homogenous groups
1998–2003 A – treatment 5.179 0.0001 1: TG1, TG2, K

2: TG2, K, TS1, TU1, TU2
3: K, TS1, TU1, TU2, TS2

B – group* 0.525 0.5925 –
1998–2012 A – treatment 2.593 0.0194 –

B – group 0.884 0.4150 –

* As in Table 6

That is why the population of crop trees that survived a 14-
year research period is not great. The forest stand, unlike 
others, was not managed earlier; therefore, the initial levels 
of WP1 coefficient value are very high. This is caused by 
low average dbh forest stand, and significant reduction of 
coefficient in all treatments in the following years (Table 9).

In first period after thinning, the increase of WP2 coef-
ficient occurred in treatments of moderate thinning TU1 

and TU2 and in treatment of heavy thinning TS1 and re-
duction of this coefficient in remaining treatments. The 
difference in forest stand’s reduction in two treatments 
of heavy thinning TS1 and TS2 may have resulted from 
the fact that in this last one, characterised by dense ini-
tial spacing, during thinning a large number of thin trees 
with high social position were removed, increasing av-
erage dbh of this class. In the following periods, smaller 
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or greater coefficient decrease was noted, but due to very 
intensive loss it is hard to interpret these data.

WP3 coefficient increased in first period in all treat-
ments, with the exception of group thinning treatments 
TG1 and TG2; however, in following periods, during 
intense loss duration, it increased in all treatments, in-
cluding TG1 and TG2 (Table 9).

The variance analysis showed relevant influence of 
treatment on coefficient changes in first period (Table 
10). Negative change occurred in treatment TG1, close 

to zero in treatment TG2 and positive in remaining 
treatments (Fig. 3). For the 14-year period, homogenous 
groups could not be distinguished (Table 10). In all of 
treatments, an increase of coefficient occurred, but in 
case of TG1 and TG2 treatments it was visibly smaller.

3.2.4. Janów plot
At the beginning of the experiment, the forest stand 

on this plot was younger than in others (compare Section 
2.1); that is why the values of coefficient on the beginning 

Table 11. Dominance coefficients of future crop trees depending on year and treatment in Janów Lubelski experimental plot

Coefficient Treatment* 1976 1981 1986 1991 1996 2001 2007 2012

WP1

K 1.383 1.309 1.254 1.165 1.088 1.089 1.058 1.046
S1 1.421 1.297 1.236 1.177 1.123 1.124 1.098 1.064
S3 1.359 1.249 1.209 1.139 1.095 1.101 1.068 1.050
TE 1.362 1.044 1.056 1.057 1.042 1.058 1.024 1.025

average 1.381 1.225 1.189 1.134 1.087 1.093 1.062 1.046

WP2

K 1.088 1.062 1.059 1.045 0.989 0.991 0.988 0.981
S1 1.104 1.072 1.064 1.064 1.012 1.009 1.027 1.021
S3 1.095 1.088 1.081 1.073 1.023 1.022 1.027 1.021
TE 1.088 1.011 1.023 1.016 0.998 1.021 1.012 1.004

average 1.094 1.058 1.057 1.049 1.005 1.011 1.013 1.007

WP3
 
 

K 0.801 0.779 0.779 0.781 0.785 0.770 0.765 0.765
S1 0.792 0.774 0.763 0.766 0.772 0.758 0.769 0.781
S3 0.800 0.796 0.782 0.795 0.808 0.792 0.813 0.829
TE 0.783 0.783 0.799 0.792 0.800 0.789 0.814 0.815

average 0.794 0.783 0.781 0.784 0.791 0.777 0.790 0.798

* As in Table 4

Figure 3. Change of WP3 coefficient in 
consecutive measurement periods  
in Parciaki experimental plot
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of experiment were significantly higher (Table 11). After 
first thinning, these coefficients decreased in all of ex-
amined treatments. They decreased the most in extreme 
thinning TE treatment because that is where the average 
forest stands dbh increased the most. In the following 
research periods, slow decrease of coefficient value oc-
curred, and after 1996 a one-time increase occurred. It 
may have been connected with (mentioned in Section 
3.1) additional cutting performed in part of the plot.

The development of WP2 coefficient runs similar 
as in case of WP1 coefficient; however, those changes 
were not so rapid because average dbh of dominant class 
changes slower than average dbh of whole forest stand. 

The greatest decrease of coefficient value took place in 
TE treatment, although in 1986 in this treatment an in-
crease was also noted. In 2012, treatment K (control) 
was characterised with the lowest value of coefficient.

WP3 coefficient in research period underwent various 
changes depending on cutting treatment. In first period 
it decreased in all treatments, except for TE treatment 
(Table 11). In control treatment, it slowly, but system-
atically, decreased. In S1 and S3 treatments, it initially 
decreased, and then increased. In 2012, the coefficient 
had in S3 treatment the highest value. In TE treatment, 
it was slightly smaller, which can be explained by less 
frequent interventions running.

Table 12. ANOVA results of WP3 coefficient changes in 4 spacing-thinning treatments in Janów experimental plot

Period Source of variation F statistics Significance level Homogenous groups
1976–1981 A – treatment 3.589 0.0161 1: K, S1, S3

2: S3, TE
B – group* 1.431 0.2435 –

1976–1996 A – treatment 7.850 0.0001 1: K, S1
2: S1, S3
3: S3, TE

B – group 0.522 0.5949 –
1976–2012 A – treatment 5.219 0.0021 1: K, S1, S3

2: S3, TE
B – group 1.994 0.1411 –

* As in Table 1

Figure 4. Change of WP3 coefficient in consecutive measurement periods in Janów experimental plot
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Variance analysis showed a relevant influence of cut-
ting treatment on WP3 coefficient change for first meas-
urement period, for whole research period and for first 20 
years of experiment (Table 12). The strongest influence 
stated was in case of II age class. It may be connected 
with the fact that heavy thinning gives a long-term effect; 
this is why the greatest coefficient increase in TE and S3 
occurred not in the first 5-year period, but in next period 
(Fig. 4). In 1996–2012, the coefficient’s decrease took 
place in all treatments. In II age class treatments TE and 
S3 were characterised with a positive coefficient change, 
and at the end of III age class only TE treatment.

4. Summary and discussion 

The results obtained within presented research do not 
allow for drawing far reaching conclusions concerning 
the usefulness of the thinning method due to the fact that 
it was tested for limited scale and with various initial 
states (spacing experiment adaptation).

For evaluation of increment reaction, dominance co-
efficients were used as defined in earlier elaborations 
(Zachara 1998, 1999). Two of them were used earlier in 
forest experimenting. Ilmurzyński (1974) evaluated the 
accuracy of tree selections on the basis of dominance of 
a given tree’s dbh over average dbh, which corresponds 
to WP1 coefficient defined in this thesis. Hynynen 
(1995) defined the reaction of a single tree for thinning 
with the use of its dbh to average dbh of 100 thickest 
trees per hectare ratio, that is, WP3 coefficient. 

WP1 coefficient, as proved in earlier research in 
plots in Wyszków, Ostrów Mazowiecka and Myszyniec 
Forest Inspectorates (Zachara 1998), is very dependent 
on forest stand density degree, where rapid changes in 
following measurement periods result. In research from 
1998 after first thinning performed around 20 years of 
age, greater decrease of WP1 coefficient characterised 
treatments of greater severity of cutting. Later, the sit-
uation reversed – in the following periods, the largest 
decrease occurred in control treatment. At the end of II 
age class, differences between cutting treatments could 
be noticed, when it comes to the coefficient value. Sim-
ilar results obtained were in current research.

WP2 coefficient, on the other hand, was supposed to 
be a better version of WP1 coefficient, less dependent on 
social forest stand structure and occurrence of intermedi-
ate and suppressed trees. It should be noticed, however, 
that its value depends to a large extent on tree movement 
in biosocial classes. The regression of certain number of 
dominant trees to lower classes automatically causes the 

increase of average dbh of dominant forest stand, which 
can be expected in control treatment or in light thinning 
treatment. On the other hand, in managed forest stand, 
in comparison with control treatment, the increase of 
average dbh of tree from dominant layer should be ex-
pected (Pařez 1980). This is why the interpretation of this 
coefficient’s changes may show certain difficulties. Ad-
ditional complication is a subjective evaluation of trees’ 
social position, which has an influence on the obtained 
result, especially when during the experiment the change 
of leading person occurs, which is inevitable with long-
term experiments. Such change took place for example 
in Łąck plot, where different results than in other objects 
were obtained – coefficient increase in period after first 
thinning. Therefore, this coefficient should be treated 
only as indicative information, and not a precise measure 
of changes in forest stand.

The most interesting from cognitive point of view are 
results of analysis of WP3 coefficient changes, which is 
the most stable measure of tree growth situation chang-
es. Earlier research (Zachara 1998) showed an important 
influence of cutting intensification on crop trees growth 
on the beginning of II age class, except for one plot es-
tablished in poorer habitat (II bonitation) and gradual dis-
appearance of differences in the following periods. Some 
authors even conclude that positive thinning effect in pine 
is possible only in richer habitats (Kojola et al. 2012).

Equally strong reaction relying on increase of 
WP3 coefficient was registered in present research on 
Kozienice, Łąck and Parciaki plots, especially in heavy 
thinning treatments according to crop trees. Again, in 
the following periods elimination of these differences 
occurred. The exception was Parciaki plot, in which a 
significant influence of cutting treatment on changes of 
WP3 coefficient was proved in all periods. It was caused 
doubtless by canopy opening of forest stand, which was 
a result of progressive disease. Trees, which avoided in-
fection, gained therefore better growth conditions.

A slightly different situation was in Janów plot, 
where inter alia extreme thinning treatment was used, 
giving long-term density reduction. Here, the strongest 
reaction after thinning noted was in second 5-year peri-
od. The influence of cutting treatment was stronger in 
20-year period than in first 5 years. It may be interpreted 
as an effect of lower reaction of forest stand on weaker 
habitat (Ważyński 1987) because the fragments of plot 
are characterised by II bonitation.

In 20-year period, a relevance of heavy and extreme 
thinning influence was stated, and in 36-year period, 
counting from the beginning of experiment, only extreme 
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thinning. Such results may be interpreted as an argument 
in favour of very heavy and rare thinning. However, this 
interpretation has some weaknesses – such heavy thin-
ning performed was only on small 10-acre plots. It is not 
known what the thinning effects would be on large plots 
when it comes to threats from biotic and abiotic factors. 
According to Zajączkowski (1991), damages from hurri-
cane winds in 70s and 80s of the 20th century took place in 
these regions, where earlier heavy and large-area thinning 
was performed. For caution in excessive increasing of 
thinning intensification speaks also situation observed on 
Parciaki plot. The use of heavy thinning on that plot acti-
vated a disease process in forest stand. It is not clear what 
would be the effect of mass use of this method on quality 
and wood mechanical properties (Peltola et al. 2007). 

In some plots, the influence of initial thickness of crop 
tree on thinning effect was stated. Trees in which WP3 
coefficient amounted around 0.7 showed positive reaction 
on performed cutting, which indicates that choice of crop 
trees is possible not only among thickest individuals, and 
in consequence a more intense quality selection is possible 
(Zimmerman 2010). Similar results obtained were in two 
experiments with heavy thinning in pine forest stands in 
Germany and Czech Republic, with a low number of crop 
trees estimating 200 individuals/ha (Abetz and Chroust 
2004). As indicated by Chroust’s research results (2001), 
this regularity (positive reaction of thinner trees for per-
formed cutting) concerns only individuals from dominant 
layer (II Kraft’s class), because searching for crop trees 
among co-dominant trees (from III Kraft’s class) does 
not give a positive effect – even with heavy upper thin-
ning their increase in thickness is not satisfying. Earlier, 
Ilmurzyński (1974) as a criterion of crop trees choice ad-
opted dbh 20% bigger from average dbh for forest stand 
(which is WP1≥1.2). In the light of obtained results, how-
ever, this criterion should be acknowledged as imprecise, 
and be guided by WP3 coefficient as being more objective.

In the 1990s, in Meklemburgia area, a quite similar 
thinning experiment in pine forest stands was creat-
ed in which a different number of crop trees were se-
lected (from 170 to 600 individuals/ha). Initial results 
confirmed the influence of heavy thinning substantially 
higher than in traditional selective thinning on increase 
of crop trees thickness under the condition that their 
number is not bigger than 200 units/ha (Mehl 2003).

When it comes to the meaning of results for forest prac-
tice, the experiment conducted allows for making certain 
cautious generalisations. Significant effect of thinning in 
Janów was obtained by heavy thinning (S3 and TE) and 
in remaining plots by thinning according to crop trees 
(TS1 and TS2). In some plots, a positive effect could be 

stated also in case of moderate thinning (TU1 and TU2). 
On the other hand, light thinning (S1 in Janów) did not 
give such an effect. The same concerns group thinning 
(TG1 and TG2) in Kozienice, Łąck and Parciaki plots. 
In this last case, the cause may be the fact that one of the 
main goals of this thinning methods is to provide forest 
stand’s stability (Zajączkowski 1990), which is connect-
ed also with avoiding forest stand’s closure interruption.

5. Conclusions

Dominance coefficient WP3 is a good measure that 
allows assessing the usefulness of a given tree for a 
crop tree and for evaluating thinning effects. At heavy 
thinning, crop trees chosen may be those of coefficient 
WP3 ≥0.7.

Permanent thinning effect, which is an improvement 
of crop trees growth in comparison with the rest of forest 
stand, may be obtained under influence of heavy or mod-
erate thinning. Light thinning does not give such an effect.

The basic method of Scots pine forest stands thinning 
should remain moderate selective thinning. The use of 
strong cutting in favour of smaller number of crop trees 
may be used for experimental purposes in objects charac-
terised by a good sanitary condition and managed properly.
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