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Oaks (Quercus sp.) belong to  the most impor-
tant deciduous tree species in  Europe, both from 
an  economic and environmental point of  view 
(Podrázský, Kupka 2024; Miltner et  al.  2017; 
Mölder et  al.  2019; Stavi et  al.  2022; Šimková 

et al. 2023; Ábri et al. 2025). This species is mostly 
represented in  forest stands of  the lower to  mid 
altitudes (Eaton et  al.  2016; Vančura et  al.  2022). 
The  cultivation of  durmast oak [Quercus petraea 
(Matt.) Liebl.] is  a  part of  the landscape forest 
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management, and this is also reflected in the long-
term influence of  this tree species on  the habitat 
(Von  Oheimb et  al.  2008; Nicolescu et  al.  2025; 
Žižková et al. 2025). This oak was cultivated in the 
past both from copies and as a high forest and be-
longs to the tree species that can adapt to climat-
ic fluctuations (Vacek et  al.  2018a, 2019; Kadavý 
et  al.  2019). However, in  recent years, oak forest 
stands have been increasingly exposed to  the ad-
verse effects of  long-term drought, frequent heat 
waves and other abiotic extremes. This is most of-
ten connected with ongoing global climate change 
(Keenan 2015; Seidl et al. 2017; Vacek et al. 2020, 
2023). As a result, oak stands are often physiologi-
cally weakened, especially by drought stress, which 
is  visibly reflected in  a  reduction of  their vitality 
and tolerance to  various harmful factors (Zúbrik 
et  al.  2019; Černý et  al.  2024). Oak stands have 
also been historically affected by various adverse 
factors; for example, during the 1970s and 1980s, 
widespread oak dieback associated with fungal 
tracheomycosis was reported (Jakucs 1988; Čapek 
et al. 1985; Gaertig et al. 2002; Thomas et al. 2002). 
Although this disease was known in  various Eu-
ropean countries from the past (Eisenhauer 1989; 
Siwecki, Ufnalski 1998; Bobinac, Andrašev 2001; 
Leontovyč et al. 1987; Malaisse et al. 1993), in this 
period, not only in Slovakia, it acquired the charac-
ter of a disaster.

Although later at the turn of the 1980s and 1990s, 
the massive dieback of  oaks decreased signifi-
cantly, and in  some less affected stands, their re-
vitalisation and regeneration became evident; 
nevertheless, the consequences also resulted 
in  economic losses, especially in  the volume pro-
duction (Račko et al. 1987). Although the emphasis 
was laid on  quantitative production in  these oak 
stands (mixed and pure ones) (Krahl-Urban 1959; 
Venet  1967; Baksa 1970; Korpeľ 1981), the main 
goal is mainly the production of high-quality assort-
ments (Schütz 1993; Chroust 2007; Štefančík 2012; 
Gubka, Sklenár 2006; Slodičák et al. 2009). Species 
mixing in oak stands can increase resilience to cli-
mate change, although it  generally has relatively 
small effects on  overall stand growth, and oaks 
in mixed stands exhibit significantly wider crowns 
than in monocultures (Pretzsch et al. 2020), which 
may also substantially affect timber quality. High-
quality assortments can be achieved by a  suitable 
tending method, especially in the youngest growth 
phases (Korpeľ 1981; Chroust 1997; Slodičák 

et  al.  2009; Dušek et  al.  2011; Sloup et  al.  2019). 
Economic losses in  the context of  trunk quality 
deterioration can be  caused especially by  the for-
mation of  epicormic shoots (Bárdos et  al.  2015). 
When epicormic shoots are left uncontrolled after 
thinning a stand, the value of the timber for veneer 
purposes can be  downgraded by  up  to  90% (Lor-
rain-Smith 1972; Wignall et al. 1987).

The formation of  epicormic shoots in  the oak 
stands is  caused by  the canopy opening, which 
is  created by  the lightening of  the crown, either 
as  a  result of  natural influences or  thinning in-
terventions (Kerr 1996). The  epicormic shoots 
are created by the heat on the surface of  the bark 
as  a  result of  higher illumination, where epicor-
mic shoots emerge from epicormic buds (Wignall, 
Browning  1988). A frequent manifestation of de-
clining vitality or deteriorating health conditions 
in oak stands is an increased occurrence of epicor-
mic shoots (Jakucs 1988; Thomas et al. 2002). When 
performing the tending of oak stands, it  is neces-
sary to consider the properties of this tree species, 
which are longevity, susceptibility to  slenderness 
and a  considerable tendency to  spread branch-
es after a  large release of  the canopy, especially 
at  a  young age. Compared to  other tree species, 
oak has a  high predisposition to  form epicormics 
(Harmer 1990; McDonald, Ritchie 1994; Morisset 
et al. 2012).

Pioneer (nurse) tree species (beech, hornbeam, 
linden, maple) play an important role in this con-
text. Their role is to prevent the epicormic shoots, 
to limit the formation of wide crowns of the main 
stand and to  support the cleaning of  trunks and 
the formation of high-set crowns (Štefančík 2011; 
Hurt  2012; Attocchi 2015; Slávik, Štefančík 2015; 
Poleno et  al.  2009). Pioneer species in  the sup-
pressed level (understorey) of  the stand also 
improve site conditions, so their occurrence is con-
sidered important from an ecological point of view 
(Leibundgut 1945; Korpeľ 1981; Hochbichler 1993; 
Chroust 1997).

In connection with the issue of epicormics, sev-
eral experiments were performed from various 
aspects. Kerr and Harmer (2001) studied the ef-
fect of  the frequency and time of pruning on epi-
cormic shoot populations in two stands of English 
oak (Quercus robur L.) for three consecutive years. 
Harmer (1990) was monitoring the development 
of English oak buds on branches and on the trunk 
for two years in relation to the occurrence of epi-
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cormics. Morisset et al. (2012a, b) investigated the 
relationship between epicormics formed near 
the trunk pith and epicormics on the bark surface 
using X-ray computed tomography. Most observa-
tions were focused on  epicormic research in  re-
lation to  different tending and pruning methods 
(Attocchi 2013; McDonald, Ritchie 1994; Pretzsch, 
Utschig 1995; Howell, Nix 2002; Buresti et al. 2000; 
Colin et al. 2010).

In Central Europe, oak forests are becoming in-
creasingly important primarily due to the growing 
emphasis on  oak afforestation and regeneration 
(Cukor et  al.  2017a, b, 2022; Vacek et  al.  2018b), 
driven by  changing wood-industrial management 
measures towards climate-change adaptation strat-
egies, while their ecological tolerance to  drought 
and changing conditions forms a supporting back-
ground to this trend (Fürst et al. 2007). This paper 
is  to  compare and evaluate the epicormic shoot 
occurrence in  two oak stands in  Slovakia, where 
oaks are the second most widespread deciduous 
tree species, accounting for 10.2% of  the forest 
land (MARD SR 2025). The  epicormic shoots are 
evaluated in  management and naturally (thinning 
versus no intervention) developed oak sites in the 
context of  different damage and massive dieback 
of oak in the past. The aim of this study is to evalu-
ate the effects of different forest management prac-
tices on stand quantitative parameters, analyse the 
occurrence of epicormic shoots on the upper and 
lower parts of  the trunk over time, determine the 
relationships between tree parameters (diameter, 
crown width, and crown volume) and their forma-
tion, and compare stand responses across sites with 
different histories, health conditions and struc-
tures, with the goal of  optimizing management 
to  improve timber quality and reduce undesirable 
epicormic shoot development.

MATERIAL AND METHODS

Study sites. Two durmast oak stands with es-
tablished long-term research plots (LTP) were 
chosen as the object of the research (Table 1). One 
is  located in  central Slovakia (Veľká Stráž). This 
stand originated from natural regeneration of the 
oak parent stand with mixed European hornbeam 
(Carpinus betulus L.) by  applying uniform shel-
terwood felling. This LTP was established in 1973 
at  the age of 19 years (Baksa 1975). The LTP se-
ries consists of 6 subplots: P1, P2, P3, where, since Ta
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the establishment of this LTP, the method of tar-
get trees with different intensity of release of target 
tree crowns was applied (160 trees·ha–1), and 
plot N, where the method of promising trees was 
implemented (1  161 trees·ha–1 at  the beginning 
of the research at the age of 19 years, later from the 
age of 62 years it was changed to the method of tar-
get trees). The  area of  these subplots is  0.15 ha. 
The  other two plots are control plots  (without 
interventions) with an  area of  0.075 ha, where 
1 074 promising trees (Plot 0N), or 160 target trees 
(Plot 0C) were marked.

At the time of  establishing the LTP at  the age 
of 19 years, the following research programme was 
defined:
– P1 – marking of target trees (160 trees·ha–1) and 

their release by removing one competing crown-
level tree;

– P2 – marking of target trees (160 trees·ha–1) and 
their release by  removing two competing trees 
from the stand level;

– P3 – marking of target trees (160 trees·ha–1) and 
their release by removing three competing trees 
from the stand level;

– N – marking of promising trees (1 161 trees·ha–1) 
and their release as  needed; the target tree 
method has been implemented from the age 
of 62 years;

– 0N ‒ control plot with marking of promising trees 
(1 074 trees·ha–1); from the age of 62 years, the 
target tree method has been implemented with 
marking of 187 target trees per ha;

– 0C ‒ control plot with marking of  160 target 
trees per ha.

Historically, on  the Veľká Stráž LTP, the first 
measurement was carried out at  the same time 
as  the intervention, i.e.  when the plot was estab-
lished in the spring of 1973 at  the age of 19 years 
(Baksa 1975). After 8 years (in  spring 1981), the 
second biometric measurement, silvicultural 
classification, and intervention according to  the 
original methodology were performed at  the age 
of  27  years (Remiš 1982). Then, neither measure-
ments nor interventions were performed. In 1994, 
the plots were reconstructed, and all research work 
on  them to date was carried out according to  the 
methodology of Štefančík (1984). The third biom-
etric measurement was performed in  1995 at  the 
age of  42 years, and since then, biometric meas-
urements and interventions (free crown thinning) 
have been performed regularly at 5-year intervals. 

Since the third biometric measurement (in 1995), 
the research programme was modified: the number 
of removed competitors was no longer the indica-
tor of the release of crowns of target and promis-
ing trees, but it was the degree of freedom of their 
crowns. Since 2015 (at the stand age of 62 years), 
the target tree method has been applied on  plots 
where the method of promising trees was applied 
until then. 

The second object of research was the Nováčany 
LTP (Table 1), which is located in eastern Slovakia. 
The stand originated naturally from uniform shel-
terwood regeneration. In 1974, when the research 
plots were established, the stand was 48 years old 
(Baksa 1975). The  LTP series consists of  the fol-
lowing three subplots (I, II, 0), each with an  area 
of 0.21 ha:
– I – plot with moderate free crown thinning;
– II – plot with heavy crown thinning;
– 0 – control plot (no thinning).

On subplot I, the crown thinning with posi-
tive selection is performed, applying the method 
of  target trees. At  the first intervention (moder-
ate intensity), each target tree was released on this 
plot by  removing one 'most competitive' level 
or above-level individual tree. The removal of the 
intermediate tree was the only exception if  this 
tree damaged the target tree crown. Only dur-
ing the third intervention, the suppressed level 
of the stand was also intervened to the necessary 
extent. On the second subplot (designated as  II), 
during the first intervention (stronger compared 
to  Plot  I), the same crown thinning with posi-
tive selection was applied using the target trees 
method. Here, each target tree was released by re-
moving the two 'most competitive' level or above-
level individual trees and intermediate trees. 
As  on  Plot  I, the suppressed level of  the stand 
was intervened to the necessary extent only dur-
ing the 3rd and 4th interventions. The third subplot 
serves as the control plot, i.e. without planned in-
terventions (designated as 0).

In the past, the Nováčany LTP series was dam-
aged by  the massive dieback of  oak (Štefančík, 
Strmeň 2012). As a result, in 1981–1982, the forest 
operation carried out a weak intervention focused 
on  health selection. Later, in  1984, in  the then 
58-year-old stand, the second intervention was car-
ried out, and since then, biometric measurements 
have been performed with the necessary interven-
tion at regular 5-year intervals.
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Data collection. Biometric measurements and sil-
vicultural classification together with interventions 
are performed according to  standard procedures 
(Štefančík 1984; Šmelko et al. 2003). The following 
parameters are measured and evaluated: diameter 
at  breast height (DBH), height of  trees and height 
of  the crown base, relative height position, qual-
ity of trunk and crown, and crown size. Diameters 
of  all numbered trees were measured with a  met-
al calliper (Haglöf, Sweden) to  the nearest 1 mm 
at  two mutually perpendicular directions. Tree 
heights were measured with a  Vertex hypsometer 
(Haglöf, Sweden) to  the nearest 0.1 m, and crown 
widths were measured to the nearest 0.1 m.

The occurrence of shoot epicormics was assessed 
on  all registered trees in  the stand, separately for 
the lower part of the trunk and for the upper part 
of the trunk (up to the crown base) according to the 
5-level classification (Figure 1).

Data processing and analyses. The height curves 
were equalised by the function of Michailoff (1943). 
The volume of the trunk was calculated according 
to regression equations (Petráš, Pajtík 1991).

Crown width, crown length, crown volume and 
basal area were derived. Based on  four crown ra-
dii, the crown width (CW) was calculated as shown 
in Equation (1):

1–4

2
CR

CW =∑  	
(1)

where:
CR 	 – crown radius.

Crown length was defined as  the vertical dis-
tance from the crown base to the top of the crown. 

Crown volume (CV) was calculated according 
to  Assmann (1968) for broadleaved tree species, 
see Equation (2):

 	 (2)

where:
b 	 – crown width (CW);
l 	 – crown length (CL).

The background material was processed 
by  usual biometric and statistical methods in  ac-
cordance with standard methodologies (Scheer, 
Sedmák  2014; Šmelko et  al.  2003). The  relative 
proportions of individual categories of epicormics 
(1 to  5) were calculated separately for the lower 
and upper parts of the trunk. To calculate the ba-
sic statistical characteristics of  other quantitative 
parameters, the programs Excel and QC Expert 
(Version  3.3, 2013) were used (Kupka 2013), and 
the correlation and regression analysis were ap-
plied to  determine the relationships between the 
observed quantitative characteristics.

RESULTS

Quantitative production. Comparison of stand 
quantitative parameters (Table  2) showed higher 
density on all plots of the Veľká Stráž LTP at the age 
of 67 years (1 040 to 1 400 trees·ha–1 on plots with 
tending, or 1 547 and 1 733 trees·ha–1 on control 
plots). At the Nováčany LTP (at the age of 68 years), 
it was 862 and 1 158 trees·ha–1 on plots with tend-
ing and 1 005 trees·ha–1 on the control plot. Higher 
values of the basal area, ranging from 30.2 m2·ha–1 

Figure 1. Occurrence classification of epicormics in the oak stands

1 – clean trunk (without epicormics); 2 – sporadic occurrence of epicormics on the evaluated part of the trunk; 3 – occur-
rence of epicormics on 50% of the evaluated part of the trunk; 4 – occurrence of epicormics on 75% of the evaluated part 
of the trunk; 5 – occurrence of epicormics on the whole evaluated part of the trunk

1 2 3 4 5

2

8
CV b lπ

=
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to  33.2 m2·ha–1 on  plots with tending and from 
40.7 m2·ha–1 to 45.2 m2·ha–1 on control plots, were 
also found on the Veľká Stráž LTP compared to the 
Nováčany LTP. For the stand volume, it was from 
332 m3·ha–1 to  363  m3·ha–1 on  plots with tend-
ing and 445 m3·ha–1 and 484  m3·ha–1 on  control 
plots. The values of 26.9 m2·ha–1 and 28.3 m2·ha–1, 
or 30.9  m2·ha–1 for the basal area and 305 m3·ha–1 
and 312 m3·ha–1, or 353 m3·ha–1 for the stand vol-
ume were found for the Nováčany LTP.

Occurrence of  epicormics. In  particular, the 
occurrence of  epicormics on  the lower and up-
per parts of the trunk was examined (Figures 2, 3). 
The  occurrence of  epicormics in  both localities 
was always significantly higher in  the upper part 
of  the trunk compared to  the lower one. At  the 
Nováčany  LTP, at  the age of  68 years, the pro-
portion  of  trunks without epicormics decreased 
compared to  the previous evaluation at  the age 
of 63 years. While at this age the upper part of the 
trunk had the highest proportion in  Category  2 
(sporadic occurrence of  epicormics), at  the age 
of 68 years, Category 3 (epicormics on 50% of the 
evaluated part of the trunk) was already prevalent 
on plots with tending.

In both years compared, the Veľká Stráž LTP had 
the highest proportion of  trunks without epicor-
mics in the lower part of the trunk, namely on plots 
N and 0N, where the promising trees method was 
applied for almost the entire period. With the 
exception of  plot P2, the upper part of  the trunk 
was classified in  Category 2 of  evaluation (spo-
radic occurrence) at  the age of  62 years. At  the 
age of  67  years, in  addition to  this plot, Catego-
ry 3 of occurrence prevailed on both control plots 
(0N and 0C) as well.

At the Nováčany LTP, the development of the ep-
icormic occurrence confirmed the highest propor-
tion in Category 1 (clean trunk without epicormics) 
on all plots on the lower part of the trunk over a pe-
riod of  35 years (Figure  3). Their proportion was 
always higher on the control plot than on plots with 
tending, with the exception of the evaluation at the 
age of 63 years. Consequently, the sporadic occur-
rence of epicormics (Category 2) reached lower val-
ues on the control plot compared to the plots with 
applied thinning. Regarding the upper part of  the 
trunks, the development of the proportion of epi-
cormics was different. On  the control plot, the 
highest proportion belonged to Categories 2 and 3 

Table 2. Development of mensuration characteristics

Plot Subplot Age  
(years)

Number of trees  
(tree·ha–1)

Basal area  
(m2·ha–1)

Stand volume  
(m3·ha–1)

DBH  
(cm)

Height  
(m)

Veľká Stráž

P1
62 1 706 33.3 326 15.8 19.1
67 1 260 31.8 343 17.9 20.9

P2
62 1 493 33.8 340 16.9 19.4
67 1 147 33.2 363 19.2 21.3

P3
62 1 360 30.3 303 16.9 19.5
67 1 040 30.2 332 19.2 21.4

N
62 1 813 33.5 322 15.4 18.2
67 1 400 32.8 348 17.3 20.2

0C
62 1 947 40.6 406 16.3 19.8
67 1 547 40.7 445 18.3 21.4

0N
62 1 906 42.6 427 16.9 19.8
67 1 733 45.2 484 18.2 21.0

Nováčany

I
63 1 491 30.0 327 16.0 22.1
68 1 158 28.3 312 17.6 21.5

II
63 1 186 29.1 322 17.7 22.2
68 862 26.9 305 19.9 21.9

0
63 1 091 29.0 317 18.4 21.7
68 1 005 30.9 353 19.8 22.3

DBH – mean diameter at breast height
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Figure 2. Proportion of epicormics (%) in each category of their occurrence according to their position on the trunk
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for the entire monitored period. Plot  II (heavier 
thinning) had the highest proportion in Category 3 
(epicormics on  50% of  the evaluated part of  the 
trunk), with the exception of  the first (at the age 
of 63 years) and the last evaluation after 30 years. 
The development of  the proportion of epicormics 
on  Plot I (moderate thinning) was similar to  that 
of the control plot.

Epicormics versus selected quantitative tree pa-
rameters. It  was investigated whether some quan-
titative parameters of  the tree (DBH, crown width, 
crown volume) influence the proportion of  epicor-
mics in  the lower and especially in  the upper part 
of  the trunk. Using the correlation analysis, a  very 
weak to  moderately strong relationship between 
the occurrence of  epicormics and the three quan-

Figure 3. Development of the proportion of epicormics (%) on the Nováčany long-term research plot (LTP) over 35 years

100
90
80
70
60
50
40
30
20
10

0

Nováčany I – Dolná polovica

58 63 73 78 83 88 9368

Pe
rc

en
t

Age of the forest stand

100
90
80
70
60
50
40
30
20
10

0

Nováčany II – Dolná polovica

58 63 73 78 83 88 9368

Pe
rc

en
t

Age of the forest stand

100
90
80
70
60
50
40
30
20
10

0

Nováčany 0 – Dolná polovica

58

1 2 3 4 5

63 73 78 83 88 9368

Pe
rc

en
t

Age of the forest stand

100
90
80
70
60
50
40
30
20
10

0

Nováčany 0 – Horná polovica

58 63 73 78 83 88 9368

Pe
rc

en
t

Age of the forest stand

100
90
80
70
60
50
40
30
20
10

0

Nováčany I – Horná polovica

58 63 73 78 83 88 9368

Pe
rc

en
t

Age of the forest stand

100
90
80
70
60
50
40
30
20
10

0

Nováčany II – Horná polovica

58 63 73 78 83 88 9368

Pe
rc

en
t

Age of the forest stand

https://jfs.agriculturejournals.cz/
https://doi.org/10.17221/2/2026-JFS


36

Original Paper	 Journal of Forest Science, 72, 2026 (1): 28–41

https://doi.org/10.17221/2/2026-JFS

titative parameters mentioned above was found. 
In total, in determining all correlations, the correla-
tion coefficient ranged from r  =  0.024 to  0.458 for 
the Nováčany LTP at  the age of 63 years, and from 
r  =  0.078 to  0.461 at  the age of  68 years. In  most 
cases, the correlation coefficient was higher in  de-
tecting the three relations in  the lower part of  the 
trunk compared to  the upper part. The  strongest 
correlation was found in  the relationship between 
epicormics and DBH (r  =  0.187–0.461). A  moder-
ately strong correlation was found between epicor-
mics and crown width (r = 0.078–0.409) and crown 
volume (r  =  0.024–0.369). Regarding the impact 
of  tending, in  both years, higher correlation coef-
ficients for the three monitored relationships were 
observed in  plots with tending compared with the 
control plot.

On the Veľká Stráž LTP, the correlation co-
efficient for all dependences ranged from 
r  =  0.041 to  0.546 at  the age of  62 years and 
from r = 0.104 to 0.660 at the age of 67 years. Un-
like the Nováčany LTP, the correlation coefficient 
here was always higher in  the upper part of  the 
trunk. On  the control plots, in  both monitored 
years, the strongest correlations were found be-
tween the crown width and epicormics (r = 0.140 
to  0.548) or  between DBH and epicormics 
(r = 0.102 to 0.660). On plots with tending, the cor-
relation coefficient ranged from r = 0.104 to 0.546 
in the evaluation of all three relations, and on the 
control plots, it ranged from r = 0.041 to 0.660.

DISCUSSION

The occurrence of  epicormics was always high-
er in the upper part of the trunk compared to the 
lower one in both localities (regardless of the man-
agement method). Similarly, McDonald and Ritch-
ie  (1994) found that the number of  epicormics 
increased from the bottom of  the trunk upwards. 
The upper part of the trunk seems more responsive 
to thinning because more epicormic shoots occur 
there than in  the lower part. However, the occur-
rence of  epicormics varied with regard to  the lo-
cation. On the Nováčany LTP, which was affected 
by an epiphytotic of massive oak dieback in the past, 
the highest proportion of individual oak trees with-
out epicormics on the lower part of the trunk was 
on the plot with the lowest density (862 trees·ha–1). 
On the other hand, at  the Veľká Stráž LTP, where 
the massive oak dieback did not occur, the situ-

ation was the opposite. The  highest proportion 
of the lower parts of trunks without epicormics was 
on the plots with the highest number of trees (Plots 
N and 0N). In addition, these two plots have the high-
est proportion of  suppressed individual trees (es-
pecially hornbeams), which appear to prevent the 
formation of  epicormics. Significance of  the sup-
pressed component of the stand or the higher rep-
resentation of hornbeam and nurse species in  the 
suppressed level was confirmed by several authors 
in the past (Chroust 1997; Slávik, Štefančík 2015). 
The relationship between the occurrence of epicor-
mic shoots and three initial densities in a 20-year-
old durmast oak plantation was evaluated by Colin 
et  al.  (2008). They found the longest epicormic 
shoots at the density of 1 333 and 2 667 trees per ha, 
while their average length was significantly smaller 
at the density of 5 333 trees per ha.

In the upper part of the trunk, the proportion of ep-
icormics on the intervened plots changed between 
the two evaluated periods on  the Nováčany  LTP. 
While at the age of 63 years, the proportion of in-
dividual trees with sporadic occurrence of epicor-
mics predominated, at  the age of  68, the highest 
occurrence was in Category 3 (occurrence on 50% 
of  the trunk length). The  control plot maintained 
the same trend in both evaluations. On the Veľká 
Stráž LTP, the plots with thinning maintained the 
same trend of  Category 1 and 2 of  epicormic oc-
currence, which means no epicormics or sporadic 
occurrence of  shoots. However, on  control plots, 
the higher proportion of individual trees with spo-
radic epicormic occurrence at  the age of 62 years 
decreased to a lower proportion 5 years later. These 
findings suggest a different effect of thinning on the 
occurrence of epicormics in a relatively healthy for-
est stand compared to a stand previously affected 
by the massive oak dieback.

In connection with the forest stand density, the 
intensity of  thinning is  probably also important. 
Pretzsch and Utschig (1995) reported that the ex-
tent of epicormics increased after light and heavy 
crown thinning in  the durmast oak stand. At  the 
age of  108 years, epicormics occurred on  37% 
to 41% of the trunk length, which corresponds ap-
proximately to Categories 1 and 2 of our classifica-
tion. At the same time, it corresponds to our results 
obtained for the upper part of  the trunk in  both 
localities, in  terms of  the intervention intensity. 
In the mentioned years, it ranged from 0.4% to 7.3% 
of  the basal area on  the Veľká Stráž LTP, or  from 
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3.4% to 12.8% on the Nováčany LTP. For deciduous 
tree species, Howell and Nix (2002) found that, de-
pending on  the intensity of  thinning, the number 
of epicormics could increase 2 to 3 times compared 
to the control plot results. On the other hand, some 
authors stated that thinning does not increase the 
number of epicormic shoots, but mainly their size 
(Hibbs et al. 1989).

In addition to  the thinning and stand density, 
it  can be  assumed that the occurrence of  epi-
cormics is  also affected by  pruning. Buresti 
et al. (2000) conducted research on the peduncu-
late oak (Quercus robur L.) plantation, where, af-
ter 4 years (at the age of 22 years) and the second 
thinning, 257 trees per ha remained with pruned 
trunks to  a  height of  5 m. Although heavy thin-
ning was performed, the occurrence of  epicor-
mic shoots appeared to be  rather a  consequence 
of pruning than thinning. The same opinion was 
published by  Attocchi (2013), who stated that 
pruning led to an overall increase in the formation 
of new epicormics. More epicormics were in  the 
lower part of  the trunk (at a  height of  0 to  3 m) 
than in  the upper part (3 to  6 m). The  number 
of new epicormic shoots increased with increasing 
stand density, which was also confirmed in our ex-
periment, although without pruning. In contrast, 
McDonald and Ritchie (1994) found in a 60-year-
old Kellogg oak stand (Quercus kelloggii Newb.) 
in  California that the number of  epicormics in-
creased with decreasing density. The  age of  the 
stand in  which pruning is  performed is  also im-
portant. According to Sardino (ex Attocchi 2013), 
the decisive phase for this purpose is  the small-
pole stage (mean DBH from 10 cm to 20 cm) af-
ter the first thinning at a height of 12 m to 18 m. 
In  forest stands where the occurrence of  epicor-
mics was evaluated, no  pruning was performed 
in combination with thinning. So, it  is question-
able how this would be reflected in the forest stand 
damaged by the massive dieback of oak compared 
to a healthy stand. Early and heavy thinning, com-
bined with high pruning at regular intervals, can 
help to shorten the rotation period for peduncu-
late oak without reducing the quality of wood be-
cause of  the wider annual rings (Attocchi 2013). 
Likewise, studies comparing oak grown on forest 
and post-agricultural land indicate that differenc-
es in site history may affect wood structure and se-
lected mechanical properties, while overall timber 
quality remains largely comparable, emphasising 

the role of  site conditions alongside silvicultural 
practices (Tomczak et al. 2024).

One of  the goals of  our research was to  deter-
mine the relationship between epicormic forma-
tion and selected quantitative characteristics of the 
tree (DBH, crown width and crown volume). These 
parameters were chosen because it  was assumed 
that the occurrence of epicormics in oak is main-
ly influenced by  crown size (width and volume). 
It  also influences a  different amount of  light that 
penetrates through the canopy and can be  regu-
lated by  thinning (Chroust 1997). Similarly, Mc-
Donald and Ritchie (1994) concluded that vital 
trees had better-developed crowns and produced 
fewer epicormics. They stated that sudden expo-
sure of  trunks to  increased light levels almost al-
ways leads to  the formation of  epicormics and 
a decrease in trunk quality. In our experiment, the 
highest correlation coefficient between epicormics 
and DBH was found on plots with tending. There 
were differences between the plots in the relation-
ship between epicormics and crown width and 
crown volume. This is related to different develop-
ment due to  the massive oak dieback in  the past 
and the resulting changes in density. This is related 
not only to the intensity of thinning, but also to the 
intensity of self-thinning, which occurred on plots 
with thinning on the Nováčany LTP (2.7% to 8.1%) 
and Veľká Stráž LTP (2.7% to 6.1%). McDonald and 
Ritchie (1994) reported that the larger the ba-
sal area, the fewer epicormics occurred in  stands 
of varying density (Kellogg oak) in California at the 
age of 60 years.

From the perspective of growing oak stands, ap-
propriate and timely selection of  individual trees 
without epicormics, or trees which should be tar-
get trees with the lowest possible number of  epi-
cormics, especially suppressed buds, is  important 
(Morisset et  al.  2012a, b). According to  these au-
thors, this should be  done at  the first thinning 
when the stand reaches the height of 12 m to 14 m. 
Trees with a small cluster of epicormics or epicor-
mics with the potential in  youth, in  combination 
with massive annual height increment, must be se-
lected to  create a  population of  target trees. Nu-
merous experiments with the tending of oak stands 
by  the method of  target trees recommend their 
selection in  the growth phase from young stands 
(Sloup et al. 2019) to  small-pole stands according 
to  certain criteria (Korpeľ 1984; Štefančík 1991). 
To  achieve a  trunk without epicormics at  least 
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4 m to  6 m in  length it  is  recommended to  use 
light but frequent crown thinning to  release tar-
get trees, maintain the suppressed level that allows 
lateral widening and at the same time shading the 
branches of free parts of the trunk and appropriate 
selection of target trees around the age of 30 years 
(Colin et al. 2010).

In our experiment in a healthy stand of the Veľká 
Stráž LTP, target trees were selected in most cas-
es at  the same age as  reported by  these authors. 
In  terms of  quantitative and qualitative produc-
tion, the best results were obtained on plots man-
aged by the target tree method from the beginning. 
Here, the target trees were released less intensively 
(18.9% and 22% by basal area) in  the first two in-
terventions. Conversely, the most epicormics were 
observed on  the plot with more intensive initial 
interventions.

CONCLUSION

The differences in  the development of  the two 
oak stands manifested themselves in selected quan-
titative characteristics of  the stands. The  num-
ber  of  trees, basal area and the stand volume were 
always lower  in  the locality affected by  the massive 
dieback of  oak in  the past compared to  the local-
ity without this disease (healthy stands). The occur-
rence of  epicormics in  both localities was always 
significantly higher in  the upper part of  the trunk 
compared to  the lower one. In both localities, over 
the 5 monitored years, the proportion of epicormics 
in  the upper part of  the trunk increased on  plots 
with thinning and on  control plots. The  develop-
ment of  the  proportion of  epicormics in  the lower 
part of the trunk in the locality with massive dieback 
of  oak over a  longer period of  35 years confirmed 
more favourable values on  the control plots com-
pared to  the thinned plots. When evaluating the 
upper part of the trunks, the development of the pro-
portion of epicormics was different depending on the 
management or  the intensity of  tending. There was 
a  very weak to  moderately strong relation between 
epicormics and selected quantitative characteristics 
of the tree (DBH, crown width and volume). A closer 
relationship was in  the lower part of  the trunk and 
on  plots with tending, where the massive dieback 
of oak occurred. In healthy oak stands, it was the op-
posite. There was a higher dependence in the upper 
part of the trunk and on the control plots. It follows 
from the above that the occurrence of  epicormics 

in oak stands is influenced, among other factors, not 
only by different methods of management, but also 
by  the health condition. A  limitation of  this study 
is that it was conducted on only two oak stands with 
different health histories, which may constrain the 
generalisation of  the findings to  other sites or  for-
est types with differing stand conditions, structures, 
or management regimes.
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