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Analysis and evaluation of the impact of stand age on the occurrence 
and metamorphosis of red heartwood
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The red heartwood of beech is responsible for decreasing the market value of
the most important deciduous tree species of central Europe. The aims of this
study were: (i) to verify the hypothesis that stand age affects the occurrence
and metamorphosis of red heartwood in beech; and (ii) to quantify the eco-
nomic loss due the sale price reduction of timber affected by red heartwood.
Seven even-aged beech stands of different age (87, 100, 105, 110, 115, 132,
and 145 years) were selected in Slovakia, and 213 trees were cut into 961
pieces of assortments which were evaluated for the presence, form and exten-
sion of red heartwood. The economic loss caused by red heartwood was deter-
mined as the difference in price between the actual and the potential quality
grades of assortments. The results confirmed that stand age significantly influ-
ence the occurrence, development, and metamorphosis of red heartwood. The
average loss in timber sale price caused by red heartwood varied between
0.76 and 28.04 € m-3, depending on age and form of red heartwood, with more
severe losses in stands older than 110 years. To reduce the incidence of beech
red heartwood in Central Europe, a reduction of the rotation period should be
considered, as well as the adoption of suitable silvicultural practices in aged
beech stands.
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Introduction
Beech (Fagus sylvatica L.) is the most eco-

nomically  important  deciduous  tree  spe-
cies in Central Europe. Red heartwood is an
important factor which affects the quality
of tree trunks, thus reducing the price of
their  derived  products  and  causing  eco-
nomic losses in silviculture and wood pro-
cessing industry. Red heartwood is regard-
ed as a severe threaten to timber quality
(Nečesany 1969,  Mahler & Höwecke 1991,
Voss  & Brandl  1991,  Gfeller  1998,  Seeling
1998) and its aesthetic appearance (Rathke
1996, Tarp et al. 2000), as it might limit the
processing opportunities  of  beech timber
and reduce its market price. Additionally, it
causes the tylosis of veins which hampers
the  impregnation  of  heartwood  and  un-
favourably corrupts its sorption and drying
capacity. 

The  formation  of  healthy  forms  of  red
heartwood is a normal,  physiological  pro-
cess subjected to age (Sachsse 1991), usu-

ally occurring in beech trunks at a cambial
age of 40 years (Račko & Cunderlík 2011).
Red  heartwood  formation  is  affected  by
various factors, which cause the death of
parenchyma  cells  (Chovanec  1974)  and
allow the formation of tylosis. One of the
most important factors is the penetration
of  air  into  the  mature  zone  of  the  stem
through  the  discontinuities  occurring  on
trunk  surface  (knots,  injuries,  defects,
etc.). The risk of red heartwood formation
increases with increasing age and diameter
at  breast  height  of  trees  (Knoke  2003,
Schmidt et al. 2011), although an effect of
stand site conditions has also been report-
ed (Gomez & Bock 2010). 

The  rotation  period  of  beech  stands  in
Central Europe mostly ranges from 110 to
140  years.  However,  in  some  countries
(e.g., Austria, Switzerland, Hungary), it has
been  occasionally  shortened  to  80-100
years for reducing the unfavorable conse-
quences of red heartwood formation. Typi-

cally,  the value of a stand and the attain-
able timber assortments increases over the
stand  rotation  time;  however,  the  pres-
ence  of  red  heartwood  can  lead  to  the
opposite  trend.  Therefore,  a  compromise
must be achieved by the proper manage-
ment of beech stands and the determina-
tion  of  their  appropriate  harvesting  age
(Prka & Krpan 2010). The risk of a decrease
in timber quality due to the development
of red heartwood could be reduced by ear-
lier  silvicultural  interventions  and  shorter
production times (Zell  et al.  2004). None-
theless,  the actual  influence of  stand age
on the occurrence and development of red
heartwood has to be confirmed and veri-
fied in real cases.

Several studies have focused on the eco-
nomic loss caused by red heartwood (Seel-
ing  1998,  Richter  2001,  Knoke  2002,  Von
Büren 2002). The economic loss has been
estimated  by  value  models  (Von  Büren
2002),  via timber purchasers or processors
(Seeling 1998), based on the results of for-
est inventory (Richter 2001), and by the ap-
plication of beech harvesting strategies fo-
cused on the elimination of the unfavour-
able influences  of  red heartwood  (Knoke
2002).

According  to  Sachsse  (1991),  red  heart-
wood  can  be  classified  in  several  basic
forms: classical, spattering, abnormal, and
wound heartwood. In particular, spattering
and  abnormal  red  heartwood  strongly
devalues  the  timber  and  its  assortments.
Moreover, the presence of red heartwood
can further devalue beech timber when it
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is  attacked  by  wood-destroying  fungi,
which  can  cause  the  formation  of  heart
rots.

The  aim  of  this  study  is  to  analyse  the
influence of stand age on the occurrence
and metamorphosis of red heartwood, and
to  quantify  the  loss  in  average  price  of
beech timber assortments as a function of
age and the presence of various forms of
red heartwood. To this purpose, we tested
the following hypotheses: (i) the age of the
stand  significantly  affects  the  occurrence
and  metamorphosis  of  red  heartwood  in
beech trunks; (ii) the age of the stand and
the form of heartwood significantly affects
the  market  price  of  beech  wood  assort-
ments.

Material and methods
The methodology followed in this study-

can be divided into three stages:

• selection of stands, tree harvesting, and
identification and measurement of heart-
wood;

• cross-cutting and sorting of assortments,
and  identification  and  measurement  of
heartwood of individual assortments;

• processing of data, analysis of the age of
the  heartwood  occurrence,  analysis  of
timber sale prices, and calculation of loss.

Stand selection, tree harvesting, and 
heartwood classification

The analysis of seven beech stands at the
University Forestry Enterprise of the Tech-
nical University in Zvolen (Slovak Republic)
was carried out over the years 2002-2014.
The basic source of data on forest stands
was  the  forest  management  plan  of  the
University Forest Enterprise. Data included
seven stands aged 87, 100, 105, 110, 115, 132,
and 145 years. Due to the past clear-cutting

management of these forest stands, they
might be considered to be even-aged.

Stands  sharing  similar  site  conditions
were included the analysis. All  the stands
were located in the region of “Kremnické
vrchy” (the Kremnica Mountains – 48° 38′
06.99″ N,  19°  02′ 38.69″ E). The  average
annual  precipitations  in  the  area  range
from 650 to 700 mm. Pyroxenic and amphi-
bolic-pyroxenic  andesite  is  the  common
geological bedrock, while the soil type is a
brown forest soil. 

All  the selected stands were growing at
altitude of 400 to 500 m a.s.l. with slopes
of 30% to 40%, but with different aspects:
east for three stands (87, 105, 145 years of
age),  west  for two stands  (aged 100 and
115 years), and north-east for the remaining
two  stands  (110  and  132  years).  For  all
stands,  the  share  of  beech  was  approxi-
mately 80% to 100% of the species, and its
absolute site index (stand height at age of
100 years) was between 26 and 28 m. 

In  each  stand, 10  to  77  representative
trees  were marked  before  being  harvest-
ed, and height, diameter at breast height,
and volume were measured for each tree.
After felling, the red heartwood was identi-
fied and classified in one of the following
forms:  round,  marble,  spattering,  and rot
heartwood (Fig. 1). The size of heartwood
was measured according to technical stan-
dards (STN-EN-1310 2000) as the diameter
of the circle surrounding the contaminated
area (a – Fig. 2) and expressed as the per-
centage  of  thickness  measured  at  the
thicker end of assortments.

Overall, some 213 trees were cut into 961
pieces of assortments, with a total volume
of 510.83 m3.

Sorting of assortments and quality 
grade assignment

The sorting of the felled timber was car-
ried  out  at  a  hauling  location,  in  accor-
dance with the technical standards of the
Slovak  Republic  (STN-480056  2007).  As-
sortments were categorized into six grades
based on quality, from the first grade (the
highest quality used for the production of
veneers  and  musical  instruments)  to  the
sixth  grade  (the  lowest  quality  used  for
fuelwood).  Tab.  1 displays  the  quality
grades  and  restrictions  in  relation  to  the
forms of red heartwood, according to the
Slovak  (STN-480056  2007)  and  European
(STN-EN-1316-1 2013) technical standards. In
general,  the tolerance for red heartwood
decreases with increasing the quality grade
of assortments.

Assortments were classed based on their
“actual”  and  “potential”  quality  grades,
the latter being calculated as if the assort-
ment  contained  no  red  heartwood  while
keeping  all  other  quality  criteria  (knots,
cracks, sweep, spiral grain, etc.). The aver-
age  loss  caused  by  the  presence  of  red
heartwood was determined as  the  differ-
ence of price between the actual and the
potential quality grades for a given assort-
ment.  The classification  of  timber  assort-
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Fig. 1 - Different forms of red heartwood in beech timber.

Fig. 2 - Measure-
ment of red heart-
wood as the diam-

eter of the circle of
the contaminated

area (a) at the
thicker end of
assortments.
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ments into actual quality grades was done
by the operational  staff  of  the University
Forest Enterprise, while all  measurements
of red heartwood and the classification of
timber assortments to their potential qual-
ity grade was carried out by a single person
(MT)  not  belonging  to  the  operational
staff. 

Statistical analysis
All data of the analyzed trees (diameter

at breast height, height, volume, size and
form of red heartwood) and of the timber
assortments  (length,  thickness,  size  and
form of red heartwood, real quality grade
and its price, potential quality grade and its
price) were organized in a single dataset to
be processed. First, we analyzed the effect
of  stand  age and tree  size on  the  occur-
rence of red heartwood and its metamor-
phosed forms from healthy (round, marble
heartwood)  to  unhealthy  states  (spatter-
ing  heartwood  or  rot  heartwood). Differ-
ences in the occurrence of red heartwood
forms among stands of different age were
tested using contingency tables and χ2 test
with α = 0.05. Pearson’s contingency corre-
lation  coefficients  and  Cramer’s  V  coeffi-
cients were also calculated. 

Secondly, we quantified the losses in the
average timber sale price caused by the dif-
ferent forms of red heartwood in relation
to stand age. The sale price of each assort-
ment was calculated based on its diameter
and quality grade, using the price list of the
state enterprise Forests of the Slovak Re-
public  (SR-Forests 2015).  As beech assort-
ment  prices  have  recorded  a  stagnation
since  the  global  crisis  of  2008  (Gejdoš  &
Danihelová  2015),  we limited  our  analysis
to the data collected in  the period 2008-
2015.

The average loss in sale price for 1 m3  of
timber (L) was quantified as the difference
between the actual and the potential price
attainable  for  each  assortment  using  the
same price list. Differences in the average
loss among either stand ages or red heart-
wood forms were separately tested using
the non-parametric Kruskal-Wallis one-way
analysis of variance by ranks (due to depar-
ture from normality of the data). Pairwise
multiple  comparison  of  mean ranks  were

done by applying the  post-hoc Dunn’s and
Conover’s  tests.  All  these  analyses  were
carried  out  using the PMCMR package in
the software R (Pohlert 2014).

Results and discussion

Age effect on red heartwood 
occurrence

The incidence  of  different  forms  of  red
heartwood at the different stand ages are
presented  in  Tab.  2.  In  younger  stands,
aged less than 100 years, trees without red
heartwood  were  fairly  common,  while
their  proportion  decreases  as  the  stand
age increases. In the stands aged over 130
years,  almost  all  trees  were  damaged  by
red heartwood. The occurrence of healthy
heartwood forms (round, marble) reached
a peak at the age of 115. In younger stands
(87 to 110 years),  the proportion of  trees
with healthy heartwood ranged from 15 to
30%. Spattering heartwood was the domi-
nant form in stands  aged over  130 years.
The presence of rot heartwood tended to
increase with stand age, from 5% in 87-year
old stands to 41% in 145-year old stands.

Red heartwood in beech wood changes
with  time  from  healthy  (round,  marble
heartwood) to unhealthy forms (spattering
and rot heartwood). The incidence of the
various forms of  red heartwood (healthy,
unhealthy, no heartwood) observed in this
study at  different stand ages is  shown in
Fig. 3. It is worth to notice, however, that
red  heartwood  may  also  change  its  size
and  form  along  the  stem  of  individual

trees.  Indeed,  heartwood  may  change
from  unhealthy  to  healthy  forms  moving
upwards along the trunk. However, the op-
posite  trend  may  also  occur,  e.g.,  in  the
case of tree-top wounding.

The variation in the proportion of the dif-
ferent  forms of  red heartwood with  tree
age  was  tested  by  contingency  analysis
(Tab. 3), where data were grouped in the
following  classes:  (i)  no  heartwood;  (ii)
healthy  heartwood  (round,  marble  heart-
wood);  (iii)  and  unhealthy  heartwood
(spattering and rot heartwood). Significant
differences in the abundance of the differ-
ent  forms  were  found  among  different
stand ages (χ2 =  82.25; df =  12;  p < 0.01).
Thus, age could be considered a significant
factor  affecting  the  occurrence  and  the
metamorphosis of red heartwood in beech
stands, confirming the evidences previous-
ly reported in the literature (Sachsse 1991,
Knoke 2003, Zell et al. 2004,  Prka & Krpan
2010, Schmidt et al. 2011). 

Quantification of loss in average sale 
prices

To  assess  the  economic  loss  caused  by
the impact of red heartwood in beech, we
calculated the average sale price (€ m-3) of
timber assortments obtained by cross-cut-
ting of individual trees, according to their
quality  grade  and  age.  As  expected,  the
most valuable assortments (1st and 2nd qual-
ity  grade)  were  obtained  from  younger
stands (aged 87 to 105 years) that were not
damaged by unhealthy forms of red heart-
wood.  Younger  stands  also  attained  the
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Tab. 1 - The red heartwood forms and quality grades according to STN-480056 (2007) and STN-EN-1316-1 (2013).

STN-480056 STN-EN-1316-1

Quality 
grade

Use Description Quality
grade

Description

I.
veneer logs, logs for 
musical instruments

to 20 % of log butt end area rot heartwood not 
allowed F-A

< 20 % log butt end area, spattering not 
allowed, rot heartwood not allowed

II. veneer logs round and spattering to 1/3 of log butt end area 
rot heartwood allowed up to 8 cm from the pith F-B

< 30 % log butt end area, spattering in % 
thickness < 10 %, rot heartwood < 15 % log 
butt end areaIII.A saw logs

to 1/3 of log butt end area, spattering not 
allowed rot heartwood not allowed

III.B saw logs
to 1/2 of log butt end area, spattering to 1/3 of 
log butt end area rot heartwood not allowed F-C

round is allowed spattering to 40 % of log 
butt end area rot heartwood < 25 % log butt
end area

V.-VI.
V - pulpwood 
VI - fuelwood allowed F-D allowed

Tab. 2 - Incidence of red heartwood at different stand age. (N): Number of trees; (%):
proportion of the total number of trees.

Red heartwood
form

Stand age (years)

87 100 105 110 115 132 145

N % N % N % N % N % N % N %

None 10 50.0 6 60.0 34 44.2 6 42.9 2 3.8 1 4.5 0 0.0

Healthy round 3 15.0 0 0.0 8 10.4 1 7.1 19 35.8 1 4.5 0 0.0
Healthy marble 1 5.0 3 30.0 4 5.2 3 21.4 11 20.8 4 18.2 0 0.0
Spattering 5 25.0 0 0.0 22 28.6 2 14.3 9 17.0 9 40.9 10 58.8

Rot heartwood 1 5.0 1 10.0 9 11.7 2 14.3 12 22.6 7 31.8 7 41.2

Total 20 100 10 100 77 100 14 100 53 100 22 100 17 100
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highest average sales prices (57.41 to 65.84
€  m-3).  For  older  stands  (aged  110  to  145
years),  where healthy  (115  years)  and un-
healthy (132, 145 years) forms of red heart-
wood were more abundant, we calculated
a  decrease  in  the  average  sale  price  by
approximately 8 to 17 € m-3,  as  compared
with  younger  stands.  The  difference  be-
tween the highest and the lowest average
sale price of assortments from older stands
was only 1.58 € m-3. However, the decreas-

ing trend of average sale price was not sta-
tistically significant, despite the higher oc-
currence of unhealthy forms of red heart-
wood in older stands (110 to 145 year-old).
This  was  caused  by  the  increase  in  the
diameter  of  assortments,  which  also  in-
volved an increase in sale prices. Therefore,
we  can  conclude  that  the  economic  loss
due to red heartwood is partly counterbal-
anced by the higher revenues from selling
larger-sized timber assortments. 

The  revenues  from  the  sale  of  assort-
ments is affected by their classification to
the different quality grades, their thickness
and volume. The thickest assortments with
the highest volume originate from the bot-
tom parts of trees where the occurrence of
unhealthy red heartwood is highest. Thus,
the  occurrence  of  unhealthy  forms  of
heartwood  may  cause  the  most  valuable
assortments  to  be  sold  as  pulpwood  or
even fuelwood. The prices per cubic meter
of  the  top-quality  assortments  are  6.5
times higher than those of pulpwood. The
average prices of beech sawlogs in the Slo-
vak Republic and the Czech republic are 1.5
times  higher  than  those  of  pulpwood,
while  in  Austria  it  is  more  than  2  times
higher (Suchomel et al. 2012,  Gejdoš & Su-
chomel  2016).  As  a  consequence,  the  oc-
currence of unhealthy forms of heartwood
may  cause  significant  losses  of  revenues
from the sale of beech timber assortments.

The influence of stand age
Fig.  4 shows  the  average  loss  in  sale

prices of beech timber at increasing stand
age. The average timber sale prices due to
red heartwood decreased as the stand age
increased.  Differences in  sale prices were
statistically  significant  after  Kruskal-Wallis
test (p<0.01). This confirmed the hypothe-
sis  that  stand  age  is  inversely  associated
with the average sale prices of timber (χ2 =
53.76, df = 7, p<0.01).

The  lowest  average  loss  in  sales  price
(0.76 € m-3) was found for the 100-year-old
stand,  while the highest loss  (17.14  € m-3)
was  observed  for  the  145-year-old  stand.
The total average loss accounted for 9.68 €
m-3.  Von  Büren  (2002) studied  the  eco-
nomic importance of beech red heartwood
in Switzerland and found an average loss
of 18.3 CHF m-3 (12.5 € m-3, at the exchange
rate of 2002). Depending on the region, the
loss in timber value ranged from 10 to 22.8
CHF m-3 (6.83 to 15.57 € m-3). In the region
of Nordrhein Westfalen (Germany), Richter
(2001) calculated a difference of 44 to 95 €
m-3 between the actual  and the potential
price (given no heartwood) of the highest
quality  A  and B grades  (according to  the
European standards), with an average an-
nual loss of 5 millions € over a sold timber
volume of 152 thousands m3. In the region
of Niedersachsen (Germany),  the estimat-
ed loss due to red heartwood was 6.5% of
the revenue of beech wood sales based on
the  analysis  of  total  annual  harvesting
(60,000 m3 – Seeling 1998). By applying a
strategy  of  “quality  conservation”  based
on  the  occurrence  and  dynamics  of  red
heartwood,  the  net  annual  revenue from
timber  production  (€  ha-1 year-1)  could  be
increased  by  15%  (Knoke  2002).  Campu
(2010) found  that  the  downgrading  of
beech wood in Romania due to the pres-
ence of red heartwood could lead to a 40-
50% decrease in the total revenue, irrespec-
tive of the sorting system applied.

Our  findings  indicated  that  the  average
loss in the sale price of wood due to red
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Tab. 3 - Incidence of healthy and unhealthy forms of red heartwood in beech accord -
ing to stand age. Differences among different stand ages were significant (χ 2 = 82.25;
p < 0.01; Pearson’s coefficient = 0.53; Cramer’s V coefficient = 0.44).   

Stand
age

No
heartwood

Healthy
heartwood

Unhealthy
heartwood

87 10 4 6
100 6 3 1
105 34 12 31
110 6 4 4
115 2 30 21
132 1 5 16
145 0 0 17

Fig. 3 - Occurrence
of red heartwood

by form and stand
age in the studied

beech stands.

Fig. 4 - Relation-
ship between

stand age and the
loss of average

sale prices (€ m-3)
of beach timber

due to red heart-
wood. Error bars

represent the 95%
confidence inter-
vals of the mean.
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heartwood  increased  with  age,  especially
in stands older than 110 years. To identify a
threshold  in  the  analyzed  range of  stand
age, we applied the Dunn’s and Conover’s
post-hoc  tests  to the average loss in  sale
prices,  finding  two  distinct  groups  of
stands.  The  first  group  included  stands
aged 87, 100, 105, and 110 years, while the
second included the stands aged 115,  132,
and 145 years. Based on these results, we
may argue that loss of sale revenues due to
red heartwood was higher in the case of
older forest stands as compared with the
younger ones, and that the age threshold
is between 110 and 115 years.

The influence of red heartwood forms
Significant differences in the average loss

of  sale  prices  were  found  among  timber
assortments  affected  by  different  heart-
wood forms (χ2 = 279.9, df = 4, p<0.01). The
decrease in average sale price was mainly
due to the presence of unhealthy forms of
heartwood.  On  average,  the  loss  in  price
when healthy round heartwood was pres-
ent was 6.95 € m-3, it was 13.97 € m-3 in the
case of healthy marble heartwood, 16.64 €
m-3 for  unhealthy  spattering  heartwood,
and  28.04  €  m3 in  the  case  of  rot  heart-
wood.  Fig.  5 illustrates  how the different
forms of red heartwood affect the average
loss  in  sale  prices  of  beech  wood.  By
grouping  red  heartwood  in  healthy  and
unhealthy forms, the difference in loss be-
came even more remarkable (5.38 vs. 20.43
€ m-3, respectively). 

Our results confirmed that stand age sig-
nificantly affects the occurrence and meta-
morphosis  of  beech  red  heartwood,  and
that  the  form  of  heartwood  significantly
affects  the market  price  of  beech timber
assortments  as  well.  Increased  age  and
diameter are the two most important fac-
tors  affecting the incidence of  red heart-
wood (Knoke 2003). Previous studies cor-
related  the  formation  and  size  of  heart-
wood with trunk diameter (Rácz et al. 1961,
Becker et al.  1989).  Knoke & Schulz Wen-
deroth (2001) found that the relative size
of red heartwood increased by 0.7% as tree
diameter  at  breast  height  increased  by  1
cm. However, the formation of heartwood
is influenced not only by age or trunk diam-
eter, but also by factors allowing the pene-
tration  of  air  into  heartwood  (Krempl  &
Mark 1962). Injuries in the central root sys-
tem are quite often the cause of spattering
heartwood  (Rieder  1997).  Contrastingly,
some authors suggested that the develop-
ment of spattering heartwood is caused by
fungi (Nečesany 1958). 

The  negative  effects  of  red  heartwood
can be strongly attenuated by shortening
the rotation period from the current range
of  110-140  years  (Halaj  1990)  to  100-110
years.  On the other hand,  a shorter rota-
tion period reduces the advantages of the
volume  increment  of  large-sized  trees.
Voss & Brandl (1991) found the highest rev-
enue  per  m3 of  beech  wood  for  stands
aged 101 to 120 years. Rácz et al. (1961) re-

ported a high incidence of red heartwood
also  for  stands  with  diameter  at  breast
height of 50-60 cm, and concluded that the
production  of  high-dimension  beech  tim-
ber  significantly  increased  the  risk  of
growth of red heartwood. Zell et al. (2004)
in a study aimed at the optimization of tar-
get  diameter,  found  that  smaller  target
diameters tended to have higher net pres-
ent values.

To  decrease  the  risk  of  red  heartwood
occurrence,  the  following  measures  shall
be considered: (i) the selection of suitable
location  when  establishing  new  stands
(Pagan 1996); (ii) the employment of suit-
able silviculture  practices  (Assmann 1950,
Gadow  1989,  Saniga  &  Bruchánik  2009);
(iii)  the  identification  of  trees  potentially
invaded  by  red  heartwood;  and  (iv)  the
determination of the optimum rotation pe-
riod (Voss & Brandl 1991) and/or the target
diameter for the rotation period (Moog &
Karberg 1992,  Zell  et  al.  2004).  From  the
point  of  view  of  the  wood-processing in-
dustry,  healthy  forms  of  red  heartwood
can be treated by steaming to reduce the
colour differences between red and light-
coloured  heartwood  (Hansmann  et  al.
2009).  Additional  uses  of  beech  timber
affected  by  healthy  forms  of  red  heart-
wood include the production of attractive
furniture, using different methods of saw-
milling  and dry killing (Verhoff  & Wurster
2002).

Conclusion
The results  of  the analysis  on 213 beech

trees  from  seven  stands  aged  87  to  145
years confirmed the hypothesis that stand
age  significantly  affects  the  occurrence
and  metamorphosis  of  red  heartwood.
Heartwood develops following a predicta-
ble pattern, from no heartwood to healthy
(round, marble) and then unhealthy forms
of heartwood (spattering, rot heartwood).

The  analysis  of  the  average loss  in  sale
price  for  961  pieces  of  assortments  re-
vealed that higher prices were attained in
younger stands (87, 100, and 105 year-old)
as  compared  with  older  stands  (110,  115,
132, and 145 year-old), whose average sales

price was from 8 to 17 € m -3 lower than that
of  younger  stands.  The  highest  average
sale price per m3 was attained at a stand
age of 105 years.

The stand age and the form of heartwood
significantly influenced the market value of
beech wood assortments.  Losses  in  aver-
age sale price due to age varied between
0.76 to 17.14 € m-3, with more severe losses
in stands older than 110 years.  Moreover,
such  loss  increased with  the  presence  of
unhealthy  forms  of  heartwood,  raising
from 5.38 € m-3 for healthy heartwood to
20.43  €  m-3 for  unhealthy  forms  of  red
heartwood in Slovak beech stands. There-
fore,  in  order  to  reduce  the incidence of
red  heartwood  and  the  consequent  eco-
nomic  loss,  we  recommend  the  rotation
period to be shortened (wherever feasible)
and  suitable  silvicultural  practices  to  be
adopted in  aged  beech stands  of  Central
Europe.
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