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Abstract. Technical harvesting ages were calculated for the main wood species in
Romania: Norway spruce, silver fir, Austrian pine, European larch, European beech,
sessile oak, pedunculated oak, Turkey oak, Hungarian oak, European hornbeam, sil-
ver birch, silver linden, willow, black locust, silver poplar and black poplar. Target
wood assortments considered in the study were established based on dimensional
assortments presented in the Romanian sorting tables. The actuality and the relevance
of'this study is given by several factors, such as the diversification of ownership struc-
ture over the forest lands in Romania and the necessity of technical harvesting ages
established for a wider range of wood assortments than those presented in the Ro-
manian technical norms for forest management planning. Since the current technical
harvesting ages are based on the old Romanian yield tables and taking into account
the numerous changes of the Romanian forest laws,an upgrade of harvesting ages
was necessary.
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growth either for the total production or for
the production of a certain target assortment

Harvesting moment indicate the state a stand
(in the case of regular high forest or coppice)
or an individual tree (in the case of single tree
selective system) should have in order to be
achieved, to the greatest extent, the forest ma-
nagement goals (Dragoi 2004). Establishing
the harvesting moment of a forest stand takes
into account the fulfilment of various forest
management objectives, such as: maximizing
the value of the forest or the expected value
of the land covered with forest vegetation
(Faustmann 1849), maximizing the volume

(Rucéareanu 1967, Dragoi 2004, Bettinger et al.
2009); improving the stability of forest ecosys-
tems against disturbing factors by optimizing
the stands’ diversity (Giurgiu 1988, Duduman
2009); improving the forests capacity to store
carbon (Kaipainen et al. 2004).

This state is established within the forest
management plan according to the production/
protection goals adopted for each individual
stand and can be expressed by age or diameter
(Anonymous 1986, 2000).

The moment at which the stands with pro-
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duction functions are to be harvested depends
on the longevity of the species that compose
them and, implicitly, on their development
stages. For this reason, under normal condi-
tions, one forest stand should not be replaced
by another until it has reached physiological
maturity. Productive maturity is established
by the forest manager in relation to the pro-
duction goals adopted for each stand and, as
a rule, cannot be dissociated from the stage of
physiological maturity characterized by the
ability of the trees to naturally regenerate by
seeds. Physiological maturity is the longest
stage in the life cycle of trees (Florescu and
Nicolescu 1996). Productive maturity gene-
rally corresponds to the first part of physiolo-
gical maturity, when tree growth is still acti-
ve. Corresponding to the period of productive
maturity, forest managers can opt for obtaining
a diverse range of wood assortments and, in
turn, in relation to the assortments transposed
into production goals, the harvesting age can
differ significantly.

Depending on the management goal aimed
by the forest manager, the harvesting age is di-
fferently established and several types can be
distinguished (Faustmann 1849, Pressler 1860,
Williams 1988, Giurgiu 1988, Leahu 2001,
Bettinger et al. 2009): physical, biological, te-
chnical, silvicultural, financial, economic, pro-
tection, etc.

The production sustainability of a certain
target assortment is ensured by means of te-
chnical harvesting age, this being the main
type of harvesting age adopted when drawing
up the forest management plans in Romania
(Anonymous 1986, 2000).

The technical harvesting age indicates
the moment at which the maximum volume
growth of the total production of a target wood
assortment is achieved, and is established at
the stand level, depending on the species in its
composition, their yield class and the manage-
ment goals (Leahu 2001). The identification
of tree species and the determination of the
yield class are carried out by the forest engi-

neer. Establishing the target wood assortment
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should be an option expressed primarily by the
forest owner. However, the target wood assort-
ments are usually taken over from the techni-
cal norms in force (Anonymous 1986, 2000)
for an extremely limited range of assortments.
For the main wood species in Romania, the
technical harvesting ages have been estab-
lished and modified over time on the basis
that the forests are managed on large areas,
being owned by a single owner - the state. The
last update of these ages is presented in the
Technical Norms for forest management plan-
ning (2000), without any changes being made
to take into account the changes that took place
in Romania regarding the diversification of the
property structure. In these technical norms,
the technical harvesting ages are presented for
the main species in Romania, but only for the
timber assortment. Moreover, in 2004 the new
Romanian yield tables (Giurgiu and Draghiciu
2004) and dimensional sorting tables for forest
stands (Giurgiu et al. 2004) were published.
These tables bring important changes to the bi-
ometric parameters describing the woody spe-
cies, compared to the previous tables (Giurgiu
etal. 1972), reflected on the volumes and volu-
me growths (for the same species, yield classes
and ages), but also changes in the dimensional
sorting indices.

Furthermore, establishing the harvesting age
represents an optimization problem in relation
to social-economic needs and allows the selec-
tion of a single type of harvesting age from a
multitude of possible variants (Giurgiu 1988).
Lately, at the global level, there has been a shift
from the management of wood production to
the management of forest ecosystems, from
ensuring the continuity of wood production
to sustainable forest management (SFM) and,
implicitly, from management by exclusion to
management by including user groups (Kant,
2003).

Mingers and Brocklesby (1997) describe the
components of a planning process and show
the importance of having a balance between
the significances given to them: i) the material
component that indicates what is possible in a
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planning situation; ii) the individual (personal)
component that primarily reflects the objec-
tives of the forest owner; iii) the social com-
ponent that indicates what is acceptable for
society. The material component is described
in very detail in the Romanian forest manage-
ment plans, and the social component led to
an extremely dense and restrictive legislative
framework for the forest owner in Romania
(Nichiforel and Schanz 2009). For this reason,
the role of the forest owner (the personal com-
ponent) in the timber production planning pro-
cess in Romania is that of a spectator, althou-
gh the forest production process is considered
complete only when the desired physical result
is available to the legal owner (Kant 2000).

Diversification of the ownership structure
in Romania, including the forests, requires the
adaptation of management methods by taking
into account the requirements of small-scale fo-
rest owners. For small-scale forestry, some re-
gulations established for state-owned forests are
very difficult to comply with and cannot lead to
results like those expected by managing forests
on large areas. Forest owners must be given the
opportunity to participate in setting manage-
ment goals for the forest areas they own.

Thus, the main goal of this paper is to calcu-
late the technical harvesting ages for the main
tree species in Romania and for a varied ran-
ge of dimensional wood assortments, offering
small forest owners properly substantiated al-
ternatives.

Materials and methods

To determine the technical harvesting age in
relation to the species, the yield class (CLP)
and the target wood assortment, secondary
data were used, taken from the yield tables for
relative yield classes (Giurgiu and Draghiciu
2004) and from the dimensional sorting ta-
bles for forest stands (Giurgiu et al. 2004).
Qualitative analysis was used, the technical
harvesting ages being determined according to
the method proposed in literature (Giurgiu and
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Draghiciu 2004), a method taken from Russian
forestry in 1958 (Giurgiu 1988), but adapted to
Romanian forests and improved later (Giurgiu
1962, Giurgiu and Draghiciu 2004).

Thus, the wood assortments were proposed
(Table 1), taking into account the dimensional
assortments (Table 2) and the correspondence
with the target assortments established when
drawing up the forest management plans, ac-
cording to species and yield classes for the
production forests (Anonymous 1984).

After establishing the wood assortments, for
each species the proportion of working wood
corresponding to each assortment was deter-
mined by summing the related sorting indices
(Giurgiu et al. 2004) of each category of di-
ameters corresponding to the characteristic d
(average diameter of the basal area). The same
dimensional sorting was used for: 1) spru-
ce (Picea abies (L.) H. Karst) in the natural
range and spruce outside the natural range;
2) European beech (Fagus sylvatica L.) from
seed and European beech from shoots. For
the silver linden (7ilia tomentosa Moench)
the dimensional sorting from the small-lea-
ved lime (7ilia cordata Mill.) was used. In the
case of larch (Larix decidua Mill.), the data in
the yield table are provisional, and for willow
(Salix sp.) from shoots, since the dimensional
sorting does not include the G1 assortment, the
following assortments have been fixed: 5-12
cm, 5-16 cm, 5-20 cm, 5-24 cm, 12-24 cm,
over 5 cm, over 12 cm, over 16 cm, over 20 cm
and over 24 cm. Only species for which yield
tables are complete (contain data on primary
production after interventions and secondary
production) and for which dimensional sorting
tables exist were considered in the study.

After calculating the sorting indices related
to the established assortments, the volume of
the respective assortment was determined, for
the ages presented in the yield tables (Giurgiu
and Draghiciu 2004), first for the primary
production, then for the cumulative secon-
dary production, and by summing them up,
we obtained the total production of the target
wood assortment at different ages. Dividing
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Table 1 Target wood assortments considered in the study

Dimensions of the
proposed assort-

Corresponding dimensional

Corresponding target assortments,

ment (cm) assortments™® according to Anonymous (1984)

Coniferous

5-10 S Thin: cellulose

5-14 S+M2 Thin and medium: pulp, constructions

5-20 S+M2+M1 Medium and thin: pulp, constructions

10-20 M2+M1 Medium: pulp, constructions

5-24 S+M2+M1+G3 Thin, medium and thick: timber, pulp, constructions
5-34 S+M2+M1+G3+G2 Thin, medium and thick: timber, pulp, constructions
>5 S+M2+M1+G3+G2+Gl1 Thick, medium and thin: timber, pulp, constructions
>10 M2+M1+G3+G2+G1 Thick and medium: timber, pulp, constructions

>14 M1+G3+G2+G1 Thick and medium: timber, pulp, constructions

>20 G3+G2+Gl Thick and very thick: timber

>24 G2+G1 Very thick and thick: timber

>34 Gl Very thick: timber, soundboard

Deciduous

5-12 S Thin: pulp, constructions

5-16 S+M3 Thin and medium: pulp, constructions, timber

5-20 S+M3-+M2 Medium and thin: timber, pulp, constructions

5-24 S+M3+M2+M1 Medium and thin: timber, pulp, constructions

12-24 M3+M2+M1 Medium: timber

5-40 S+M3+M2+M1+G2 Thin, medium and thick: pulp, constructions, timber
>5 S+M3+M2+M1+G2+G1 Thick, medium and thin: timber, pulp, constructions
>12 M3+M2+M1+G2+G1 Medium and thin: timber

>16 M2+M1+G2+G1 Thick and medium: timber

>20 MI1+G2+G1 Thick and medium: timber

>24 G2+G1 Very thick and thick: high quality timber, veneer
>40 Gl Very thick: veneer, high quality timber

Note. * The dimensional assortments are detailed in Table 2.

this volume by the related age allowed deter-
mining the volume growth of the target assort-
ment. The technical harvesting age for each
assortment was identified next to the maxi-
mum value of the average growth of the pro-
duction corresponding to the target assortment.

Knowing that the most resilient forests in
front of disturbing factors and also able to
ensure a wide range of ecosystem services
are those resulted through natural regenerati-
on (Strassburg et al. 2016), if the target wood
assortments considered in this study lead to
technical harvesting ages lower than the mas-
ting/fructification ages of the tree species in
stand composition (table 3), such wood assort-
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ments will not be established through the fo-
rest management plans.

In this sense, all harvesting ages lower than
the maximum ages mentioned in the literature
(table 3) for the first abundant fructification in
the forest are highlighted in the paper in red,
being presented only for informational pur-
poses, indicating when the maximum volume
growth of the respective dimensional assort-
ments is achieved. The maximum thresholds
of the ranges mentioned in the literature were
taken into account, to avoid underestimations
which may occur due to different site conditi-
ons, that might lead to different fructification
ages inside the forest. These thresholds are
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Table 2 Dimensional sorting of working wood in relation to the group of species and considering the diameter
of wood logs at the thin end (cm) (Giurgiu et al. 2004)

Coniferous
Thick wood (G) Medium wood (M) Thin wood
Gl G2 G3 Ml M2 S
>34 cm 24-34 cm 20-24 cm 14-20 cm 10-14 cm 5-10 cm
Deciduous
Thick wood (G) Medium wood (M) Thin wood
Gl G2 M1 M2 M3 S
>40 cm 24-40 cm 20-24 cm 16-20 cm 12-16 cm 5-12 cm

also considered appropriate for stands regene-
rated from shoots, for which it is known that
abundant fruiting in the forest begins earli-
er than in the case of those regenerated from
seed (Florescu and Nicolescu 1996), but no
more detailed information is provided in the
Romanian literature.

Negulescu et al (1973) state that the poplar
(Populus alba L. and Populus nigra L.) begins
to fruit at 15-20 years in the forest, the willow
begins to fruit in isolation at 5-15 years, and
the Scots pine (Pinus sylvestris L.) begins to
bear fruit in the forest at 30-40 years. In this
study, the fructification age in the black pine

(Pinus nigra J.F. Arnold) forests was assimila-
ted to that of Scots pine. According to Damian
(1978) the birch (Betula pendula Roth) be-
gins to fruit abundantly in the forests between
the ages of 20 and 30 years. The Turkey oak
(Quercus cerris L.) fruits abundantly at the age
of 30-40 years (Constantinescu 1963), which
is why, in case of this species, the age of 40
years for the beginning of abundant fruiting in
the forest was taken into account, corrobora-
ted with the studies on the biology of fruiting
in oak species (Tomescu 1965) carried out for
Turkey oak in stands at least 45 years old.
Due to the lack of information in the litera-

Table 3 The ages of first abundant fructification in the forest

Species — the age considered

Age of the first abundant masting in the forest (years), according to ...

in this study

Haralamb (1956)  Florescu (1981)  Stanescu et al (1997) Clinovschi (2005)

Norway spruce in its natural

60-70 40-50 - 60
range — 70 years
Silver fir — 70 years 60-70 60-70 50-70 60-70
Austrian pine — 40 years - - - 20-30*
European larch — 40 years 30 20-40 30 30
European beech — 80 years 60-80 60-70 70-80 70-80
Sessile oak — 80 years 60-70 60-70 60-70 60-80
Pedunculate oak — 80 years 60-70 50-60 70 70-80
Turkey oak — 40 years - - - 25-30*
Hungarian oak — 50 years - - - -
Hornbeam — 40 years 30-35 30-40 15-20%* 15-20%*
Silver birch — 30 years 20 - 10* 10*
Lime — 45 years 20-25% 25-45 20-30* -
Willow — 15 years - - 10%* early
Black locust — 20 years - 10-20 (5-7 yeZ?srli};olate d) o
Silver and black poplar — 20 years - - at relatively young ages -

Note. * without specifying the ecological context: isolated or in the forest. ** In Romania, it does not

regenerate naturally from the seed.
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ture regarding the beginning of the abundant
fruiting inside the forests of the Hungarian oak
(Quercus frainetto Ten.) under the conditions
in Romania, however knowing that, among
the oak species from Romania, fruiting begins
earlier in case of Turkey oak (Stanescu et al.
1997), in this study the age of the first abun-
dant fruiting for Hungarian oak was conside-
red to be 50 years. For the spruce outside the
natural range, the age of abundant fruiting in-
side the forest as not taken into account becau-
se in such forest stands it is desirable to came
back to the natural forest type through artificial
regeneration.

Results

Table 4 shows the technical harvesting ages
calculated for coniferous. The ages for which
there is no certainty that the maximum value
of mean volume growth of the production cor-
responding to the target assortments has been
identified have been highlighted in yellow, due
to the fact that they correspond to the ages at
which the species description stops in the yield
tables.

Compared to small wood assortments, in
the case of large-sized assortments, a sharp
flattening of the variation curves of the mean
volume growths of the wood production cor-
responding to the respective assortment is ob-
served in the upper yield classes, while in the
case of the lower yield classes, this tendency is
also observed in the case of small wood assort-
ments (Figure 1). Also, once the productivity
of a stand decreases, the data provided by the
yield tables become insufficient for identifying
the maximum value of mean volume growth
of the production of the target assortment. The
technical harvesting ages for which deviations
occur from the general variation trend in rela-
tion to the yield class for the same target as-
sortment were highlighted in green.

In the case of European beech (table 5), the
only deviation from the normal trend of varia-
tion in the technical harvesting age occurs for
120
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the wood assortment ,>20 cm” where, in the
second yield class, a lower harvesting age is
obtained than in case of the first yield class.
Similar situations also occur: i) in case of pe-
dunculated oak (Quercus robur L.) from seed,
third yield class, target assortment ,,>20 cm”;
respectively ii) for Hungarian oak, the second
yield class, target assortments ,,>16 cm” and
,»>20 cm”.

Except for the sessile oak (Quercus pet-
raea (Matt.) Liebl.) and the pedunculated oak
regenerated from seed, the same maximum
growths were obtained for all the Quercus sp.,
but also for the European beech regenerated
from the shoots, at the same ages, for the wood
assortments ,,5-40 cm” and ,,> 5 cm” (values
highlighted in orange). This is due to the iden-
tical sorting indices up to the ages at which the
maximum value of the mean volume growth
of the respective assortment is obtained. In
this case, the difference between the two tar-
get assortments is given by the participation of
the dimensional assortment G1 in the ,>5 cm”
assortment, compared to the ,,5-40 cm” assort-
ment.

In the highlighted cases, this participation
produces changes in the average growth at
ages older than those at which the maximum
growth in volume of the target assortment is
obtained. In the case of the Turkey oak from
the seed, in the second yield class, the ,,>24
cm” target assortment, a first maximum of the
average growth was obtained at the age of 105
years, with the decrease of the average growth
up to 120 years, however, it was found that af-
ter 120 years, the average volume growth of
wood production of this assortment shows an
upward trend, which is why it was considered
that the data in the yield tables are not suffi-
cient to identify with certainty the technical
harvesting age for this assortment.

In Figure 1 (Supplementary material), for
the main tree species in Romania (Norway
spruce, silver fir, European beech, sessile oak
and pedunculated oak), the variation graphs of
the average volume growth are presented com-
paratively for some target assortments with
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Tabled Technical harvesting ages for coniferous

Technical harvesting ages of the main forest species in Romania

Species Yield Technical harvesting ages (years) for the target wood assortment ... (cm)
class 5.10 5-14 5-20 1020 524 534 >5 >10 >14 >20 >24 >34
I 20 25 30 35 35 45 70 75 90 95 130 140
M 25 30 35 40 40 55 75 80 90 115 140 DI
I_\Irolzvtzzlsfar;; M 25 35 45 45 50 65 8 90 100 140 DI DI
IV 35 40 55 60 60 8 90 115 120 140 DI DI
V45 50 70 75 80 105 105 120 140 DI DI DI
Norwayspruce 1 15 20 25 25 30 40 55 60 65 85 100 DI
~ outside its I 20 25 30 35 40 40 60 65 75 100 DI DI
naturalrange [T 25 30 40 40 45 60 75 75 80 100 DI DI
I 25 25 35 35 40 55 80 8 90 115 115 140
I 25 30 40 40 45 60 8 90 100 135 135 140
Silver fir M 30 35 45 45 55 65 90 100 115 140 DI DI
IV 35 40 55 55 60 80 100 120 120 140 DI DI
V.40 50 65 65 75 100 105 120 130 140 DI DI

I 20 25 30 35

1I 20 25 35 40

Black pine 111 25 30 40 45
v 30 35 50 60

\% 40 50 65 80

40 50 50 60 70 90 DI DI
40 50 55 65 75 9 DI DI
45 55 55 70 8 90 DI DI
55 65 65 85 9 DI DI DI
75 75 75 9 DI DI DI ns

I 20 20 25 30

11 20 25 30 30

European larch 11T 25 30 35 35
v 25 35 40 45

v 35 40 50 55

30 40 50 55 60 80 8 115

35 45 50 60 65 90 100 120
40 55 60 60 70 105 120 DI
50 55 70 75 8 120 DI DI
60 70 70 95 105 120 DI DI

Note. Abbreviations: DI — insufficient data in the yield tables to confirm the achievement of the maximum
value of the mean volume growth of the wood production corresponding to the target assortment; ns — wood
assortment that cannot be obtained. The values in red represent technical harvesting ages lower than the
age of the first abundant fruiting in the forests, those in yellow are ages for which there is no certainty that
the maximum value of the mean volume growth of the production corresponding to the target assortment
has been identified, and those in orange are technical harvesting ages similar for different target wood

assortment but for the same species and yield class.

technical harvesting ages higher than the age
of abundant fruiting in the forest.

Table 6 shows the technical harvesting ages
for the other deciduous species for which the
yield tables allowed the application of the de-
scribed method and for which the dimensional
sorting table for forest stands also exists. The
similarity between the target assortments ,,5-
40 ¢cm” and ,,>5 c¢cm” is much more obvious,

the only difference being obtained in case of
willow regenerated by seeds, for the first yield
class.

Deviations from the normal variation of the
harvesting age in relation to the yield class
are recorded for: hornbeam (Carpinus betu-
lus L.), 5" yield class, target assortment ,,>12
cm”; willow from seed, yield classes IV and
V, target assortments ,,5-40 cm” and ,,>5 cm”,

121



Bucov. For. 17(2): 115-129, 2017

Bosoa
- cm

12 —ctPl

11
"SE 10 — .CLPII
c
EE 9 = =CLPIll
gt~ 3 -==CLPIV
mm(ﬂ
gg__c 7 — PV
338 . ‘
2o 5 ce—
o 2 E 4 N TSR
o~
52
L

1

0

80 100 120 140

Articole de cercetare

B
Now

>20cm

= e
0 O

O R N WD U O N

Age (years)

Figure1 Variation of mean volume growth against age for the wood production corresponding to target assort-
ment — example for Norway spruce (natural range)

respectively third yield class, target assortment
»> 16 cm”; white and black poplar, yield class
III, target assortments ,,5-16 cm” and ,>24
cm”; willow from shoots, second yield class,
target assortment ,,>20 cm”, respectively third
yield class, target assortment ,,> 16 cm”.

Together with the technical harvesting ages,
the maximum volume growths that led to the
respective ages are presented in tables 1,2 and 3
from the supplementary material. The growths
highlighted in red correspond to situations
where the technical harvesting age is lower than
the age of abundant fruiting in the forest.

In the case of coniferous species (table 1 —
Supplementary material) the highest volume
growths are obtained for the ,.> 5 cm” and ,,5-
34 cm” target assortments. The first includes
the entire range of dimensional assortments
and assumes that the beneficiary of the wood
will be able to efficiently capitalize on all the
obtained dimensional assortments.

If the aim is to obtain a larger amount of
thick and very thick wood assortments, the
volume growth of the other assortments will
remain a secondary objective, and the estab-
lishment of a harvesting age of 130 or even
140 years for spruce in its natural range, first
yield class, it is worth considering, since the
volume growths corresponding to the ,> 24
cm” or ,> 34 cm” target assortments register
high values: 10.7 m*-year'-ha!, respectively
7.77 m*-year'-ha'.
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In the case of European beech and species of
the Quercus genus, the largest volume growths
are recorded by the target assortments ,> 5
cm” and ,,5-40 cm” (Table 2 - Supplementary
material). Based on the research methodology
and the data used, it was not possible to identi-
fy the harvesting age for the beech regenerated
by seeds in case of very thick and thick wood
assortments, even in the first yield class, while
in the fifth yield class, at the age of 115 years,
it is barely possible to obtain medium wood
assortment for timber (target assortment ,,12-
24 cm”), but the maximum growth of this as-
sortment does not exceed 2.22 m?-year!-ha’,
which is why it becomes advisable that at this
yield class the harvesting age not to exceed
100 years.

In the case of deciduous species regenerated
from shoots, technical harvesting ages below
the age at which abundant fruiting begins in
the forest should be avoided when conver-
sion to high forests is considered, in order to
favour so the natural regeneration from the
seeds. If the management objectives assume
the maintenance of the coppice, the trees could
be harvested even at younger ages, but when
adopting the target assortments, it is worth
considering the maximum volume growths
presented in tables 2 and 3 from the supple-
mentary material.

In case of oak species, the volume growths
of target assortments are smaller than in case
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Tabled Technical harvesting ages for European beech and oak species

Specics Yield Technical harvesting ages (years) for the target wood assortment ... (cm)*
P class  5.12 5-16 5-20 5-24 12-24 5-40 >5 >12 >16 >20 >24 >40
European 1 25 30 35 45 45 70 90 110 130 140 DI DI

| 30 35 45 50 55 8 105 125 135 135 DI DI
beech 11 35 45 55 60 70 105 110 135 140 DI DI DI
(from IV 45 55 70 8 90 130 140 DI DI DI DI DI
seeds) \ 55 75 8 100 115 140 DI DI DI DI DI ns

European I 25 30 40 45 60 70 90 115 120 DI DI DI
beech | 30 40 45 55 70 8 100 120 DI DI DI DI

m 35 50 60 70 8 105 120 DI DI DI DI DI

(from IV 45 60 75 90 110 1200 1200 DI DI DI DI ns
shoots) \ 65 8 100 115 120 DI DI DI DI DI DI ns
, I 25 35 40 45 50 80 85 105 110 110 140 DI
Sessile i 30 40 45 55 60 8 95 105 125 130 140 DI

oak (from TI 35 45 55 65 70 95 115 125 140 DI DI DI

seeds) IV 45 55 65 75 8 110 135 140 DI DI DI DI
\Y% 50 65 80 90 100 135 135 140 DI DI DI ns
I 25 35 40 50 55 | 70 70 90 95 120 DI DI
Sessile i 30 40 45 55 65 70 70 105 110 120 DI DI

oak(from II 35 45 50 65 75 75 75 105 120 DI DI DI

shoots) IV 40 5 60 75 90 8 8 115 120 DI DI ns
\Y% 50 60 70 80 100 80 80 120 DI DI DI  ns

Peduncu- I 20 25 30 40 40 65 80 95 100 130 140 DI
lated oak 1L 25 30 35 45 45 75 90 105 110 140 DI DI
m 25 35 40 50 55 75 105 120 130 [[130°] DI DI

(from IV 30 40 45 55 60 8 105 140 DI DI DI DI
seeds) \ 35 45 55 60 70 100 120 140 DI DI DI DI
Peduncu- I 20 25 35 40 50 | 55 55 8 90 115 120 DI
latedoak I 25 30 35 45 55 65 65 8 105 120 DI DI
m 30 35 40 55 65 70 70 100 120 DI DI DI

(from IV 35 40 50 65 75 8 8 115 120 DI DI ns
shoots) \% 40 50 60 75 90 100 100 120 DI DI DI ns
I 20 25 30 35 35 60 65 75 8 8 115 130

Turkey | 20 25 35 40 45 65 65 8 95 105 DI DI

oak(from II 25 30 40 50 50 |65 65 90 105 130 DI DI

seeds) IV 30 40 45 55 65 . 80 8 100 115 130 DI DI
\Y% 40 45 55 70 80 80 8 115 130 DI DI DI
I 15 20 25 30 35 . 45 45 60 65 95 95 110
Turkey I 20 25 30 35 40 50 50 70 75 8 120 DI

oak(from II 25 30 35 45 50 55 55 70 95 105 120 DI

shoots) IV 30 35 45 50 60 55 55 8 100 120 DI ns
\Y% 35 40 50 60 75 60 60 8 120 DI DI  ns
I 25 35 45 50 60 75 80 100 130 DI DI DI

Hungarian  1I 30 40 50 55 65 |80 80 110 120 130" DI DI

oak (from I 35 45 55 65 70 90 95 125 130 DI DI DI
seeds) IV 35 5 60 70 8 [7165 105" 120 130 DI DI DI

\% 40 55 65 8 95 120 120 130 DI DI DI DI

Note. Abbreviations: DI — insufficient data in the yield tables to confirm the achievement of the maximum
value of the mean volume growth of the wood production corresponding to the target assortment; ns — wood
assortment that cannot be obtained.

* in the case of provenances from shoots, the technical harvesting ages lower than the age of the first abundant
fruiting in the forest were highlighted (in red), in order to be avoided if the conversion to high forest is aimed.
The values in red represent technical harvesting ages lower than the age of the first abundant fruiting in the
forests, those in yellow are ages for which there is no certainty that the maximum value of the mean volume
growth of the production corresponding to the target assortment has been identified, the values in green indicate
technical harvesting ages with deviations from the general variation tendency in relation to the species and
yield class for the same assortment, and those in orange are technical harvesting ages similar for different target
wood assortment but for the same species and yield class.
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Table6 Technical harvesting ages for other deciduous species

Yield Technical harvesting ages (years) for the target wood assortment ... (cm)**

Species
class 512 516 520 5-24 1224 5440 >5 >12 >16 >20 >24 >40

I 25 30 40 45 55 50 50 75 100 120 DI DI

II 25 35 40 45 60 55 55 80 110 120 DI DI

Hornbeam I 30 40 45 50 70 65 65 9 120 DI DI DI
v 35 45 55 60 75 75 75 120 DI DI DI DI

\Y 40 50 60 70 85 8 8 115 DI DI DI ns

I 15 25 25 35 40 45 45 55 70 DI DI ns

11 20 25 30 40 50 45 45 70 DI DI DI ns

Silver birch 111 25 35 40 50 60 55 55 70 DI DI DI ns
v 30 45 55 55 70 65 65 DI DI DI DI ns

\ 40 60 70 DI DI 70 70 DI DI DI ns ns

I 20 25 30 35 45 45 45 65 8 105 110 DI

II 25 30 35 45 50 50 S50 75 100 110 DI DI

Silver lime 1 25 35 40 50 60 | 60 60 8 110 DI DI DI
v 30 40 50 60 70 65 65 100 110 DI DI ns

\Y 40 50 55 70 8 [ 75 75 110 DI DI DI  ns

I 8 10 12 14 14 20 22 24 34 36 36 36
1I 8 12 14 16 16 22 22 26 38 40 DI DI

Willow from 1912 14 18 18 24 24 30 W36M 40 DI DI

seeds v 10 14 16 20 22120 20 30 38 40 DI DI
\% 12 16 18 22 24 22 22 38 40 DI DI ns
I 8 12 14 20 24 26 26 40 DI DI DI DI
Black locust I 10 14 18 26 32 30 30 40 DI DI DI ns
11 14 18 24 30 40 36 36 40 DI DI DI ns
from seeds

v 18 28 34 40 DI 40 40 DI DI DI ns ns
\% 30 40 DI DI DI DI DI DI DI ns ns ns

I o 10 15 15 20 20 20 25 30 35 50 65
White poplar I 10 15 15 20 20 25 25 30 35 40 50 70
and black I 00 10 15 20 20 [ 25 25 30 35 40 [ 45 70

poplar v 15 20 20 25 30 30 30 35 45 50 70 ns

\Y 15 20 25 30 35 30 30 40 50 65 70 ns

I 6 8 10 10 14 - 12 16 22 34 DI ns

Willow from 11 8 10 10 12 16 - 12 18 28 32 DI ns
shoots* 11 8 12 14 14 22 - 14 24 [ 26 34 DI ns
v 10 14 16 16 30 - 16 30 34 DI DI s

\Y 14 18 20 20 30 - 20 30 34 DI DI ns

Note. Abbreviations: DI —insufficient data in the yield tables to confirm the achievement of the maximum
average volume growth of the wood production corresponding to the target assortment; ns — wood assortment
that cannot be obtained.

* - the G1 dimensional assortment cannot be obtained for willow from shoots, which is why the target
assortments ,,>5”, ,>12",,>16”, ,>20” and ,,>24” do not include this dimensional assortment, and the ,,5-40”
and ,,>5” assortments are identical.

** _ in the case of provenances from shoots, the technical harvesting ages lower than the age of the first
abundant fruiting in the forest were highlighted, in order to be avoided if the conversion to high forest is aimed.
The values in red represent technical harvesting ages lower than the age of the first abundant fruiting in the
forests, those in yellow are ages for which there is no certainty that the maximum value of the mean volume
growth of the production corresponding to the target assortment has been identified, the values in green indicate
technical harvesting ages with deviations from the general variation tendency in relation to the species and yield
class for the same assortment, and those in orange are technical harvesting ages similar for different target wood
assortment but for the same species and yield class.
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of beech, but their variation is also smaller.
In the case of target assortments that include
large dimensional assortments, among the
oak species, the largest volume growths for
the same assortments and yield classes are re-
corded for pedunculated oak from the seed,
followed by the sessile oak from the seed and
Turkey oak from the seed. In case of target
assortments that do not include large dimen-
sional assortments, the growth of coppice
stands is sometimes higher than that recorded
in the high forest stands, except for peduncu-
lated oak, where the growth of the high forest
is for all the analysed assortments larger than
the growth of the coppices.

From the category of the other analysed de-
ciduous species, the largest volume growths
are recorded by willow (e.g. 21.6 m*-year'-ha’!
in the first yield class, target assortment ,>
5 cm”), followed by poplar, black locust and
hornbeam (Table 3 — Supplementary material).
At the same time, poplars and willows also al-
low obtaining large-sized wood assortments,
unlike birch and black locust (Robinia pseu-
doacacia L.), where the management of stands
aiming to obtain such type of wood assort-
ments would require high ages, similar to spe-
cies longevity and, consequently, very much
reduced volume growths. The very small vol-
ume growths of black locust and silver birch
in the lower yield classes (IV and V) justify
including such forest stands under special pro-
tection, especially since only small sizes wood
assortments can be achieved.

Discussion

The re-evaluation of the technical harvesting
ages for Romanian forests, carried out in rela-
tion to the species, the yield class and the tar-
get assortment, allows highlighting the aspects
that require improvements through future re-
search, in order to better substantiate the tech-
nical decisions adopted during forest manage-
ment planning.

Several studies have been carried out in Ro-
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mania on the fruiting of some forest species
such as: pedunculated oak, sessile oak, horn-
beam (Enescu et al. 1966, Bolea et al. 1982a,
Scutareanu et al. 1984, Bolea 1989), silver fir
(Lalu 1993), European larch, Scots pine (Bolea
et al. 1982b). It is noted, however, that there is
a lack of detailed information in the Romani-
an literature regarding the ages at which forest
species begin to abundantly fruit in the forest,
in relation to the site conditions. Knowing
these ages is necessary to avoid adopting tech-
nical harvesting ages lower than the silvicul-
tural harvesting age.

It was also found that in many situations,
even for higher yield classes, for long-lived
species, it was not possible to identify the max-
imum value of mean volume growth of the
production corresponding to large-size wood
assortments due to the fact that the data in the
current yield tables (Giurgiu and Draghiciu
2004) stop at ages lower than the ages at which
these maxima are reached. In addition, there
are a number of situations highlighted in tables
5 and 6 (for beech from seed — second yield
class, pedunculated oak from seed — third yield
class, Hungarian oak from seed — second yield
class, hornbeam — fifth yield class, willow from
seed — yield classes III, IV and V, white pop-
lar and black poplar — third yield class, willow
from shoots — yield classes Il and I1I) where the
obtained technical harvesting ages do not fall
within the normal variation trends in relation to
the yield class, which implies a revision of the
information from the yield tables and/or the di-
mensional sorting tables (Giurgiu et al. 2004).

In order to widen the range of species for
which the technical harvesting ages could be
determined, another aspect that should be tak-
en into account when drawing up the new bi-
ometric tables for forests stands refers to their
completion with information for those species
that are lacking either form the yield tables
drawn-up on relative yield classes (e.g. maple,
alder, aspen, cherry tree, ash, etc.), or from the
dimensional sorting tables (e.g. Scots pine)
and, eventually, the addition of other species
of forestry interest for which we have not yet
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such tables.

Depending on the changes that will appear
in the new yield tables and dimensional sort-
ing tables, this study can be completed in
the future with technical harvesting ages for
other species or target assortments. Also, the
analysis is worth continuing to determine the
economic harvesting ages (Dragoi and Dudu-
man 20006) since, although for species of high
economic value (e.g. pedunculated oak, sessile
oak, beech), for thick and very thick wood
assortments, these maximum growths record
lower values than in the case of small-size
wood assortments, the selling price will cer-
tainly produce a change in the outlook of the
forest manager or owner.

In addition, we should not neglect the sec-
ondary species in the compositions of the
even-aged stands which, in most cases, due
to their reduced longevity (e.g. cherry tree),
do not reach the harvesting ages proposed for
the main species for large-sized assortments
(Nicolescu 2002), with the risk that, over
time, the species diversity of these stands to
decrease. For such species, the harvesting ages
are not presented in the technical norms, and
maintaining the trees belonging to these spe-
cies until too old ages is accompanied by a sig-
nificant wood quality depreciation.

Greater attention is needed for the stand-level
forest management, in order to ensure the con-
tinuous presence of these species in the future
compositions of the stands (preferably through
natural regeneration), but also their proper eco-
nomic exploitation. For this reason, the estab-
lishment of harvesting ages at stand level, differ-
entiated by species category, can be considered
an option, without the risk of disrupting the plan-
ning of wood production as long as it is carried
out in relation to the harvesting ages established
for the main species in stand composition.

Concerns for knowing the characteristics of
forest ecosystems in order to scientifically sub-
stantiate forest management methods should
not be neglected. These allow deepening the
aspects related to establishing the optimal mo-

ment of harvesting the stands. For example,
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through the technical instructions for forest
management planning from 1950 and 1951
(Anonymous 1950, Anonymous 1951), it was
mentioned about harvesting age only that it
must ,,express the dimensions and quality of
the materials to be produced and is determined
according to the achievement of a maximum
useful production”, and the minimum rotation
for high forests were indicated as 100 years for
Norway spruce, silver fir, beech and 120 years
for pedunculated and sessile oaks. The instruc-
tions from 1959 (Anonymous 1959) intro-
duced the term of ,,management goal”, being
established target assortments by species and
yield classes in relation to the minimum diam-
eter at the thin end of the logs. Obtaining large-
sized assortments was recommended only for
the high productivity stands, the technical har-
vesting ages varying for spruce between 100
and 115 years, for silver fir and beech between
100 and 120 years, and for pedunculated and
sessile oaks between 110 and 130 years.

A more thorough presentation of the techni-
cal harvesting ages is made by Giurgiu (1988)
for Norway spruce in the natural range, silver
fir, beech, sessile oak from the seed, sessile
oak from shoots, being indicated age thresh-
olds between which it is recommended to
harvest the stands. The ages identified in this
paper based on the new yield tables and the
new dimensional sorting tables for stands are
generally comparable or higher than the max-
imum thresholds of the intervals proposed by
Giurgiu for the same species, yield classes and
target assortments (table 7). The largest posi-
tive differences are reported in the case of the
sessile oak regenerated from seeds, for the ,,>5
cm” target assortment and in the case of the
sessile oak from the shoots, for the ,,>12 cm”
target assortment. These differences further ar-
gue for the necessity of the present study.

Compared to the technical harvesting ages
indicated in the technical norms for forest
management planning (Anonymous 1986,
2000) for timber assortment, the ages in this
paper have values either comparable or 10-
20 years higher if only the “thick” and “very
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thick” dimensional wood assortments are con-
sidered, or up to 40 years lower if the medium
wood assortments are also considered.

Establishing the target assortment becomes
an extremely important stage in the planning
process of wood production (Duduman and
Dragoi, 2008), and this study provides the nec-
essary arguments for correctly informing for-
est owners and explaining the economic losses
that occur in the case of adopting too low har-
vesting ages, especially in the case of high and
medium productivity stands.

In the case of Norway spruce outside the
natural range, its natural regeneration from

Technical harvesting ages of the main forest species in Romania

seed must be carefully analysed. Practical ex-
periences have shown that these cultures were
strongly affected by biotic and abiotic factors
(Duduman et al. 2011, Duduman and Olenici
2015), in most situations the best management
option being represented by artificial regen-
eration with tree species corresponding to the
natural forest type.

Conclusions

Technical harvesting age offers great flexibili-
ty to the forest manager, allowing him to opt,

Table7 Differences (years) between technical harvesting ages achieved and those presented by Giurgiu (1988)

. Target wood Yield class

Species assortment 1 11 11 v A\

>5 0 0 5 0 5

>10 5 0 0 15 10

Norway spruce >14 15 0 0 15 20
(natural range) >20 0 5 35 20 -
>24 30 25 - - -
>34 10 - - -

>5 5 0 -5 -5 -5

>10 5 0 -10 10 0
. >14 5 10 15 10 -
Silver fir >20 5 25 20 20 -
>24 0 15 - - -
>34 5 5 - - -
>5 5 15 15 30 -
>12 15 25 25 - -
European >16 30 30 20 - -
beech >20) 30 30 - - -
>24 - - - - -
>4() - - - - -

>5 15 20 30 45 25

>12 15 5 10 20 5
Sessile oak >16 5 15 15 - -
(from seeds) >20 -10 0 - - -
>24 0 -10 - - -
>4() - - - - -
>3 - - N _ N

>12 30 40 35 45 40
Sessile oak >16 0 10 10 10 -
(from shoots) >20 10 0 - - -
>24 - - - _ _
>4() - - - - -
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both at the level of each individual tree and at
the level of the growing stock, for an optimal
management system in relation to all three
components of the planning process: material,
individual and social.

It is important to ensure a common frame-
work for planning timber production, respect-
ing the principles of forest management and
ensuring the continuity of timber production
where possible, with the appropriate applica-
tion of established management methods, but
the right of the forest owner to sets its own
management goals, following the legislative
framework imposed by society, must in turn be
respected.

The improvement of the way of establishing
the harvesting ages in Romania constitutes an
element of forest policy and involves a sto-
chastic approach to the social, economic and
ecological aspects that affect the forest man-
agement. The differences that currently exist in
timber production planning between large and
small forest owners cannot be ignored, just
as it is not fair for society to be indifferent to
the management objectives the owners of the
small forest areas wish to achieve.

Thus, the updating of the harvesting ages can
be a step forward in the activity of revising the
technical norms for the management of forests
in Romania, at the same time meeting the re-
quirements arising from the current socio-eco-
nomic context, reflected by the diversification
of the ownership structure on forestlands and
materialized by the need of forest owners to
sometimes establish production goals different
from those presented in the current technical
norms or those established for forests owned
by the state.
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The online version of the article contains sup-
plementary material.

Fig. 1. The dynamics of the mean volume
growth corresponding to wood production of
the target assortment against age (e¢.g. Norway
spruce, silver fir, European beech, sessile oak
and pedunculated oak)

Table 1. Maximum value of average volume
growth corresponding to wood production of
target assortment, against species and yield
class, for coniferous

Table 2. Maximum value of average volume
growth corresponding to wood production of
target assortment, against species and yield
class, for European beech and oak species

Table 3. Maximum value of average volume
growth corresponding to wood production of
target assortment, against species and yield
class, for other deciduous species
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Fig. 1. The dynamics of the mean volume growth corresponding to wood production of the target assortment against age (e.g.
Norway spruce, silver fir, European beech, sessile oak and pedunculated oak)



Table 1. Maximum value of average volume growth corresponding to wood production of target
assortment, against species and yield class, for coniferous

Yield Maximum value of mean volume growth (m*-an’'-ha™') for the target wood assortment ...

class 5770 5014 5-20 10-20 5-24  5-34 >5 >10  >14  >20 >24 >34
N I 308 589 10.15 805 11.79 1440 15.84 1491 13.85 11.99 1070  7.77
orway I 269 522 856 688 988 1197 1279 12.03 1097 934 820 -

Species

sf’rfcel‘ I 248 458 728 578 826 9.66 997 928 829 676 - -

“r‘;r‘:grz IV 207 382 578 456 649 724 730 662 583 443 - -

V167 294 417 320 455 484 484 423 354 - - -

Norway I 314 613 1079 888 1263 1572 17.09 1616 1504 1296 1139 y
spruce —

outsideits 11 2.68 547 951 784 1181 1397 1486 1405 1276 10.61 . y
natural

range M 244 502 887 7.9 1024 12.17 12.59 11.79 1046 821 - -

I 2.55  4.88 7.79 6.19 897 11.09 1249 1191 11.08 9.76 8.82 6.42

1I 245 442 691 547 791 9.66 1052 996 9.19 793 7.15 4.84
Silver fir or 200 3.73 590 4.67 6.70 8.08 8.56 8.09 738 6.21 - -

IV 176 327 5.03 398 5.64 6.61 6.79 629 565 4.6l - -

\ 1.57  2.86 420 321 456 5.13 5.19 4.66 4.04  3.02 - -

I 3.55 548 7.71 581  8.52 9.25 9.30 826  7.07  4.57 - -

II 270 416 590 436 648 6.70 7.01 6.17 521 3.28 - -
Black pine or 216  3.23 444 321 4.80 5.07 5.07 4.33 356 2.05 - -
IV 155 227 3.06  2.17 3.25 3.33 3.33 2.72 2.11 - - -
V. 113 1.58 198 131 2.04 2.04 2.04 1.46 - - -
I 247 527 9.00 7.38 10.96 1330 13.85 13.05 11.86 9.65 8.16 5.22
II 236 472 7.81 623 9.8 1081 11.18 1044 936  7.50 6.30 3.89
oI 2.00 3.96 636 498 7.32 8.39 8.60 791 7.01 5.49 4.60 -
IV. 176 324 487 372 543 5.99 6.11 552 481 3.69 - -
\ 1.49  2.50 343  2.50 3.71 3.96 3.96 3.45 2.93 2.15 - -

Note. The red colour highlights the volume growths corresponding to the technical harvesting ages lower than the age
of first abundant fruiting in the forest.

European
larch




Table 2. Maximum value of average volume growth corresponding to wood production of target
assortment, against species and yield class, for European beech and oak species

Yield Maximum value of mean volume growth (m*-an’'-ha") for the target wood assortment ...
class 515516 520 524 1224 540 >5 >12  >16 >20  >24  >40

e I 388 541 643 730 551 922 975 906 844 7.7 - -
uropean I 342 468 556 627 4.64 7.68 8.01 7.31 6.75 6.06 - -

Species

?friil M 290 388 462 518 38 619 637 576  5.19 - - -
seeds) IV 226 3.3 364 409 300 475 486 - R - - -
V190 247 285 313 222 355 - - - - - -

European 1T 432 553 635 681 486 760 766 673 601 - - -
beech [ 335 438 491 532 370 589 593 515 - - - -
(from M 243 323 370 402 281 447 450 N - - - -
shoots) IV 164 227 266 292 208 326 326 - R - - -

\Y 1.14 1.6l 191 211 1.46 - - - -

1 3.56  4.81 576 6.48 4.95 7.77 7.83 7.06 6.48 5.63 4.74 -

Sessile oak I 3.10 4.05 476 532 392 6.25 6.28 5.57 5.08 4.41 3.61 -

(from I 244 322 374 4.15  3.04 4.84 4.86 4.29 3.84 - - -

seeds) v 1.88 2.46 2.85 3.15 225 3.63 3.63 3.16 - - - -

\ 1.40  1.81 2.08 230 1.6l 2.61 2.61 2.20 - -

I 425 546 6.21 6.73 4.85 7.20 7.20 6.03 5.23 4.39 - -

Sessile oak 1 330 4.23 480 5.19 3.67 5.45 5.45 4.50 3.90 3.16 - -
(from I 270 341 376 4.01 275 4.16 4.16 3.27 2.70 -

shoots) IV. 203 254 274 286 192 2.94 2.94 2.20 1.73 - - -

\ 1.44  1.77 1.88 191 1.21 1.92 1.92 1.32 - - - -

I 4.06 5.21 585 644  4.59 8.08 8.36 7.66 7.22 6.73 6.15 -

f;‘;‘;“;; M 357 454 511 556 388 678 696 630 590 543 - -
(from M 296 375 429 4.65 3.21 556 567 5.1 476 437 - -
seeds) IV 262 327 3.67 394 264 458 462 408 B - - -

V 208 270 297 3.8 2.11 3.61 3.65  3.16 - - - -
1 377 490 568 6.17 445 670 670 560 487 409 327 -
f;ggn;; M 328 423 477 512 3.65 5.50 550  4.50 390 3.5 - -
(from I 260 351 392 420 294 446 446 359  3.09 - - -
IV 215 277 3.0 329 228 346 346 276 228 - - -

shoots)

\ 1.73 216 240 252 1.71 2.64 2.64 2.05 - - -
1 3.03  4.27 5.17 598  4.26 7.38 7.46 6.62 6.00 5.31 448 138
Turkey oak I 263 367 440 5.04 3.55 6.02 6.06 5.26 4.66 4.08 - -
(from oI 240 321 376 419 291 4.80 4.80 4.01 3.46 2.96 - -
seeds) v 1.98  2.63 3.02 332 223 3.63 3.63 2.90 242 1.96 - -
\Y 1.59 209 234 251 1.62 2.65 2.65 1.99 1.59 - - -
1 298 442 533 6.09 436 6.97 6.97 5.99 5.17 4.41 3.64  0.60

Turkey 11 2.79  3.78 452 502 348 5.49 5.49 4.52 3.82 3.12 2.47 -
oak (from I 232 3.13 3.63 396  2.67 4.17 4.17 3.24 2.63 2.07 1.49 -
shoots) v 1.83  2.44 274 292 191 3.00 3.00 2.14 1.64 1.19 - -

\Y 1.56 199 2.16 225 1.39 2.27 2.27 1.49 1.04 - - -

1 293 448 541 6.08 442 7.02 7.04 6.12 5.27 -
Hungarian 1I 243 3.64 441 494 3.62 5.67 5.67 4.89 4.18 3.50 - -
oak (from 111 1.85 2.84 344 386 2.84 4.41 441 3.78 3.22 - - -
seeds) v 1.37 211 2.57 290 2.14 3.28 3.28 2.78 2.31 - - -
\Y% 0.93 146 1.79  2.02 1.50 2.27 2.27 1.92 - - - -

Note. The red colour highlights the volume growths corresponding to the technical harvesting ages lower than the age

of first abundant fruiting in the forest.




Table 3. Maximum value of average volume growth corresponding to wood production of target
assortment, against species and yield class, for other deciduous species

Species Yield Maximum value of mean volume growth (m*-an’'-ha") for the target wood assortment ...

class 5775 516 520 524 1224 540 >5 >12 >16 >0  >24  >40

1 5.64 7.00 7.69 8.04 4.83 8.27 8.27 5.59 4.27 3.20 - -

11 4.86 5.98 6.57 6.83 4.05 7.01 7.01 4.68 3.55 2.57 - -

Hornbeam 111 4.10 4.99 5.48 5.70 3.33 5.84 5.84 3.85 2.89 - - -
v 3.16 3.90 4.32 4.50 2.68 4.64 4.64 3.12 -

\ 2.55 3.14 3.46 3.58 2.11 3.69 3.69 2.41 - - - -

I 4.14 5.57 6.38 6.90 4.90 7.26 7.26 5.81 4.60 - - -

11 3.80 4.85 5.41 5.71 3.90 5.84 5.84 445 - - - -

Silver birch 111 3.05 3.88 427 4.39 2.96 446 446 3.20 - - - -
v 2.38 2.93 3.16 3.22 1.85 3.24 3.24 - - - - -
\ 1.74 2.15 2.29 - - 231 2.31 - - - -

1 5.67 6.88 7.55 7.87 4.97 8.16 8.16 6.10 5.03 4.04 3.13 -

11 4.34 5.52 6.12 6.42 4.10 6.65 6.65 497  4.04 3.12 - -
Silver lime 11T 3.78 4.69 5.16 5.35 3.30 5.50 5.50 3.94 3.08 -

v 2.92 3.66  4.01 4.19 2.56 429 429 3.01 2.26 - - -

\ 2.40 291 3.17 3.25 1.89 3.31 3.31 2.16 - - - -

1 11.93 1563 17.99 19.71 13.74 21.54 21.58 1833 1597 13.78 1135 197

11 10.70 1326 15.19 1632 1121 1743 1743 1432 1221 1042 - -

Willow from == /——¢"00™ 0201179 _12.61 855 1311 1311 1055 872 714 B -

seeds IV 7.00 834 894 928 605 948 948 7.2 566 438 N }

\ 4.88 5.48 5.78 5.96 3.55 6.02 6.02 4.06 3.20 - - -

1 7.73 996 11.29 1251 9.19 13.05 13.05 10.79 - - - -

1I 6.41 7.96 8.88 9.63 6.91 9.86 9.86 7.81 - - - -

Black locust =33 41583645 685 489 697 697 509 - - - -

from seeds IV 323 384 423 440 - 440 440 - - - - -

\Y 2.00 2.38 - - - - - - - - -

1 7.55 11.03 1281 1477 11.15 1632 1632 1442 12.54 1028 7.92 1.20

White poplar 1I 6.47 7.97 10.10 1097 872 12.19 12.19 1048 8.85 7.03 5.11 0.47

and black I 440 451 626 7.7 586 857 857 760 650 508 350 0.1
poplar IV__ 327 418 504 546 399 562 562 449 349 242 151 -
V__ 182 26l 307 323 236 329 329 249 179 LIl 054 -
T 1208 1690 1887 1991 1270 - 2029 1397 1020 718 - -
ow f I 1087 1414 1552 1593 946 - 1603 1026 710 457 - -
Wls}ll?;tsi"m Il 881 1094 1160 1175 645 - 1175 686 437 255 - -
IV 696 800 825 827 379 - 827 395 225 - - -
V428 469 477 477 180 - 477 180 056 - - -

Note. The red colour highlights the volume growths corresponding to the technical harvesting ages lower than the age
of first abundant fruiting in the forest.



