JOURNAL OF FOREST SCIENCE, 48, 2002 (1): 8-15

Age and diameter classesor growth stagesascriteria

for theimplementation of thinning

R. PETRAS

Forest Research Institute, Zvolen, Sovak Republic

ABSTRACT: Suitability of age and diameter classes or growth stages is evaluated with respect to the determination of
a boundary between the tending part and yield (commercial) part of thinnings for the most important commercial tree spe-
cies. The suitability was assessed according to the development of growth and production parameters such as mean height,
mean diameter and particularly the proportion of round timber assortments in the stands that should be as low as possible.
It resulted from the analysis that growth stages are most suitable and the boundary is between the small pole stage stand
with mean diameter 6-12 cm and pol e stage stand with mean diameter 13-19 cm.
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All tending treatments have a primary role to regulate
increment and the growth of forest stands with the aim of
obtaining their lifetime stability and production. Particu-
larly thinnings play a very important role in the lifetime
development of the forest. They influence its tree species
composition, height and diameter structure, and in this
connection also the growth and stability of individual
trees and stand. Moreover, they also have a direct eco-
nomic role regarding wood production expressed not only
by the volume but also by the quality of wood from thin-
nings. Thus thinnings incorporate tending and felling in
one management measure being performed in the stand.
The ratio of these two important components alters dur-
ing the stand development. In the beginning, thinnings
play arole of tending measures contributing to the gener-
al formation of the stand but later their economic or com-
mercial role, regarding wood production, becomes more
important.

Despite this knowledge a provision laying down the
compulsory intensity of thinnings in forest management
plans was introduced into the Forest Act of the Slovak
Republic in 1993. According to this provision the intensi-
ty of thinning is prescribed as minimal in a forest manage-
ment plan for the stand below 50 years of age and as
maximal in the stand older than 50 years. Such a legal pro-
vision had to force a forest manager to carry out thin-
nings of minimal intensity in the stand within 50 years of
age as prescribed by the forest management plan. At the
same time it had to impose some restrictions for the forest
manager on heavy commercial thinnings in older stands
as they could lead to a higher reduction of growing stock
in older stands than it is prescribed by the forest manage-

ment plan. A similar legal provision was also adopted by
Forest Act in the Czech Republic in 1995. But more de-
tailed and objective justification of this measure, particu-
larly determination of one age limit, namely 50 years for all
stands regardless tree species composition, has been
missing in both countries. It is interesting that this provi-
sion was accepted without any significant criticism by all
professional circles not only in forest management but
also in forest practice.

In a more detailed assessment of age characteristics or
age classes with the aim to determine or assess the impor-
tance of thinnings it is necessary to come out from their
basic attributes. Though age of stands is the basic factor
of their growth, it is not the only one and therefore also
other factors, such as site quality, being indirectly ex-
pressed by the site class of the stand, should be taken
into account. Thus minimally on the basis of age and site
class of the stand it is possible to identify the growth of
trees and stands very easily. The growth of trees and
stands can be monitored as well as assessed by means of
other parameters, such as height and diameter of tree, or
timber volume, it means by quantitative parameters. For
the planning of management measures, monitoring and
assessment of the forest condition in addition to quanti-
tative growth parameters qualitative parameters are also
very important. They characterize for example the quality
of timber production, stand development or the changes
in the stand. As it is impossible to strictly separate the
growth and development of the stand from each other,
various characteristics were introduced into forestry. They
describe the state of stands through incorporating the
growth and development parameters. This issue was stud-
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ied in great detail in Slovakia by GREGUS (1968), who pro-
posed 9 growth stages. They have been introduced into
forest management after slight modifications. To deter-
mine the first two growth stages of the stand, namely
young plantation and advance growth, mean heights with
respective limit values to 0.5 and to 1.0 m were used. Mean
diameters of the stand with the following values were
used for higher stages:

— Thicket below 6 cm
— Small pole stage stand 6-12cm

— Pole stage stand 13-19cm
— High forest of small diameter 2027 cm

— High forest of medium diameter 25-35cm

— High forest of large diameter 3643 cm

— High forest of very large diameter ~ above 43 cm.

Moreover, each growth stage is characterized by its
own developmental stage and main management measure
that should be most suitable for a particular stage.

The aim of this work is to evaluate the suitability of age,
diameter classes and growth stages for the determination
of the boundary between the tending component and
yield (commercial) of component of thinnings for the most
important commercial tree species and to set the required
boundary according to the results.

MATERIAL AND METHODS

The boundary between the tending and yield compo-
nent of thinnings was sought by means of growth and
production parameters of the stand such as mean height,
mean diameter and growing stock, but especially accord-
ing to the proportion of commercially most important as-
sortments of raw timber. These are mainly the most
valuable assortments intended for the production of ve-
neers and saw logs, also called roundwood. According to
the national standard for the sorting of raw timber we
distinguish logs of quality classes I-III, which are also
important for the yield component of thinnings.

To solve the problem models of yield tables for spruce,
fir, pine, oak, beech (HALAJ et al. 1987) and for larch
(PETRAS, HALAJ 1993) and models of assortment yield
tables (PETRAS et al. 1996) were used. From the yield ta-
bles models of the development of mean diameter of the

main stand and secondary crop (d) and growing stock (V)
in dependence on their age () and yield class (g) were
selected according to the formulas:

d=f(t,q) @
V= f(tq) @
From the assortment yield tables models of the devel-
opment of percentage of logs in quality classes I-III in

dependence on age (f) and yield class (g) of the stand
were selected according to the formula:

I-11% = f(t,9) ©)
By introducing formula (1) into formula (3) a simplified
timeless dependence of the percentage of assortments of
quality classes I-1II in dependence on mean diameter (d)

and yield class (q) of the stand was derived according to
the following formula:

[-111% = f(d,q) @)

RESULTS AND DISCUSSION

AGE CLASSES

To evaluate the suitability of the age itself or age class-
es for the determination of purposeful boundary between
the tending and yield component of thinnings basic stand
parameters, namely growing stock, mean diameter and
height, were used from the yield tables. The data were
used intentionally only at the age of 50 years for minimal
and maximal yield classes from the range of yield tables.
Yield class is expressed by mean height of stand at the
age of 100 years. As it is obvious from the data in Table 1
for all tree species, there are minimal yield classes 10—12
and maximal ones 34—42. For minimal yield classes the
growing stock practically equals zero, mean height reach-
es the value of about 4 m except for pine, and mean diam-
eter is 4—5 cm, except for pine which has a diameter larger
by about 2 cm. Maximal yield classes have these values
significantly higher. The growing stock for all tree spe-
cies ranges from 344 to 614 m®, mean height is about
23-28 m and mean diameter 22—28 cm. We can draw a con-
clusion from the comparison of these three basic growth
parameters that the yield class of the stand, which also

Table 1. Basic growth parameters for 50 years old stands according to yield tables of tree speciesin the range of their minimal and

maximal yield classes

. Growing stock Mean
) Yield class . . : :
Tree species . (large timber inside bark) height diameter
min.—max. 3
(m”) (m) (cm)
Spruce 12-42 8-614 4.1-28.4 4.7-27.7
Fir 1240 0-537 3.8-25.9 4.7-27.4
Pine 12-34 29-378 6.6-23.1 6.8-23.9
Oak 10-36 0-344 3.7-27.6 5.3-22.9
Beech 10-38 0-396 3.7-25.9 3.7-21.8
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Fig. 1. Spruce — the proportion of class |11 assortments of the main stand in dependence on age and yield class of the stand

10 J. FOR. SCl., 48, 2002 (1): 8-15



1- 111 (%)

100
90 + .
4 ‘-““"_{&.-
80
70 +
60
50 +
40
30 + Main stand, yield class 12
T Main stand, yield class 26
1 Main stand, yield class 42
T Secondary crop, yield class 12
20 Secondary crop, yield class 26
1 Secondary crop, yield class 42
10 +
0 +——+— ———

60 70

Mean diameter (cm)

Fig. 2. Spruce —the dependence of class|-I11 assortments of the main stand and secondary crop on mean diameter and yield class of
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indirectly determines the site class, determines substan-
tially growth rate. The stands with highest yield classes
have substantially higher growing stock, mean heights
and mean diameters already at the age of 50 years than
the stands with lowest yield classes. Thus the yield class
must not be excluded from the assessment of stand de-
velopment. It is as important as age for every tree species
and therefore it must be a part of all time relations not only
in the assessment of stand growth and production but
also of stand tending.

Fig. 1 illustrates the importance of yield class for the
assessment of thinnings, for spruce showing a trend of
the proportions of the assortments of class I-III in de-
pendence on age and yield class of the stand according
to formula (3). It is obvious that this proportion abruptly
increases not only with higher age but also with higher
yield class. At the age of 50 years only yield classes 12—
16 have a zero proportion of these assortments. Yield
class 18 has an about 2% proportion and highest yield
class 42 almost 80%. It is obvious that the definition of
the boundary between the tending and yield component
of thinnings should take into account also the yield class
of the stand. Determining this boundary only according
to the age of stand or its direct determination for all tree
species with the age higher than 50 years is extremely
schematic.

DIAMETER CLASSES

Tree diameter, or in the case of stand its mean diameter,
is a typical growth parameter whose development de-
pends mainly on the age and yield class of the stand.
It is generally a very good characteristic of stand maturi-
ty, structure and economic importance. It integrates the
effect of stand age and yield class and if simplified, it can
replace them.

Fig. 2 illustrates according to equation (4) a very strong
dependence of the proportion of roundwood assortments
of quality class I-III on mean diameter and yield class of
spruce stands, particularly for the main stand and sec-
ondary crop. It is obvious from the development of these
proportions that in the main stand and secondary crop in
addition to the strong dependence on mean diameter there
is also a slight dependence on the yield class of the stand.
In the main stand higher yield classes have slightly high-
er proportions of roundwood assortments. In the second-
ary crop these proportions are opposite. A comparison of
the proportion of roundwood assortments in the main
stand and in the secondary crop shows that for the same
mean diameters the secondary crop has lower proportions
by about 20—40% than the main stand. The largest differ-
ences were found for mean diameter, namely about 20 cm.
For the smallest and the largest diameters these differ-
ences decrease approximately to the values 5-10%. In
general, the lower proportion of roundwood assortments
in the secondary crop is caused by the fact that the trees
with worse quality and higher damage of stems should be
included in thinnings.
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Fig. 3 shows the same dependence but for beech. The
proportion of roundwood assortments increases with
mean diameter of the stand only to 30-35 cm. With larger
diameter this proportion decreases unanimously due to
a higher proportion of false heart in beech stems of larger
diameter. Interrelations of maximal and mean yield classes
are the same as for spruce. The only exception is minimal
yield classes, which have the proportion of roundwood
assortments lower by about 15-20% than mean and max-
imal yield classes.

In comparison with spruce the beech has only little high-
er proportions of roundwood assortments in the main stand
than in the secondary crop. It is explained by the fact the
trees in the secondary crop have only slightly worse qual-
ity of stems than the trees in the main stand. Summarizing
the knowledge from this analysis we can state that mean
diameter of stand is a more suitable characteristic to deter-
mine the boundary between the tending and yield compo-
nent of thinnings than stand age. Very slight effect of the
yield class of the stand could be omitted.

GROWTH STAGES

After the previous analysis of mean diameter the analy-
sis of growth stages as criteria to determine the boundary
between the tending and yield component of thinnings is
relatively simple due to the fact that growth stages are
unanimously determined by particular intervals of mean
diameters of the stand. Thinning as the main management
measure is intended especially for the growth stage —
small pole stage stand and pole stage stand.

In the case of small pole stage stand the growth stage
with mean diameter 6—12 cm is accepted as a boundary;
we can expect 0—10% of roundwood assortments from the
main stand according to Figs. 2 and 3 for spruce and
beech. For pole stage stand with mean diameter 13—19 cm
it is about 15-50%. A similar survey of the propor-
tion of roundwood assortments was also made for
other tree species. With the upper range of mean diame-
ters for small pole stage stands of 12 cm, the proportions
of roundwood assortments for other tree species are as
follows: oak 1%, pine 4%, fir 10%, larch almost 23%. In the
case of pole stage stand with its upper limit for mean di-
ameter of 19 cm the proportions of roundwood assort-
ments of tree species would be like this: oak 38%, fir 50%,
pine and larch 52%. After general rounding up these val-
ues we can state that this proportion for all tree species is
40-50%.

As the thinned stands with dominant tending compo-
nent should have this proportion as low as possible, the
boundary between the tending and yield component of
thinnings should be namely the boundary between the
growth stages: small pole stage stand and pole stage
stand. That means in small pole stage stands thinnings
with dominant tending component should be carried out.
In the following growth stage, pole stage stand, direct
management effect should be enhanced and tending com-
ponent of thinnings should be reduced. Regarding the
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lifetime existence of the stand, its production, stability
and fulfilment of non-production functions as well the
tending effect of thinnings is decisive in the growth stage
—small pole stage stand. Possible regulation and modifi-
cation of the intensity and quality of thinnings should be
aimed particularly at this growth stage.
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Vekové, hrubkové alebo rastové stupne ako kritérium na realizaciu prebierok

R. PETRAS

Lesnicky vyskumny Ustav, Zvolen, Sovenska republika

ABSTRAKT: Praca hodnoti vhodnost’ vekovych, hriabkovych a rastovych stupfiov na uréenie hranice medzi vychovnou
a vynosovou (komer¢nou) ¢astou prebierok hospodarsky najvyznamnejsich drevin. Ich vhodnost’ sa posudzovala podla
vyvoja rastovych a produkénych veli¢in, ako su strednd vyska, hrubka a najma podiel gul’atinovych sortimentov v porastoch,

rastovym stupiiom zrd’koviny so strednou hriibkou porastu 6—12 cm a Zrd’'oviny s hrubkou 13-19 cm.

Krluacové slova: rastové stupne; prebierky; vynos prebierok

V praci sa hodnoti vhodnost' vekovych, hribkovych
a rastovych stupiiov na urcenie hranice medzi vychov-
nou a vynosovou (komerc¢nou) ¢astou prebierok hos-
podarsky najvyznamnejSich drevin. Hranica sa hl'adala
pomocou rastovych a produkénych ukazovatel'ov poras-
tov, ako su stredna vyska, hribka a zasoba dreva, ale
najmé podla podielu hospodarsky najvyznamnejsich sor-
timentov surového dreva. Su to predovsetkym najcenne;j-
Sie sortimenty triedy I a II, ur¢ené na vyrobu dyh,
a piliarske vyrezy triedy I1I. Vsetky triedy I-III st spolu
oznaCované aj ako gulatinové vyrezy a st predmetom
hlavného zaujmu aj vynosovych prebierok.

Podkladom na odvodenie vysledkov sa stali modely
rastovych tabuliek pre smrek, jedl'u, borovicu, dub, buk
(HALAJ etal. 1987) a pre smrekovec (PETRAS, HALAJ 1993)
a modely sortimenta¢nych rastovych tabulick (PETRAS et
al. 1996). Z rastovych tabuliek sa vybrali modely vyvoja
strednej hrubky hlavného a podruzného porastu (d)
a zasoby dreva (V) v zavislosti od ich veku (¢) a bonity (q)
podl'a vztahov (1) a (2). Zo sortimentacnych rastovych
tabuliek sa vybrali modely vyvoja percentualneho podie-
lu akostnych tried vyrezov I-11II tiez v zavislosti od veku
(f) a bonity (g) porastu podl'a vztahu (3). Dosadenim
vztahu (1) do vztahu (3) sa odvodila zjednodusena bezc¢a-
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sova zavislost’ percentudlneho podielu sortimentov
triedy I-III v zavislosti od strednej hrabky (d) a bonity
(q) porastu podla vztahu (4).

Pre posudenie vhodnosti len samotného veku alebo
vekovych stupniov na urcenie ucelnej hranice medzi vy-
chovnou a vynosovou Castou prebierok sa vybrali
z rastovych tabuliek zakladné porastové veliciny, a to za-
soba dreva, stredna hribka a vyska. Udaje sa vybrali
zamerne len vo veku 50 rokov pre minimalne a maxi-
malne bonitné stupne z rozsahu ich rastovych tabuliek.
Ako je vidiet' z iidajov v tab. 1, je pri minimalnych boni-
tach 10—12 zasoba dreva prakticky nulova, stredna vys-
ka dosahuje az na borovicu hodnoty priblizne 4 m
a stredna hriibka 4-5 cm s vynimkou borovice, ktora ma
priblizne o 2 cm vécsiu hrabku. Maximalne bonitné stup-
ne 34-42 maju vsak tieto hodnoty uz podstatne vécsie.
Zasoba porastu vsetkych drevin je v rozsahu 344-614 m’,
stredna vyska priblizne 23-28 m a strednd hrubka
22-28 cm.

Z porovnania tychto troch zakladnych rastovych
veli¢in mézeme konstatovat’, ze aj bonita porastu vel'mi
vyznamne urcuje rychlost rastu. Pre kazda drevinu je mi-
nimalne tak vyznamna ako vek, a preto musi byt suc¢astou
vsetkych casovych zavislosti nielen pri hodnoteni rastu
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a produkcie porastov, ale aj ich vychovy. Na obr. 1 je pre
smrek znazorneny aj vyvoj podielu sortimentov triedy
I-III v zavislosti od veku a bonity porastu. Z obr. je vidiet,
ze tento podiel vel'mi prudko stupa, a to nielen s vy$$im
vekom, ale aj bonitou. Vo veku 50 rokov maji nulovy podiel
tychto sortimentov len bonity 12—16. Bonita 18 ma uz
priblizne 2% podiel a najvyssia bonita 42-80% podiel.
Teda aj tu sa ukazalo, Ze pri h'adani hranice medzi vychov-
nou a vynosovou castou prebierok je nutné okrem veku
zvazovat’ aj bonitu porastu. UrCenie tejto hranice len
podla veku porastu, pripadne jeho priame stanovenie na
50 rokov pre vSetky dreviny je az extrémne schematickeé.

Hrubka stromu je vSeobecne velmi dobrou charakte-
ristikou vyspelosti, Struktury a hospodarskeho vyznamu
porastu. Integruje v sebe vplyv veku a bonity porastu
a pri urcitom zjednodu$eni moze ich aj nahradit’. Na obr. 2
je podla vzt'ahu (4) dokumentovana vel'mi silna zavislost’
podielu gul'atinovych sortimentov akostnych tried I-I1I
od strednej hribky a bonity smrekovych porastov,
konkrétne pre hlavny a podruzny porast. Z vyvoja tych-
to podielov je zrejmé, Ze v hlavnom a podruznom poraste
je okrem silnej zavislosti od strednej hrabky aj nepatrna
zavislost’ od bonity porastu.

Na obr. 3 je znazornena rovnaka zavislost, ale pre
drevinu buk. Je vidiet, ze podiel gul’atinovych sortimen-
tov sa so strednou hrabkou porastu zvysuje priblizne len
do 30-35 cm. S vysSou hrubkou porastu sa tento podiel
len zniZuje a jeho pri¢inou je jednoznacne len vyssi po-
diel nepravého jadra v bukovych kmenoch viacsich
hrabok. Buk ma v porovnani so smrekom len o malo vys-
S§ie podiely gulatinovych sortimentov v hlavnom
ako podruznom poraste. Vysvetl'uje sa to najma tym, zZe
stromy podruzného porastu maju len o malo horsiu kva-
litu kmenov ako stromy hlavného porastu. Po zhrnuti
poznatkov z tohto rozboru mézeme konstatovat’, Ze stred-
na hrubka porastu je vhodnejSou charakteristikou na urce-
nie hranice medzi vychovnou a vynosovou ¢astou

prebierok, ako je vek porastu. Nepatrny vplyv bonity po-
rastu by sa v tomto pripade mohol vynechat’.

Analyza rastovych stupnov je po predchadzajucom
rozbore strednej hriibky pomerne jednoduch4, a je to pre-
to, Ze rastové stupne su jednoznacne urcené konkrétnym
intervalom strednych hrubok porastu. Prebierky ako
hlavné hospodarske opatrenia s uréené najma pre ras-
tovy stupen zrd’koviny a zrd'oviny. V pripade, ze by sa
akceptovala zfd’kovina ako hrani¢ny rastovy stupen so
strednou hribkou 6—12 cm, mézeme z hlavného porastu
podl'a obr. 2 a 3 ocakavat’ pri smreku a buku 0-10 %
gul’atinovych vyrezov. Pre dalsi stupen, a to zrd'oviny so
strednou hrabkou 13—19 cm, je to uz priblizne 15-50 %.

Podobny prieskum o podiele gul'atinovych sortimen-
tov sa urobil aj pre ostatné dreviny. Pri hornom rozpéti
strednych hrabok zrd’kovin — teda 12 cm — maju ostatné
dreviny priblizne tieto podiely gul'atinovych sortimentov:
dub 1 %, borovica 4 %, jedl'a 10 % a smrekovec az 23 %.
V pripade, ze by sa preslo aj do d’alSieho rastového
stupna, a to zrdoviny s jej hornou hrani¢nou strednou
hrabkou 19 cm, mali by podiely gul'atinovych vyrezov
tychto drevin po vd¢Som zaokrihleni uz podiel 40-50 %.
Ked’Ze prebierkové porasty s hlavnym vychovnym zame-
hranicou medzi vychovnou a vynosovou cast'ou prebie-
rok by mala byt potom hranica medzi rastovym stupiiom
ztd’kovina a zrdovina. Teda v zftdkovinach by sa mali
realizovat’ prebierky s vysokym vychovnym uc¢inkom
a efektom. V d’alSom rastovom stupni — v Zrd'ovinach —
by sauz zvySoval len priamy hospodarsky a znizoval vy-
chovny vyznam prebierok. Z hl'adiska celozivotnej exis-
tencie porastu, jeho produkcie, stability a plnenia aj
neprodukénych funkeii je vSak rozhodujuci vychovny
efekt prebierok v rastovom stupni zrd’koviny. Na tento
rastovy stupen by sa mala zamerat’ aj pripadna regulacia
a kontrola sily a kvality prebierok.
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