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Abstract

Based on data about the growth in height of different coniferous tree species, namely Scots and Austrian pines
(Pinus sylvestris L. and Pinus nigra Arnold), Norway spruce (Picea abies (L.) Karst.) and silver fir (4bies alba Mill.),
have their growth rates within the same age range been investigated. New coefficients have been suggested for estimating
their types of growth and the suitability of using these coefficients has been proved, as they have been compared with the
Douhovnicov’s zero natural indicators for the particular curves, and a high level of correlation has been found. The
important parametric (qualitative) growth-rate curves, the curves of the normal numbers for the height growth of the four
coniferous tree species are presented and analyzed, as well as the index curves. Further on, while applying the new growth-
type coefficients, the values and ranges of the growth-rate indices have been found for the tree species investigated. It has
been concluded that the growth-type coefficients, as well as the growth-rate indices, are tools quite comfortable and rather
suitable for finding differences and similarities between the rates and types of the growth of forest stands.
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Nupexkcnl TeMna pocta 1 KO3 GUIUEHTHI TUIIA POCTA 110 BbICOTE

XBOMHBIX JIECHBIX HACAKICHUH
Pymen Jumurtpos [lerpun < lesnideja2014@gmail.com “* https://orcid.org/0000-0002-5831-5983

Hayuno-uccredosamenvcruii uncmumym aeca Boneapckoii akademuu nHayx, 6ya. Knumenma Oxpuockozo, 132,
2. Cogpus, 1756, boneapus

Ha ocHOBaHMM JaHHBIX O POCTE IO BBICOTE PA3IMYHBIX MOPOJ XBOWHBIX HACAXKICHUI: COCHbI OOBIKHOBCHHOM
(Pinus sylvestris L.), cocusl uepHolt (Pinus nigra J.F.Arnold), enu oOsikHOBeHHOI! (Picea abies (L.) H. Karst.) 1 muxTb1

6enoii (Abies alba Mill.) — n3yueHa ckopocTb (MM, TEMIT) UX pOCTa B OJIHOM M TOM )K€ BO3pacTHOM MHTepBaje. [Ipemio-
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YKEHBI HOBBIE KO3()(HUINEHTHI JJIs1 OLICHKN THIA POCTA U I0Ka3aHa MX NMPHUTOAHOCTh K MCIOIB30BAHUIO, VIS YEro UX CO-
MIOCTABUIIM C HyJIEBBIMH HATypPaJbHBIMH NOKa3aTeNsIMU JlyXOBHUKOBA ISl OTAENBHBIX KPHBBIX C BBICOKOW CTEHCHBIO
Koppensuuu. [lanee myTeM NpUMEHEHHs HOBBIX KO3()(UIMEHTOB MO THITYy pOocTa OBUIM yCTaHOBJICHBI 3HAYEHHS U HHTEP-
BaJIbI IIOKa3aTeiel CKOPOCTH POCTa HACaXICHUH HccienyemMbix mopoa. Koadduunentsl THna pocra, Kak U WHIEKCHI
TEMIIa pOCTa, ABJIAIOTCA 1O0CTATOYHO yJIOGHbIM HHCTPYMEHTOM J1 YCTAHOBJICHUSA pa3n1/1q1/11?1 " CXOACTBA B CKOPOCTHU PO-
CTa U THUIIE HACAXKCHUH.

KaroueBble ciioBa: HMHJACKCHI TEMIIA pOCTa, KOS(b(bI/Iul/IeHTLI TUIIAa poCTa, 6OHI/ITCT, XBOMHbBIE MOpOJAbI ACPCBLEB.

DuHAHCHPOBaHMe: TaHHOE MCCIICI0BAHNE HE MOTyYallo BHEITHETO (PHAHCHPOBAHMS.
BaarogapHocTH: aBTOp BBIpaXKaeT OJaroJapHOCTh PEEH3CHTaM 32 BKJIA/ B SKCIEPTHYIO OLICHKY CTaThH.

KondaukT nHTEpECcOB: aBTOP 3asBUII 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.
Jas murupoBanus: [letpun, P. J[. Muanmekcsl ckopoctu pocta ¥ K03((HUIMEHTHI THIA POCTa MO BBICOTE
XBOWHBIX JiecHbIX HacaxnaeHuit / P. JI. Tlerpun // Jlecotexuuueckuit xypHam — 2024. — T. 14. — Ne 1 (53). —

C. 5-15 (na aur. s13.) — bubauoep.: c. 14—15 (26 nazs.). — DOL: https://doi.org/10.34220/issn.2222-7962/2024.1/1.

Ilocmynuna 17.01.2024. Ilepecmompena 28.02.2024. Ipunama 29.02.2024. Onyoénuxoeana onnain 20.03.2024.

Introduction

The rates and types of forest stands’ growth,
available within each stand-quality level, are factors
found long ago when studying this growth. The more
important inferences from the studies of these matters by
different authors have been presented in our dissertation
(R. Petrin, 1988) entitled: Regularities of the Growth of
Beech Stands and Using These in Forest-Management
Planning. These inferences pertain mainly to: the avail-
ability of different types of growth of forest stands com-
posed of almost all tree species, the relationship between
growth rate and site conditions, and the differences in
the productivities of stands of different types — the more
productive stands within one and the same stand-quality
level are those whose growth type is Ty — the type with
an increasing growth rate corresponding to a late climax
of increment.

The indicated studies (Davidov, 1977, 1980 and
1984; Douhovnikov and Iliev,1972, Douhovnikov and
Bogdanov, 1979, Douhovnikov, 1980; Mihov, 1983,
1984 and 1986 and Petrin, 1988) prove the necessity for
composing differentiated growth tables and passing
from static to dynamic identification of stand-quality
levels, where not only these levels but also the types of
growth are identified. Similar findings of different au-
thors have provided the basis of composing growth-rate
and stand-quality-level tables differentiated according to

growth types as, for example, those for Scots pine, Nor-
way spruce and silver fir (Douhovnikov and Iliev,
1972), beech (Petrin, 1988) etc. Suggested have also
been indices for identifying the types of growth of stands
in forests (Mihov, 1986; Petrin, 1988 and Mihov and Pe-
trin, 1996), on the basis of their relationship with the
zero natural indicators (Douhovnikov, 1966).

Kyle W. Tomlinson et al., 2014, have found out
that the growth rates of coniferous species are higher
than those of deciduous ones.

Yeongwan Seo, Daesung Lee & Jungkee Choi,
2017, have compared the rates of the growth in breast-
height diameter, average height, and volume of stands of
three species: Pinus densiflora, Pinus koraiensis and
Larix caempferi; they have found out that, under all
other conditions equal, the Japanese larch (Larix
kaempferi /Lk/) has demonstrated the best rate of the
growth in height and volume.

Jarostaw Socha, Louisa Timinska-Chabanska
et al., 2020, have found out for the main forest-forming
species in Poland thatthe curves of the stand-quality-
level classes of the young and old stands investigated
deflect to the utmost extent from their averageaspects.

Facundo J. Oddi, Cecilia Casas et al., 2022, have
found out about Chilean cedar (Austrocedrus chilensis)
that it thrives better on moist and cool sites, where there
is more carbon in the soil and less oxidation.
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Diego Rodriguez de Prado, Jose Rioftio et al.,
2022, have investigated the structures in height of pure
and mixed coniferous and deciduous stands and have
found thatthe pure coniferous stands reach a higher av-
erage height than the mixed ones, and it is just the oppo-
site with the deciduous ones — the mixed ones grow bet-
ter. Models have been developed of height curves for
different mixed stands with different soil moisture.

This paper has been intended to theoretically pre-
sent and apply into practice two, new methodological
approaches, as well as to introduce two, new parameters
of growth curves: growth-rate indices (Petrin, 2021) and
height-growth-type coefficients for of model forest
stands of Scots and Austrian pine, Norway spruce and
silver fir. The rates and types of the growth in height are
investigated most often as the growth in height is a de-
termining factor of the wood-production process. How-
ever, these indicators of the rate and type of growth can
also be applied for every other curve of growth or struc-
ture of forest stands as all these curves are similar and
usually have parabolic shapes.

Materials and Methods

The following published works have been used
as sources of data for the investigation:

- Published data on the growth in height and on
the stand-quality levels of Scots pine stands (A. Tyurin,
Poryazov, Tonchev and Dobrichov, 2004);

- Published data on the growth in height and on
the stand-quality levels of Austrian pine stands
(C. Nedyalkov, Krustanov and Raykov, 2004);

- Published data on the growth in height and on
the stand-quality levels of Norway spruce stands
(Nedyalkov, Poryazov, Tonchev and Dobrichov, 2004);

- Published data on the growth in height and on
the stand-quality levels of silver fir (Shikov, Poryazov,
Tonchev and Dobrichov, 2004).

The work examines model stands of four
coniferous tree species, namely: white pine (Pinus
sylvestris L.), black pine (Pinus nigra J.F. Arnold),
spruce (Picea abies (L.) H. Karst.) and silver fir (Abies
alba Mill.). For each tree species, data were used on the
course of height growth of one stand from seven Stand-
quality level (Ia, I, IT, III, IV, V and Va), or a total of
28 stands.
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We are going to briefly present the contents of
the concepts rate and type of growth and indicators of
identifying these.

The rate of growth is the steepness of the curve
expressing the growth in height, or in another forest-
mensuration characteristic, which shows how quickly
height increases with age, and it is estimated by means
of growth-rate indices (Petrin, 2021). In Western litera-
ture, the steepness of growth curves is called rate of
growth, or growth trend (Mario Trouillier et al., 2020).

Growth-rate indices (Ig () are relative numbers of
the studied growth curves obtained in a certain way. Let
us consider the height growth of a forest stand, the
growth rate of which is the subject of the present study,
and let the average age of height growth be from 20 to
100, 110, and more years. Then, the curve of growth in
height for this stand (i) is reduced to a relative
expression with respect to the height (H) at an initial age
x=a, and the curve of normal numbers - gy is obtained,
according to the equation:

qxi:Hxi/Hu ) ( 1)
whereHyi is the height at a given age x.

At 0=30, the equation takes the form:
qxi=Hxi/H3o )

Then, the value of qxi in 100 years (qi00) Will be
the height-growth rate index (Igr) of the stand:

Igrr =H00/H30 (3)

Ingeneral, equation (3) can be written in the

form:
Igr — HQ/HU. (4)’

where Hgq is one of the heights at the end of the
investigated age range, and H, is the height at the begin-
ning of this age range.

To make it possible to compare, when investigat-
ing one or more aggregates of curves, the growth-rate
indices have to be calculated within one and the same
age range. The best such range is the one 30+100 years,
but it can also be another.
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The type of growth, in its turn, is the range that is
part of the total range of the growth-rate curves.
The rates of growth and the respective types of growth
were identified up to now through the natural indicators
method (NIM) of Douhovnikov, 1966. With it, the lower
the zero natural indicator is the higher the rate of growth
is. The zero natural indicators of the growth in height are
most often obtained with values from 0.6 to 1.4, and in
all situations the value of 1 divides the aggregate of
growth curves into types of growth. The zero natural in-
dicator is the linear, or free, coefficient b of the straight
line, which is obtained, or which approximates the ob-
tained parabolic curve when all the relative curves (qx)
of the investigated aggregate are divided by their aver-
age curve- qxav:

Qx/xav = ax+b, (%)
where x stands for age, and a and b — for the co-
efficients of the straight line.

In the present study, it has been suggested for the
first time to determine the type of growth by means of
coefficients for the type of growth. The growth-type co-
efficient is a ratio of the growth-rate indices (2) for a
particular aggregate of stands, or trees, to their average
value — Ig ray., OT:

Ce= Tar /lgrav. (6)

The correlation method and graphical approxi-
mation were used to compare the zero natural indicators
calculated for each stand and the growth type coeffi-

The possible types of growth are the following
ones:

Tinc Type — a growth type with an initially low
growth rate that later increases — a type of increasing
growth with a LATE climax of the increment. To it cor-
respond the curves (Ha) of higher growth-rate indices
(Igrr), of lower zero natural indicators (ZNIs), as well as
of coefficients of the K, type — higher than 1.0.

Tq Type — a growth type with an initially high
growth ratethat gradually abates— a type of decreasing
growth rate, with an EARLY climax of the increment,
where the curves are characterised by lower indices of
the growth rate, higher zero natural indicators (ZNIs)
and growth-rate coefficients lower than 1.0.

Tus Type — usual, or average type, which is not
always differentiated. The growth-rate indices for the
average type have average values, and the indicators of
the types of growth (the zero natural indicators and the
growth-type coefficients) have values around 1.

Results and Discussion

1. Relationship between the growth-rate indices,
zero natural indicators and growth-type coefficients for
the coniferous tree species

Table 1 presents the rows of indices of the rates
of growth in height, growth-type coefficients and zero
natural indicators according to stand-quality levels and
tree species.

cients.
Table 1
Growth-rate indices (I ), growth-type coefficients (Ct), zero natural indicators and correlation coefficient indicative
of growth type
Indicators Stand-quality levels Correlation
T ) ofrate and A coefficient
ree species
type  of [Ta |1 it moo|vo |V va | Z‘?rage (R)
growth indicators Ct+ ZNIs
gt 2.35 2.44 247 2.59 2.60 2.78 3.03 2.54
Scots pine Ct 0.93 0.96 0.97 1.02 1.02 1.09 1.19 1.00 -0.99
ZNI 1.09 1.07 1.05 0.95 0.96 0.89 0.73 1.00
Lyt - 1.84 1.87 1.97 2.11 2.24 - 2.01
Austrian pine -0.99
Ct - 0.91 0.93 1.00 1.05 1.12 - 1.00
ZNI - 1.31 1.23 1.00 0.80 0.64 - 1.00
g+ - 3.56 3.90 4.39 4.82 5.00 - 4.33 -0.99
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IIpupoaonosb3oBanue

Indicators Stand-quality levels Correlation
. of rate and coefficient
Tree species Average
type  of | Ja I II 111 v \Y Va i (R)
growth indicators Ct+ ZNIs
Norway Ct - 0.82 0.90 1.01 1.11 1.15 - 1.00
spruce ZNI - 1.36 1.15 0.97 0.83 0.68 - 1.00
| . - 4 4.62 4.66 4.77 5.25 - 4.66
Silver fire Ct - 0.86 0.99 1.00 1.02 1.13 - 1.00 -0.99
ZNI - 1.28 1.02 0.99 0.94 0.77 - 1.00
| P - 2.96 322 3.40 3.58 3.82 - 3.38
Generally Ct - 0.89 0.95 1.01 1.05 1.12 - 1.00 -0.99
ZNI - 1.25 1.11 0.98 0.88 0.74 - 1.00

Source: own calculations

One can see in Table 1 that the values of the
indicators of the growth type — the growth-type
coefficients and the zero natural indicators — coincide
around the value of 1, which stands for about Stand-
Quality Levellll. The values of the growth-rate indices
within each particular stand-quality level increase with
the increase in the shade tolerance of the tree species —
from Austrian pine through Scots pine toward Norway
spruce and silver fir. This same trend as to an increase is
also observed with the decrease in the stand-quality-
level class:the growth rate increases within the range of
each tree species (TS)and generally for all the tree

Jlecorexnuueckmii sxkypHaua 1/2024

species. Therefore,the more shady and moist, or worse,
the growth conditions are, the steeper the curve of the
growth in height is.The coefficient of the correlation R
between the zero natural indicators (ZNIs)and Ct is very
high — about 1.0.

Figure 1 graphically shows the relationship be-
tween these two indicators as the stand-quality-level
class becomes lower. The relationship is in a direct ratio
and inverse proportion. Therefore, the coefficients for
the types of growth are entirely suitable to use for deter-
mining the types of growth.
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Figure 1. Relashionship between zero natural indicators (ZNi) and height-growth-type coefficients (Ct)

for the coniferous tree species with the decrease in stand-quality level

Source: author’s composition

The average intervals ofthe =zero natural
indicators (ZNi) and the growth-type coefficients (Ct)
are 1.3+0.7 and 0.85+1.15, respectively, and the
maximal ones - 1.4+0.6 and0.8+1.2.

For each of the ranges of both indicators, their
first halves, i.e. up to 1.0, pertain to Tq growth type, and
their second ones — to Tic growth type.

2. Average relative curves (qx;), and index curves

of height growth rate

Table 2 and Figure 2 present the average relative
height growth curves (qxi) — also called normal number
curves — for tree species (Equation 2), which clearly
shows the difference in steepness. They are extremely
convenient for comparative qualitative studies of the
growth, increment, and structure of forest stands
(Douhovnikov, 1966, Mihov, 2005, Petrin, 1988, 2021,
2022).

Table 2
Average relative curves for growth in height (qxiav.) according to tree species
Age, years
Tree species
20 30 40 50 60 70 80 90 100

Scots pine 0.66 1.00 1.33 1.62 1.87 2.09 2.26 2.41 2.54
Austrian pine 0.64 1.00 1.29 1.49 1.65 1.80 1.89 1.95 2.01
Norway

0.54 1.00 1.49 2.08 2.66 3.20 3.64 4.02 4.33
spruce
Silver fir 0.51 1.00 1.60 2.32 2.96 3.48 3.95 431 4.66

Source: own calculations
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Figure 2. Average relative curves for growth in height (qxiav.) according to tree species

Source: author’s composition
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Figure 3. Curves of growth-rate indices according to height and tree species

Source: author’s composition
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Figure 3 shows the index curves for the growth
rate of the four coniferous tree species depending on
Stand-quality level.

The location of the index curves in Figure 3, as
well as the data from Table 1, make it possible to see the
differences in the values of the growth rates of Scots
pine, Austrian pine, Norway spruce and Silver fir. As
previously found for conifer species (Yeongwan Seo,
Daesung Lee & Jungkee Choi, 2017) and broadleaf
species (Petrin, 2021), growth rate increases with
increasing shade tolerance of tree species.The Silver fir
index curve is located at the top, followed by the same
one for Norway spruce, Scots pine and Austrian pine.

The same tendency towards an increase in growth rate
indices is observed when the stand-quality level is
lowered, i.e. the growth rate more or less increases for
all tree species.

3. Growth-Rate Index Values for the Coniferous
Tree Species according to Growth Types

Figure 4 shows the growth-rate indices according
to tree species with the decrease in the stand-quality-
level class depending onthe growth-type coefficients.
The indices’ straight lines ascend within the stand-
quality-level ranges, and the indices according togrowth
types have clearly been illustrated. Tys Ct = 1.0 from the
abscisa does the average index, lg rav., correspond.

. 540 - )
2 520 —O—Agstral|an
3 5,00 pine,

E 4,80 Nedyalcov
a 4,60 e SCOtS pine,
g 440 Tyurin

E,’ 4,20

E ;1'(8)8 —@&— Norway
s ’ spruce,

2 3,60 Tyurin

© 3,40 y
3,20 i =====Sijlver ir,
3,00 - Shico
Y30 /
2,60 - /
2,40 —
2,20 - —
2[00 i //
1,80 -
1,60
0,80 0,90 1,00 1,10 1,20 1,30

Growth Type Coefficient, C,

Figure 4. Relationship between the Growth-Type Coefficients for the Coniferous Tree Species (Ct)
and the Growth-Rate Indices (I ) with the Decrease in Stand-Quality Level
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The ranges of the growth-rate indices according
to growth types and their respective average values have
been presented in Table 3.

Table 3

Index Ranges and Average Values of the Growth-Rate
Indices according to Types of Growth of Coniferous

Tree Species with the Decrease in Stand-Quality Level

Types of growth ‘
Ta (Ct<1.0) \ Tine (Ct=1.0)
Tree ]
. Values of Indexes of rate in growth, I,
species
Index | Average | Index | Average
range index range index
Austrian
i 1.8+2.0 1.9 2.0+2.3 2.15
pine
Scots
) 2.3+2.6 2.45 2.6+3 2.8
pine
Norway
3.5+4.4 3.95 4.4+5.0 4.7
spruce
silver fir | 4.0+4.7 4.35 4.7+5.3 5
Generally | 1.8+3.4 2.6 34+53 4.35

The indices for silver fir and Norway spruce are
of the broadest ranges and highest average values, next
followed by those for Scots and Austrian pines.
The growth curves’ steepness decreases with the de-
crease in the shade tolerance of the tree species.

Generally, the range of the indices forTy type,
with a decreasing rate of the growth in height and
an early climax of the increment, is from 1.8 to 3.4, and
for Ty type, with an increasing growth rate, the respec-
tive range is from 3.4 to 5.3. The average values of the
indices are 2.6 and 4.35, respectively.

As a comparison, the growth-rate indices for the
two types of growth, Tqand Tix, obtained for deciduous
tree species (Petrin, 2022) are, respectively, 2.3 and 2.6,
i.e. the curves of the growth of the deciduous tree species
are, generally, less steep, especially those of the Ty type.

The following inferences can be made about
the investigated model stands of Scots and Austrian
pines, Norway spruce and silver fir on the basis of the
results presented and analyses made.

Jlecorexnuueckmii sxkypHaua 1/2024

Inferences

o There is a narrow co-relationship between the
zero natural indicators and the growth-type coefficients.

e The growth-type coefficients are obtained
from the growth-rate indices by dividing them by the av-
erage index for a particular aggregate of stands, respec-
tive curves. And this is their advantage over the zero nat-
ural indicators, which require more complex calcula-
tions.

e The growth rate increases with the increase in
the shade tolerance of the tree species within the range
of a particular stand-quality class and also with the de-
crease in stand-quality level of a particular tree species.

o The ranges of growth-rate and their average
values according to growth-types have been found with
the Decrease in Stand-Quality Level for the investigated
tree species - Scots and Austrian pines, Norway spruce
and silver fir.

Conclusion
The growth-type indices, as well as the growth-
rate ones, are reliable and effective tools of investigation
of the growth of forest stands and particular trees as in
height so in every other forest-mensuration parameter.

13



IIpupoaonosb3oBanue

References
CnHcok TuTepaTypsbl

1. Davidov, M. V. On the Matter of Finding by Measurements in the Field the Types of Growth of Tree Growing
Stocks). Forest Journal. 1977: 6 (in Russian).

2. Davidov, M. V. Differentiated Establishment of the Quality Levels, Taking into Account the Peculiarities of
their Growth in Height. Forestry, 1980:4.

3. Davidov, M. V. The results of the study of types of growth of forest stands of the main forest-forming species
in Ukraine. Forest Journal, 1984: 5.

4. Diego Rodriguez de Prado, Jose Riofrio, Jorge Aldea, James McDermott, Felipe Bravo and Celia Herrero de
Aza. Species Mixing Proportion and Aridity Influence in the Height-Diameter Relationship for Different Species
Mixtures in Mediterranean Forests. Forests 2022, 13, 119. https://doi.org/10.3390/f13010119.

5. Douhovnikov Yu. Morphological classification — the basis for increasing the productivity of forests. Sofia.
1966: 25-40 (in Bulgarian).

6. Douhovnikov Yu., Iliev A. Tables of the rate of growth of Scots pine, Spruce and Fir according to types of
forest stands. Collection. Increasing the productivity of coniferous forests. Zemizdat, Sofia. 1972 (in Bulgarian).

7. Douhovnikov Yu., Iliev A. Growth and productivity of various types of forest stands in our country.
Collection. Increasing the productivity of coniferous forests. Sofia. 1972 (in Bulgarian).

8. Douhovnikov Yu., Bogdanov K. Dynamic stand-quality level and habitat conditions. Sp. Forestry. 1979: 12
(in Bulgarian).

9. Douhovnikov Yu. General dynamic classification according to stand-quality level. Scientific works, VLTI,
vol. XXV. 1980 (in Bulgarian).

10. Facundo J. Oddi, Cecilia Casas, Matias G. Goldenberg, Juan P. Langlois, Jennifer B. Landesmann,
Juan H. Gowda, Thomas Kitzberger, Lucas A. Garibaldi. Modeling potential site productivity for
Austrocedruschilensis trees in northern Patagonia (Argentina) // Forest Ecology and Management. 2022. Iss. 524.
120525. P. 1-12. https://doi.org/10.1016/j.foreco.2022.120525.

11. Jarostaw Socha, Luiza Tyminska-Czabanska, Ewa Grabska, Stanistaw Orzet. Site index models for main
forest-forming tree species in Poland. Forests 2020. V. 11. Article 301. https://doi.or9/10.3390/f11030301.

12. Krustanov Kr., Raykov R. Handbook of dendrobiometry. Determination of the stand-quality level of tall
beech stands (Gerhard). Bulpofor. 2004: 420 (in Bulgarian).

13. Kyle W. Tomlinson, Lourens Poorter, Frans Bongers, Fabian Borghetti, Loes Jacobs, Frank van Langevelde.
Relative growth rate variation of evergreen and deciduous savanna tree species is driven by different traits. Annals of
Botany 2014. V. 114, Iss. 2. P. 315-324. https://doi.org/10.1093/aob/mcul07.

14. Markov 1., Mihov I. Professor Douhovnikov’s Natural indicators. Forest science. 2007; 4: 59-86 (in
Bulgarian). https://naukazagorata.com/wp-content/uploads/2009/03/ivmarkovn.pdf.

15. Mihov I. On the Dynamic Determination of the Quality Levels of Tree Growing Stocks. Sat. International
Anniversary Scientific Conference, Sopron. 1983 (in Russian).

16. Mihov 1. Indices for Identifying the Types of Growth of Growing Stocks. The Forestry Journal, 1984; 4:
49-52 (in Bulgarian).

17. Mihov 1. A Method of Identifying the Types of Growth of Growing Stocks and Its Application into the
Differentiated Establishment of the Quality Levels of Natural Stands of Scots Pine. Dissertation, 1986: 49-52 (in
Bulgarian).

18. Mihov I., Petrin R. Indices for Identifying the Types of Growth of Natural Stands of Beech. In: Second
Balkan Conference on Studying, Protecting and Using Forest Resources, (3-5 June 1996, Sofia), Volume. 1. 1996:
50-53 (in Bulgarian).

14 Jlecorexun4yecknii :xypnaua 1/2024



IHpupoaonoab3oBanue

19. Mihov, I. Forest Mensuration. RI939C Litera, Sofia. 2005: 120-121 (in Bulgarian). https://knizhen-
pazar.net/sold_products/books/777691-gorska-taksatsiya.

20. Nedyalkov, S. On the Growth and Productivity of Seed-Tree Beech in Our Country. In: Research Papers of
the Forest Research Institute - Sofia. 1960; VIII: 131-146 (in Bulgarian).

21. Petrin, R. Regularities of the Growth of Beech Stands and Using These in Forest-Management Planning,
1988: 41-90 (in Bulgarian).

22. Petrin, R. Index method and its application in the study of the structure and growth of forest stands. Scientific
researches of the Union of Scientists in Bulgaria-Plovdiv, series B. Natural Sciences and the Humanities, Vol. XXI;
2021, p. 113-125. ISSN 1311-9192 (Print), ISSN 2534-9376 (On-line). https://usb-plovdiv.org/wp-
content/uploads/2021/05/2021 estestveni_i_humanitarni_nauki_tom XXI.pdf.

23. Petrin, R. Growth-rate Indices and Growthtype Coefficients in Height of Deciduous Forest stands. Forest
Engineering journal, 2022, Vol. 12, No. 4 (48), pp. 47-59. DOI: https://doi.org/10.34220/issn.2222-7962/2022.4/4.

24. Poryazov Ya., Tonchev T. and Dobrichov I. A Forest Surveyor’ s Handbook: Determination of the Stand-
quality level of Natural Stands of Scots Pine, Tyurin A.S. p. 42. Determination of the stand-quality level of Seed-Tree
Stands of Durmast oak, Hungarian oak, hairy oak and Turkey oak, Wiemenauer. 2004:214. (in Bulgarian)
https://knizhen-pazar.net/products/books/3010504-narachnik-na-taksatora

25. Mario Trouillier, Marieke van der Maaten-Theunissen, Tobias Scharnweber, Martin Wilmking. A unifying
concept for growth trends of trees and forests — the «Potential natural forest». Frontiers in Forests and Global Change.
2020. Vol. 3. Article 581334. https://doi.org/10.3389/ffgc.2020.581334.

26. Yeongwan Seo, Daesung Lee, Jungkee Choi. Growth pattern analysis of major coniferous tree species in
South Korea. Forest Science and Technology. 2017. Vol. 14 (1). P. 1-6. https://doi.org/10.1080/
21580103.2017.1409660.

Information about the author
DL Rumen D. Petrin — Dr. Sci. (Forestry), Associated Professor, Forest Research Institute in Bulgarian
Academy of Sciences, 132, St. Kliment Ohridski Blvd., Sofia, 1756, Bulgaria. ORCID: http://orcid.org/0000-0002-
5831-5983, e-mail: lesni4eja2014@gmail.com.

CgejeHust 00 aBTOpe
DL Pymen Jqumumpos Ilempun — xanpumat (10KTop*) c.-x. Hayk (*mo Goarapckoil HOMEHKJIAType:
oOpa3oBaTenbHasl U Hay4Hasl CTENCHb «IOKTOP»), NOLEHT, HAYYHO-HCCIEI0BATENbCKUI HHCTUTYT Jieca bonrapckoit
akajzieMuu Hayk, Oyn. Kmumenra Oxpunckoro, 132, r. Codusi, 1756, Bonrapus. ORCID: http://orcid.org/0000-0002-
5831-5983, e-mail: lesni4eja2014@gmail.com.

B<1— Jns kouraktos | Corresponding author

Jlecorexunyeckuii :xypuaua 1/2024 15



