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Abstract. This study reviewed the literature sources on the distribution of trees by diameter and an
estimation of the commodity structure of alder stands in the Slobozhanskyi forest typological district
and Ukraine as a whole, and the relevance of this paper was established. Forest typological and forestry
zoning were compared to identify the region under study more clearly as a prerequisite for creating
regional standards for forestry management. The distribution of black alder in the forest fund of the region
under study was analysed, and forest inventory indicators were investigated in areas near alder stands.
The distribution of black alder stands in the region by origin, forest types, density, and productivity was
established. The authors considered the inventory and commodity structure of black alder stands in the
conditions of the region under study. Models of the variability of the diameter of the modal tree stand, the
ratio of the variability of the commercial part to the total variability of the tree stand diameter, considering
the minimum and maximum diameters in the modal stand, were calculated. The dependence between the
proportion of commercial trunks and the age of modal alder stands of vegetative origin was established.
Tables of the dynamics of the commercial structure of modal alder stands were constructed, considering the
distribution of commercial trunk volumes by thickness classes and subclasses, consistent with European
approaches to round timber inventory. Upon drafting the standards, previously developed standards for the
growth rate of modal alder trees of vegetative origin of the Slobozhanskyi forest typological district were
applied. A comparative analysis of the dynamics of commercial wood yield in modal alder stands according
to various standards was performed. According to the results of comparing the standards developed for
Slobozhanskyi forest typological district with those developed for the whole of Ukraine, it was found that
the latter have a substantially higher yield of commercial timber, which is primarily connected with the
forest-growing conditions of the region and the vegetative origin of tree stands
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Introduction

Forestry is important for the national economy.
Moreover, forests play an essential role for human
health, maintaining natural balance. Therefore,
the problem of forestry development is gradual-
ly becoming a priority in Ukraine. Presently, it is
relevant to develop appropriate normative and
informational materials for assessing and predict-
ing the growth of the main forest-forming species,
considering zonal features.

Accordingto the State Forest Register of Ukraine,
as of January 1, 2011, black (sticky) alder (Alnus glu-
tinoza (L.) Gaertn) is one of the most common soft-
wood species in Ukraine: it occupies an area of al-
most 255 thousand hectares, or 4.2% of the forest
fund of Ukraine, reserves of alder stands amount to
about 27 million m3 (Forest Fund of Ukraine, 2011).
Alder wood is valuable for the national economy,
primarily due to the possibility of harvesting ply-
wood boards. Therefore, it is important to deter-
mine the indicators of marketability dynamics in
the study of alder stands.

Proceeding from this, the development of stand-
ards for alder stands of vegetative origin, considering
regional features, is relevant for balanced forestry
management in them.

Many researchers have investigated the produc-
tivity, forestry and commodity structure of black al-
der stands in different regions of Ukraine (Romash-
ov, 1964; Davydov, 1978; Tkach, 1999; Storozhenko
& Pasternak, 2009; Girs, 2011; Blyshchyk, 2015).
Based on the results of a study by Belarusian scien-
tists, it was found that the Gram-Charlier distribu-
tion provides a good approximation of experimental
data (Baginsky, Katkov & Uss, 2017). Polish scien-
tists have found that the percentile method very ac-
curately predicted the distribution of diameters and
exceeded the Weibull model, but its use should be
limited to tree stands older than 20 years (Pogoda,
Ochat & Orzet, 2019).

M.V. Davydov compiled tables of the growth rate
and marketability dynamics of complete overmature
stands of black alder (Tables, 1958). The disadvan-
tage of these tables is that they were designed for a
large area and do not consider regional features of
the formation of tree stands.

Our previous studies (Pasternak & Buhaiov,
2016; Buhaiov, 2017) established that in alder stands
of I and I? site index classes, the distribution of trunks
by thickness degrees differs substantially. At the age
of 30, alder stands that grow according to I site in-

dex class have a smaller average diameter, and about
80% of trees belong to the three smallest thickness
degrees. In stands of I* site index class, the number
of stages of thickness is greater, and the distribution
by stages is more uniform. With age, the distribution
of trunks in tree stands of I site index class evens out,
with most trunks concentrated in three medium de-
grees of thickness. Tree stands of I? site index class
are more differentiated, and trunks with a diameter
significantly larger than the average appear in their
structure earlier.

The purpose of this study was to establish the
features of the inventory and commercial structure
of black alder stands in the Slobozhanskyi district.

Materials and Methods

According to forestry zoning, the region under study
(Slobozhanskyi district of the forest typological re-
gion of the fresh cluster (2 d) (Ostapenko & Tkach,
2002)) occupies part of the Livoberezhno-Dniprovskyi
(northern and southern regions of the Poltava Plain)
and Serednoruskyi forest-steppe districts of the For-
est-Steppe region (Gensiruk, 2002).

For a detailed investigation of the inventory and
commodity structure, 80 test areas were used in black
alder stands of vegetative origin, and model trees
were selected for 15 of them (Buhaiov & Pasternak,
2020). On the felled model trees, a complete analysis
of the trunk was carried out and the output of dimen-
sional and qualitative categories of wood was found.
Out of the total number of experimental plots, it is
necessary to allocate four permanent experimental
plots, where measurements were carried out every
five years (in 2005, 2010, 2015, and 2020).

The analysis of experimental plots by the main
inventory indicators confirms that the tree stands se-
lected for the study by origin, composition, site index
class, relative density, and types of forest correspond
to the most common conditions for the formation of
alder standsinthe Left-Bank Forest-Steppe of Ukraine.

Theresultsoffieldandlaboratorystudieswere pro-
cessed using MS Excel, SPSS, and Statistica software.

To identify the patterns of distribution of inven-
tory indicators of alder stands and determine the
uniformity of experimental data, their statistical
analysis was conducted. The main characteristics —
arithmetic mean (X), mean square deviation (o),
asymmetry (As), kurtosis (Es), minimum (min) and
maximum (max) measures in natural values — for the
experimental alder stands are presented in Table 1.
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Table 1. Statistical characteristics of inventory indicators of tree stands on experimental plots

Inventory Statistics
indicator X - As min max
A, years 54.7 20.06 -0.25 0.59 24.0 105.0
D, cm 24.6 7.58 0.18 0.69 13.5 47.3
H,m 22.0 3.59 -0.48 -0.15 14.0 30.2
G, m*ha’! 26.1 5.07 1.19 0.45 13.3 45.0
p 0.78 0.12 1.62 0.89 0.53 1.25

Analysis of statistical indicators shows that for
age (A),average diameter (D),average height (H),sum
of cross-sectional areas (G), indicators of asymmetry
and kurtosis in natural values do not exceed permis-
sible values (As<1.0; Es <1.2). Left-sided asymmetry
was determined for height, while right-sided asym-
metry was determined for the other indicators under
study. The distribution of the values of age and aver-
age height is characterized by a sharp-peaked curve,

other indicators — by a blunt-peaked curve. The
studied database of experimental plots describes
black alder stands quite fully and is suitable for
modelling the inventory and commodity structure.

To find the degree of tightness of the relation-
ship between the inventory indicators of alder
stands of the Left-Bank Forest-Steppe of Ukraine on
experimental plots, a correlation matrix was con-
structed (Table 2).

Table 2. Correlation matrix of the main tax indicators of EPs

Indicator A, years H,m D, cm N, pcs. P G, m?*-ha!
A, years 1.00 0.84 0.91 -0.66 -0.43 0.48
H,m 1.00 0.86 -0.78 -0.42 0.67
D, cm 1.00 -0.71 -0.43 0.53
N, pcs. 1.00 0.47 -0.45
P 1.00 0.35
G, m*ha’! 1.00

Analysis of the obtained correlation coefficients
confirms the presence of a close relationship be-
tween such indicators as average age (A), average
diameter (D), average height (H). The corresponding
correlation coefficients range from 0.84 to 0.91. Rela-
tionships of the number of trees with average height
(H), average age (A) and average diameter (D) are sta-
tistically significant. The sum of the cross-sectional
areas (G) has a close correlation only with the aver-
age height (H) — 0.67, no significant correlation was
found with other inventory indicators.

The theoretical series of diameter distribu-
tion was constructed according to the methodology

developed at the Department of Forest Inventory and
Forest Management of the National University of Life
and Environmental Sciences of Ukraine. After the list
database was created, the parameters of their struc-
ture were obtained using the STRUK program.

Results and Discussion

According to the data of the “Forest Fund” database
as of January 1, 2011, in the region under study, black
alder forests cover an area of more than 26.6 thou-
sand hectares with a wood stock of 4,789.0 thousand
m?. By origin, 68% of black alder stands are of vege-
tative origin and 32% are of seed origin. In the region
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under study, black alder stands are characterized as
highly productive. Tree stands of site index class I
occupy almost 35% of the total area of alder forests,
class II — 29%, class I* — 15%.

In the Slobozhanskyi district, medium densi-
ty stands with a relative density of 0.7-0.8 (44.3%)
are most common. In addition, considerable areas
are occupied by tree stands with a density of 0.8-
0.9 (24.1%). The share of low-density tree stands
is insignificant. Predominant types of forest in the
conditions of Slobozhan district are raw black alder
sudubrava (C4-Vlch) and raw black alder dubrava
(D4-VIch) (Buhaiov & Pasternak, 2020).

Calculations of the inventory structure in the
EXCEL environment using the STRUCTURE program
have shown that the B-distribution is optimal for this
experimental object.

The simulation results are represented by the fol-
lowing formulas:

V=-31,81+4,837-D-0,1298-D*+0,00107-D%, (1)
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W=1,03-7,47-10-P, +7,1-10-P2,, 2)
R,=0,51-1,47-10-D+3-10D? 3)
R,=2,16-1,4-10D, (4)

where Vis the variability of the diameter of the mod-
al tree stand,;

W is the ratio of the variability of the commercial
parttotheoverallvariabilityofthetreestanddiameter;

R, and R, are the minimum and maximum diame-
ters in the modal tree stand, respectively.

In addition, as a function of the average diameter
(D), the relationship between the proportion of com-
mercial trunks (P,) and the age (A) of modal alder
stands of vegetative origin was established as follows:

P,=-22,5+5,727-D-8,62-102D> (5)
The Figure 1 shows a graph of the total num-
ber of trunks for 50-80-year-old modal alder stands

based on the beta distribution parameters indicated
above (Egs.1-5).

50 yers
60 yers
70 yers
80 yers

40 44 48 52 56

Diameter, cm

Figure 1. Distribution of trunks by diameter in modal alder stands of vegetative origin

On the graph, 1,000 trunks conditionally corre-
spond to the total number of trees in the stand, i.e.,
100% of all trees. Rows of commercial tree stands
were also built.

Regularities of the inventory structure form
the theoretical basis for constructing standards
(tables of commodity structure and marketabili-
ty dynamics). Regional growth tables (Buhayev &

Pasternak, 2020), tables of volume distribution of
commercial alder trunks by thickness classes and
subclasses (Forest inventory handbook, 2020) and
the above parameters of the structure by diameter
were used to model the dynamics of the commod-
ity structure of alder stands of vegetative origin.
Classes and subclasses of thickness of commercial
timber were set according to the average diameter
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of logs without bark: D1b - 14.5-19.4 cm, D2a -
19.5-25.4 cm, D2b - 25.5-29.4 c¢m, D3a - 29.5-
34.4 cm, D3b - 34.5-39.4 ¢m, D4 - 39.5-49.4 cm.
Norms were calculated according to the meth-
odology developed at the Department of Forest

Inventory and Forest Management of the National
University of Life and Environmental Sciences of
Ukraine (Kashpor, 1999).

The dynamics of marketability of modal alder
standsofthesiteindexclasslispresentedinTable 3.

Table 3. Dynamics of commodity structure of modal alder stands
of vegetative origin of Slobozhanskyi forest typological district

Age, Average Stock, Commercial timber by thickness classes .

vears | Hm | D,cm |[M*ha’| pip | D2a | D2b | D3a | D3b | D4 | Total Firewood | Waste
30 18.4 16.0 208 24 3 27 175 6
35 19.5 17.6 226 36 9 1 46 170 10
40 20.6 19.1 240 42 19 3 64 163 13
45 21.5 20.6 253 45 29 7 81 155 17
50 22.3 22.1 264 45 36 14 2 97 147 20
55 23.0 23.5 274 43 39 22 5 109 143 22
60 23.6 24.9 283 40 40 30 9 1 120 138 25
65 24.2 26.3 291 36 40 36 14 3 129 135 27
70 24.7 27.7 298 33 38 41 20 5 1 138 131 29
75 25.1 29.1 304 29 36 44 25 9 2 145 128 31
80 25.5 30.5 310 25 33 46 31 13 4 152 125 33

Notably, the norms of the dynamics of the com-
modity structure of modal alder stands are based on
fundamentally new data on the distribution of the
volume of commercial trunks of 16 cm and more by
thickness classes and subclasses (Forest invento-
ry handbook, 2020), consistent with European ap-
proaches to the inventory of round timber (DSTU

EN 1315-1:2001, 2002). The volume of timber was set
as the sum of the volume of wood trunks and wood
from commercial trees. The authors also conducted a
comparative analysis of the dynamics of commercial
timber yield in modal alder stands according to vari-
ous standards (inventory of business wood by upper
and middle diameters) (Table 4).

Table 4. Comparative analysis of the dynamics estimation of the dimensional and qualitative structure
of modal alder stands of vegetative origin according to current and European standards

Commercial part of the modal stand, m3-ha! c e . A
Deviation in the commercial timber
ield
Age, years commercial timber stock yie
stem stock . .
according to the according to mS-ha! %
old standards European standards °
30 87 64 27 -37 -57.5
35 111 81 46 -35 -43.2
40 129 94 64 -30 -32.0
45 146 107 81 -26 -24.0
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Table 4, Continued

Commercial part of the modal stand, m*ha! e s .
A Deviation in the commercial timber yield
commercial timber stock
Age, years . -

stem stock | according to the | according to European mihat %

old standards standards °
50 163 119 97 -22 -18.5
55 177 129 109 -20 -15.6
60 190 139 120 -19 -13.5
65 200 146 129 -17 -11.6
70 210 153 138 -15 -10.0
75 218 159 145 -14 -8.9
80 225 164 152 -12 -7.5

As Table 4 demonstrates, the commercial tim- Conclusions

ber yield is significantly lower (by 7-57%) according
to its estimates not by upper, but by middle diame-
ters, with the greatest impact in the younger age of
tree stands. The latter is explained by the fact that
according to European standards, trees from the 8"
to the 16™ degree of thickness factually do not have
commercial timber.

Comparing the standards developed for the Slo-
bozhanskyi forest typological district with the stand-
ards developed for the whole of Ukraine (Girs, 2007),
one can note that the commercial timber yield is sub-
stantiallyhigherinthelatter,whichis explained by the
specific features of the formation of tree stands in the
region under study and vegetative origin. A decrease
in the proportion of commercial timber in alder stands
of vegetative origin after 60 years of age was also es-
tablished in the studies of V.P. Tkach (Tkach, 1999).

The results of the analysis indicate that the alder
stands of the region under study differ substantially
from the tree stands of Polissia in Ukraine in terms
of growth dynamics and marketability. Therefore,
considering the European approaches to the inven-
tory of round timber, the norms of the inventory
structure and dynamics of the commodity structure
of modal alder stands presented in this paper can
substantially improve the quality of forestry man-
agement and the accuracy of determining the in-
ventory indicators of alder stands of the Slobozhan-
skyi district.

The feasibility of using the developed standards
should be established based on the results of the
research and production audit. Further research is
required to establish the patterns of timber distri-
bution by quality class in black alder stands.
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3aKOHOMIPHOCTi pO3MOATY AepeB 3a JiaMeTpoOM Ta AMHAMiKa TOBAapPHOi CTPYKTYpU
BU/IbXOBUX AepeBocTaHiB C/10005KaHChKOTO JIICOTUIIO/IOTiYHOTO PaioHy

Cepriit MukosnarioBuu bByraiios!,
Onekcanap AHaroumiiosuu Iipc?, Bomogumup IlerpoBuu IlacTepHak®

XapkiBcbKUii HalliOHAAbHUIL arpapHuii yHiBepcuTeT im. B. B. [lJokyuaeBa
62483, 11/B “IlokyuaeBchbKe - 2”7, XapKiBcbKa 00/1acThb, YKpaiHa

‘HarioHasibHMIT YHiBepcUTET GiopecypciB i mpupoaoKOpuCTyBaHHS YKpaiHu
03041, Byn. 'epoiB O60oponnu, 15, m. Kuis, Ykpaina
SYKpaiHCbKMIT HAYKOBO-AOCTiAHNMIT iHCTUTYT JIiICOBOT'O rOCIIOapcTBa
Ta arposiicomesniopatii imeni I.M. BucoibKkoro
61024, Byn. IlymikiHcbka, 86, M. XapkiB, YKpaiHa

AHoTanis. [IpoBeieHO OIS/ JIiTepaTypHUX Kepest IOoA0 PO3IoAiTy AepeB 3a AiaMeTpoM Ta OLiHIOBaHHS
TOBApHOi CTPYKTYpM BiJIbXOBUX AepeBocTaHiB CI060KaHCHKOTO JIICOTUITOJOTIYHOTO paiioHy Ta YKpaiHu
B I[IJIOMY, BCTAHOBJIEHO aKTyaJbHIiCThb TAKOTrO MOCTimkeHHs. HaBemeHO 3icTaBaeHHS JIiCOTUIIOIOTIUHOTIO i
JIICOrOCITOAaPChKOT0 PaiiOHyBaHHS IJIS1 YiTKIiIIIOrO BMOKPEMJIEHHS PerioHy JOCTiIKeHHS K IepeayMOBY [IJIsT
CTBOPEHHS PerioHaJIbHMX HOPMAaTUBIB [IJIsI BeIeHHS JIiCOBOTO TOCIIOAapCTBa. 3Mi/iCHEHO aHAaIi3 ITOIMMPEHHS
Bi/IbxM 4YOpHOi (KJeiKoi) y jicoBomy (OHAI perioHy mOCTiKeHHS Ta BMBYEHO JIiCiBHMUO-TaKcalliliHi
TOKa3HMUKM Ha AiSHKaX Mif] BibIlIaHMKaMK. BCTaHOB/IEHO PO3TIOAiT YOPHOBI/IbXOBUX JePeBOCTaHiB perioHy
3a MOXOMKEHHSIM, TUIIAMU JIiCY, IIOBHOTOIO Ta MPOOYKTUBHICTIO. POSINITHYTO TakcalliifHy 6YIOBY ii TOBapHY
CTPYKTYPY YOPHOBI/IbXOBUX JIepeBOCTaHiB B yMOBaxX perioHy mociigkeHHs. Po3paxoBaHO Mojesli MiH/JIMBOCTi
JiaMeTpa MOOAJIbHOTO JIepeBOCTaHy, BiHOIIEHHS MiHJIMBOCTiI OiIOBOI YaCTMHM A0 3arajJibHOI MiHJIMBOCTI
IiaMeTpa [epeBOCTaHy, 3 YypaxyBaHHSIM MiHIMaJbHOTO Ta MaKCMMAaJIbHOTO [iaMeTpiB y MOZAJbHOMY
JIepeBOCTaHi. BCTaHOBIEHO 3a/MIEXKHICTh MiXX YaCTKOIO AiJIOBUX CTOBOYPIB i BiKOM MOOAJbHUX BiJIbXOBUX
JIlepeBOCTaHiB BEreTaTMBHOTO MOXOIKeHHs. [T06yI0BaHO Ta6MMIIi AMHAMIKM TOBapPHOI CTPYKTYPY MOJATbHUX
BIJIbXOBMX [I€PEBOCTaHIB 3 ypaxyBaHHSIM PO3IMOALTY 06’€MiB Ai/IOBMX CTOBOYpiB 3a KjiacaMu i Migkaacamu
TOBIIMHMA, y3TOIKEHVMU 3 €BPOTIEIChKMMM ITiIX0AaMM II0JI0 TaKcallii KpymiuxJicomaTtepiatiB. [Ipyu ckinamaHHi
HOPMAaTMBIiB 3aCTOCOBAHO IIOMEPEIHbO PO3POOJIEHI HOPMATUBM XOOY POCTY MOIAIbHUX BiJIbIIAHUKIB
BEreTaTMBHOTIO MOXOMKeHHS C/10605KaHChKOTO JTICOTUITONOTIYHOTO paitoHy. [IpoBeeHO MOPiBHSIbHMIT aHAIi3
IMHAMiKVM BUXOAY JiJ0BOI lepeBUHM B MOJA/IbHMX BiJIbIIAHMKAX 32 Pi3HUMMM CTaHapTaMu. 3a pe3yibTaTamMu
MOPiBHSIHHS po3pobieHux mjst CII060KaHChKOTO JIiCOTUITONMOTIYHOTO paitoHy HOpMaTUBIB i3 HOpMaTUBAMMU,
po3pobieHuMM A1 Beiei YKpaiHu, BCTaHOBJIEHO, 1[0 Y OCTaHHIX BUXi JiIOBOI IepeBUHM iCTOTHO BUILIMIA, IO
HacaMIepes, OB ’SI3aH0 3 JIICOPOCAMHHMMM YMOBAMM PETIOHY Ta BETeTaTUBHUM ITOXO/IKEHHSIM JIepPeBOCTaHiB

KirouoBi c;1oBa: MomaibHi TepeBoCTaHM, BijibXa YopHa (KjeiiKa), TOBapHiCTh, KJIaCU TOBIIVHN
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