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Abstract. The development of regulatory and reference support for the inventory assessment
of the state of modal stands is an urgent issue, since it allows obtaining reliable and up-to-date
information on the current state of existing forests. The purpose of the study was a statistical
substantiation of the division of pine stands into groups by region of growth and stand composition,
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and their detailed inventory characteristics with an analysis of the distribution in the Forest-Steppe
and their productivity. To conduct the study, a stand-wise database of the Production Association
“Ukrderzhlisproekt” for Forest-Steppe zone of Ukraine was used. Using a number of non-parametric
criteria for evaluating samples (Kruskal-Wallis one-way analysis of variance, the median criterion,
Jonckheere-Terpstra test), the study established a difference in the stands parameters of the samples
under study and divided the stands of the Forest-Steppe zone into four groups. The main task was
to describe the current state of modal pine stands of the Forest-Steppe zone of Ukraine for selected
groups, with a detailed distribution of areas and stocks according to the main stand parameters
According to the results of the database analysis, it was found that about 92% of the total area of
pine stands of the Forest-Steppe zone are artificial forests. Depending on the region of growth,
the stands were divided into the left- and right-bank parts of the Forest-Steppe, in composition —
into pure and mixed stands. Within the groups under study, the distribution of areas and stocks
of pine stands was analysed according to site index classes, types of forest-growing conditions,
forest types, relative stand density, and age groups. Site index classes in all groups are dominated
by high site index stands of I and I* site index classes. The proportion of high-grade mixed stands
is greater compared to pure stands. In terms of the forest-growing conditions, stands in condition
B, dominate in all groups under study. From the left bank to the right bank, there is an increase
in soil fertility from condition B to condition C, and this dependence is also observed from pure
to mixed stands. Productivity in terms of the average growing stock of mixed stands of the right-
bank and left-bank parts of the Forest-Steppe is very close and considerably less than the stocks of
pure stands. The presented research results can be used by scientists as a description of the modal
inventory characteristics of the Forest-Steppe region and for the grouping of experimental data
when compiling forestry and forest inventory standards

Keywords: stand-wise database; non-parametric criteria; average growing stock; site index;
stand species composition; site condition; relative stand density

Introduction

The improvement of the system of informa-
tion support for the inventory assessment of
forest resources of Ukraine is a significant
issue that requires a detailed investigation,
estimation, description, and development of
relevant normative and reference support to
assess the condition and forecast the growth
of the main forest-forming tree species, con-
sidering the specific features of their growth
depending on the region, forest-growing
conditions, origin, and composition. An im-
portant stage of research is to establish, for a
particular tree species, which stands by origin
and composition are the most common in a

given region for the subsequent compilation
of growth charts for modal stands.

Scots pine (Pinus sylvestris L.) occupies the
largest share of forests in Ukraine, they make
up over 33%, or 3,130 thous. ha of forest areas
covered with forest vegetation (Lovynska et al.,
2021). Scots pine stands are found in all natural
areas of Ukraine. Such a wide area is explained
by the unpretentiousness of this tree species
to the temperature regime, the ability to with-
stand significant frosts up to -50 °C, soil — up
to -24 °C, and heat — up to +40 °C. Scots pine
is one of the key species in Europe and extends
from the boreal region of Northern and Eastern
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Europe to the Mediterranean mountains of
Southeastern Europe (Socha et al., 2021). Scots
pine belongs to xerophytic and oligotrophic
tree species, and therefore it can grow both on
poor-fertility sands and on rich chernozems, it
can be found even on stony soils, in the steppe
zone and swamps.

Pine forests play a vital ecological role,
namely, water protection, water regulation, soil
protection, and anti-erosion. Pine stands reg-
ulate surface runoff, protect soil from erosion,
and water sources from pollution, which is es-
pecially important on the sandy soils of Polissia
(Yukhnovskyi et al., 2021). Given the unpreten-
tiousness of pine to soils, it is often used in the
afforestation of anthropogenically disturbed
landscapes (Brovko et al., 2021), ravines and
gullies, on poor and eroded soils, and can also be
the main species in the afforestation of old ara-
ble land (Lakyda et al., 2011). The ability of pine
torelease a considerable amount of volatile phy-
toncides has ensured its widespread use for rec-
reational and sanitary purposes. On the territo-
ry of Ukraine, there are a significant number of
health facilities located directly in pine forests.

Pine timber is important for the national
economy of the country, especially widely used
in construction, suitable for the manufacture
of ore risers necessary for the development of
mineral deposits. The presence of resinous sub-
stances provides increased resistance of wood
to rot and has the property of creaking when
the load increases, which is useful for labour
protection of miners.

It was important to investigate the statisti-
cal substantiation of the possibility of grouping
data on the Forest Fund, which will later be used
as source data, into homogeneous groups. It is
necessary to statistically confirm the similarity
or difference between stands of different tree
species in composition and origin. Pine stands of
Ukraine are mostly concentrated in the Polissia
zone (73.3% of the area of all pine stands (Bala

et al., 2017)) and a considerable number of sci-
entific forestry studies, including forest inven-
tory studies, have been devoted to their inves-
tigation, while the study of the growth of pine
stands in the Forest Steppe of Ukraine has re-
ceived less attention. Of the currently available
ones, studies of pine stands in the Forest-Steppe
were conducted mainly on its left-bank part.
This can be explained by the territorial loca-
tion of the H.M. Vysotsky Ukrainian Research
Institute of Forestry and Agroforestry (Kharkiv),
whose scientists addressed various silvicultur-
al problems of pine stands. Thus, at different
times, studies of the productivity of pine stands
on the left bank of the Forest-Steppe were con-
ducted by O.V. Tovstukha (2012), V.V. Nazaren-
ko & V.P. Pasternak (2016), V.Yu. Yarotsky et al.
(2016), V.P. Tkach et al. (2018), A.V. Harmash
(2019) and S.I. Musienko et al. (2021) investi-
gated the current state of pine stands within
the left-bank Forest-Steppe of Ukraine and their
age structure. The study of radial increment and
the influence of climate changes on it is de-
scribed in the studies of researchers I.M. Koval
et al. (2018), I.M. Koval & V.0. Voronin (2019),
0.A. Mikhaylichenko et al. (2021). V.P. Chigri-
nets et al. (2012) investigated forestry issues
of the typological structure of pine forests of
the left-bank Forest-Steppe, O.M. Tarnopilska
& O.A. Ponomarev (2008) examined the im-
pact of forestry measures, namely maintenance
felling of various intensities, on their growth.
The vast majority of these studies concerned
Scots pine stands growing in the Kharkiv and
Sumy regions. Some studies were limited to
the territory of separate forestry enterprises.

The purpose of this study was statistical
confirmation or refutation of the null hypoth-
esis about the significance of the difference
between the average stand parameters in mod-
al pine stands of the Forest-Steppe zone of
Ukraine in terms of groups of stands differing in
growth region, origin, and composition, as well
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as determining the groups according to which
further forest inventory standards for modal
Scots pine stands should be compiled and their
detailed inventory characteristics.

The main tasks were to conduct a detailed
analysis of the growing stands of Scots pine on
the territory of the Forest-Steppe of Ukraine; to
determine the main groups according to growth
region (left or right bank of the Forest-Steppe),
origin (artificial or natural) and composition
(pure or mixed) for further statistical and inven-
tory research; to conduct a statistical compari-
son of the selected groups on the subject of sim-
ilarity or difference in their stand parameters; to
describe the current state of modal pine stands
of the Forest-Steppe zone of Ukraine for selected
groups with a detailed distribution of areas and
stocks according to the main stand parameters.

Materials and Methods

The calculations were performed using the
sub-compartment forest inventory data of the
database of the Production Association (PA)
“Ukrderzhlisproekt” for the forest-growing
zone of the Forest-Steppe with a division into
groups according to the composition and origin
of the tree stands (Ukrainian State Project...,
n.d.). Stands of all departmental subordinations
involving Scots pine in the stand composition
of 2 or more units were selected for analysis.
Therewith, almost 95% of all tree stands con-
sisted of 6 or more units of Scots pine. Before
using the database, it was verified to search for
and filter out gross errors in the analysed in-
ventory features of tree stands. As a result, an
array of 133,540 forest stands with a total area
of 451.3 thous. ha was used for further work.

For further statistical process ing, the data-
base was divided into four groups:

1. artificial pure stands of the right-bank
part of the Forest-Steppe, with 10 units of the
main species in the stand composition (here-
inafter — PR);

2.artificial purestandsoftheleft-bankpartof
the Forest-Steppe, with 10 units of the main spe-
cies in the stand composition (hereinafter — PL);

3. artificial mixed stands of the right-bank
part of the Forest-Steppe, with less than 10
units of the main species in the stand composi-
tion (hereinafter - MR);

4. artificial mixed stands of the left-bank
part of the Forest-Steppe, with less than 10
units of the main species in the stand composi-
tion (hereinafter — ML).

The distributions of age, average height, av-
erage diameter, density, and average stock per 1
hawereusedforstatistical processingofsamples.

The study was based on the principles of
a system approach using modern information
technologies and software (program for sta-
tistical data processing — IBM SPSS Statistics).
During the study, general scientific (analysis,
synthesis, hypothesis) and special (forestry, in-
ventory, biometric) methods of cognition were
combined. Analysis and synthesis were used to
process, analyse, and group input information
from the forest inventory characteristic data-
base. The hypothesis was used to predict the
division of experimental material into groups
in the context of the stand composition and ge-
ographical location. Forestry methods in com-
bination with inventory methods were used to
group and analyse experimental data by types
of forest conditions and average parameters of
stands. Biometric methods were used in statis-
tical data processing and calculation of criteria
for estimating sample similarity.

Considering the data of previous studies
(Bala et al., 2019), namely the difference of the
distribution of forestry information from the
normal distribution, as well as the possibility
of simultaneous comparison of several groups
under study, it was decided to use non-para-
metric methods. Non-parametric methods
that allow comparing the level of expression
of a variable include Kruskal-Wallis one-way

Vol. 14, No. 1, 2023

Ukrainian Journal of Forest and Wood Science 108



Terentiev et al.

analysis of variance (Kruskal, 1952); criterion
of medians (Friedlin & Gastwirth, 2000); Jon-
ckheere-Terpstra criterion of ordered alterna-
tives (Jonckheere, 1954).

The Kruskel-Wallace test is used to assess
differences between the groups under study
with medians and is a generalization of the
Mann-Whitney U-test (Mann & Whitney, 1947)
for two independent samples. Thus, the Krus-
kel-Wallace test is a non-parametric alternative
to the F-test in univariate analysis of variance
and uses the total variance when comparing
two independent samples (Agresti, 2019). If
the conditions necessary for the application of
the F-test in univariate analysis of variance are
met, the Kruskel-Wallace test has analogous
capabilities. The Kruskel-Wallace test is used
to test the hypothesis about the equality of the
medians of independent samples that belong to
the same general population.

The median criterion is a non-parametric
statistical criterion that belongs to the class of
rank bias criteria. It allows testing the hypoth-
esis that the shape of the distributions of two
samples is identical and that there is a differ-
ence between them by a certain constant value
(Friedlin & Gastwirth, 2000). Therewith, the
total median is calculated for all independent
samples, after which the number of measured
values that are larger or smaller than the medi-
an is calculated. The result is the construction
of a field table containing 2-k fields, which is
then subjected to a chi-square test. In general,
the median criterion is not very effective.

The Jonckheere-Terpstra criterion for or-
dered alternatives is a better alternative to the
Kruskel-Wallace criterion, in the case when
the samples under study are naturally ordered.
Important is not only the fact that there are
differences between several samples, but also
the direction of change (increase or decrease)
of differences when moving from sample to
sample. To solve problems of this type, the

Jonckheere-Terpstra criterion is used with an al-
ternative hypothesis: “there are differences be-
tween samples, and the medians of samples are
arranged in ascending order”. To use this crite-
rion, samples must be ordered according to the
expected growth of the factor effect (e.g., aver-
age values). The Jonckheere-Terpstra criterion
allows for a more detailed analysis and often re-
veals differences in cases where the Kruskel-Wal-
lace criterion is ineffective (Bala et al., 2019).

Using the above methods in the present
study, hypothesis testing matrices were con-
structed, which allowed determining the simi-
larity of the tree stands under study and identi-
fying homogeneous groups of stands according
to their composition and geographical location.

During the study of the distribution of pine
stands according to the type of forest-growing
conditions (FGCT), the scale of P.S. Pogrebnyak
(1955) was used, according to which plots are
divided according to soil fertility and denoted
by the letters A, B, C, and D from poor to rich in
terms of fertility. In addition, an index is added
to the letter that characterizes soil moisture and
is indicated by numbers from 0 to 5, where 0 is
very dry, and 5 is very wet growing conditions.

Results and Discussion

Analysis and modelling of stand parame-
ters of modal stands of Scots pine in the For-
est-Steppe of Ukraine requires a clear division
of the latter into statistically substantiated
homogeneous structural elements (groups),
which further allows finding adequate mod-
els to predict their growth and development,
identify natural factors of influence on the
growth and development of tree stands, and
reduce the variance of input research data.
For this, the special stand-wise database pro-
vided by PA “Ukrderzhlisproekt” (Ukraini-
an State Project..., n.d.) was analysed, which
characterizes Scots pine stands that differ in
composition and origin. As a result, the distri-
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bution of the areas of the stands under study
according to these parameters was obtained
(Table 1). Pure stands included stands with

10 units of the main species in the stand com-
position, which was substantiated in the study
of P.I. Lakyda et al. (2012).

Table 1. Distribution of Scots pine stands in the Forest-Steppe of Ukraine

g Forest-Steppe natural area
g ‘é left-bank right-bank
) § area total stock area total stock

S ha share |thous.m3| share ha share |thous.m?3| share
= Pure | 10448.3 60.1 3471.69 65.4 8464.2 42.8 2633.94 44.9
é Mixed | 6951.0 39.9 1837.39 34.6 11320.6 57.2 3226.65 55.1
Z Total | 17399.3 7.2 5309.08 7.1 19784.8 8.0 5860.59 8.7
= Pure | 172402.3 76.7 56484.83 81.5 134026.6 59.2 39297.79 64.0
.F: Mixed | 52290.4 23.3 12842.49 18.5 92559.3 40.8 22119.47 36.0
< Total | 224692.7 92.8 69327.32 92.9 226585.9 92.0 61417.26 91.3

Total 242092.0 100.0 74636.4 100.0 246370.7 100.0 67277.9 100.0

Source: developed by the authors based on data (Ukrainian State Project..., n.d.)

Scots pine stands in the Forest-Steppe of
Ukraine cover an area of 488,462 thous. ha and
have a total stock of 141.914 million m? (Ta-
ble 1). They are distributed almost evenly in the
left-bank and right-bank parts (49.6% in the
left-bank and 50.4% in the right-bank part of
the areas of pine stands of the Forest-Steppe).
Therewith, these stands are mainly of artifi-
cial origin. Thus, in the left-bank part of the
Forest-Steppe, the share of artificial stands is
92.8% (224,692 thous. ha) of the area of pine
stands in the left-bank part; for the right-bank
part, this figure is 92% (226,586 thous. ha), re-
spectively. Considering the small share of nat-
ural tree stands, it was decided to conduct fur-
ther analysis for artificial tree stands. The share
of artificial pure stands in the composition in
the left-bank part is quite high and amounts to

172,402 thous. ha (76.7% of the area of artifi-
cial pine stands in the left-bank part of the For-
est-Steppe); for the right-bank part, this figure
is 134,027 thous. ha (59.2%).

The groups under study were compared us-
ing the statistical methods described above, and
the null hypothesis about the similarity of the
compared groups was accepted. In the obtained
results, the p-value of the calculated indicator
exceeds 0.001, which proves the existence of a re-
lationship between the stand parameters of the
groups under study and confirms their similarity.
Inaddition, in comparison diagrams of calculated
values, the equidistance of points from each oth-
er indicates that there is no relationship between
the stand parameters of the groups under study.

The results of hypothesis testing using var-
ious methods are presented in Table 2.

Table 2. Result of testing hypotheses about sample equality

Stand parameters

Criteria for independent samples

Result

Median criterion

Hypothesis rejected

Age

Kruskal-Wallace test

Hypothesis rejected

Jonckheere-Terpstra test

Hypothesis rejected

Vol. 14, No. 1, 2023

Ukrainian Journal of Forest and Wood Science

110



Terentiev et al.

Table 2, Continued

Stand parameters

Criteria for independent samples

Result

Median criterion

Hypothesis rejected

Average height

Kruskal-Wallace test

Hypothesis rejected

Jonckheere-Terpstra test

Hypothesis rejected

Median criterion

Hypothesis rejected

Average diameter

Kruskal-Wallace test

Hypothesis rejected

Jonckheere-Terpstra test

Hypothesis rejected

Median criterion

Hypothesis rejected

Relative density

Kruskal-Wallace test

Hypothesis rejected

Jonckheere-Terpstra test

Hypothesis rejected

Median criterion

Hypothesis rejected

Stock per 1 ha

Kruskal-Wallace test

Hypothesis rejected

Jonckheere-Terpstra test

Hypothesis rejected

Source: compiled by the authors

An example of paired comparisons of the
median criterion is presented in Figure 1. Thus,
thedatainTable 2 and Figure 1 demonstrate that
for all comparison groups, the null hypothesis of

a) b)

K3 PL FL

L M

d)

PL K3

PR

sample similarity is not confirmed by statistical
criteria and should be rejected. Further analysis
should be carried out for the groups under study,
which factor in their statistical differences.

ML kR

)

PR PR
ML

e)

PR

Figure 1. Comparison diagrams for the values of paired criteria for the median stands of Scots
pine: a) age, b) average height; c) average diameter; d) density, e) stock per 1 ha

Source: compiled by the authors

Based on data from the stand-wise da-
tabase, average stand parameters for artifi-
cial pine stands were calculated by groups

according to natural zones and composition.
The obtained parameters are presented in
Table 3.
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Table 3. Average stand parameters of artificial pine stands in the Forest-Steppe of Ukraine

Forest-Steppe Composition | Age, years Height, m | Diameter, cm Relat}ve Stock, m3-ha!
natural area density

Pure 60 20.6 25.3 0.74 310
Left-bank Mixed 48 17.8 22.4 0.74 235
Total 57 19.8 24.6 0.74 290
Pure 51 18.7 23.4 0.76 284
Right-bank Mixed 46 17.6 22.4 0.75 232
Total 49 18.2 22.9 0.76 262
Total 53 19.1 23.8 0.75 276

Source: developed by the authors based on data (Ukrainian State Project..., n.d.)

The data in Table 3 suggests that the pine
stands of the left-bank part of the Forest-Steppe
of Ukraine are older compared to the stands of
the right-bank part, and their age is 57 years and
49 years, respectively. Notably, pure tree stands
are older than mixed ones throughout the For-
est-Steppe. Analysing the data in the table, it
should be noted that the average stand param-
eters of the pine stands of the left bank part
are higher than the corresponding parameters

of the stands of the right-bank part, such re-
sults can primarily be explained by the different
age structure, which could affect the difference
in parameters. Pure stands are characterized
by greater productivity than mixed ones, the
average stock per 1 ha for the left-bank part is
310 m® and for the right-bank part — 284 m3.

The distribution of pine stand areas ac-
cording to site index classes is presented in Ta-
ble 4 and Figure 2.

Table 4. Distribution of areas of pine stands
in the Forest-Steppe of Ukraine according to site index classes

g Forest-Steppe natural area
:g left-bank right-bank
é‘ Site index area stock, area stock,
S ha share m*ha! ha share m*ha™
I¢ and above 265.7 0.2 360 384.7 0.3 357
Iy 6041.1 3.5 396 5546.0 4.1 370
2 43348.4 25.1 366 40737.5 30.4 348
Pure I 84000.8 48.7 309 60270.9 45.0 276
I 28732.1 16.7 262 21108.3 15.7 211
111 7404.4 4.3 184 4986.6 3.7 144
IV and below 2609.8 1.5 129 992.6 0.7 97
Total 172402.3 100.0 134026.6 100.0
I¢ and above 285.0 0.5 336 514.4 0.6 299
Iy 4217.3 8.1 347 6823.7 7.4 311
2 15808.0 30.2 300 33016.7 35.7 289
. I 23708.1 45.3 201 38030.3 41.1 201
Mixed
II 6573.5 12.6 172 11005.6 11.9 152
111 1376.9 2.6 117 2803.3 3.0 99
IV and below 321.6 0.6 96 365.3 0.4 64
Total 52290.4 100.0 92559.3 100.0
Source: developed by the authors based on data (Ukrainian State Project..., n.d.)
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Figure 2. Distribution of pine stand areas according to site index classes
Source: developed by the authors based on data (Ukrainian State Project..., n.d.)

The above data suggests that the share of
tree stands that grow according to site index
class I and higher, pure stands of the left-bank
part of the Forest-Steppe is 77.5% (133,656
thous. ha, from the area of pure Scots pine stands
of the left-bank part of the Forest-Steppe). For
the right-bank part of the Forest-Steppe, this
figure was 79.8% (106,939 thous. ha). Notably,
the proportion of high-purity mixed stands is
higher compared to pure stands. Thus, the share
of mixed stands with high site index class of
the left-bank part of the Forest-Steppe is 84.2%
(44,018 thous. ha, from the share of mixed Scots
pine stands of the left-bank part of the For-
est-Steppe), for the mixed stands of the right-
bank part of the Forest-Steppe, this share was
84.7% (78,385 thous. ha). The average site index
class of mixed stands for both regions is I?, 7; for
the left-bank part, pure stands have an average
site index class 1,0, for the right-bank part — 12, 9.

According to the type of forest-growing
conditions for different groups, pine stands in
the Forest-Steppe of Ukraine are distributed
unevenly (Table 5 and Fig. 3). Specifically, 19.5%

(33,619 thous. ha of the area of pure pine stands
of the left-bank part of the Forest-Steppe)
of pure pine forests of the left-bank part are
distributed in conditions A, 61.9% (105,943
thous. ha) - in conditions B, 17.8% (30,732
thous. ha) - in conditions C and D. Mixed pine
stands of the left-bank part grow in richer for-
est-growing conditions, the share of growth in
conditions C and D was 46.2% (24,147 thous.
ha of the area of mixed pine stands of the left-
bank part of the Forest-Steppe), the share of
pine growth in conditions B - 45.6% (23,854
thous. ha) and conditions A - 7.6% (3,996
thous. ha). Mixed pine stands of the right-bank
part of the Forest-Steppe are common in much
richer forest-growing conditions than others.
Thus, the share of growth conditions C and
D was 64.8% (59,940 thous. ha, from the area
of mixed pine stands in the right-bank part
of the Forest-Steppe), the share of conditions
B -27.2% (25,177 thous. ha) and conditions A -
2.5% (2,321 thous. ha). Pure pine stands of the
right-bank part of the Forest-Steppe were dis-
tributed as follows: A — 10.6%; B — 44.4%; C and
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D -42.6%. According to the analysis results,the  right bank, from pure to mixed stands, there is
following dependence of Scots pine growth in  a change in growth from conditions B to con-
the Forest-Steppe is observed: in the left-bank  ditions C; in all areas, fresh growth conditions
part, poorer conditions B dominate; on the predominate in terms of humidity (index 2).

Table 5. Distribution of areas and stocks of pine stands

in the Forest-Steppe of Ukraine according to types of forest-growing conditions (FGCT)

Forest-Steppe left-bank zone Forest-Steppe right-bank zone
FGCT pure mixed pure mixed
area, ha stock, area, ha stock, area, ha stock, area, ha stock,
’ m3-ha’! > m3-ha’! ’ m3-ha’! ? m3-ha’!
A 6,529.8 182 571.5 147 3,955.7 170 294.2 83
A, 27,089.2 259 3,424.6 157 10,310.8 246 2,026.6 128
B, 1,776.9 259 272 181 5,104.8 248 999.1 139
B, 105,008.4 324 22,804.9 218 50,943.5 303 22,003.2 212
B, 934.9 350 776.6 243 3,485.6 246 2,174.5 202
C, 27,579.9 333 20,085.4 262 42,158.7 299 39,042.6 243
C, 1,833.3 370 1,966.4 286 4,480.3 321 8,126.9 252
D, 1,319.2 297 2,095.1 269 10,506.6 260 12,770.8 242
Other
FGCTs 330.7 210 293.9 165 3,080.6 232 5,121.4 230
Total | 172,402.3 52,290.4 134,026.6 92,559.3
Source: developed by the authors based on data (Ukrainian State Project..., n.d.)
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Figure 3. Distribution of areas of pine stands in the Forest—Steppe
of Ukraine according to types of forest-growing conditions

Source: developed by the authors based on data (Ukrainian State Project...,

n.d.)

Analysing the average stock of pine stands,  all groups is observed in conditions C,. The
the greatest productivity in terms of stock in  largest margin in pure stands: 370 m3ha! for
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the left-bank part and 321 m3ha™! for the right-
bank part. Mixed stands in these conditions
have an average margin for the left-bank part of
286 m>ha-!, and for the right-bank - 252 m*ha’.

Over 86% of the area of pine stands in the
Forest-Steppe of Ukraine has a relative com-
pleteness of 0.7-0.9 (Table 6 and Fig. 4). There is
a difference in the distribution of relative stand
density for the left- and right-bank parts of the
Forest-Steppe, there is no significant difference
in the distribution of tree stands for pure and

mixed stands. In general, pine stands of the
right-bank part are described by a higher pro-
portion of high-density stands (with a density
of 0.9-1.0) and, accordingly, a lower proportion
of stands with a density of 0.7. There is also a
share of stands (up to 14%), which grow with a
reduced density of 0.6 and below. The most pro-
ductive according to average margin are stands
with a density of 0.9 for all groups of pine stands.

The age structure of stands is not uniform
(Table 7 and Fig. 5). The share of young ani-

Table 6. Distribution of areas and stocks of pine stands
in the Forest-Steppe of Ukraine according to relative stand density

Forest-Steppe left-bank zone Forest-Steppe right-bank zone
Density pure mixed pure mixed

classes area, ha stock, area, ha stock, area, ha stock, area, ha stock,
? m3-ha! ’ m3-ha! ? m3-ha! ? m3-ha!

0.4 and under | 1,375.9 175 392.9 142 833.5 140 503.0 136

0.5 3,681.1 226 1,365.0 162 2,675.9 197 1,793.0 173

0.6 17,591.5 283 5111.1 188 11,493.7 240 7,907.0 202

0.7 59,712.8 314 16,930.0 231 37,621.6 266 27,018.1 215

0.8 66,494.3 320 21,273.9 251 53,577.7 297 39,483.3 249

0.9 22,695.1 329 6,826.8 272 27,049.2 317 15,155.5 254

1.0 851.6 249 390.7 254 775.0 263 699.4 196

Total 172,402.3 52,290.4 134,026.6 92,559.3
Source: developed by the authors based on data (Ukrainian State Project..., n.d.)
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mals in pure pine stands of the left-bank part
of the Forest-Steppe is 20.13 thous. ha (11.7%
of the area of pure pine stands of the left-bank
part), a considerable share of middle-aged
stands -115.823 thous. ha (67.2%) and mature
30.742 thous. ha (17.8%) and a small area of
mature and over-mature stands 5,663 thous.
ha (3.3%). Mixed stands of the left-bank part
of the Forest-Steppe are described by a large
share of young animals - 35.7% (18,659 thous.
ha) of the area of mixed stands of the left-bank
Forest-Steppe and, accordingly, smaller shares
of middle-aged stands (47.6% or 24,873 thous.
ha) and maturing (13.9% or 7,289 thous. ha)
and a small share of mature and over-mature
2.8% (1,469 thous. ha). In contrast to the pure
pine stands of the left-bank part, the stands of

the right-bank part have a large share of young
animals, which make up 25.2% of the area of
pure pine stands of the right-bank part of the
Forest-Steppe (33,714 thous. ha), a considera-
ble share of middle-aged — 61.2% (81,984 thous.
ha) and maturing - 10.6% (14,152 thous. ha) as
well as for other stands, the share of mature
and over-mature is insignificant — 2.8% (1,469
thous. ha). The largest part of young animals
is observed in mixed stands of the right-bank
part of the Forest-Steppe, their share is 40.2%
(37,216 thous. ha) of the area of mixed stands
of the right-bank Forest-Steppe. The share of
middle-aged stands is 47.5% (44,003 thous. ha)
and maturing stands — 9.1% (8,449 thous. ha).
The share of mature and over-mature stands is
2.8% (2,890 thous. ha).

Table 7. Distribution of areas and stocks
of pine stands in the Forest-Steppe of Ukraine according to age groups

Forest-Steppe left-bank zone Forest-Steppe right-bank zone
Age pure mixed pure mixed
group area, ha stock, area, ha stock, area, ha stock, area, ha stock,
> m3-ha’! ’ m3-ha’! ’ m3-ha’! ’ m3-ha’!
Young 20,173.0 127 18,658.7 95 33,714.2 152 37,216.4 106
M;ggée_ 115,823.2 330 24,873.4 302 81,983.5 324 44,003.3 305
Maturing | 30,742.3 388 7,289.1 367 14,152.4 401 8,449.4 373
Mature 5,593.9 385 1,458.0 358 4,137.3 374 2,863.1 344
Over- 69.9 317 11.2 298 39.2 314 27.1 339
mature
Total | 172,402.3 52,290.4 134,026.6 92,559.3

Source: developed by the authors based on data (Ukrainian State Project..., n.d.)

Figure 6 shows the dynamics of the av-
erage stock for the researched groups of pine
stands in the Forest-Steppe of Ukraine.

Analysing the dynamics of stock chang-
es per 1 ha (Fig. 6), it should be noted that
the most productive stands are pure Scots
pine stands in the right-bank part of the
Forest-Steppe. Therewith, starting from
the age group of the mature ones, there
is a decrease in the stock on average from
388 to 317 m*ha'l. The productivity of pure

pine stands of the left-bank part of the For-
est-Steppe is lower than the stock of pure
stands of the right-bank part, in the age
group, mature and over-mature stocks per 1
ha exceed pure stands of the right-bank part.
In general, the stocks of mixed stands in the
right-bank and left-bank parts of the For-
est-Steppe are very close and significantly
less than the stocks of pure stands. Notably,
a decrease in stocks after the maturing age
group is observed for all groups of stands.
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Figure 5. Distribution of areas of pine stands
in the Forest-Steppe of Ukraine according to age groups

Source: developed by the authors based on data (Ukrainian State Project..., n.d.)
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Figure 6. Dynamics of the average stock of pine stands in the Forest-Steppe of Ukraine
Source: developed by the authors based on data (Ukrainian State Project..., n.d.)

To verify the conducted research, we will ~ Forest-Steppe of Ukraine, so we compared the
compare it with the data obtained by oth- dynamics of changes in the average stock per 1
er scientists. As mentioned earlier, scientists ha with the data of S. Musienko et al. (2021) for
paid little attention to Scots pine stands in the  the left-bank part of the Forest Steppe, as well
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as with collective studies of natural pine stands
of Polissia (Lakyda et al., 2018) and the North-
ern Steppe of Ukraine (Lovynska et al., 2021).
In their research, the authors determined the

Table 8. Average stock per 1 ha of pine stands

in the left-bank part of the Forest-Steppe

productivity of pine stands without dividing
them into pure and mixed ones, so we present
the data for both of these groups. The results
obtained are presented in Table 8 and Figure 7.

Average stock per 1 ha, m?
Age . according to . according to (Lovynska
clases | pure | mived | g U0 era, | *ccoring o Gakyda et MO ) o he
(2021) ” Northern Steppe
I 14 14 13 11 9
1I 57 48 47 30 31
111 128 109 115 67 99
v 209 183 210 109 160
\Y 272 256 296 167 242
VI 323 307 331 251 270
VII 354 343 352 298 313
VIII 383 363 384 323 360
X 388 366 389 324 376
X 358 336 378 313 356
XI 374 350 336 286 366
XII 363 365 321 279 363
XIIT 342 340 276 - -
X1V 346 293 260 - -
)?é :é’ed 289 | 289 250 - -

Source: developed by the authors based on (Lakyda et al., 2018; Lovynska et al.; 2021; Musienko et al., 2021;
Ukrainian State Project...,n.d.)
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Figure 7. Dynamics of the average stock of pine stands
in the left-bank part of the Forest-Steppe of Ukraine

Source: developed by the authors based on (Lakyda et al., 2018; Lovynska et al.; 2021; Musienko et al., 2021;
Ukrainian State Project...,n.d.)
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According to the presented data, in general,
the dynamics of stocks per 1 ha of the compared
data is close to the pure tree stands of the left-
bank part of the Forest-Steppe of Ukraine. This
is also confirmed by the average value of Scots
pine presence in stands - 9.7 units. After the IX
age class, there is a significant decrease in the
average stock per 1 ha according to S. Musien-
ko’s data, which can be explained by the small
area of the researched object (State Enterprise
“Zhovtneve Forestry”) and the specific features
of forestry activities. For the conditions of the
Northern Steppe (Lovynska et al., 2021), the av-
erage stock per 1 ha is slightly lower than the
stocks for the Forest-Steppe zone. Therewith, in
the VIII class of age, they increase sharply and
correspond to the stocks of the Forest-Steppe
zone, which is explained by the presence of
such stands mainly in the composition of
protective stands of green zones and sanitary
zones and their insignificant representation.
In addition, the productivity of natural pine
stands of Polissia is significantly less than in
the Forest-Steppe and Steppe.

Conclusions

As aresult of the conducted study, forest inven-
tory dependencies were established that char-
acterize the growth of Scots pine stands in the
Forest-Steppe zone of Ukraine. In the research
of Ukrainian scientists, when investigating
the growth of Scots pine stands, preference is
given to stands growing in the natural zone of
Polissia of Ukraine. This is primarily because in
these conditions this species is considered as a
priority. But in the Forest-Steppe zone, more
attention is paid to oak stands. Much less at-
tention is paid to the growth of Scots pine in
other natural areas; specifically, studies were
conducted for the Forest-Steppe, but were lim-
ited exclusively to its eastern part (Kharkiv and
Sumy regions). The originality of the conducted
study was the coverage of the entire territory

of the Forest-Steppe zone of Ukraine using the
stand-wise database of PA “Ukrderzhlisproekt”.
In fact, the provided database is a general set
of forest inventory data of stands that include
Scots pine growing in the Forest-Steppe zone of
Ukraine. Having conducted an initial analysis
of the database, it was decided to investigate
only artificial Scots pine stands, since they oc-
cupy about 92% of the total area of pine stands
in the Forest-Steppe of Ukraine. Using several
non-parametric statistical criteria to estimate
the similarity of samples, the difference in stand
parameters of pine stands was established and
divided into four groups depending on the ge-
ographical location and participation of the
main species in the stand composition. The
analysis of the groups under study proved that
Scots pine on the territory of the Forest-Steppe
zone of Ukraine grows relatively evenly within
its left-and right-bank parts. Pure tree stands
are older than mixed ones and, accordingly,
have a higher productivity (about 300 m3-ha'! in
pure and 235 m*ha! in mixed stands). Howev-
er, the highest middle site index class is char-
acterized by mixed stands in both regions, the
lowest middle site index class — in pure stands
of the left-bank Forest-Steppe. By types of for-
est vegetation conditions, poorer conditions B
dominate in the left-bank part, while on the
right bank, from pure to mixed stands, there
is a change in growth from conditions B to C.
In terms of productivity, pure stands of the
right-bank part of the Forest-Steppe of Ukraine
dominate. The description and generalization
of the current state and analysis of the produc-
tivity of pine stands in the Forest-Steppe zone
of Ukraine can be used for further grouping of
experimental material in the preparation of
forestry and forest inventory standards. The
obtained description is the most complete since
it was based on the entire sub-compartment in-
ventory characteristic of Scots pine stands in
the region under study.
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AHoranis. Po3po6ka HOPMaTMBHO-IOBiIKOBOTO 3abe3IedyeHHs ISl TAKCAIlilfiHOi OLIiHKM CTaHy
MOZATbHUX AE€PEBOCTAHIB € HATAJIbHUM MUMTAHHSIM OCKiJTbKM JA€ MOK/IUBICTh OTPUMATH JOCTOBIpHY
Ta aKTyaJabHy iH(OpMallil0 MPO CyyacHMii CTaH iCHYIOUMX JepeBocTaHiB. MeToi po6otu 6Gyo
CTAaTUCTHUYHE OOIPYHTYBAHHS IOy COCHOBMX IEPEeBOCTAHiB HA TPYIM 3a PErioOHOM 3pPOCTaHHS
Ta CKJIaJIOM, Ta iX AeTajbHa TaKcalliliHa XapaKTepUCTMKa 3 aHaJIi30M MOUIMPEHHS Ha TEPUTOPii
JlicocTeny Ta ixX MPOMYKTUBHOCTI. [IJi1 TPOBENEHHS JOC/TiIKeHb BUKOPUCTOBYBaIach 6a3a JaHUX
MTOBU/II/IBHOI TaKCalliifHOT XapaKTePMCTUKY JIiciB BUPOOGHUUOTO 06’ e THAHHS « YKPAEPKITICIIPOEKT»
IJIs1 JTicocTenoBOi 30HM YKpaiHu. BuMKOpHUCTOBYIOUM psili HemapaMeTPUYHUX KpUTepiiB OI[iHKMU
BMUGipoK (paHroBuMii omHodakTOpHUIT H-Kputepiit Kpackema-Yonneca, KpuTepiit MefmiaH,
KpUTePiil BIOPSAIKOBAHUX abTepHATUB [KOHKipa-TepricTpa) 6yl0 BCTaHOBJIEHO BiIMiHHICTH B
TaKCcaliifHMX TTOKa3HUKAX JOCTiIKyBaHMUX BMOIPOK Ta pO3/iJIeHO IepeBOCTaHM JIiCOCTENIOBOI 30HU
Ha YOTUPY IPyInu. By/io ommcaHo cyuyacHMiT CTaH MOJAIbHMX COCHOBMX A€PEBOCTAHIB JIiCOCTEITOBOL
30HM YKpaiHu mjis o6paHMX TPyl 3 JeTaJbHUMM PO3MOIiJIOM IUIONI Ta 3araciB 3a OCHOBHMMM
TaKkCaliifHMMM TMOKa3HMKaMM. 3a pe3yabTaTaMy MPOBENEHOro aHajmizy 6asm maHux Oyio
BCTaHOBJIEHO, 110 6/113bK0 92 % Bim 3arajbHOI IIOIII COCHOBMX JepeBOCTaHi JicOCTernoBOi 30HU
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CTAHOBJISATh LITYYHI JIicK. 3aJIEXKHO BiJl pETiOHY 3POCTaHHS — HA JIiBO- Ta MPaBOOEPEXKHY YaCTUHY
JlicocTemny, 3a CK/IaIOM — Ha YMCTi Ta MilllaHi. B Mexkax JOCTiIKyBaHMX IPYTI 6Y/10 MPOBEIEHO aHai3
PO3IIOIiTY TUTOII Ta 3aTlaciB COCHOBMX IEPEBOCTaHiB 3a KlacaMu 60HITeTY, TUITaMM JIiCOPOCTMHHUX
YMOB, TUTIAMM JIiCY, BiTHOCHMMY ITOBHOTAMU Ta IPyHamu BiKy. 3a Kiacamu GOHITeTY y BCiX rpymax
MIOMiHYIOTb BMCOKOOOHITeTHi HacamkeHHsI I Ta I* kiaciB 60oHiTeTy. YacTKa BUCOKOOGOHITETHUX
MilllaHMX HACakeHb Gisibla B MOPIBHSAHHI 3 YMCTUMM HACAIPKEHHSIMU. 32 TUIIOM JIiCOPOCTMHHNUX
YMOB JOMiHYIOTb Haca/pKeHHs B, y BCix moc/igpKyBaHux rpynax. I3 niBo6epesxks 10 NpaBoOepesiokst
CIIOCTEPIra€ThCsl 3pOCTAHHSI POJIOYOCTI I'PYHTIB i3 yMOB B Ha ymoBu C, TAaKOX Taka 3aJIeKHICTh
CIIOCTePIra€ThCsl Bif, YMCTUX OO MillaHMX HacaakeHb. [IpOMYKTMBHICTh 3a cepemHiM 3amacom
MilllaHUX HacaJkeHb MpaBoOepexxHOi Ta JiBoGepeskHOi uyacTuHM Jlicoctemy myke OMM3bKi i
3HAYHO MeHIlle 3aMaciB YMcTuX JepeBocTaHiB. HaBemeHi pesynbTaTy HOCTIIKeHb MOXYTb OYTU
BMKODUCTaHi HayKOBLSMM B SIKOCTi ONMMCY MOJAJbHUX TaKCaliiHMX XapaKTePUCTUK DPerioHy
JlicocTeny Ta [jis rpyIyBaHHS €KCIIePUMMEHTAJIbHOTO MaTepially Mpy CKIaJaHHi JiCiBHMYMX Ta
JlicoTakcalliifH1ux HOpMaTUBIB

KimiouoBi croBa: moBuaiibHa 6a3a JaHMX; HermapaMeTpUUHi KpuTepii; cepemHiii 3amac; Kiac
OOHITeTY; CK/IaJ] HacaaKeHHS ; TUII JiCOPOCIMHHUX YMOB; BiTHOCHA ITOBHOTA
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