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Abstract. The ameliorative properties of forest stands are essential for developing effective
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oak stands of natural origin. The method of assessing the condition of old oak plantations using
an integral indicator that takes into account biometric, ameliorative and health characteristics of
stands, as well as agrochemical indicators of the soil has been tested. Field work was carried out on
four experimental plots, where 794 age-old trees were enumerated. Comprehensive studies included
determination of biometric indicators, analysis of root systems, detection of the content of available
forms of nitrogen, mobile phosphorus, mobile potassium in soil. Soil hardness was measured with a
durometer and soil water permeability using steel cylinders. High values of integral indicators were
obtained in the experimental areas, which range from 11.9 to 19.7%. They guarantee the effective
performance of erosion control properties by native old-growth forests. It has been researched that
the proposed integral indicator of forest stand condition not only allows for assessing their current
state but also demonstrates the effective control of erosion and ecological functions of the stand.
It was established that essential requirement is to convert the absolute values of various indicators
into relative values, with mandatory consideration of their positive or negative impacts on the
forest stands themselves. It was found that an integral condition indicator can be used for erosion
control plantations of any age range. The results can be used to develop biodiversity conservation
programs and establish effective strategies for managing forest resources

Keywords: index of the integral condition of the stand; water permeability; hardness; erosion

control properties; biometric indicators

Introduction

Forests play a crucial role in preserving biodiver-
sity, which forms the basis of ecological stabili-
ty in forest ecosystems. They provide a unique
habitat for numerous plant and animal species,
including rare and endangered ones. Studying
the ameliorative properties of forests allows
for the development of effective management
and utilization strategies aimed at preserv-
ing their natural potential and improving the
quality of forest environments. This approach
helps achieve a balance among ecological, so-
cial, and economic aspects of forestry, crucial
for sustainable development and ensuring fu-
ture generations’ access to natural resources.

The relevance of the scientific research
topic stems from the necessity to assess the
comprehensive indicator of the condition of
naturally occurring ancient oak forests. This
evaluation is crucial for understanding ecosys-
tem health, biodiversity conservation, and sus-
tainable forest management practices.

Old original oak stands are critically im-
portant for maintaining biodiversity as they
provide habitats for numerous species of
plants, animals, and microorganisms. Oak for-
ests play a significant role in reducing carbon
emissions, which is a key factor in combating
climate change. According to G. Piovesan et
al. (2022) they also hold economic value due to
their high-quality timber and cultural signifi-
cance as part of natural heritage, underscoring
the need for their conservation and study.

Old forests are important ecosystems be-
cause they have both root systems and canopy,
which makes it possible to fix a large amount
of atmospheric CO,, produce oxygen, and cre-
ate a unique microclimate and living condi-
tions, unlike young and monocultured forests.
Intensive logging is causing rapid adverse
impacts on ecosystems and climate. Mature
forests persist in absorbing carbon and fixing
nitrogen. Old trees control the underground
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conditions necessary for tree regeneration,
old-growth forests create a microclimate that
slows down global warming and is an essen-
tial habitat for many endangered species.
P. Chmielarz et al. (2023) researched old trees
produce phytochemicals with many biomed-
ical properties. They note that existing old
trees are very important for biodiversity, as
they also preserve elements of cultural herit-
age before industrial times.

In many ecosystems worldwide, large old
trees are found as isolated individuals or small,
scattered groups, qualifying them as small nat-
ural features. Despite their spatial limitations,
these solitary or small groups of old trees play
vital ecological roles, such as carbon storage
and providing wildlife habitats. Protecting and
managing these large old trees as small natu-
ral features is crucial for preserving these roles
and often necessitates targeted, small-scale
conservation strategies. These strategies may
include prohibiting the felling of trees above a
certain size, installing microfences to prevent
grazing threats, and creating buffer zones of
other vegetation to shield them from fire and
chemical exposure. Studies on the growth and
condition of ancient oaks are actively ongoing.
According C. Cannon et al. (2022), ancient trees
are unique forest assets that take centuries to
develop. These old-growth trees significantly
influence generation time and population fit-
ness, transcending centennial ecological cycles.
Consequently, they are crucial for the forest’s
long-term ability to adapt to changing climate
conditions and provide invaluable data on eco-
logical history and individual longevity. Given
that they cannot be replaced by reconstruc-
tion or regeneration for many centuries, their
protection is essential to preserving their irre-
placeable diversity.

In scientific research of J. Zawadka (2020) it
was noted environmental factors affecting the

condition and growth of old oaks and other trees
are of exceptional importance; trends in growth
and age of common oak along the amplitude
gradient; hundred-year climate changes, as
well as the impact of negative biotic, biotic and
anthropogenic factors on old oak plantations;
structural diversity of oak plantations in the
green zone of forest parks and the protection
of tree natural monuments in European coun-
tries. Most often, appraisers focus on biometric
assessment studies, foresters on forestry, land
amelioration on agroforestry, and soil scien-
tists on obtaining indicators that characterize
soil properties. It is not easy to combine various
indicators, especially when they have different
dimensions (Fawzy et al., 2020).

During the study of the state and improve-
ment of eroded soils V. Maliuha et al. (2021)
tested the coefficient of soil improvement as
an average integral indicator that takes into
account individual elements of soil proper-
ties. According to a similar methodological
approach, it was proposed to use an integral
indicator of the condition of forest plantations,
taking into account biometric, ameliorative,
health features of forest plantations and soil
properties. To obtain an integral indicator of
the condition of forest plantations, calculations
are performed in advance, which ensure the re-
duction of all various indicators with their ab-
solute values to relative values in comparison
with the selected control.

The purpose of the study was to compre-
hensively assess the current condition and per-
formance of erosion control properties of old-
age oak stands of natural origin.

Materials and Methods

Comprehensive studies of age-old oak stand
of natural origin were carried out on the ter-
ritory of the “Koshyk” tract of the Educational
and Experimental Forestry of the Bila Tserkva
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National Agrarian University. The area of the
massif was 7.5 hectares, on which 4 trial plots
(TP) were selected (Fig. 1). Field research was
conducted during September-December 2022.
The study of old oak plantations of natural or-
igin, the LIDAR surveying was used, which al-
lows you to quickly obtain detailed and spatial

NS TP’ | “Geographic coordinates 2

29°46'58.0°N 30°02'54.0°E
49°47°00,6'N 30°02'45.7'E
49°47/01:6"N 30°02'44.1'E

49°46'67.4"N'30°02' E

information about the short-term dynamics
of “windows” in the canopy of old oak planta-
tions. This technology offers a valuable means
of studying patterns of forest loss and under-
standing the dynamics of forest ecosystems at
a narrower scale than previously possible using
traditional methods (Vepakomma et al., 2008).

Figure 1. Location of trial plots on the territory of the “Koshyk” tract

Source: Google Earth

Based on the method of applying an inte-
gral indicator, which takes into account biome-
tric, amelioration and health characteristics of
stands, as well as agrochemical indicators of the
soil. The following indicators were considered
in the study: biometrics — height of trees, m;
diameter, cm; stock, m3/ha; the basal area — m?/
ha, etc.; amelioration — root surface area, cm?;
soil hardness, kg/cm?; soil compaction densi-
ty, g/cm® and its water permeability, mm/min;
forestry, characterizing health condition - the
number of affected trees, pcs. and health con-
dition index; agrochemistry — the content of
available forms of nitrogen, mobile phospho-
rus, mobile potassium, mg/kg, humus, %, etc.
(Khryk, 2024).

All trees were numbered in all trial plots,
and a list of trees by diameter was made
(Fig. 2a). At each trial plot, the heights of 12-
15 trees were measured with an altimeter-ecli-
nometer RM-5 (Finland), followed by construc-
tion of graphs of height curves. One model tree
was selected based on the average height and
diameter within each trial plot. Next to each
model tree, at a distance of 3 m, samples of the
root-containing layer of the soil were taken
using a soil sampler (Fig. 2b). Test samples of
soil cores were taken in mutually perpendicular
directions from the middle tree of an old oak
tree at depths of 0-10, 10-20, 20-30, 30-40, and
40-50 cm (Fig. 2b). A total of 67 samples were
selected.
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Figure 2. Field and chamber work
Note: a) numbered age-old oak on the trial plot; b) sampling of soil cores using a drill; ¢) measurement of water
absorption time by the soil; d) hardness tester; e) use of a cutting ring to determine the density of the soil
composition; f) determination of the volume of conductive roots by the xylometric method; g) measurement
of the weight of active roots
Source: developed by the authors

In parallel, the roots of the common oak
were selected from the obtained cores and di-
vided into fractions: physiologically active
roots (with a diameter of <2 mm) and conduct-
ing roots (with a diameter of >2 mm). Their vol-
ume was determined by the xylometric meth-
od by measuring the displaced water during
immersion of the roots in a wet state in water
(Fig. 2f). The mass of raw and dry roots was
determined using electronic scales with an ac-
curacy of 0.01 g (Fig. 2g). Root diameters were
determined using a micrometer, which made it
possible to establish the average value of the
index of each fraction. For each fraction, the
surface areas of the root samples were calculat-
ed according to formula (1):

—4.v
s=4-1, (1)

where, S is the lateral surface of the roots, cm?;
V - root volume of this fraction, cm3; D-the

average diameter of the fraction, cm. Using a
soil sampling device with a diameter of 10 cm,
soil cores were taken from experimental plots
in 5-fold repetition to obtain mixed soil sam-
ples from each 10-cm layer to a depth of 50 cm
of the active root-containing horizon. Mixed
soil samples for laboratory analyses weighing 1
kg were formed (Pawlik et al., 2023). Soil hard-
ness was measured by I. Golubev’s hardness
tester in 20 repetitions with subsequent statis-
tical data processing (Fig. 2d). A total of 80 soil
hardness measurements were made.

The time of water absorption by the soil
was measured using steel cylinders with a di-
ameter of 80 mm and a height of 100 mm by
burying the cylinder halfway into the soil and
filling the upper part (50 mm) with water. The
stopwatch determined the absorption time of a
50 mm layer of water, which corresponds to tor-
rential rainfall. The number of measurements is
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10 times. A total of 40 measurements of water
permeability of the soil were made.

Water permeability is calculated by the ra-
tio of the amount of absorbed water to the time
of its absorption (Fig. 2c). The compaction den-
sity of the soil was determined using a cutting
ring with a diameter of 50 mm and a height of
30 mm. The selection of soil samples was car-
ried out both from the surface and from depths
of 10-50 cm using a soil sampler. The soil from
the cutting ring was transferred to an aluminum
box for drying in a cabinet to constant weight.
The assembly density (volumetric mass) was
determined by dividing the weight of dry soil

by the volume of the cutting ring (Fig. 2e). The
content of nutrients was obtained by labora-
tory tests of soil samples in the certified lab-
oratory of the Bila Tserkva National Agrarian
University. Nutrient stocks of available forms
of nitrogen (N-NO, +N-NH,), mobile phospho-
rus (P,0,), mobile potassium (K,0) were deter-
mined. The stock is calculated by the product
of their content (mg/kg) by the density of the
assembly and by the thickness of the soil layer
of 50 cm. Researchers V. Khryk et al. (2024) de-
veloped a scale for assessing the state of forest
stands (Table 1), which was used to determine
the integral condition of the studied stands.

Table 1. Scale for assessing the condition of forest stands

Serial number Integral indicator Value, % Stand condition
1 very high 0-20 safe
2 high 21-40 attenuated
3 average 41-60 weak
4 low 61-80 very weak
5 critical 81-100 threatening

Source: developed by the authors based on V. Khryk et al. (2024)

The experimental studies conducted on
plants comply with international standards
Convention on Biological Diversity (1992). Ac-
cording to a visual inspection of all stands, the
stand on TP 4 was determined to have with the
weakest health conditions (Resolution of the
Cabinet of Ministers of Ukraine No. 756, 2016)
and adopted by the authors of this study and was
accepted as the basic (control) — for a compara-
tive assessment of the integral condition of the
investigated age-old stands on trial plots 1-3.

Results and Discussion

The concept of plantation condition has many
aspects. Plantations are constantly in flux: on
the one hand, their condition depends on for-
est conditions, and on the other hand, they are
capable of creating new conditions that will be

most favourable for growth and development.
The condition of forest plantations can be as-
sessed from different positions. With the help
of sylvicultural and biometric indicators, it is
possible to assess the condition of plantations,
taking into account their qualitative (class of
rating) and quantitative (stand stock) produc-
tivity. There are indicators that allow estab-
lishing the health condition of plantations. For
example, a tree stand has achieved high pro-
ductivity, but under certain conditions has lost
its biological stability due to the manifestation
of the action of forest pests or pathogens. For
this, there is already an indicator of the health
condition index (Resolution of..., 2016).

The condition of manifestation of ame-
liorative properties of old oak stands was de-
termined by a number of soil characteristics,
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including compaction density, hardness, water
permeability, etc. Forests have numerous eco-
logical functions: energy, water regulation,
water absorption, soil protection, siltation, soil
creation, restoration, recreation, sanitary and
hygienic, aesthetic, climate regulation, ecolog-
ical stabilization, etc. Their effective ability to
perform many functions is closely related to the
condition of the plantations.

Forestry and biometric characteristics of
age-old oak forest plantations of natural origin
are presented in Table 2. They are pure in com-
position, aged from 200 to 214 years. Trial plot 1
is distinguished by the average diameter, the
rest do not have a reliably significant difference.
The average heights are within the II class of rat-
ing, which characterizes it as a fairly high qual-
ity indicator of the productivity of old stands.

Table 2. Forestry and biometric characteristics of stands according to the data of trial plots

Number of 0 "
5 g n trees, pcs. Average = = g Ei
2 | - E s o s ¥ 3
g e 'a 8 ] = g o
2 88 7 | B ") 3
7] g per . . - v ] —_
a g gf plot per/ha | Diameter,cm | Height, m é 2" é g
o =
1 10Qr | 214 321 107 67.8+0.75 29.3%3.1 3.0 I 510 1530
2 10Qr | 204 236 107 64.7+0.75 29.1£2.6 2.2 I 465 1023
3 10Qr | 200 135 104 63.5+1.06 28.9+3.0 1.3 I 451 586
4 10Qr | 204 102 102 64.6+1.41 29.2%2.5 1.0 I 429 429

Note: Qr — common oak (Quercus robur L.)
Source: developed by the authors

The area of the trial plots is from 1.0 to
3.0 ha, respectively, and the number of trees
is from 102 to 321 pcs., although if you bring
the data to an area of 1 ha, the difference in
the number of trees on the plots turns out to
be insignificant from 107 to 102 trees. Quanti-
tative productivity, which is represented by the
stock of trunk wood, is in the range from 429 to
510 m3/ha, which, taking into account the dif-
ferent area of trial plots, provides a total stock
of wood from 429 to 1530 m3. From the con-
sidered forest biometric indicators, for further
comparison of the obtained data, it is advisable
to take into account the diameter and stock of

plantations, since the rest of the indicators do
not have a significant difference.

The following indicators were chosen to
evaluate the erosion control properties of the
stands: hardness, water permeability of the soil
and the study of root systems. It is the select-
ed indicators that most accurately character-
ize the indicated properties, which depend on
the possibility of transferring surface runoff
to ground runoff, in order to avoid the possi-
ble manifestation of erosion processes as much
as possible. With low soil hardness, sufficient
water permeability and the spread of root sys-
tems, maximum absorption of water by the soil
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can be ensured, that is, surface (often destruc-
tive) runoff can be transferred to safe internal
soil runoff. Statistics for determination of soil
hardness and assessment of the significance of
the difference between the average values of

indicators are presented in the Table 3 and 4.
The maximum hardness of the soil detected
during the control TP 4 is 15.2 kg/cm?. The rest
of the obtained hardness indicators on TP 1-3
do not have significant differences.

Table 3. Soil hardness statistics

TP Statistics
number N M c v p
1 20 9.9 0.567 2.53 25.57 5.72
2 20 11.8 0.663 2.97 25.14 5.62
3 20 10.6 0.266 1.19 11.29 2.52
4 (Control) 20 15.2 0.571 2.55 16.74 3.74

Note: N — the number of measurements; M — the average value; m - the error of the average value; ¢ — mean

square deviation; v — coefficient of variation; p — accuracy of research

Source: developed by the authors

Table 4. Evaluation of the significance of the difference between
the average values of soil hardness indicators

The difference between Number | Student’s | The difference between Number | Student’s
the average values on | of degrees | criterion | the average values on | of degrees | criterion
the trial plots of freedom 05 the trial plots of freedom t)0s
1-2 36 2.18 2-3 36 1.68
1-3 36 1.12 2-4 (C)* 36 3.88
1-4 (C)* 36 6.60 3-4 (C)* 36 7.31

Note: * - the difference is significant; C — control
Source: developed by the authors

Therefore, a significant difference in hard-
ness indicators was obtained for all plots com-
pared to the control. A high soil hardness of
more than 30 kg/cm? not only slows down the
absorption of rainwater as much as possible,
but also often prevents the development of root
systems. An important indicator is the water

permeability of the soil, and for its determina-
tion, the absorption time of a 50 mm layer of
water from steel cylinders, which corresponds
to the level of an atmospheric downpour, was
initially taken into account. The statistics of the
absorption time of 50 mm of water are given in
the Table 5.

Table 5. Statistics of indicators of absorption time of 50 mm of water

TP Statistics
number N M m c v P
1 10 2.94 0.575 1.82 61.78 19.54
2 10 6.58 1.234 3.90 59.32 18.76
3 10 5.50 0.629 1.99 36.19 11.44
4(C) 10 10.10 0.706 2.23 22.13 6.99

Note: N — the number of measurements; M — the average value; m - the error of the average value; ¢ — mean
square deviation; v — coefficient of variation; p — accuracy of research

Source: developed by the authors
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The obtained results of statistical pro-
cessing of field research data show that the
absorption time of a 50 mm layer of water
ranges from 2.94 to 10.10 minutes (TP 1-4). At
the same time, no significant difference was
found between the indicated indicators at TP 2
and 3. An estimate of the significance of the
difference between the average values of the
absorption time of a 50 mm layer of water is

given in the Table 6. A significant difference in
water absorption indicators was obtained be-
tween TP 1 and TP 2 and 3, as well as compared
to the control. Indicators of soil hardness and
the time taken to absorb a 50 mm layer of wa-
ter revealed a direct relationship. A higher
hardness index of 15.2 kg/cm? corresponds to
a longer time for absorbing water from a steel
cylinder — 10.1 minutes.

Table 6. Evaluation of the significance of the difference between
the average values of the indicators of the time of absorption of 50 mm of water

The difference between Number | Student’s | The difference between Number | Student’s
the average values on | of degrees | criterion | the average values on | of degrees | criterion
the trial plots of freedom 05 the trial plots of freedom o0
1-2% 16 2.67 2-3 16 0.78
1-3* 16 3.00 2-4 (C)* 16 2.48
1-4 (C)* 16 7.87 3-4 (C)* 16 4.87

Note: * - the difference is significant; C — control
Source: developed by the authors

In terms of erosion control, it is important
to take into account the peculiarities of the de-
velopment of root systems, which, in addition to
keeping plants in the soil, supplying them with

nutrients and water, contribute to the formation
of water-resistant aggregate structures and relia-
bly counteract the manifestation of erosion pro-
cesses (washing and erosion) of the soil, Table 7.

Table 7. Ratio of roots in monoliths 50 cm deep

TP Mass of dry roots, g Volume of displaced water, ml
number conductive active ratio conductive active ratio
1 10.48 0.80 13.1:1 25.4 1.3 19.5:1
2 8.20 0.70 11.7:1 10.5 0.8 13.1:1
3 9.60 0.75 12.8:1 174 1.1 15.8:1
4 9.39 0.89 10.6:1 17.3 1.4 12.4:1

Source: developed by the authors

The largest mass of roots and, according-
ly, the volume of water displaced by it from the
xylometer falls on TP 1. It turned out that the
ratio of the mass of roots and the volume of dis-
placed water is characteristic of all trial plots in
favour of the conductive one, which provides
mainly the transport function. At the same time,
it contributes to the transfer of surface runoff

into the soil due to the spread of roots into deep
soil horizons. The most important role of active
roots is that, thanks to its own surface area, it
ensures direct contact with the soil in supplying
plants with water and nutrients from the bulk
solution, contributes to the improvement of the
soil structure and its water permeability. The
surface area of the roots is given in the Table 8.
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Table 8. Root surface area

TP The average diameter The volume Root surface area. cm?
of the roots, cm of displaced water, ml >
number . . A . . . .
conductive active conductive | active | total conductive | active | ratio
1 0.73 0.03 25.4 1.3 26.7 139.2 173.3 1:1.24
2 0.52 0.03 10.5 0.8 11.2 80.8 106.7 1:1.32
3 0.65 0.03 174 1.1 18.5 107.1 146.7 1:1.37
4 0.67 0.03 17.3 14 18.9 103.3 186.7 1:1.81

Source: developed by the authors

Despite the fact that the ratio of the mass
of the roots and the volume of displaced water
was in favour of the conductive one, the ratio
between the active and conductive roots in the
monoliths was in favour of the active one based
on the determined surface area of direct con-
tact with the soil. Therefore, the surface area
of active roots was used in further research to
assess the condition of plantations by an inte-
gral indicator.

In addition to the study of the ameliorative
erosion control properties of the plantations,

the determination of nutrient stocks in the
soil was carried out using the example of the
content of agrochemical indicators: available
forms of nitrogen, mobile phosphorus and po-
tassium. Taking into account the different ab-
solute values of all experimental indicators, to
obtain an integral indicator of the condition of
stands, conversions were made to their relative
values. For this purpose, TP 4 was chosen as a
control. A comparison of stocks of agrochemi-
cal indicators that provide plants with food is
given in the Table 9.

Table 9. Comparison of nutrient stocks in a 50 cm soil layer

TP number Available forms of nitrogen | Mobile phosphorus (P,0,), | Mobile potassium (K,0),
(N-NO,+N-NH,), mg/kg mg/kg mg/kg
1 613.4 +11.3% 3086.7 +33.0% 4379.3 +3.5%
2 651.2 +18.2% 3475.5 +49.7% 3749.4 -11.3%
3 707.9 +28.5% 2881.1 +24.1% 4350.6 +2.9%
4(C) 551.0 - 2321.2 - 4229.2 -

Note: C - control
Source: developed by the authors

During the comparison of agrochemi-
cal indicators that ensure the supply of nu-
trients, such as available forms of nitrogen
and mobile phosphorus and potassium, a de-
crease in the indicator of mobile potassium
at TP 2 (-11.3%) was established. Indicators

of the health state of stands are also taken
into account, in particular, the presence of
transverse cancer of common oak, the total
percentage of affected trees and the index of
the health condition of plantations, which is
given in Table 10.

Table 10. Comparison of indicators by health condition

TP Transverse canccir Number of affected trees, % Health condition index
number of common oak, %
1 33.0 +5.7 46.4 +17.0 1.96 +24.0%
2 38.7 -10.6 449 +19.7 1.49 +42.2%
Vol. 15, No. 3, 2024 Ukrainian Journal of Forest and Wood Science 125



State and ameliorative properties of old original oak stands

Table 10, Continued

TP Transverse cancir Number of affected trees, % Health condition index
number of common oak, %
3 25.5 +27.1 48.5 +13.2 2.48 +3.9%
4(C) 35.0 - 55.9 - 2.58 -

Note: C - control
Source: developed by the authors

During the calculations, the (+) or (-) ob-
tained relative value of the indicator with the
state of the plantation must be taken into ac-
count. That is, how will the impact of this in-
dicator on the condition of the plantation be
manifested — positively or negatively? The pe-
culiarity of the comparison of indicators of the
health condition is that negative values are giv-
en to those of them that worsen the condition.
Thus, during the calculation of the indicator of
transverse cancer compared to the control, an
increase in the indicator on TP 2 by 10.6%, a de-
crease on TP 1 by - 5.7% and on TP 3 by — 27.1%,
but for the stand this decrease is a positive phe-
nomenon, and growth is negative, so the signs
are reversed. The number of affected trees and
indices of health condition are lower than the

control, but instead of minuses, pluses are giv-
en, since the reduction of the indicated indica-
tors according to the calculation turns out to be
a positive phenomenon for stands.

Among the ameliorative indicators, the fol-
lowing indicators were selected: surface area of
active roots, hardness and water permeability
of the soil. In part, the role of active roots has
been considered earlier, it is worth noting that
it takes the most active part in improving the
properties of the soil, both physical (loosening,
strengthening of waterproofing capacity, resist-
ance to washing and erosion, etc.), and chemi-
cal - it contributes to soil formation due to the
processes of mineralization and humification of
organic matter. Comparison with the control of
ameliorative indicators is given in the Table 11.

Table 11. Comparison of ameliorative indicators

Surface area Soil hardness, Absorption time of 50 mm
TP number . .
of active roots, cm? kg/cm? of water, min.
1 173.3 -7.2% 9.9 +34.9% 2.94 +70.9%
2 106.7 -42.8% 11.8 +22.4% 6.58 +34.9%
3 146.7 -21.4% 10.6 +30.3% 5.50 +45.5%
4(C) 186.7 - 15.2 - 10.10 -

Note: C - control

Source: developed by the authors

The comparison of ameliorative indicators
also warrants clarification. While the decrease
in the surface area of active roots compared to
the control is evident, further explanation is
needed for the soil hardness and the absorption
time of 50 mm of water. A decrease in the val-
ue of the soil hardness indicator for plantations

is a positive thing. Under such conditions, root
systems develop better and atmospheric pre-
cipitation is better absorbed by the soil. Absorp-
tion time decreased, this is also a positive phe-
nomenon because more moisture is absorbed in
a shorter period of time (50:2.94=17.0 mm/min,
and 50:10.1=5.0 mm/min), which corresponds
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to the water permeability indicator. Absorption
time and hardness are directly related, while
hardness and water permeability indicators
have an inversely proportional relationship.
They provide an opportunity for the optimal
spread of root systems due to a certain hard-
ness and moisture of the soil, which is related to
water permeability. Both indicators affect soil
erosion processes. For example, with significant
hardness, the development of root systems be-
comes impossible, which worsens their binding
effect and reduces the water-absorbing role to a
minimum, and as a result, concentrated surface
runoff leads to soil washing and erosion.

Two of the biometric indicators were cho-
sen to obtain an integral condition indicator —

the average diameter and the stock (Table 12).
A total of 11 indicators were selected during
complex studies to establish an integral con-
dition indicator, the comparison of which is
shown in the Tables 9-12. The integral indi-
cator of the condition of stands is the average
value of the algebraic sum of all relative com-
pared indicators, eleven of which are consid-
ered in this study.

Most often, certain aspects of the planta-
tions are studied and analysed, taking into ac-
count certain indicators that are obtained using
separate methods and have their own absolute
values. To assess such multidimensionality as
natural forest stands, in particular age, a gener-
alized integrating indicator is needed.

Table 12. Comparison of biometric indicators

TP number Diameter of an average tree, cm Stock of the stand, m3/ha
1 67.8 +4.9% 510 +18.9%
2 64.7 +0.2% 465 +8.4%
3 63.5 -1.7% 451 +5.1%
4(C) 64.6 429 -

Note: C - control
Source: developed by the authors

As for the biometric characteristics, it is pos-
sible to notice a non-significant difference be-
tween the indicators of the average diameters of
TP 2 and 3 with the control. The diameter of the
average tree on TP 2 exceeds the control by 0.2%,

and on TP 3 it is smaller by 1.7%, which was dis-
cussed earlier during the comparison of statistics.
The stock of trees in all areas is higher than the
control. The calculation of the integral indicator of
the condition of the stands is given in the Table 13.

Table 13. Calculation of the integral indicator of the condition the stands

nu'In‘ll‘:)er N P,O0, | KO | Toc Ta Thc S T Wa D Stock | Iic
1 11.3 33.0 3.5 5.7 17.0 24.0 -7.2% 34.9 70.9 4.9 18.9 19.7
2 18.2 49.7 | -11.3 | -10.6 | 19.7 42.2 | -42.8% | 22.4 34.9 0.2 8.4 11.9
3 28.5 24.1 2.9 27.1 13.2 3.9 -21.4% | 30.3 45.5 -1.7 5.1 14.3

Note: N - available forms of nitrogen; P,O, - mobile phosphorus; K,0 - mobile potassium; Toc - transverse
oak cancer; Ta — the number of affected trees; Ihc — health condition index; S - surface area of active roots;
Hs - soil hardness; Wa — absorption time of 50 mm of water; D — average diameter; lic — integral indicator

of condition

Source: compiled by the authors
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Therefore, an analysis of eleven indicators
was carried out, which made it possible to ob-
tain a synthesizing result of the assessment
of the condition of aged oak stands of natural
origin. Another approval of the integral indi-
cator of the state of plantations took place.
Under the conditions of comparison of the as-
sessed plantations of TP 1, 2, 3 with the con-
trol of TP 4, the integral indicators of the con-
ditions were as follows: the result — 19.7% has
TP 1, and further in descending order - 14.3%
of TP 3 and - 11.9% at TP 2.

The number of indicators can be signifi-
cant, which makes it possible to take into ac-
count their cumulative effect on the final re-
sult in more detail. It is especially important
to use such a methodical approach to evalu-
ate a large number of objects that will require
comparative evaluation.

An old age tree is one that holds biolog-
ical, cultural, or aesthetic significance due to
its notable age, size, or condition. C. Leusch-
ner & H. Ellenberg (2017) proved such trees
are of great interest as they serve as living wit-
nesses to the past and relics of former land-
scapes. These grand old age trees are among
the most iconic life forms on Earth and play a
crucial role in various terrestrial ecosystems.
M. Gilhen-Baker et al. (2022) examined those
large old trees have an active impact on eco-
system conservation, productivity and climate
improvement.

A. Kushnir & I. Vakulyk (2018) described
that big old age trees are an important part of
shared cultural heritage, providing people with
aesthetic, symbolic, religious and historical
markers. Bringing their many ecological, oce-
anic, therapeutic and socio-cultural benefits
to the fore and learning to appreciate old trees
holistically can contribute to halting the global
decline of old growth forests.

D. Lindenmayer & W. Laurance (2017) and
D. Lindenmayer (2017) analysed the state of old

oak stands during research on the influence of
climate on vegetation change in the eastern
regions of the USA. Large old trees play an im-
portant ecological role in the hydrological re-
gime, nutrient cycling, etc. Age-old plantations
affect the spatial and temporal distribution and
number of individuals of one species and popu-
lations of many other plant and animal species.
Researchers A. Larionova & A. Klestch (2019)
suggested that important parameters of old-
growth trees, such as height, life span, and ex-
cessive sparsity, which provide competitive ad-
vantages in an undisturbed environment, can
make such trees highly vulnerable to a number
of anthropogenic impacts.

Centuries-old trees suffer from droughts,
fires, pests and pathogens, as well as from
logging, land clearing, landscape fragmen-
tation and climate change. P. Zarzyniski &
A. Grzywacz (2019) researched that addressing
the above threats is challenging because they
often interact and manifest differently in dif-
ferent ecosystems, requiring targeted respons-
es to specific species or ecosystems. According
F. Indresputra et al. (2023), new management
actions are often needed to protect the existing
large old trees and to ensure the recruitment
of new cohorts of such trees. In agro-industri-
al and urban areas, there is a need to conserve
and preserve individual specimens of centu-
ries-old trees. Landscape-level approaches
will be needed, such as protecting sites where
large old trees are most likely to occur. A. Arif et
al. (2024) noted the trees demonstrate signifi-
cant potential for land reclamation due to their
ability to thrive in high salinity conditions.
Their adaptability not only aids in soil stabili-
zation but also improves the overall ecological
health of degraded areas.

However, this raises problems related to
the likely redistribution of trees depending on
climate change, as old trees may exist at this
time in places unsuitable for the development
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of new communities of the same species. Re-
searchers P. AdamiC et al. (2023) studied suit-
able future ecological domains for a species
may exist in new places where it has never
been encountered before. Future distribution
and conservation of large old trees may re-
quire conflicting responses, including assist-
ed migration via seeds or seedlings to new
locations. K. Kimic (2021) studied the global
decline in the number of large old trees and
their importance to ecosystems, which may be
relevant to the assessment of the condition of
old-growth oak stands.

According to I. Vakuluk & O. Balalaie-
va (2018), the effectiveness of such approaches
is limited by the ecological characteristics of
large old trees (e.g., the presence of hollows)
dependent on other species, such as termites,
fungi, and bacteria.

Morphological indicators of old trees ac-
cording to N. Sukri et al. (2023) vary greatly on
a species-to-species basis, creating significant
challenges in identifying large old trees and
requiring an ecosystem-specific and identifica-
tion method that is rarely readily transferable
to other species or ecosystems. Such variability
is also manifested in the marked interspecific
relationships of the main characteristics of old-
growth trees, including the root system, crown
habit, degree of development of the bark mi-
croenvironment, and prevalence of gaps.

Overall, the significant number of indica-
tors allows for a more detailed consideration
of their cumulative effect on the final result,
which is important when evaluating a large
number of objects for comparative analysis.
Old trees are not only biologically, culturally,
and aesthetically significant, but also play a
critical role in various ecosystems by providing
hydrological regimes, nutrient cycling, and nu-
merous ecosystem processes. This underscores
the need for their protection and adaptation to
climate change to maintain ecological stability.

Conclusions

The analysis and comparison of taxation indi-
cators shows that the leading position is oc-
cupied by TP 1, where the stock of stem wood
is 510 m3/ha or 18.9% higher than the control.
The average diameter is 67.8 cm, which is 4.9%
higher than the control. The large difference in
stock is caused by the difference in diameters
and the number of trees. Analysing the nutri-
ent reserves, found that TP 3 has advantages
in terms of available nitrogen forms, which is
28.5% more than the control. In terms of mo-
bile phosphorus reserves, TP 2 has the best po-
sition, which is 49.7% higher than the control.
There is no big difference in mobile potash re-
serves, but TP 1 is 3.5%.

The study of the health condition showed
the best results in TP 3, where the presence of
cross cancer is 27.1% less than in the control.
The smallest number of affected trees was
found in TP 2 (by 19.7%). The health condition
index of 1.49, which is typical for healthy plan-
tations, corresponds to the conditions of TP 2.
The analysis of reclamation indicators shows
that the best results in terms of the surface
area of active roots were obtained in the con-
trol. This is due to the presence of the largest
amount of undergrowth and undergrowth in
this area. In terms of soil hardness, the best
result was found in TP 1 - 9.9 kg/cm?, which
differs by 34.9% compared to the control. The
time of absorption of 50 mm of water layer was
also the best in TP 1 (70.9% faster compared to
the control).

On the basis of the results of the compre-
hensive assessment of the condition and perfor-
mance of the properties of the aged oak stands
of natural origin of the Educational Farm of the
Bila Tserkva National Agrarian University, it
can be concluded that very high values of inte-
gral indicators, which do not exceed 20%, have
been obtained. They guarantee a general safe
condition in the performance of erosion control
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properties by studied forest stands. Under the
conditions of comparison of the assessed plan-
tations of TP 1, 2, 3 with the control of TP 4,
the integral indicators of the conditions were as
follows: the result — 19.7% has TP 1, and fur-
ther in descending order — 14.3% of TP 3 and -
11.9% at TP 2.

Therefore, the proposed integral indica-
tor of the condition of plantations provides
the possibility of applying a comprehensive
approach to their assessment, taking into ac-

they have positive or negative effects on the
forest stands. The methodology for assessing
the integral indicator of plantation condition
requires comprehensive testing. The need for
the most complete assessment of the condition
of plantations as a multifaceted research object
remains, which indicates its relevance. Its re-
finement and revision may not be ruled out, but
this will be proved by further testing.

Acknowledgements

count the manifestation of various ecological None.
roperties by forest stands. It is crucial to con- .
prop . y . Conflict of Interest
vert various indicators from absolute values to
relative values, taking into account whether  None.
References

(1]

(2]

(3]

(4]

[5]

(6]

[7]

(8]

(9]

Adami¢, P., Levani¢, T., Hanzu, M., & Cater, M. (2023). Growth response of European beech
(Fagus sylvatica L.) and Silver Fir (Abies alba Mill.) to climate factors along the Carpathian
massive. Forests, 14, article number 1318. doi: 10.3390/f14071318.

Arif, A., Ashraf, 1., Hussain, M.S., & Igbal, R. (2024). Salinity tolerance and reclamation
potential of two widely distributed subtropical tree species. Pakistan Journal of Botany, 56(4),
1255-1261. doi: 10.30848/P]B2024-4(14).

Cannon, C., Piovesan, G., & Munné-Bosch, S. (2022). Old and ancient trees are life history
lottery winners and vital evolutionary resources for long-term adaptive capacity. Nature
Plants, 8(2), 136-145. doi: 10.1038/s41477-021-01088-5.

Chmielarz, P., Kotlarski, S., Kalemba, E.M., Martins, ]J.P.R., & Michalak, M. (2023). Successful
in vitro shoot multiplication of Quercus robur L. trees aged up to 800 years. Plants, 12, article
number 2230. doi: 10.3390/plants12122230.

Convention on Biological Diversity. (1992). Retrieved from https://zakon.rada.gov.ua/laws/
show/995_030#Text.

Fawzy, S., Osman, A.I., Doran, J., & Rooney, D.W. (2020). Strategies for mitigation of climate
change: a review. Environmental Chemistry Letters, 18, 2069-2094. doi: 10.1007/s10311-020-
01059-w.

Gilhen-Baker, M., Roviello, V., Beresford-Kroeger, D., & Roviello, G. (2022). Old growth forests
and large old trees as critical organisms connecting ecosystems and human health. A review.
Environmental Chemistry Letters, 20, 1529-1538. doi: 10.1007/s10311-021-01372-y.
Indresputra, F., Zulkarnaen, R.N., Hariri, M.R., Wardani, F.F., Hutabarat, PW.K., Setyanti, D.,
Pratiwi, W.A., Rahmaningtiyas, L., & Safarinanugraha, D. (2023). Prediction of susceptibility
for old trees (> 100 years old) to fall in Bogor botanical garden. Indonesian Journal of Forestry
Research, 10(1), pp. 1-19. doi: 10.59465/ijfr.2023.10.1.1-19.

Khryk, V., Maliuha, V., Minder, V., Kimeichuk, I., Levandovska, S., & Sytnyk, O. (2024).
Methodology for determining the integral indicator of the condition of forest plantations. Retrieved

from https://iprop-ua.com/cr/j1x02mad/.

Vol. 15, No. 3, 2024

Ukrainian Journal of Forest and Wood Science 130


https://doi.org/10.3390/f14071318
http://dx.doi.org/10.30848/PJB2024-4(22)
https://doi.org/10.1038/s41477-021-01088-5
https://doi.org/10.3390/plants12122230
https://doi.org/10.1007/s10311-020-01059-w
https://doi.org/10.1007/s10311-020-01059-w
https://doi.org/10.1007/s10311-021-01372-y
https://doi.org/10.59465/ijfr.2023.10.1.1-19
https://iprop-ua.com/cr/j1x02mad/

Maliuha et al.

[10] Kimic, K. (2021). Pear trees (Pyrus communis L.) as monuments of nature in Warsaw public
spaces-state of preservation. In Public recreation and landscape protection — with sense hand in
hand! (pp. 349-353). Brno: Mendel University in Brno.

[11] Kushnir, A., & Vakulyk, I. (2018). Value of unique old trees — a natural monument. Biological
Resources and Nature Management, 10(3-4), 176-182. doi: 10.31548/bio2018.03.023.

[12] Larionova, A., & Klestch, A. (2019). Old oaks of Kharkiv region: Loci of ecological tourism
activity and potential objects of bequest. In V All-Ukrainian scientific on-line conference of higher
education graduates and young scientists with international participation “Modern problems of
ecology” (p. 13). Zhytomyr: Zhytomyr State Technological University.

[13] Leuschner, C., & Ellenberg, H. (2017). Ecology of Central European non-forest vegetation:
Coastal to Alpine, natural to man-made habitats (vol. 2). Cham: Springer. doi: 10.1007/978-3-
319-43048-5.

[14] Lindenmayer, D. B. (2017). Conserving large old trees as small natural features. Biological
Conservation, 211, 51-59. doi: 10.1016/j.biocon.2016.11.012.

[15] Lindenmayer, D., & Laurance, W. (2017). The ecology, distribution, conservation and
management of large old trees. Biological Reviews Cambridge Philosophical Society, 92, 1434-
1458. doi: 10.1111/brv.12290.

[16] Maliuha, V., Khryk, V., Minder, V., Kimeichuk, 1., Raduchych, M., Rasenchuk, A., Brovko, F.,
& Yukhnovskyi, V. (2021). Fractional composition and formation of forest litter in Scots Pine
plantations on ravine-gully systems and the plain of the Central part of Ukraine. Forestry
Ideas, 27(1), 89-100.

[17] Pawlik, L., Gruba, P., Galgzka, A., Marzec-Grzadziel, A., Kupka, D., Szopa, K., Buma, B., &
Samonil, P. (2023). Weathering and soil production under trees growing on sandstones —
the role of tree roots in soil formation. Science of the Total Environment, 902, article number
166002. doi: 10.1016/j.scitotenv.2023.166002.

[18] Piovesan, G., Cannon, C., Liu, J., & Munné-Bosch, S. (2022). Ancient trees: Irreplaceable
conservation resource for ecosystem restoration. Trends in Ecology & Evolution, 37(12), 1025-
1028. doi: 10.1016/j.tree.2022.09.003.

[19] Resolution of the Cabinet of Ministers of Ukraine No. 756 “Sanitary Forests Regulations in
Ukraine”. (2016, October). Retrieved from http://zakon2.rada.gov.ua/laws/show/555-95-11.

[20] Sukri, N.A.N.M., Ismail, Z., Ariffin, W.T.W., & Nordin, R.M. (2023). Categorising the tree
protection legislative provisions implemented by local planning authorities globally.
International Journal of Sustainable Construction Engineering and Technology, 14(5 Special
Issue), 355-363. doi: 10.30880/ijscet.2023.14.05.029.

[21] Vakuluk, I., & Balalaieva, O. (2018). Century-old trees of modern metropolis park zones as
a means of communication. Biological Resources and Nature Managment, 10(5-6), 156-162.
doi: 10.31548/bi02018.05.019.

[22] Vepakomma, U., St-Onge, B., & Kneeshaw, D. (2008). Spatially explicit characterization of
boreal forest gap dynamics using multi-temporal lidar data. Remote Sensing of Environment,
112(5), 2326-2340. doi: 10.1016/j.rse.2007.10.001.

[23] Zarzynski, P. & Grzywacz, A. (2019). Designation of trees as the natural monuments based
on their natural, historical and social values. Sylwan, 163(4), 338-347. doi: 10.26202/
sylwan.2018143.

[24] Zawadka, J. (2020). Alleys — monuments of nature element of the rural landscape. Journal of
Agricultural Research, 5(2), article number 000243. doi: 10.23880/0ajar-16000243.

Vol. 15, No. 3, 2024 Ukrainian Journal of Forest and Wood Science 131


https://www.researchgate.net/publication/351524342_Pear_trees_Pyrus_communis_L_as_monuments_of_nature_in_Warsaw_public_spaces_-_state_of_preservation
https://www.researchgate.net/publication/351524342_Pear_trees_Pyrus_communis_L_as_monuments_of_nature_in_Warsaw_public_spaces_-_state_of_preservation
https://doi.org/10.31548/bio2018.03.023
https://conf.ztu.edu.ua/wp-content/uploads/2019/04/13-1.pdf
https://conf.ztu.edu.ua/wp-content/uploads/2019/04/13-1.pdf
https://doi.org/10.1007/978-3-319-43048-5
https://doi.org/10.1007/978-3-319-43048-5
https://doi.org/10.1016/j.biocon.2016.11.012
https://doi.org/10.1111/brv.12290
https://forestry-ideas.info/issues/issues_Index.php?pageNum_rsIssue=1&totalRows_rsIssue=23&journalFilter=68
https://forestry-ideas.info/issues/issues_Index.php?pageNum_rsIssue=1&totalRows_rsIssue=23&journalFilter=68
https://doi.org/10.1016/j.scitotenv.2023.166002
https://doi.org/10.1016/j.tree.2022.09.003
http://zakon2.rada.gov.ua/laws/show/555-95-п
http://zakon2.rada.gov.ua/laws/show/555-95-п
http://dx.doi.org/10.30880/ijscet.2023.14.05.029
https://doi.org/10.31548/bio2018.05.019
https://doi.org/10.1016/j.rse.2007.10.001
https://doi.org/10.26202/sylwan.2018143
https://doi.org/10.26202/sylwan.2018143
https://doi.org/10.23880/oajar-16000243

State and ameliorative properties of old original oak stands

CraH i meiopaTUBHi BJIaCTUBOCTI
BiKOBMX KOPiHHMX JyOOBMX HACAI)KE€Hb

Bonogumup Maniora

JTIOKTOP CiJIbCHhKOTOCIIONAapChKUX HAYK, Tpodecop
HaBuasibHO-HayKOBUI iIHCTUTYT JIiCOBOTO Ta CaJ0BO-I1apKOBOTO rOCHOAapCTBa
HarrionanbHOTO YHiBepcuTeTY 6iopecypciB i MpMpPogoOKOPUCTYBaHHS YRpaiHu

03041, Byn. l'opixyBarcbkuii [llnsx, 19, m. Kuis, Ykpaina
https://orcid.org/0000-0002-9786-0239
BikTopis Mingep

Kangmpar ciibCbKOroCIomapcbKmx HayK, JOIEHT
HaBuambHO-HayKOBMIT iIHCTUTYT JIiICOBOTO Ta CaI0BO-TIAPKOBOTO rOCIIOAAPCTBA
HamioHanmpHOTO YHiBepcUTeTY 6iopecypciB i mMpupomoKopuCcTyBaHHS YRpaiHu

03041, Byn. l'opixyBaTcekuii llnsx, 19, m. Kuis, Ykpaina
https://orcid.org/0000-0002-5213-2078
Bacuiab Xpuk
JOKTOp TelarorivHmMx Hayk, mpodecop
BimonepkiBCcbKMIt HalliOHAAbHUIT arpapHUii YHiBEpCUTET
09117, Co6opHa mioma, 8/1, m. bina IlepkBa, Ykpaina
https://orcid.org/0000-0003-1912-3476
Onexkcangp CUTHUK
Kanaupar cibChbKOroCIofapChbKUX HayK, aCUCTEHT
BimonepKiBCcbKMIT HalliOHAAbHUIT arpapHUii YHiBEpCUTET
09117, CobopHa 1o, 8/1, m. bina Llepksa, YkpaiHna
https://orcid.org/0009-0002-2637-1849
CaiTiiana JleBaHIOBChKa
Kaugupmat 6iooriuHux Hayk, TOLEHT
BinouepkiBcbkuit HalliOHATbHUIE arpapHUii YHiBepCUTET
09117, Co6opua mioina, 8/1, m. bina Ilepksa, Ykpaina
https://orcid.org/0000-0002-8485-6134

AHoTanis. MeniopaTuBHiI BJIACTMBOCTI JIICOBMX HAcCa/JK€Hb MAalOTh BaXKJIMBE 3HAUYEHHS ISt
po3po6KkM eeKTUBHMX 3aXOfiB 3 OXOPOHM MHOBKIII Ta CTAJOT0 BUKOPUCTAHHSI JIiCOBUX
pecypciB. BuBuUeHHS IMX JIiciB moromarae po3pobutu edeKTHBHi cTparerii ix 36epekeHHS
Ta CTaJOr0 BUKOPUCTAHHS. AKTYaJbHICTb TeMM MHOCTI[KEHHS BMU3HAUAEThCS HEOOXimHICTIO
arpo6arrii MeToAMKM OLiHKM CTaHy BiKOBMX AYOOBMX HACAAKEHb 3@ JOMOMOIOI0 iHTErpaJibHOTO
TOKa3HMKa. MeTor MOCTiIskKeHHS OY/I0 OLiHUTY CydacHMUIi CTaH Ta epeKTUBHICTh TPOTHUEPO3iTHUX
BJIACTMBOCTEN CcTapuxX AyOOBMX HACaIKeHb MPUPOTHOTO MOXOMKEHHS. ATTPOOOBAHO METOIMKY
OIIiHKM CTaHy BiKOBMX HacaKeHb Iy6a 3a iHTerpajbHUM ITOKa3HMKOM, III0 BPaXOBYeE 6i0MeTpUYHi,
MeJliopaTMBHI Ta CaHiTapHi XapakTepPUCTUKY HacaIKeHb, & TAKOX arpoXiMiuHi TOKa3HUKU IPYHTY.
[MTonboBi po6GOTM MPOBOAVINCH HAa YOTUPbOX MOCTIMHMUX AiISIHKAaX, Ae 00jikoBaHO 794 BiKOBi
nmepeBa. KoMIuieKcHi JOCTiIKeHHS BK/IIOUAAM BU3HAUEHHS GiOMETPUMYHMX MOKA3HMKIB, aHasIi3
KOpeHeBOi CUCTeMM, BU3HAYEHHST BMICTy B I'PYHTI JOCTymHUX GOpM asoTy, pyxomoro docdopy,
pyxomoro Kasito. TBepaicTb I'PYHTY BUMipIOBaIM 3a IOMOMOTO TBepAOMipa, a BOJOMPOHUKHICTh
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I'PYHTY — 32 JOTIOMOTOI0 CTa/IeBUX WIiHAPIB. Ha mocmigHux AinsiHKax OTpMMaHO BUCOKi 3HAUeHHSI
iHTerpasbHMUX TTOKA3HMKIB, SIKi KOAMBaIOThCS Bim 11,9 mo 19,7 %. Bonu rapaHTyoTh ebeKTUBHI
MPOTHEPO3iliHi BAACTUBOCTI MiCLleBUX CTAapOBiKOBUX JiiciB. [ocCmimKeHO, 110 3alIpOTIOHOBAHMI
iHTerpasbHMII TTOKa3HUK CTaHY NEPEBOCTAHIiB HE TiIbKM O3BOJISIE OLIIHUTM iX TOTOYHMIA CTaH,
ane ¥ neMoHCTpye edeKTUBHMIT KOHTPOIb €pO3iffHMX Ta eKOMOTiYHMX (GYHKIi JepeBOCTaHy.
BCTaHOBJIEHO, 1110 BasKIMBOIO BUMOTOIO € TTepeBe/leHHsT aOCOMIOTHMUX 3HAUeHb Pi3HMUX MTOKAa3HUKIB
y BigHOCHI, 3 060B’I3KOBMM BPAXYBAaHHSIM iX TMO3UTMBHOTO UM HETATMBHOIO BIUIMBY Ha caMi
JicoBi HacamKeHHs. BCTaHOBJIEHO, 110 iHTerpaJbHNUI MOKA3HUK CTAaHY MOXKe 6YTM BUKOPUCTAHUIT
IJIST TIPOTUEPO3ifiHMX HacagkeHb OYIb-SKOTO BiKOBOTO [iama3oHy. PesynbTaTi MOXYTb GYTHU
BUKOPMCTaHi [T PO3pOOKM MporpaM 36epeskeHHsT 6i0pisHOMAHITTS Ta CTBOPEHHS e(peKTUBHUX
CTpaTeriil ynpasliHHS JiCOBUMU pecypcaMu

KnrouoBi «10oBa: iHAEKC iHTerpaJbHOTO CTaHy [epPeBOCTaHY; BOMOMPOHMKHICTb; TBEPHiCTh;
MIPOTHEPO3iiiHi BIAaCTUBOCTi; 6ioMeTpUUHI TOKa3HUKIA
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