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Abstract. One of the key problems that arise in the reproduction of forests in the paradigm of
sustainable development of the forest industry is the volume of reforestation, which requires
its correlation. This problem requires attention, since effective afforestation and reforestation
determine the stability of the ecosystem and the importance of forest resources for the conservation
of biodiversity in the forest sector. The purpose of the study is to investigate the features of artificial
forest reproduction in the conditions of the forest-steppe climatic and geographical zone. The
methodological basis for organising observations included field survey of planting material plots,
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monitoring the state of crops on the area, conducting analytical substantiation of progressive
experience, and evaluating the final results obtained. The study was conducted in the Korsun-
Shevchenkivskyi forest enterprise branch of the state enterprise “Forests of Ukraine”. The dynamics
of annual volumes of artificial forest reproduction, considering the predominant tree species during
2012-2021, is presented. Additionally, the advantages and disadvantages of transplanting of main
and related species in the presented forest conditions were analysed. During this period, there
is a fluctuation in the volume of artificial forest reproduction in the forest districts under study.
With regard to the transplanting of main and related species, it is worth noting its advantages in
ensuring biodiversity and rapid forest regeneration. However, there are disadvantages, such as the
possibility of losing genetic diversity and considering local conditions for effective seating. As a
result, the study helped to determine the trends and features of forest reproduction in these forest
districts, and to note the advantages and disadvantages of transplanting of the main and related
breeds in various forest-growing conditions. The enterprise is actively implementing measures
for forest reproduction, focusing on intensive planting of forest crops. This is achieved by placing
plantations in areas that have been subjected to continuous sanitary and reforestation logging.
One of the key tasks of the enterprise is to ensure high productivity of forest crops in the region.
For this purpose, significant amounts of reforestation work are carried out, including systematic
soil preparation and careful selection of optimal species for specific conditions. Considering the
recommendations of forest management, an integrated approach to reforestation is reflected,
which ensures sustainable and productive ecosystems in the region. The developed strategies can
serve as an important tool for introducing innovations in the field of forestry

Keywords: forest conditions; transplanting; forest crops; reforestation; productivity of forest crops

Introduction

The issue of restoring forest resources, in par-
ticular their expansion to increase the share of
forest cover in Ukraine, closely correlates with
significant tree felling, the impact of planetary
climate changes, shifting groundwater levels,
floods that provoke natural and other disasters.
Therefore, it is logical that in modern condi-
tions, the restoration, preservation and repro-
duction of forests is considered by the world
establishment as a guarantee of an environ-
mentally stable future of humanity. The imple-
mentation of the model of sustainable devel-
opment of the forest industry can be successful
only if the main problems inherent in Ukrainian
reforestation and afforestation are solved. The
key tasks are to overcome these problems and
ensure the systematic reproduction of forests in
sufficient volumes, which is a necessity today.

Among the key problems in forest reproduction
in the paradigm of sustainable development of
the industrial sector, a small share of affores-
tation and reforestation at the proper level is
singled out. Insufficient afforestation makes it
difficult to maintain forest cover at the required
scientifically proven level in certain regions of
the country. High-quality reforestation, in par-
ticular artificial, even with sufficient regulatory
measures, it is not possible to guarantee the
reproduction of full-fledged forest cenoses, in
particular, the creation of ecosystems with high
biological resistance, which are as close as possi-
ble in composition and shape to natural stands.

The search for new ways of a balanced
ecological and economic approach in forestry
in the context of sustainable development is
highlighted in the studies by O. Furdychko et
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al. (2021a; 2021b), that present a multi-factor
model for predicting the state of forest ecosys-
tem recovery by 2035. The researchers point to
the fact that the social aspect of the balance of
forest fund use in Ukraine is determined by the
impact of forestry on the local population. En-
suring social responsibility in forestry involves
balanced access to forest resources for local
communities, providing jobs and community
participation in forest management decisions.
An important aspect is the preservation of tra-
ditional forest use and the promotion of rural
development through effective forest manage-
ment. M. Sobkowiak et al. (2020) reviewed the
implementation of government programmes
for biodiversity conservation and the impor-
tance of climate change for forest management
decision-making. The researchers focused on
exploring the relationship between conserva-
tion strategies and climate change adaptation
strategies, providing important insights into
how these two aspects interact in shaping ef-
fective forest management. The results of their
study point to the need to integrate biodiversi-
ty and climate change adaptation strategies to
create more integrated and sustainable forest
management.

A number of researchers pay considerable
attention to the problems of natural renewal of
oak forests during logging of the main use in
protective and recreational forests. I.S. Neyko et
al. (2022) found that the main objectives of af-
forestation and reforestation in the future are
to increase forest area by restoring natural eco-
systems and preserving existing forests. To do
this, it is necessary to take measures for forest
planting, creating new tree stands, and ensur-
ing proper care at all stages of development. An
important task is to introduce modern methods
of forestry aimed at preserving natural resourc-
es and balanced use of forest biogeocenoses.

In the study by R. Hazarika et al. (2021),
reforestation is seen from the perspective of
species introduction as a way to increase forest

cover, in particular, through genetic diversity
of forests and national legislation on trade and
use of forest reproductive material (FRM) are
key aspects of forest management and adapta-
tion to climate change in European countries.

Changes in forest cover are a major factor in
local climate change around the world, as they
affect both albedo and evapotranspiration (ET).
Deforestation and afforestation are expected to
have opposite effects on surface albedo and ET
rates, and thus have different effects on Earth’s
surface temperature (Prevedello et al., 2019).

The process of implementing large-scale
afforestation projects should consider glob-
al changes in circulation and their impact on
the remote climate. R. Portmann et al. (2022)
analysed national datasets for tree species Pi-
cea abies, Pinus sylvestris, P. pinaster, Fagus syl-
vatica, Fraxinus excelsior, Quercus robur, Q. ru-
bra, and Q. Petraea. Given the large number of
species under consideration, it is important to
note that the impacts of afforestation and de-
forestation on climate are complex and depend
on specific ecosystems and geographical condi-
tions. Understanding these processes is key to
effective forest management and maintaining
climate sustainability on a global scale.

S. Jansen et al. (2019) discussed the esti-
mated genetic impact of transferred FRM (for-
est reproductive material) on local tree popula-
tions, reviewed legislation and documentation
processes for their compliance. The study by
S. Jansen et al. (2019) examined in detail the
putative genetic effects of transferred FRM
(forest reproductive material) on local tree
populations. The researchers covered not only
scientific information, but also considered im-
portant aspects of the legislative environment
and documentation processes to ensure that
the use of FRM meets the requirements of laws
and regulations. An important element of the
study was the investigation of the influence of
transferred forest reproductive material on the
genetic structure of local tree populations. The
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researchers identified which aspects of genetic
diversity can be changed or improved by imple-
menting FRM, and considered possible impacts
on ecosystems and the cost of biodiversity. In
the context of reviewing legislation and doc-
umentation processes, the researchers deter-
mined what rules and requirements should be
considered when using transported FRM. This is
important for ensuring long-term sustainabili-
ty and effective management of forest resourc-
es, and for ensuring compliance with the health
and development of local tree ecosystems.

The purpose of the study was to investigate
the characteristic features of artificial forest
reproduction in the climatic and geographical
region of the forest-steppe.

The objective of the study was to character-
ise the dynamics of annual volumes of artificial
forest reproduction in the Korsun-Shevchen-
kivskyi forest enterprise by the predominant
tree species; to highlight the advantages and
disadvantages of transplanting of the main and
related species in the specified forest conditions.

Materials and Methods

The study was conducted during 2012-2021 on
the territory of Vyhraiv, Kvitky, Kumeiky, Kor-
sun, Tahancha, and Yasnozirya forestry sec-
tions (Korsun-Shevchenkivskyi forest enter-
prise branch, Cherkasy Oblast, Ukraine). The
paper used a variety of resources and meth-
odologies for a comprehensive analysis of the
research subject. The theoretical approach in-
volved analysing, synthesising, deducing, in-
ducing, comparing, concretising, and generalis-
ing scientific sources related to the contextual
problem. Additionally, the study of regulatory
documents (project of the forestry development
organisation) (Ukrainian State Design Forestry
Production Association, n.d.) related to the ob-
ject of research was conducted. The empirical
method included such methodological founda-
tions as the organisation of observations (field
survey of planting material plots, monitoring of
the state of crops on the area), the of analytical

substantiation of progressive experience, the
assessment of the final results, and the descrip-
tion of the structure of the subject matter. For
objective data collection and their subsequent
analysis to obtain comprehensive information
on the state of the forest ecosystems, empiri-
cal research tools were used (collection of ac-
tual data, generalisation, systematisation, in
particular, forestry and ecological ones — when
studying the typological characteristics of for-
est plantations; generalisation — to record the
general features of a certain set of objects and
to make a transition from the individual to the
general, that is, to generalise the results of re-
search; by visual assessment of seedlings on the
plantation, description of the research object).
Methods of detection, including field mapping,
and interpretation, including functional and
analytical methods, were also used to study
the structure of the vegetation cover. To ana-
lyse the current stages of growing forest crops
and investigate the features of phytocenoses of
pine forests of the Korsun-Shevchenkivskyi for-
est enterprise branch, early office analysis was
carried out. Based on the forest management
documentation of the enterprise, it was deter-
mined that the most characteristic site is lo-
cated on the territory of the Korsun-Shevchen-
kivskyi forest enterprise, and this served as
the basis for determining the study areas. The
research was conducted in compliance with
the Convention on the Trade in Endangered
Species of Wild Fauna and Flora (1973) and the
Convention on Biological Diversity (1992).

Forest nurseries are an integral part of
the forestry process of the Korsun-Shevchen-
kivskyi forest enterprise branch. In particular,
the Kumeiky forestry established a sowing de-
partment and a decorative nursery of a tempo-
rary forest nursery, where 1-2-year-old Scots
pine seedlings and 2-year-old European spruce
seedlings grow (Fig. 1). In the temporary nurs-
ery of the Kvitky forestry, annual seedlings of
common oak and northern red oak were grown
(Fig. 2, 3).
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Figure 1. General view of the temporary
nursery of the Kumeiky forestry
Source: photo by O. Zabrodotskyi, I. Chemerys

Figure 2. General view of the temporary
nursery of the Kvitky forestry section
Note: general view of forest crops with a predominant
tree species of common oak established in spring

2022
Source: photo by O. Zabrodotskyi, I. Chemerys

Figure 3. General view of forest crops after
mechanised care in the row spacing of forest
crops by MTZ-82 tractor (Belarus), combined

with Kanzas-170 (Ukraine)
Note: the photo shows 4-year-old cultures of common
oak, Kvitky forestry
Source: photo by O. Zabrodotskyi, I. Chemerys

This strategic decision was aimed at im-
proving the sustainability and productivity of
forest ecosystems in the region. The period of
transition of forest crops to land covered with
forest vegetation was determined for about
6-7 years, depending on the main species. Soil
preparation included furrowing with an MTZ-
82 tractor (Minsk Tractor Works, Belarus) using
a PKL-70 combined forest plough (SPETSLIS-
MASH LLC, Ukraine). This process took place in
September-November for spring planting and
in August for autumn planting. 2-3 weeks be-
fore planting forest crops, deep nonmouldboard
cultivation of the soil was carried out, while ni-
trogen fertilisers were applied at the rate of 70
kg/ha of ammonium nitrate. For these works,
the MTZ-82 tractor (Minsk Tractor Works, Be-
larus) was used in combination with RN-60.80
tractor-mounted ripper (LLC SPETSLISMASH,
Ukraine). In the areas where the cover of ma-
drones and other cereal plants was found, her-
bicides with contact action from the glyphos-
phate group, such as Clinic, Roundup, Felix,
and Uragan-Forte, were applied. The dosage
was 3-7 litres per 1 hectare of active substance.
To carry out these activities, an MTZ-82 tractor
(Minsk Tractor Works, Belarus) with an ON-400
mounted sprayer was used by spraying the drug
on the leaf surface during the growing season
and vegetation height of 20 cm or above. Plant-
ing of crops was carried out using Kolesov’s
planting iron. Annual seedlings of Scots pine,
common oak, northern red oak, black walnut,
and black locust tree, obtained from their own
nurseries, were used for planting. In the areas
where multi-age May beetle larvae were record-
ed, material with a root system treated with
Prestige or Aktara preparations was used dur-
ing planting. Forest crops received care for five
years according to a specific scheme, which pro-
vided for a gradual reduction in the intensity of
work: starting with five rows of row spacing and
mechanised cultivation using MTZ-82 (Minsk
Tractor Works, Belarus) with KLB-1.7 combined
forest plough (LLC SPETSLISMASH, Ukraine),
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the row spacing was reduced at each subse-
quent stage. The lines were handled manual-
ly throughout the period. In addition, with a
mortality of more than 15%, the addition of
forest crops with the main species was carried
out to maintain the sustainability of the eco-
system and ensure optimal growth. Possible
areas for improving forest culture activities at
the enterprise include the following aspects:
expansion of work aimed at natural renew-
al, especially in conditions that contribute to
this; implementation of furrowing to promote
the natural renewal of forest tree species; use
of high-quality planting material with im-
proved hereditary properties; use of plants
with a closed root system to ensure better
survival and development; establishment of a
seed bank for storing and using seed material
in lean years; effective use of internal reserves
to ensure sustainable seed production and re-
duce dependence on purchases. These areas
are aimed at optimising the processes of forest
culture activities, preserving biodiversity and
ensuring the sustainability of forest ecosys-
tems at the enterprise.

Results and Discussion

The technological process of creating forest
crops is a complex of agrotechnical, silvicul-
tural, sanitary and protective and other tech-
niques aimed at growing forest crops with the
help of machines, materials, mechanisms, as
well as organising their implementation. Agro-
technical methods of planting forest crops are
determined by various factors, such as the
nature of the terrain, the type of forest con-
ditions, and the category of forest-cultivated
area. Silvicultural techniques are determined
by the orientation of plantation in accordance
with its intended purpose. Biological meth-
ods include the use of pest control products.

Sanitary protection techniques include the
implementation of sanitary selective logging
and other measures to improve the condition
of forest stands. The Korsun-Shevchenkivskyi
forest enterprise branch has improved and im-
plemented agricultural techniques for growing
planting material in forest nurseries in for-
est-steppe conditions. This technology must
be considered and followed at all stages of the
production process. Conventional methods
of sowing in beds have been replaced by new
approaches that involve the use of longitudi-
nal rows and strips. This decision is substan-
tiated by studying the optimal parameters for
seedling placement, growth, and development.
Seeding rates, optimal sowing depth, tim-
ing and structure of crops were established.
The efficiency of using fertilisers in the cor-
responding geographical areas of Ukraine, to
ensure optimal plant nutrition and increase
yields, was considered. All these measures are
aimed at improving the quality and quantity
of planting material obtained, and optimising
agricultural processes in forestry (Debryni-
uk, 2013).

The existing nurseries on the enterprise
almost completely meet the needs for planting
material. The sowing department uses breed-
ing material collected from family and clone
plantations, and from permanent and tempo-
rary forest seed plots. Based on the average
annual production volumes of forest crops,
the required volume in planting material is
calculated, which corresponds to 95.1 thou-
sand seedlings. This indicator is considered
to determine the area of the sowing and nurs-
ery departments. In the sowing sector of the
nursery, the following species are grown: Scots
pine (Pinus sylvestris L.), common oak (Quercus
robur L.), black walnut Juglans nigra L.), north-
ern red oak (Quercus rubra L.) (Table 1).
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Table 1. Dynamics of annual volumes of artificial forest reproduction in the
Korsun-Shevchenkivskyi forest enterprise branch by predominant tree species during 2012-2021

Planting and sowing forest
Year of incl. by predominant tree species Total, ha
establishment Scots pine Common oak Black walnut | Northern red oak
ha % ha % ha % ha %

2012 75 61.9 21.1 17.4 11.2 9.2 13.8 114 121.1

2013 115.6 82.5 16.9 12.1 5.6 4 2 1.4 140.1

2014 102.6 79.7 21.6 16.8 4.5 3.5 - - 128.7

2015 136 85.3 13.4 8.4 10.1 6.3 - - 159.5

2016 141.2 81.7 18 10.4 13.6 7.9 - - 172.8

2017 140.3 86.3 15.6 9.6 6.6 4.1 - - 162.5

2018 75.5 72.9 25.4 24.5 - - 2.6 2.5 103.5

2019 57.3 64.6 30.9 34.8 0.5 0.6 - - 88.7

2020 63.8 63.4 35.8 35.6 1.1 1.1 - - 100.7

2021 43.5 50.3 36.4 42.1 6.6 7.6 - - 86.5

Total 950.8 75.2 235.1 18.6 59.8 4.7 18.4 1.5 1,264.1
Averagefor 10 | g5y | 755 | 935 18.6 6.0 4.7 1.8 1.5 126.4

years

Note: includes the volumes of reproduction of Vyhraiv, Kvitky, Kumeiky, Korsun, Tahancha, and Yasnozirya

forestry sections

Source: developed by the authors based on the Ukrainian State Design Forestry Production Association (n.d.)

Forest transplanting has its advantages, in
particular, the possibility of planting already
grown plants on forest-cultivated areas that
can immediately compete with grass vegeta-
tion. However, planting seedlings or saplings
is often used to establish forest cultures, as
this simplifies the care process and ensures a
certain level of plant safety. Among the dis-
advantages of transplanting, there are signif-
icant costs associated with the cultivation of
planting material, namely: the creation, main-
tenance, selection, and transportation of seed-
lings, and the payment of wages to employees.

In the context of this forest enterprise,
three main methods of artificial reproduction
of forest crops are defined: sowing, planting,

and a combination of both previous methods.
In the future, it is planned to recreate forest
ecosystems by artificial plantings on the edg-
es of logging sites within the forest fund of
enterprise on a total area of 638.6 hectares,
while natural restoration was planned on a
total area of 225.3 hectares. Forestry has ac-
tually completed work on an area of 2,493.1
hectares, including 655.3 hectares of natural
regeneration. There are no protective forest
plantations on lands unsuitable for agricul-
tural production, which are not included in
the area of the forestry enterprise due to the
lack of regulatory and economic documents
confirming the right to permanent use of land
(Table 2).
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Table 1. Implementation of the main types of forest restoration work in 2014-2023

Average annual implementation in ha
Main types of work Total, ha 2014.202 in the year preceding the
-2023
current forest management

1. Reproduction of forests, total, incl. 2,493.1 249.3 255.1

<% forest sowing - - -

< forest planting 2,493.1 249.3 255.1

2. Reforestation: 2,360.5 236.0 235.0

<% incl. reconstruction of plantations - - -

3. Afforestation: 132.6 13.3 20.1

<% in clearings, wastelands, 132.6 13.3 20.1

<% on unsuitable land of other land users - - -

4. Natural renewal 655.3 65.3 55.8

5. Creation of protective forest stands on ) ) )

the lands of other users

<% including shelterbelts - - -

16n icl)l\/:slg;giesseeds of tree and shrub species 27 21 21
Z;e’lcailgstli?lgn(:lfrz?reiclelslngs of tree and shrub 10.0 1.0 1.0

Source: developed by the authors based on the Ukrainian State Design Forestry Production Association (n.d.)

Forest management measures related to
reforestation methods, selection of the main
species, soil preparation under 84% mechani-
sation conditions, and types of forest crops are
carried out at the proper level at the enterprise.
However, it is necessary to introduce addition-
al techniques for creating forest crops for such
species as northern red oak, European spruce,
European larch, common ash, black walnut, and
black alder in the forest fund of the forestry en-
terprise on an area of 156.7 hectares or 16.5%.
This will improve and enrich the diversity of
species in the created forest plantations, which
also corresponds to the types of growing con-
ditions of these tree species. Forest crops are
planted using two methods: 70% of the area is
planted manually, and 30% using mechanised
means. During 2012-2021, ten treatments of
forest crops was carried out. In total, during
this period of time, an area of 3,901.6 hectares
was cultivated, which is 106% of the planned
volume. The mechanised approach to crop
care is 8.7%. The system of measures aimed at

forest crops in recent years has covered the use
of a chemical method on a total area of 76.0
hectares. In 2012, Uragan-Forte (active ingre-
dient: glyphosate) was used in forest crops of
Scots pine on an area of 17.2 hectares. The main
species were added to forest crops when the
mortality was 15% or more. On average, addi-
tional measures were implemented annually
on a total area of 205 hectares. The number of
plantings and mixing schemes of forest crops
correspond to the technological schemes that
were designed as part of forest management.
The timing of the transfer of forest crops to for-
est vegetation is carried out in accordance with
the established regulatory documents (Fuchylo
& Kyrylko, 2022; Kychylyuk et al., 2022).
Forestry enterprise facilitated the natu-
ral renewal, in particular, by fertilising the soil
with minerals on an area of 305.3 hectares on
plots during logging of the main use. Howev-
er, the implementation of these events did not
always lead to the desired result. The transfer
of forest plots to those covered with forest
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vegetation after the implementation of meas-
ures to promote natural renewal in the forestry
enterprise did not take place.

The production site designed reconstruc-
tion of low-value and low-top plantings on an
area of 34.3 hectares, including continuous re-
constructive logging on 34.3 hectares. The next
step is to create forest plantations of common
oak on the same area. Practical restoration was
carried out on an area of 33.0 hectares of black
locust trees. It is important to note that the im-
plementation of this economic measure did not
significantly improve the species composition
and expected changes in the derived stands. It
was planned to carry out natural renewal on an
area of 225.3 hectares, of which 200.2 hectares
were provided in cutting areas of audit design.

Natural recovery was observed with the
participation of black locust tree and black alder
in open forest areas and cutting areas devoid of
forest vegetation on a total area of 402.3 hec-
tares. In particular, black locust tree success-
fully populated the slopes of various exposures,
while black alder prevailed in conditions with
high humidity levels. These natural processes
gave positive results and did not cause changes
in the main species, given the specific natural
conditions. The satisfactory condition of forest

crops of the 1%t and 2™ quality class in unclosed
forest areas is 83.1%, while in areas converted
to forest grasses, this class is only 62.4%. It is
important to note that no unsatisfactory forest
crops were found, which indicates the effective-
ness of silvicultural work in the enterprise. This
was achieved due to the timely implementation
of measures to restore plantings on logging
sites of the main use and sanitary logging of
valuable forest-forming species. Care at a suf-
ficient level with the necessary agrotechnical
techniques also plays an important role in en-
suring the stable condition of forest crops.

The forestry enterprise needed an aver-
age of 5,285.0 kg of seeds to perform reforest-
ation operations over the past two years. Seed
collection was carried out from isolated trees
with the best condition, located in parks, forest
strips and on permanent seed plots. The total
amount of seeds harvested over the past two
years is 4,324.0 kg, of which 33.5% were collect-
ed on permanent seed plots for common oak. It
is also important to note that some of the seeds
were imported from other districts of the region
(Table 3). The forestry enterprise has created a
permanent forest seed base for the purpose of
growing high-quality planting material with
valuable hereditary properties (Table 4).

Table 3. Dynamics of forest seed harvesting volumes
in the state enterprise Korsun-Shevchenkivskyi forest enterprise during 2012-2021

Tree species Harvested seeds per year, kg
P 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Common oak | 1,300 | 1,500 | 1,700 | 3,763 | 3,040 | 565 | 3,130 | 3,390 | 3,700 | 6,450
Nortgzin red | 958 | 1060 | 920 400 | 2,690 | 2,432 | 1,300 | 980 | 1,600 | 1,600
Black walnut | 2,500 | 3,099 | 2,840 | 2,480 | 3,110 | 2,870 | 1,933 | 2,108 | 1,906 | 2,920
Common - - - - - 108 62 60 58 120
walnut
Scotspine | 160 150 179 111 100 129 70 51.5 | 59.3 | 43.1
Other 20 20 15 10 10 10 - 285 | 265 13
Total 4,938 | 5829 | 5654 | 6,764 | 8,950 | 6,114 | 6,495 | 6,618 | 7,350 | 11,146
From them
for pSp - 500 300 - 500 - - 500 | 1900 | 500

Note: PSP —permanent seed plantation

Source: developed by the authors based on the Ukrainian State Design Forestry Production Association (n.d.)
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Table 3. Availability of planting material according to the balance (2013-2022)

Standard seedlings and rooted cuttings, thousand units
Balance for availability | used in autumn | availability as balance
spring, year according to for plantin'g, of January 1 of need f9r
the autumn | supplementing, | the reporting everything | excess |shortage
inventory and selling year
2022 684.7 184 500.7 445.7 55 -
2021 725.2 114.4 610.8 608.4 2.4 -
2020 1,001.6 - 1,001.6 903.3 98.3 -
2019 1,187 229 958 816.9 151 9.9
2018 1,177 312 865 815 50 -
2017 1,264 250 1,014 977 69 32
2016 1,777 290 1,487 1,541.2 - 54.2
2015 1,221 138 1,083 1,102 - 19
2014 1,098.9 171 927.9 950.7 0.2 23
2013 2,010.6 184.6 1,826 1,526.8 355 55.8

Source: developed by the authors based on the Ukrainian State Design Forestry Production Association (n.d.)

From the presented statistical results (Ta-
ble 3) it can be seen that the dynamics of the
volume of harvesting of forest seeds increased
significantly in 2021, increasing from 111% to
500% compared to 2012. However, the volume
of pine seed harvesting in 2021 decreased by
27% compared to 2012.

At the enterprise, there are nurseries with a
total area of 4.6 hectares, of which 1.0 hectares
are intended for temporary use. The productive
area of nurseries is 4.5 hectares, and the aver-
age annual number of seedlings grown over the
past two years is 379.5 thousand units. Of this
total number: 11.6 thousand units of Scots pine;
5.2 thousand units of Crimean pine; 9.2 thou-
sand units of European spruce; 0.5 thousand
units of larch; 2.7 thousand units of northern
white cedar; 4.5 thousand units of juniper;
0.3 thousand units of other species; 96.7 thou-
sand units of common oak; 0.6 thousand units
of Norway maple; 22.9 thousand units of small-
leaved linden; 190.8 thousand units of black
locust tree; 5.8 thousand other tree species;
28.7 thousand units of shrub species.

The forestry uses two greenhouses with an
area of 447 m? to grow planting material. An av-
erage of 43.15 thousand plant cuttings with a

well-developed root system are grown in these
greenhouses annually, which are then used for
decorative purposes. In particular, this applies
to seedlings of common box, European spruce,
northern white cedar, Scots pine, common juni-
per, and common ninebark. Currently, the exist-
ing nurseries in the forestry enterprise fully pro-
duce the necessary amount of planting material,
and therefore, their further expansion is not
planned. Planting material that is grown in for-
est nurseries finds its application to improve the
condition of forest crops and landscaping the ter-
ritories where the forestry enterprise is located.

The forest fund of Ukraine corresponds to
anareaof 10.4 million hectares, which nowadays
has a significant predominance of artificial plan-
tations — forest crops — over natural formations.

V.M. Maurer (2012) noted that the state of
provision of planting material for reforestation
in Ukraine now requires attention and analysis.
One of the key problems is the lack of availabili-
ty and variety of planting material for the resto-
ration of forest areas. It is necessary to address
the issue of providing high-quality and adapted
seedlings of the main tree species that play an
important role in reforestation. In addition, it
is important to improve planting technologies
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and introduce new methods to improve the ef-
ficiency and sustainability of reforestation. The
development and implementation of national
strategies and programmes aimed at improving
the supply of planting material are identified as
priority tasks for the conservation and restora-
tion of forest cover in Ukraine (Hensiruk, 2002).

A.N. Nekos & M.Z. Rego (2015) present
an approach to identifying high conservation
value forests (HCVF). It is determined that the
main principles of conservation and reproduc-
tion of forest resources aimed at improving the
environmentally useful properties of wood are
the achievement of environmentally oriented
forest management with the study and consid-
eration of forest resources depending on zoning
and integrated ecological and economic forest
management with environmentally advanced
technologies.

Using a high-resolution spatial analysis of
global drylands, 448 million hectares suitable
for afforestation were identified, and the con-
centration of forestry in areas with a net cool-
ing effect alone would use up half the area and
double the compensation for emissions, report
S. Rohatyn et al. (2022). This discovery not only
highlights the significant opportunities for for-
est growth in the country, but also highlights
the need for strategic planning and priority
measures to promote forestry. The application
of this approach in forest management can
become a key area for a balanced approach to
solving problems and setting priorities in the
field of providing planting material for for-
est restoration in Ukraine. In the fight against
global climate change, in order to restore bio-
diversity and increase the income level of local
residents around the world, forest planting ac-
tivities are being accelerated. While afforesta-
tion programmes can mitigate not only global
climate change itself, but also its adverse ef-
fects in the form of drying out, report A. Staal et
al. (2024). Reforestation in Europe is increas-

ing summer precipitation locally, according to
a new analysis of precipitation measurements
across the continent. These programmes are
becoming a key tool for managing the carbon
cycle and conserving water resources, providing
a positive impact on biodiversity and the local
environment. Effective afforestation is expect-
ed to help restore ecosystems and create a sus-
tainable, carbon-neutral environment, which
will help counteract climate change and ensure
balanced development for local communities.
J. Baker (2021) argues that real tree planting
levels can mitigate future droughts that are ex-
pected due to climate change. Tree planting is
defined by the researcher as an effective meas-
ure in the fight against droughts, since the for-
est cover can affect the hydrological cycle and
the storage of ground water. Given that trees
release less water during the transpiration pro-
cess in winter than plants in summer, they can
affect the reduction of evaporation and, conse-
quently, the storage of moisture in natural eco-
systems. The results of this study highlight the
importance of careful planning and implemen-
tation of tree planting programmes as part of a
strategy to adapt to climate change and over-
come its negative impacts, in particular, in the
form of droughts.

The problems of reforestation and affores-
tation in the lowland part of Ukraine are given
attention in a number of scientific and practical
studies, which reveal the features of techno-
logical processes for the establishment of for-
est stands. In particular, O.T. Danchuk (2004)
investigated aspects of factors affecting the
biological stability of forest biocenoses involv-
ing introducers, and possible changes in the
genetic structure of populations of native and
introduced breeds during reforestation activ-
ities. Determining the impact of introduction
on biodiversity and interactions between dif-
ferent species, O.T. Danchuk (2004) identified
key aspects that determine the sustainability
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and long-term sustainability of ecosystems.
The study points to the need to consider ge-
netic aspects in reforestation programmes
and strategies to preserve natural biodiversity
and improve ecosystem sustainability in forest
management. V.I. Bilous (2009) made a signif-
icant contribution to understanding the fea-
tures of growing and breeding common oak in
the forests of Ukraine. The researcher focused
on a detailed investigation of the biological and
forest properties of this species, considering in-
traspecific variability and identifying outcomes
that are important for further breeding and
management of forest resources. The studies by
V.1. Bilous (2009) and Y. Yelisavenko et al. (2023)
highlight how important it is to consider com-
mon oak as a key element of forestry, given its
multifaceted characteristics. The results of the
study open up new opportunities for optimising
the management of this species and developing
breeding strategies.

The natural conditions of the region un-
der study create favourable soil and climat-
ic conditions for the successful cultivation of
highly productive pine stands, and other val-
uable tree species. In modern conditions, the
production of forest crops must necessarily be
aimed at using methods of restoration and af-
forestation based on the principles of close to
nature forestry. This includes the creation and
cultivation of biologically sustainable plant-
ings, considering the conservation of natural
resources and biodiversity. The enterprise car-
ries out practical complete independent har-
vesting of seeds, but in case of its insufficiency,
purchases are made from neighbouring enter-
prises. The grown planting material almost all
corresponded to standard sizes, which made
it suitable for planting on forestry plots. The
enterprise performed a significant amount of
reforestation work, in particular by increas-
ing the volume of forest crops planted. This
was achieved by creating forest crops in areas

where continuous sanitary and reforestation
logging was carried out. The recommendations
of forest management regarding reforestation
methods, soil preparation, and rock mixing
were mainly considered and implemented by
forestry enterprises. The company’s task was
to ensure high productivity of forest crops in
the region. To achieve this goal, significant
amounts of reforestation work have been car-
ried out, including soil preparation and selec-
tion of optimal rocks. An important aspect was
the consideration of fresh hornbeam-oak-pine
subor forest types, where an increase in the
area of Scots pine and a decrease in common
oak were substantiated.

Conclusions

The Korsun-Shevchenkivskyi forest enterprise
branch effectively implements agrotechnical
techniques for organising production activities
in forestry. The enterprise considers the topog-
raphy, type of forest conditions, and category
of forest area when creating forest plantations.
Forestry measures include the establishment
of plantations in accordance with their intend-
ed purpose, the use of pest control products,
and sanitary protection measures. Agricultural
techniques for cultivating planting material in
forest nurseries were introduced, and bedding
methods were replaced. Analysis and rationing
of seed sowing was carried out based on geo-
graphical conditions. The reforestation pro-
gramme planned to reforest 638.6 ha, while
the enterprise actually implemented the pro-
gramme on 2,493.1 ha.

Forest management activities include fell-
ing, selection of main species, and soil prepara-
tion with a high level of mechanisation. Devia-
tions from the project were recorded for some
species, which contributed to their diversity.
Planting of forest crops was carried out man-
ually and technically. 10 treatments were car-
ried out, which is 106% of the planned amount.
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The use of machinery during maintenance was
8.7%. Chemical treatment was carried out on
76.0 ha. Promotion of natural forest regener-
ation through soil mineralisation on 305.3 ha
has not always been successful. Forest nurser-
ies are almost completely provided with plant-
ing material using breeding material.

Further research will focus on finding ef-
fective methods for managing forest resourc-
es to ensure their sustainability and use in an
environmentally balanced way, and developing
strategies for preserving soil cover and water
resources in the forest-steppe zone.

The disadvantages of transplanting are the Acknowledgements
cost of growing planting material. Planting can ~ None.
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Anotanis. Cepef KITIOUOBUX MMPO6IEM, 10 BUHMKAIOTDh Y BiATBOPEHHI JIiCiB y mapajgurMi crajioro
PO3BUTKYJTiCOBOI TajTy3i, BapTO BiI3HAUMUTY OOCSITJIiCOBiTHOBIEHHSI, SIKMi1 TOTPEBYE i1Oro KOpeJsiii.
3asHaueHa MpobiemMa BUMarae yBaru, OCKiJibkKu eeKTHBHE JIiCOPO3BEINEHHS Ta JIiCOBiTHOBIEHHS
BM3HAUYAIOTh CTAbGibHICTh €KOCHCTEMM Ta BASKIMBICTH JIICOBMX pecypciB sl 306epekeHHS
6iopi3HOMAaHITTS JTicOBOTO ceKTOpy. MeTOI0 PO6GOTH € ieTalibHe BUBUEHHS 0COGIMBOCTEN IITYUHOTO
BiITBOpeHH: JliciB B yMoBax JlicocTernoBoi kiiMato-reorpadiuyHoi 30HKM. MeTomonmorivuni 3acaau
opraHisariii crrocTepeskeHb BKITIOUAJIV [TOJIbOBE 0OCTEKEHHS [iJITHOK CaIMBHOTO MaTepiasty, Harisi,
3a CTaHOM IIOCiBiB Ha IUIOIIi, 3/1i/ICHEHHS aHAIITUYHOTO OOGIPYHTYBAHHS ITPOrPECUBHOTIO JIOCBiTY,
OIliHKa OJlepyKaHMX KiHIIe BUX ITiICYMKiB. [JOC/iisKe HHS Tpoxoamio B pinii «KopcyHb-1lleBueHKiBCbKe
sicoe rocriomapctBo» JIT «Jlicu Yrpainw». [IpefcTaBaeHo IMHAMIKY IIOPiYHMX OOCSTIB IITYYHOTO
BiATBOPEHHS JTiCiB 3 ypaxyBaHHSIM MepeBaskalunx nepeBHUX BUAIB rpoTsarom 2012-2021 poxkis.
IlomaTKoOBO, TPOBEIEHO aHAaJIi3 MepeBar i HeloiKiB BUKOPUCTAHHSI PO3CAJHUIITBA TOJIOBHUX Ta
CYIIyTHIX MTOPiJ, B IpeJcTaBAeHMX JiCOPOCIMHHNX YMOBax. B 3a3HaueHMi1 nepiog, crocrepiraeTbest
KOJIVMBAHHSI 0OCSITIB IITYYHOTO BiAITBOPEHHS JIiCiB y pO3MISSHYTUX JicHUITBaX. [Ilo0 po3caiHUIITBA
TOJIOBHUMX Ta CYNYTHIX MOpif, CJIif Big3HAUMTK 1iOT0O TepeBaru y 3abesreueHHi 6i0pisHOMaHITTsI
Ta MIBUAKOTO BiIHOBJEHHS JiciB. OmHAK iCHYIOTb HEeHOJiKM, TaKi SIK MOXIMBICTD BTpaTu
TreHeTUYHOI Pi3HOMAaHITHOCTi Ta BpaxyBaHHSI MiCIIeBUX YMOB ISl €(DeKTUBHOTO PO3CaskeHHS. Y
MiICYMKY, ITOCTiI3KeHHSI JO3BOIMIO BU3HAUMUTHM TEHIEHIIil Ta 0COGAMBOCTI BiITBOPEHHS JICiB Y
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BKa3aHMX JIICHMULTBAX, @ TAKOX Bij3HAUUTM IepeBary Ta HeAONiKM PO3CaJHMUILTBA TOJOBHUX Ta
CYNYTHIX MOpif y pi3HMX JiCOPOCAMHHMX YMOBax. [0CogapcTBO akKTMBHO BIIPOBAKYE 3aXOAU
3 BiITBOPEHHS JiCiB, 30CepeasKyI0UNCh Ha iHTEHCMBHOMY 30ilblIeHHI OGCSTIB MOCANOK JIiCOBUX
KynbTyp. Lle mocsiraeTbcs 3aBAsIKM PO3MIillleHHI0O HacalkeHb Ha TepUTOPisix, SIKi MmigmaBanyuch
CYLIIbBHMM CaHITapHUM Ta JTiCOBiZHOBHMM pybKam. OZHMM 3 KIIOUOBUX 3aBAAaHb TOCIIONAPCTBA
€ 3a6e3mevyeHHsT BUCOKOI MPOAYKTUBHOCTI JiCOBMX KYJAbTYpP B perioHi. IJisi LIbOTO BUKOHYIOTHCSI
3HAYHi 06CATM POOGIT 3 JIiCOBiIMHOBIEHHS, BKIIOYAIOUM CUCTEMATUYHY IiATOTOBKY IPYHTY Ta
peTeNbHMit BUOGIP ONMTUMMAIbHUMX TIOpiA IUIsi KOHKPETHMX YMOB. BpaxoByoouu peKoMeHpallii
JCOBIOPSIIKYBAaHHSI, BiZoOpaskeHO KOMIUIEKCHUI TiXiz 4O JIiCOBiIHOB/IEHHS, Ikl 3a6e3meuye
CTiiiKi Ta MPOLYKTUBHI eKoCuCcTeMU B perioHi. Po3pobieHi cTpaTerii MOKyTb CTyTyBaTU BasKIMBUM
iHCTpyMeHTOM JJIs1 BIIPOBaIskeHHST iHHOBAILi# y cdepy icoBOro rocrnomapoBaHHs

KnrouoBi c/1oBa: JIiCOPOCAMHHI yYMOBM; PO3CATHMUIITBO; JIICOBi KyAbTYpM; JIICOBiIHOBJIEHHS;
MPOAYKTUBHICTD JTICOBUX KY/IBTYD
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