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In today's conditions, one of the most pressing problems in the agricultural sector, which
occupies 70 % of Ukraines territory and determines its agricultural potential, is the stability
and increased sustainability of agroecosystems. The creation and restoration of a system of field-
protecting forest plantations is one of the most radical ways to maintain the sustainability
of agroecosystems and increase their buffering capacity through the partial restoration of forest
biogeocenoses, which are an integral part of natural landscapes. In order to determine the
species composition of field shelter belts, it is necessary to conduct a comparative analysis of the
phytocenotic structure and diversity of plantings, as well as to identify the main features of the
formation of forest biocenosis in field shelter belts that ensure their biological stability.

Cultural biogeocenoses (field shelterbelts) are characterised by uniform spatial distribution
and have four main layers in their vertical structure: the canopy layer, the shrub layer
(undergrowth), the herb layer, and the ground layer (mosses and lichens). The horizontal structure
of the biocenosis (mosaic) includes transitional zones from one phytocenosis to another, i.e.
ecotones. In the vertical structure of the biogeocenosis of forest shelter belts, the greatest attention
is paid to the study of the living above-ground cover of the herbaceous layer. The canopy layer of
field-protecting forest belts, expressed by the composition of the stand, is determined by the forest
culture project and, along with age, is decisive in the selection of sites in massive stands.

The stability and durability of field shelterbelts in agricultural landscapes with a mosaic
horizontal structure is determined by the formation of forest biocenosis and enables succession
processes and the formation of ecological niches. Therefore, a systematic approach and long-
term observation are necessary to study the biocenosis of field protective forest strips (forest
areas). The boundaries of the territory of the biocenosis of field shelterbelts are determined by an
artificially formed tree layer of the phytocenosis.

Key words: field shelter belts, biogeocenosis, biodiversity, functioning, stability, climate
change.

Bimep H. I.Ocobnusocmi ynKuionyeanns none3axucHux Jnicocmimyz 6 ymoeax minu
kaimamy Jlicocmeny Ilpasobepesicrozo

Y eyuacnux ymosax oonicio 3 natiaxnyanvhiwiux npobiem 6 azpapHomy ceKmopi, aKutl 3aumae
70 % mepumopii Yxpainu ma eusnauace ii ciibCbKo2ocnooapcoKuil nomenyiai, € cmabitbhicms
ma nioguwjenns cmitikocmi agpoexocucmem. Cmeopenus ma 6iOHOGNEHHs CUCEMU NONe3aAXUC-
HUX JICOBUX HACAOICEHb € OOHUM 13 HAUPAOUKATLHIWUX CNOCO0I68 NIOMPUMKU CMIUKOCMI a2po-
exocucmem ma nioguweHHs ix Oy@epHoi 30amuocmi WIsIXOM 4aCmMKOB8020 BIOHOBNEHHS iCOBUX
bioeceoyenosis, AKI € He8i0 EMHOI0 YACTUHOIO NPUPOOHUX Tanowagdmie. [{is 6usHaueH s 8U00-
6020 CKIAOY NONE3AXUCHUX CMY2 HeOOXIOHO NpoGecmu NOPIGHANbHUN AHANI3 PIMOYeHOmMUu4HOT
CMpYKmMypu ma pisHOManimHoCcmi HacaoddiceHsb, a MAKoAHC BUAGUIMU OCHOBHI 0COONUBOCTT (POPMY-
BAHHS TICOB020 OIOYEHO3Y 8 NOLE3AXUCHUX CMY2aX, Wo 3a0e3neuyoms ix 6iono2iuny cmitKicms.

Kynomyphi 6ioceoyenosu (nonvosi 3axucHi cmyau) Xapakmepuzyiomscs piGHOMIPHUM NpoO-
CMOPOBUM PO3NOOIIOM | MAIOMb Y CE0Ill 6ePMUKANbHIT CIPYKMYPI YOMUPU OCHOBHI APYCU.
APYC NONO2Y, YA2aPHUKOBUUL Apyc (NiONICOK), mpas aHucmuil ApyC i HA3eMHUull ApyC (MoxXu ma
auwainuku). Topuzonmanena cmpykmypa 0ioyeHno3y (Mo3saixka) 6Kuo4ae nepexioni 30Hu 6i0
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00HO20 (himoyeHo3y 00 IHWO020, MOOMO eKOMOHU. Y eepmuKanvHitl cmpykmypi 0ioceoyerosy
JICOBUX 3AXUCHUX CMY2 HAUDINbIUA Y6a2a NPUOLIAEMbCA BUBHEHHIO HCUBO2SO HAO3EMHO20 NOKPUBY
mpas AHucmo2o apycy. fApyc nonozy none3axucHux 1icogux cmye, BUPAICEHUT] CKI1A00M 0epesoc-
many, 8U3HAUACMbCSL NPOEKMOM NicO80T KYIbNYPU I, NOPSIO 3 GIKOM, € GUIHAUANLHUM NPU 8UOOPI
MiCYb Y MACUBHUX HACAOICEHHSIX.

Cmabinbnicms ma 006206i4HICMb NONLOBUX 3AXUCHUX CMY2 Y CilbCbKO2OCNOOAPCLKUX NAHO-
wagmax 3 MO3aiUHOI0 20PU3OHMATLHOIO CIPYKIYPOIO GUSHAYAEMBCS POPMYBAHHIAM JICO8020
OIOYEeHO3y Mma YMOJNCIUBTIIOE npoyecu cyKyecii ma hopmyeants exonoeiunux Hiw. Tomy Oas
BUBUEHHS OIOYEHO3Y NONLOBUX 3AXUCHUX TICOBUX CMYe (1icO8UX OINAHOK) HeoOXIOHUU cucmem-
HUtl nioxio ma mpueani cnocmepedicents. Medici mepumopii 6ioyeHo3y nolbOBUX 3AXUCHUX CMYe
BUBHAUAIOMbCA WUMYYHO CHOPMOBAHUM OepeGHUM APYCOM QimoyeHo3).

Knwwuogi crosa: nonezaxuchi nicocmyeu, 6ioceoyenos, 6iopisHoManimmsi, yHKYIOHY8aHHS,
CmitiKicmb, 3MIHA KIiManiy.

Formulation of the problem. Interest in determining the biological functions of
field shelterbelts is associated not only with the deterioration of their general condition
in Ukraine over the past 15-20 years, but also with the aggravation of the problem of
biodiversity loss. Having outlined the biological features of the functioning of field
shelterbelts as a forest biogeocenosis, it is possible to determine the signs of its stability.
Having considered the vertical structure of the phytocenosis of field shelterbelts —
woody, understory, herbaceous and underground tiers, it is possible to analyze changes
in the conditions of existence of the number of biota under climate change.

Analysis of recent research. The ideas of biocenology are laid down in the works
of V. V. Dokuchaev, who proved the need to study all natural factors (soil, climate,
moisture, organisms), which are comprehensive and mutually dependent. Biocenology
and the doctrine of phytocenosis are the basis of one of the directions of science about
forest types — biogeophytocenotic, the founder of which is V. M. Sukachev. In particular,
his biogeocenotic approach considered the type of forest belts from the position of the
systemic approach — the unity of the forest (biocenosis — the totality of phytocenosis and
zoocenosis) and the environment (ecotype) [1, 2, 3, 4, 5, 6].

Artificially created phytocenoses are called cultural phytocenoses, in particular,
forest shelterbelts are called stripocenoses, and the process of creating cultures of
phytocenoses is called cultural anthropogenic successions. V. M. Sukachev in his
scientific ideas gave impetus to the study of agrophytocenoses. Cultural biogeocenoses
(forest shelterbelts) are characterized by uniformity of spatial distribution and in the
vertical structure include 4 main tiers: crown tier, shrub tier (understory), grass tier,
ground tier (mosses and lichens). In the horizontal structure of the biocenose (mosaicity)
there are transitional strips from one phytocenose to another, i.e. ecotones) [2].

Forest ameliorator-topologist Professor V. D. Vorobyov (1952) highly appreciated
the importance of typology for field shelterbelt afforestation work, since it opens up
the opportunity to differentiate silvicultural techniques in accordance with the forest-
vegetation conditions of the Forest-Steppe [2, 5]. The prolongation of natural forest types
for steppes in accordance with Alekseev’s typological grid, practiced by G. M. Vysotskyi,
is an example of using the method of comparative ecology. The success of the growth of
artificial forest-steppe plantations is determined by the successful selection of tree and
shrub species, which can be facilitated by forest typology [3].

Therefore, an urgent task is to clarify the modern biological principles of the
functioning of field shelterbelt forest agroecosystems in modern conditions of climate
change.

The purpose of the study: The aim of the article is to study the species composition
of forest shelterbelts, conduct a comparative analysis of the phytocenotic structure
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of the diversity of stands, and determine the main features of the formation of forest
biocenosis in forest shelterbelts as a means of determining their biological stability.

Problem statement. The methodological task in the study of ecosystems
(biogeocenoses) of forest shelterbelts is a systemic approach, because all parts in the
hierarchical structure of ecological systems, while uniting, give them new features and
qualities, since the system is characterized by emergence [2]. Having considered the
biological aspects of the functioning of forest shelterbelts, we identified signs of forest
biogeocenosis in them. The vertical structure of the phytocenosis of forest shelterbelts —
woody, understory, herbaceous and underground tiers are been studied.

Presentation of the main material. Field shelterbelts are narrow linear plantations
that are characterized by stability, productivity and durability in the formation of a
forest biocenosis in a certain territorially located biotope and under the conditions of the
planned tree layer of the phytocenosis.Field shelterbelts are laid out in four, occasionally
five rows up to 14 m wide, with two-row forest belts laid out in the middle of the fields.
Forest belts are pure and mixed. Pure field shelterbelts mainly consist of one main plant
species. When using slow-growing species (pine, oak), a fast-growing plant is introduced
into the field shelterbelts to accelerate the functional effect. On chestnut soils, 20-30 %
of shrubs are planted and alternated with trees of the main species. The distance between
rows on gray forest soils is 34 m, and in a row — 1.5-2 m.Cultural biogeocenoses
(field shelterbelts) are characterized by uniform spatial distribution and in the vertical
structure include 4 main tiers: crown tier, shrub tier (understory), herb tier, ground tier
(mosses and lichens). In the horizontal structure of the biocenosis (mosaicity) there are
transitional strips from one phytocenosis to another, i.e. ecotones [2]. In the vertical
structure of the biogeocenosis of forest shelterbelts, the greatest attention is paid to the
study of the living aboveground cover of the herbaceous layer. The crown layer of field
shelterbelts, expressed as an indicator of the composition of the stand, is determined
by the design of forest crops and is decisive, along with age, when selecting plots in
massive stands.

The aboveground cover is a vivid reflection of the changes occurring in the
biogeocenosis and is an indicator of trophic conditions and moisture supply. In young
and middle-aged field shelterbelts of various species composition, the process of
anthropogenic succession of the cultural biocenosis from the agro-landscape to the
agro-forest landscape is accompanied by qualitative changes that reflect the living
aboveground cover with most of the sylvans, undergrowth, the presence of habitats for
forest animals, avifauna, mushrooms, and forest litter. Accordingly, the ecosystem of
field shelterbelts contains all components of the trophic chain — producers, consumers,
and reducers, which ensure the circulation of substances, energy, and the development
of the forest biocenosis. Evidence of favorable environmental conditions and the
emergence of ecosystem relationships in field shelterbelts is the high productivity of the
forest component of the forest belts.

As producers, field shelterbelts are the first link in various complex trophic chains,
a center for biodiversity conservation, and therefore can serve as corridors, connecting
fragmented areas of forest plantations. The works of modern scientists talk about forest
biogeocenosis as a sign of a stable self-regulating plantation, therefore a forest shelterbelt
can provide a complex of economic, environmental and social needs of society [22].

The biocenosis of natural forests and shelterbelts differs in species diversity at
different times of the year. In summer, forests have a greater diversity of species than
forest belts, and in winter — vice versa. A good example is «nomadicy» birds, which fly to
forest belts in large flocks to feed. In shelterbelts, there are three trophic groups of plant
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producers: trees, shrubs and grasses. These are autotrophic organisms that form organic
substances from inorganic substances during photosynthesis. Heterotrophs consume
ready-made organic substances and are represented by herbivores (phytophages),
predators (zoophages), detritophages. It is the decomposers that decompose organic
substances into minerals and complete the cycle of substances. In shelterbelts, they
are represented by microorganisms (bacteria, fungi), fly larvae, earthworms, beetles,
microphages. In the forest shelterbelts, various types of mushrooms prevail. In the birch
forest belt, there are russula, boletus, fly agaric, and milk mushrooms; in the pine forest
belt, there are fly agarics and butter mushrooms; in the poplar forest belt, there are
poplar rowan. This is explained by the fact that certain types of mushrooms grow under
certain types of plants, forming mycorrhiza. In the forest belts, there are parasitic fungi —
tinder fungi, which feed on living plants and destroy dead wood.

Field shelterbelts form a stable vegetation cover, shape the climate. They are an
ecological factor that have a significant impact on the environment, and are a refuge and
habitat for plants, animals, fungi, and viruses. An important feature of a natural ecosystem
is species diversity, which forms populations. Species diversity is a manifestation of
ecological contrast: the greater the number of species is, the more ecological niches
are formed. The poorest in terms of the number of species is the poplar forest belt —
104 species. The species diversity of forest belts is closely related to the long-term vital
activity of plant groups that prevail there. The younger the forest belts are, the more
diverse and intensive is life in them. Populations of different species that exist in forest
belts are not separated, but are interconnected by various relationships. As a result of
these relationships between species that inhabit forest belts and are characterized by
homogeneous living conditions, biocenoses are formed.

A sharp increase in the number of cenopopulations is observed in the ecotones of
forest belts, which confirms the general ecological principle of the diversity of life on
the border of the distribution of phases or environments according to V. I. Vernadskyi
[1, 8]. In order to perform the functions of ecological corridors in ecological networks,
it is important to assess the floristic similarity of natural nuclei and forest belts, and
the process of plant migration is determined by favorable conditions for settlement
[17]. The loss of shade forest stands and their division is accompanied by the spread of
forest-steppe and synanthropic florocoenotypes in them. According to observations and
estimates, field shelterbelts contribute to an increase in the species diversity of flora and
fauna, including agroecosystems, by 18-20 %, entomofauna by 25-60 %, and zoofauna
by 1-3 times [3]. Scientists have proven that forest stands up to 15 m wide in xerophytic
conditions, due to the water regime, have positive growth, productivity and life cycle
indicators compared to massifs. In the Forest-Steppe, the highest productivity on black
soil is characteristic of poplar forest belts, and the longest life cycle is with common
oak and its classic companions — maple, linden, pear [10]. Supplementing oak stands
with common birch and sweet cherry increases productivity and accelerates the entry of
stands into operation due to intensive current growth at a young age [3, 18—19].

Another direction in typology is edaphic (ecological), for which the expression of the
gradient approach in comparative ecology is a simple graphic diagram of the Alekseev-
Pogrebnyak edaphic grid, in which the horizontal axis reflects fertility, the vertical axis —
soil moisture. The edaphic grid was supplemented with a climatic axis by D. I. Vorobyov
[2, 5]. In the Right-bank Forest-Steppe zone, the basis of the phytocenosis of the
field shelterbelts is made up of poplar, pine, birch, and hornbeam. The main species
composition of the forest shelterbelts is supplemented by trees such as Siberian apple,
prickly plum, and shrubs such as golden currant, and prickly rosehip [12].
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The introduction of artificial coenoses of “phytocoenoses cultures” into
agrolandscapes is accompanied by the changes in the composition of vascular plants
that have zonal characteristics. In the Forest-Steppe, phanerophytes in the shelterbelts
are mostly autochthonous, while for the plakor conditions of the Forest-Steppe, they are
anthropophytes [1]. The recommended composition of species of shelterbelts for Polissya
includes 16 species of tree species and shrubs (of which 75 % are autochthonous),
46 species (70 % autochthonous), and 25 species (30 % autochthonous) for the Northern
Steppe [15]. Forest phytocoenoses in the Forest-Steppe include over 80 taxa, mostly
introduced, among which some become adventitious, for example, the ash-leaved maple
[13]. Most of the areas of forest shelterbelts in the southern steppe zone are occupied by
robinia, gledicia, and ash stands. Only 8.1 % of the area is covered by oak stands [10, 14].

The approximation of the typological diversity of vascular plants in anthropocenoses
to their zonal spectra is an important condition for the formation of heterogeneous
agroecosystems [1]. Field shelterbelts, based on the typological diversity of vascular
plants, approach to semi-natural ecosystems. Ecosystems are formed according to
forest criteria with the participation of the main, accompanying and shrub species of
autochthonous species [15, 16]. The introduction of introduced species (black walnut,
Japanese sophora, northern oak, gledichia, robinia) into forest phytocenoses increases
productivity, stability, and longevity in certain ecotypes, but the typological diversity of
biota decreases [17].

Insects in field shelterbelts account for 53—75 % of biota species and their biomass
exceeds the biomass of the other animal species. Insects play a dominant role in the
circulation of substances, energy and information in terrestrial ecosystems. In the Forest-
Steppe, against the background of a general decrease in the diversity of entomofauna in
agrolandscapes by 40 % over the past decades, phytophagous life forms of dendrobionts
account for about 300 species. The largest share among the perennial families that
provide them with food is Fagaceae, Betulaceae, Calicaceae, Rosaceae. Many insect
species are connected by trophic chains with plants belonging to several perennial
families. Representatives of about 40 taxa of 8 orders of insects of the hortobiont order
have been found. When approaching forest belts, their number increases by 4 times [18,
19, 20].

Forest litter, as a structural component of the forest biogeocenosis, forms trophic
and topical connections of most components of forest autotrophs.Since the second half
of the 20th century in artificial forest biogeocenoses of forest-steppe agrolandscapes, a
significant increase in the number of individual species of avifauna (roak, magpie, gray
crow, starling, great cormorant, yellow-billed martin, mallard, white-fronted goose)
can be observed. Middle- and old-age forest-steppe shelterbelts are populated by new
species — wolf, badger, raven, gray crow, magpie, owl, common turtledove, blackbird.
Shrub-covered forest belts contributed to the appearance and settlement of warblers
(gray, garden, and motley), nightingales and black-fronted magpies, and the stocking
of artificial ponds led to the expansion of the ranges of piscivorous bird species (great
cormorant, quack, gray heron, great and little grebes [21].

Conclusions and suggestions. The constancy and durability of field shelterbelts
in agro-landscapes, which have a mosaic horizontal structure, are due to the formation
of forest biocenosis and make it possible for succession processes and the formation
of ecological niches to take place. Therefore, a systematic approach and long-term
observation are necessary to study the biocenosis of field shelterbelts (forests). The
boundaries of the biocenosis of forest shelterbelts are determined by an artificially
created tree layer of the phytocenosis.
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