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GREEN INNOVATIONS IN URBAN LANDSCAPE:
OPPORTUNITIES TO USE SLOVAKIA'S EXPERIENCE

Purpose. To analyze the results of an internship at the Slovak Agricultural University in Nitra, which
was aimed at studying the possibility of introducing green industrial innovations into urban landscapes under the
project of the International Visegrad Fund "Green Innovations in Urban Landscape Ecology".

Results. The experience of creating an interactive living laboratory of green innovations "RelmaGlne
Living Lab" was studied and the possibilities of implementing this methodology in Kharkiv were analyzed. The
scenarios of transformation of open space into a sustainable multifunctional city park are investigated. The pro-
ject on the use of green and blue infrastructure elements in the construction of the Nivy bus station in Bratislava
is analyzed and the availability of green infrastructure elements in Slovak cities is assessed.

Conclusion. In order to implement green innovations in Ukraine, which are widely represented in Slo-
vakia, it is necessary to modernize the training of specialists through new teaching models, as well as the intro-
duction of the principles of sustainable development in the educational procesS.
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Introduction

The scientific direction of studying the tific studies to develop the project, the results

Concept of Green Infrastructure in Kharkiv
began to be implemented after the implementa-
tion of the International Visegrad Fund project
“GAP - Green and Blue Infrastructure in Post-
Soviet Cities: Learning from the Legacy and
Linking to the V4 Experience”, in which the
authors of this article participated. Karazin
University has carried out a number of scien-

of which were presented at conferences and
published. The works are mainly devoted to
theoretical foundations of the green infrastruc-
ture concept [1 — 6], analyzing the current situ-
ation in the cities of Ukraine and Europe with
the provision of green infrastructure to the
population [6 — 12], as well as assessment of
individual green infrastructure components and
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their environmental quality [13 — 25]. At the
same time, there is a need to change the current
state of affairs for the better.

The Faculty of Horticulture and Land-
scape Engineering at the Slovak Agricultural
University in Nitra is a European leader in this
field. The study of methodologies and experi-
ence in implementing new green infrastructure
projects is the main prerequisite for developing
a program for the post-war restoration of urban
landscapes in Kharkiv (Ukraine). To do this, it
is necessary to train specialists who are famil-

iar with the methods and techniques of forming
green space in urban landscapes. That is why
we have implemented an educational and sci-
entific internship project. The main purpose of
the article is to analyze the results of an intern-
ship at the Slovak Agricultural University in
Nitra, which was aimed at studying the possi-
bility of introducing green industrial innova-
tions into urban landscapes under the project of
the International Visegrad Fund "Green Inno-
vations in Urban Landscape Ecology".

Results and discussion

The study of the experience of studying,
modeling and practical implementation of the
green infrastructure concept at the Slovak Agri-
cultural University in Nitra can be divided into
3 components:

1. Acquaintance with the structure,
specifics and best practices of the faculties,
institute and university as a whole;

2. Learning - science — practice.

Let's take a closer look at each internship
site and consider the possibilities of using their
experience to develop green innovations in
Ukraine.

1. Acquaintance with the structure,
specifics and best practices of the faculties,
institute and university as a whole

1.1. Institute of Landscape Architecture. At
the Faculty of Horticulture and Landscape
Engineering, the territories adjacent to the
building are widely used to practice gardening
and agricultural skills. I inspected the experi-
mental sites that are actively used in research

on horticulture and landscape management
(Fig. 1).

"RelmaGlne Living Lab". According
to the internship program, | got acquainted
with the experience of creating an interactive
living laboratory of green innovations
“RelmaGlne Living Lab” (Fig. 2). It was cre-
ated and operates with the support of Norwe-
gian grants to innovate the landscape and gar-
den architecture curriculum through new learn-
ing models based on the principles of “project-
based research,” “co-design,” and “evidence-
based design.”

1.2. Visit to the Envirocentrum. Educa-
tion and awareness raising in the field of cli-
mate change and extreme weather events is the
main mission of the new Envirocentrum,
which was opened on April 19, 2024, at the
Faculty of Horticulture and Landscape Engi-
neering (FZKI) of the Slovak University of
Agriculture.

Fig. 1 — Experimental plots around the building of the Institute of Landscape Architecture
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Fig. 2 — Interactive living laboratory of green innovations “ReimaGine Living Lab”
by the RelmaGIne project with the support of Norwegian grants

The main theme of the Envirocentrum is adap-
tation to climate change, which causes weather
extremes such as droughts and floods. It serves
not only students of the faculty and university,
but also high school and elementary school
students who conduct experimental excursions
here. It is also open to the professional public.
They can learn about the functions and impact
of water on the environment through various
models and demonstrations. For example, they
will learn how a river channel changes over
time or how a flood wave is formed. The Envi-
rocentrum conducts meteorological observa-
tions and experiments on the rate of rainwater
infiltration through different types of soil, with
different vegetation cover, etc. (Fig. 3.).

The excursion to Envirocentrum in-
spired me to implement similar ecological
models for the educational process in my
country.

1.3. Visiting to the AgroBioTech
Research Center SUA in Nitra. The AgroBi-
oTech Research Center SUA in Nitra was es-
tablished within the project “Creation of the
research  center  AgroBioTech” ITMS
26220220180. This university research center
was realized with the support of EU funds
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from the Operational Program: Research and
Development.

The AgroBioTech Research Centre
(ABT RC) of the Slovak University of Agri-
culture in Nitrais a university-wide, special-
ized facility which performs concentrated in-
novative research in the relevant fields aimed
at conducting new methods and procedures in
research, especially within applied research,
with the express goal of transferring its results
into practice.

The ABT RC is equipped with state-of-
the-art research infrastructure, thereby ena-
bling the centre toconduct research atthe
highest level, applicable in practice, and con-
sistent with the core needs of the priorities
of agrobiology, the processing technology of
agricultural products and the agri-food indus-
try, biotechnology, genetic technologies,
agroecology, bioenergetics, and bioeconomy.

Prof. Miroslava Kacaniova introduced
the work of the laboratories and showed me
how they conduct the experiments (Fig. 4):

e Laboratory of Genetic Analysis

e Laboratory of Microscopic Analysis

« Laboratory of Spectroscopic Analysis

« Laboratory of Cell biology and cytogenetics.
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Fig. 4 — The AgroBioTech Research Center SUA in Nitra

1.4. Botanical Garden. Botanical
Garden, which | regularly visited throughout
my internship, is the place to study biological
diversity, conduct research and educational
work at the university. This gave me the
opportunity to observe flora in different
weather conditions and get acquainted with the
work of pollinating insects, in particular
Macroglosum lapidopters.

The Botanical Garden of the Slovak
Agricultural University in Nitra is a model of a
natural space oraganization that combines
educational, scientific and recreational func-
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tions. The garden space is designed taking into
account the principles of landscape
architecture aimed at preserving biodiversity,
supporting ecosystem services and ensuring
comfort for visitors. Not only university
students, but also all visitors have the
opportunity to increase their knowledge about
nature, since all areas have information stands
(Fig. 5).

Key elements of space organization

Thematic sectors — The garden is divided
into several thematic zones, each of which
represents a separate group of plants or ecosystem.
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Fig. 5 — Information support for visiting the Botanical Garden

For example, there are sectors with local
flora, as well as with exotic plants, which
introduce visitors to the richness of the plant
world. Such a division not only facilitates
navigation, but also creates conditions for
educational activities (Fig. 6).

Water elements — The garden has a small
reservoir, which serves both to aesthetically
improve the space and to maintain biodiversity.
Water elements also create a favorable
microclimate, humidifying the air and adding
coolness on hot days (Fig. 7).

Path and navigation systems — The paths
are located in such a way that visitors can freely
move between different sectors without
disturbing the natural landscape. The navigation
system includes information stands and signs that
help navigate the garden and learn more about
each plant zone.

Educational and research areas — An
educational trail with eighteen plant models. The
nature trail presents innovative appro-aches to
the design and care of herbaceous communities
to the public, taking into account climate change.
Information stands are placed for those who

donot come on the excursion, but wish to explore
the nature trail without a guide. In some parts of
the garden, there are well-equipped areas for
conducting scientific research and practical
classes for students. Experiments on plant
acclima-tization, research of soil and climatic
conditions are carried out here, enabling students
to gain practical experience (Fig. 8).

Recreational areas — Cozy places with
comfortable benches, gazebos and obser-vation
decks have been created for visitors to relax.
These areas allow you to enjoy the views of the
garden and create pleasant environment for
relaxation. A logical extension of the recreational
area of the Botanical Garden is an aviary for
ungulates, which can be observed (Fig. 9).

The garden maintains an ecological
balance through sustainable plant care
methods. A rainwater harvesting system
provides irrigation during dry periods, and
organic fertilizers and compost contribute to
the natural nutrition of the soil. In addition, the
garden widely wuses local plants, which
minimizes the need for water and fertilizers.

"~ Fig. 6 — Thematic sectors
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Fig. 7 — Water elements

Fig. 9 — Recreation area

The university's Botanical Garden plays
an important role in environmental education,
offering students and researchers conditions
for practical training. It is a platform for
studying flora, ecological processes, as well as
for raising public awareness of the importance
of preserving biodiversity.

2. Education - Science - Practice

This internship area is dedicated to
studying the experience of scientific research
and practical work carried out by the institute,
its employees, graduates and partners
landscape architects. In addition, during these
activities, an information bank was formed on
the forms, methods and means of organizing
green infrastructure in the urban landscape.

2.1. Visiting lecture to the resort of
Sliac¢. An excursion to the Slia¢ resort led by
Prof. Ing. Viera Paganova, PhD, for master's and
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postgraduate students allowed them to get ac-
quainted with the natural conditions of the resort
and methods of maintaining them.

The Slia¢ resort in Slovakia is a unique
example of combining the natural environment
with medical infrastructure, emphasizing the
importance of preserving natural landscapes
for maintaining human health. Located in a
picturesque valley between the cities of Zvolen
and Banska Bystrica, Sla¢ is known for its
mineral springs and favorable climate.

Key natural features
Mineral springs — The resort is famous for
its healing springs, in particular, carbonic waters
with temperatures of about 33°C. These springs
contain a unique composition of minerals, which
makes them especially useful in treatment of
cardiovascular diseases. The landscape design
around the springs preserves its natural
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appearance and creates an atmosphere of
tranquility (Fig. 10).

- Forest landscapes — The resort is sur-
rounded by mixed forests rich in coniferous
and deciduous tree species, which form a
natural barrier, protecting the area from noise
and pollution. These forests create optimal
conditions for recreation, providing clean air
and shade for walks even on hot days (Fig. 11).

- Garden and park infrastructure — The
landscape design of the resort includes various
walking routes, gazebos and recreation areas,
which are inscribed in the natural relief.

Architectural and landscape solutions

—  Functional zones — The resort is divid-
ed into zones for active recreation and quiet
walks. Landscape architects have made the

most of the natural relief, creating routes with
panoramic views. This contributes to health
improvement both through physical activity
and through aesthetic pleasure.

- Greening and landscape art — Landscape
elements, such as flower arrange-ments, sculptures
and water bodies, are located in such a way as to
harmoniously complement the natural landscapes.
At the same time, the principles of sustainable
landscaping minimizing interference with the
ecosystem and ensuring the durability of the
landscape, are observed here.

- Eco-educational routes — The resort offers
educational routes where visitors can get
acquainted with the ecological features of local
ecosystems and microclimate. This is an impor-
tant aspect that increases the environmental

Fig. 11 — Forest and garden landscapes of the Slia¢ resort
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awareness of vacationers and contributes to the
preservation of nature.

Slia¢ is an example of preserving the nat-
ural environment in conditions of developed
recreational infrastructure.  The  resort's
landscape solutions reflect a modern approach
to nature management, which contributes to
environmental protection and also creates
favorable conditions for recreation and
treatment.

2.2. Seminar "The Right Tree in the
Right Place". Participation in the seminar, held
on October 17 by Ing. Marcel Racek, PhD. as

part of the activities of the public organization
Association of Garden Design and Landscap-
ing (www.szkt.sk) under the leadership of Ing.
Maria Bihunova, PhD, provided a lot of infor-
mation regarding green infrastructure. The
seminar discussed issues of urban green infra-
structure, in particular projects aimed at im-
proving the quality of life in cities through
greening (Fig. 12). The seminar covered issues
of landscape architecture, organization of hor-
ticultural exhibitions, quality control of trees,
and consideration of potential risks when
transporting plant material.

Fig. 12 — Seminar "Spravny strom na spravne miesto"

The second part of the seminar —
practical — was held in the park area of Nitra.
The park is an excellent example of modern
green space that harmoniously combines the
natural environment with cultural and social
functions. Located near the historic center, it
serves as an important place of recreation for
residents and guests of the city, as well as a
platform for cultural events and educational
programs (Fig. 13).

Key characteristics of the park:
— Diversity of plant associations — the
park has created several botanical zones, where
local and foreign plant species are presented.

Thanks to this, the park contributes to the
maintenance of local biodiversity, and provides
visitors with the opportunity to get acquainted
with the diversity of flora that enriches the
ecosystem of the urban environment.

— Water elements — the park has natural
and artificial reservoirs, which not only add
aesthetics, but also provide the necessary mi-
croclimate, reducing the temperature in sum-
mer These water bodies also serve as important
ecosystems for waterfowl, insects and other
species, which enriches the ecological envi-
ronment.

Fig. 13 — Practical lesson in the park
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— Infrastructure for recreation and edu-
cation — there are walking paths, bicycle routes,
playgrounds and recreation areas for different
age groups.

— Green architecture — the park is
equipped with elements of green architecture,
such as environmentally friendly benches, solar
lighting, as well as garbage cans for waste sort-
ing. This contributes to the environmental edu-
cation of visitors and is an example of a sustain-
able approach to the development of urban in-
frastructure.

Thus, the park in Nitra is an example of
how a modern approach to landscape architec-
ture and ecological planning can create sustain-
able urban spaces that contribute to an improved
quality of life. Water features and green infra-
structure make this park an exemplary place that
supports biodiversity and promotes environ-
mental awareness among the population.

2.3. Excursion to Bratislava

The educational excursion to Bratislava
led by Ing. Maria Bihunova, PhD and Doc. Ing
arch Roberta St&pankova, PhD for students and

postgraduates was aimed at demonstrating eco-
logical solutions in the urban landscape, in par-
ticular the bowl park, the ecological roof of the
"Nivy" bus station, the arrangement of green
roofs in business districts and the "Smart City"
concept.

The first location was a city park orga-
nized according to the principle of an inverted
pyramid. It is located below the level of the
surrounding urban space. It looks like a bowl,
on the flat bottom of which there are green
spaces, ponds, paths and places for sports train-
ing. The park is surrounded by green slopes and
stairs along the perimeter, adapted for seating of
vacationers. The park serves as a place for re-
laxation, walks with children and sports. In
addition, it creates a comfortable microclimate
in the urban environment (Fig. 14).

According to the previous internship
program, we investigated the ecological roof of
the bus station "Nivy" in Bratislava - an
innovative example of using green roofs to
integrate ecological infrastructure into the urban
environment. Located in a new district of
Bratislava, this roof combines recreational,
ecological and energy-saving functions (Fig. 15).

Fig. 14 — Park Jama
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Fig. 15 — Ecological roof of the Nivy bus station in Bratislava
Key features of an ecological roof

— Biodiversity and greenery — the roof is
covered with a variety of plants, including
native species, which provide habitat for in-
sects and birds. Thanks to this, the roof sup-
ports local biodiversity, even in urban condi-
tions. Greening also creates a natural barrier
that absorbs noise and dust, improving air
quality.

— Water management the roof is
equipped with a rainwater collection system,
which prevents excessive water from entering
the city sewer system. The water is used to
irrigate the green areas, and some of it evapo-
rates, cooling the air and reducing the tempera-
ture on the roof. This helps reduce the urban
heat island effect.

— Energy conservation — green areas on
the roof help reduce the cost of air condition-
ing the building. Vegetation provides thermal
insulation, which is an important factor in re-
ducing energy consumption. It also increases
the comfort of station visitors and helps reduce
the carbon footprint.

— Recreational area for city residents — the
roof is designed to be attractive to visitors:
there are pedestrian paths, places to relax, as
well as small corners with observation decks.
This creates a unique space where residents
can enjoy a green environment right in the city
center, which contributes to improving the
quality of life.

The ecological roof of the Nivy bus sta-
tion is an excellent example of how green in-
novations can be effectively integrated into the
transport infrastructure. It contributes to the
maintenance of urban biodiversity, improves
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air quality, and reduces the heat load on the
city. In addition to the environmental benefits,
this project increases the environmental
awareness of the population and popularizes
the idea of sustainable development, offering
residents and visitors access to green space
even in densely built-up areas.

During the excursion to Bratislava, we vis-
ited a new district of the city built according to
the Smart City concept. The main ecological
component of the district has become under-
ground parking lots, the roofs of which are green
zones of the inter-building space (Fig. 16).

From the engineering point of view, the
arrangement of this territory requires signifi-
cant efforts of architects and landscape archi-
tects, since:

— Itis necessary to create a smart system
for draining excess rainwater;

— To equip a smart system for drip irriga-
tion of vegetation;

— To select plant material, namely the
composition of the grass cover, which is able
to withstand significant anthropogenic load, to
be natural for this territory;

— To select and plant a tree stand with re-
strictions for the root system, due to the pres-
ence of underground parking;

— To equip a playground using environ-
mentally friendly materials, taking into account
drainage and avoiding the possibility of injury
to children.

An expert Ing Jana Adamkova, PhD spoke
about all these design features
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Fig. 16 — Smart city

2.4. Presentations from Slovak and Czech
landscape architects. Meetings with profession-
als - practitioners, who presented their projects
on urban greening in Slovakia and blue-green
infrastructure in Vienna (Austria).

The presentation by the University of
Nitra graduate Ing. Julia Straiidkovd, who
works at RUDBECKIA, describes key aspects
of landscape architecture in urban spaces in
Slovakia, including work with private, re-
served and public areas (Fig. 17). It covers
different types of locations: from private gar-

dens and corporate sites to public parks,
squares, playgrounds and historical areas.
Key elements and stages of design:

— Community participation — the speaker
emphasizes the importance of a participatory
process in urban environment management,
involving the community through surveys and
public discussions. This makes it possible to
collect feedback from residents, take into ac-
count their needs and wishes to create a com-
fortable urban environment.

Vakerve eFidg Kooy e
B e
Dcraredey

Ve treTa e o dakoce

LOMALIEAY PROGRAM
Drresse
potiscenas 3 pocrwtoe Soyvesiow
Drabehid shirea
Testimt mbadniione

VERLAVA Sit2 s
VEiDevs  Watrh vechris cbilamieints

PaBlause (ueek

cpa oon —— .

Fig. 17 — At a meeting with Ing. Jalia Stranikova
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— Design requirements — The projects en-
compass an integrated approach to urbanism,
architecture and modular green infrastructure
elements. In particular, it includes the provi-
sion of recreation areas, playgrounds and
sports grounds, as well as prioritizing envi-
ronmental elements such as modo-green infra-
structure for water management.

— Preparatory work and surveys — Signifi-
cant attention is paid to geodetic, hydrogeolog-
ical and dendrological surveys to accurately
analyze the soils, groundwater and tree condi-
tions in the project area. Important steps in-
clude data collection, pollution assessment,
and determining safe conditions for green in-
frastructure development.

— Detailing of zones and concepts — Pro-
jects include the development of graphic con-
cepts for zones for various purposes: play-
grounds, sports areas, recreation areas, and
places for social events and meetings. These
zones are designed for different age groups,
including the needs of people with limited
mobility.

— Reconstruction of historical sites — Spe-
cial attention is paid to the restoration of his-
torical sites while preserving cultural heritage.
Each site is offered a different concept, such as
creating symbolic alleys or installing architec-
tural elements reminiscent of the city's history.

The work of the RUDBECKIA design
bureau, which was represented by the speaker,
demonstrates a systematic approach to creating
an environmentally friendly and comfortable
urban environment. The use of modern meth-
ods of assessment and community involvement
creates the basis for the development of func-
tional and environmentally oriented urban
spaces that promote social connections and
maintain biodiversity.

Presentation “The Blue-Green Trans-
formation of Vienna” by Ing. Petr Forchtgott
from the Czech Association of Landscape Ar-
chitects, demonstrates an innovative approach
to the development of the urban environment,
in particular by integrating green and blue
(water) components into the urban landscape
(Fig. 18).

IKEA Ciry Stare

Fig. 18 — Lecture by Ing. Petr Forchtgott (Czech Association of Landscape Architects)

Key components of the transformation:

— Blue-Green Infrastructure — Vienna is
actively implementing solutions that combine
greenery with water management, creating
adaptive spaces that help reduce the effects of
climate change, such as rising temperatures
and frequent flooding.

— Parks and green spaces system — The
presentation highlights wvarious parks (e.g.
Helmut-Zilk-Park, Rudolf-Bednar-Park) that
serve as recreational areas and function as
ecological corridors. These areas support bio-
diversity and create conditions for efficient
cooling of the city.

— Innovative architectural solutions — Par-
ticular attention is paid to facilities that com-
bine business and sustainability, such as the
IKEA City Store with a green roof that simul-
taneously serves to reduce energy consumption
and improve air quality. Such projects contrib-
ute to the greening of urban areas and infra-
structure.

— Restoration of water bodies — The pro-
ject includes measures to preserve and clean up
water bodies such as Donauinsel. This not only
supports the recreational function of the water
bodies, but also improves the state of local
ecosystems.
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— Sustainable urban spaces — Districts such
as Seestadt Aspern are being developed as
examples of “city-within-a-city” where the
principle of ecological balance is paramount.
Such projects take into account accessibility,
sustainability, climate change adaptability, and
the integration of public spaces for social in-
teraction.

Vienna's Blue-Green Transformation pro-
ject is an exemplary example of an integrated
approach to creating a sustainable urban envi-
ronment where technology and nature-based
solutions contribute to a better quality of life.
This presentation can serve as an inspiration for
other cities seeking to combine environmental
and social goals to shape a sustainable future.

Conclusions

The internship in Nitra was an extremely
useful experience for deepening my
knowledge in the field of environmental
science and landscape architecture. The pro-
gram was carefully designed and allowed me

to get acquainted with modern European
approaches to environmental monitoring,
organization of urban green infrastructure
and the use of landscape architecture to im-
prove the quality of life in urban areas.
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3EJIEHI IHHOBAIIII B MICBKOMY JIAHIIIA®TI:
MOXKJINBOCTI BUKOPUCTAHHA JOCBIAY CJIOBAYYUHUA

Meta. AHani3 pe3ysbTariB cTaxXyBaHHs B CJOBallbKOMY arpapHoMy yHiBepcuteTi B HiTpi mio
CHpsSIMOBaHE Ha BHUBUEHHS MOXKJIMBOCTI BIPOBAPKEHHS 3€JIEHHX i1HAYCTpiaJbHHUX iHHOBaWiid B ypOo-
nanmmadTH 3a mpoekToM MikHapoaHoro Bumierpancekoro ¢poHay «3eneHi iHHOBaIlii B €KOJIOTIT Mi-
CBKOTO JaHAmadTy».

Pe3yabTaTu. BuBUEHO JOCBiA CTBOPEHHS 1HTEPAKTHBHOI XHBOI J1abOpaTOpii 3eJeHUX 1HHOBA-
it "RelmaGlne Living Lab" Ta mpoaHaii3oBaHO MOXKJIMBOCTI BTIJICHHS IIi€i METOIUKHA M. XapKOBI.
JocnimpkeHo creHapii Tpanchopmaiiii BiIKPUTOTO NMPOCTOPY B CTauii OaratoyHKIIIOHATBHHUNA MiCh-
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kuii mapk. [IpoaHanizoBaHO MPOEKT 3 BUKOPUCTAHHS €JICMEHTIB 3€JICHOI Ta OJIaKUTHOI iHQPacTPyKTy-
pu TIpH criopyKeHHi1 aBToBoK3amy Nivy B bpatucnasi Ta 3po6ieHO OMiHKY AOCTYITHOCTI €JIEMEHTIB
3eseHol IHQPaCTPYKTYPH B CIIOBAIlbKHX MiCTaXx.

BucnoBku. [lyis BTiicHHS B YKpaiHi 3eJeHUX IHHOBAIIIH, 0 MUPOKO npeacTasieHi B CioBay-
YUHI HEOOXiTHO MOAEPHI3YBaTH MiATOTOBKY (haXiBIIB Yepe3 HOBI MOJIENi BUKIaJaHH:, a TAKOX BIIPO-
BaJDKEHHS TIPUHITUIIIB CTAJIOT0 PO3BUTKY B OCBITHIN TIpOIIEC.

KJIFOUYOBI CJIOBA: 3enena ingppacmpykmypa, innosayii, ypbonranowagpm, npoekm, Buues-

PaocbKuil (hono, cmanuii po3sUMoK, OCEIMHIl npoyec
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