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Relevant to lack of space for urban greenery, green walls becomes to be
more and more popular in the big cities landscape. Against the common
opinion, green walls are not the discovery of the last decades. They were
inseparable element of the Middle Ages houses in region of Mediterranean
See. At that time it was mainly Vitis viniphera climbing on building surfaces or
bowers as a decorative plant that sometimes gives shadow and fruit.

Decorative aspect of plants is still very important, but currently need for
bring greenery into urban areas is connected with their other properties. First
of all plants are producer of oxygen which is essentials for life for every
organisms, furthermore they have an impact on improvement on local
microclimate by ability of temperature reduce as well as moisture control.
Plants have also ability to reduce pollution.

In the cities this days, beside popular climbing plants, deferent ways of
greenering vertical surface of buildings can be seen frequently. All green walls
can be divided into two main groups: green facades based on the application
of climbing plants, and living walls systems (LWS). In spite the fact that almost
every company installing LWS has their own system structure technology,
there are two basic ways of installation: continuous LWS and modular LWS.

Between modular systems it is possible to make further division. When
the living wall is already done and plants completely cover the surface of
building, the differences between using systems are not noticeable. Decision
which technology of living wall structure is the best, depend on building
construction and possibilities of additional its wall load as well as planed shape
of living wall. Suitable plants selection to chosen system is very important as
well. Correctly made living wall is integral part of the building and fulfill all
function described before.
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Historical Overview. The first green walls were created by nature itself,
with no human intervention, as some species of plants do not need any
complicated supporting structure to grow vertically. Examples of such
spontaneous vertical gardens are common to all latitudes and all climates.
However, the hut sealing by a primitive man can be considered the first green
wall established deliberately. For sure, some plants often managed to survive
in such an unusual place for a couple of years or even longer. A little later,
there appeared climbing plants on the walls of buildings. There are records
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stating that as early as 2000 years ago in the Mediterranean region grapevines
were placed on people’s homes, thus transforming their walls into early vertical
gardens.

On the other hand, in Central Europe, 500 years ago, grapevine was
also the most common creeper on the walls of castles and cities. But almost
equally popular were climbing roses — people’s favourite ornamental plants
(Kohler 2008). In the 19th century, in many European and North American
cities, some climbing plants, lignifying with time, were introduced on simple,
plain facades. In Central Europe in the 1980s, interest in environmental
protection started to grow, which resulted in a tendency to return urban spaces
to nature (Kohler and Schmidt 1997).

Especially in German cities, numerous programmes were created which
encouraged building owners to plant and care for vines in courtyards and on
the walls. At the same time, a lot of scientific papers and theses on the
beneficial role of vine were published (Kohler 2008). Today, all the above
aspects of green walls are well known as they refer to the general role of
plants in an urban environment. It seems, however, that in the case of plant
walls the list of possible benefits may even be somewhat longer.

The benefits of setting up green walls. Green walls are an ideal
solution to the problem of not having enough greenery in densely populated
urban areas. First of all, they significantly increase the aesthetic value of the
space where they have been installed. They usually become large parts of the
design, perfectly visible to both passers-by and car drivers. Extremely
important is the role of plants as producers of oxygen, component necessary
for the life of all organisms.

A plant wall of the surface of 155m? is able to satisfy one person’s daily
demand for oxygen (Kania et al. 2013). Moreover, such installations contribute
to the improvement of the local microclimate by retaining rainwater and
reducing the temperatures on the facades. The difference in the temperature
between the bare wall surface and a wall covered with plants can be as high
as 12 °C to 20 °C, whereas the temperature of the air near the plant wall is
reduced by 1°C... 2°C (Chen 2002). Not without significance is the shadow
given by the leaves. The ability of plants to reduce urban pollution is also very
important. This is done in two ways: the mechanical one, when chemical
compounds settle on leaves, and the physiological one when the plants
resistant to urban pollution absorb certain amounts of particulate matter. For
example, a properly maintained green wall whose surface equals 10m? may
absorb as much CO, during one year as a tree measuring 4m in height (Kania
et al. 2013).

There are also examples of combining the vegetation on the walls with
the ventilation units supplying the air into the building. Plants alongside with
the substrate are used in them as a special type of filter, and the rooms get the
air already cleaned. Recently, a lot of attention has been given to increasing
the biodiversity in cities. Vegetal walls perfectly fulfil this function by increasing
not only the number of plant species, but also of birds, spiders and insects. To
some animal species, the plant walls offer residing space, to some others —
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feeding. In addition to the environmental benefits, economical ones are also
worth noticing. They refer mainly to making some savings on heating and air
conditioning, since plant walls are natural insulators that prevent overheating
the interior of the building in summer while retaining heat inside in the
wintertime.

During hot summers, the temperature gets lowered by an average of
5 °C inside public buildings with external green walls, which in turn helps to
reduce energy consumption while cooling the air by means of using air
conditioners (Chen, 2002). In the case of having both a green roof and living
walls, the cost associated with air conditioning decreases by an average of
17-79% per annum and the total cost of energy used in the whole building —
by 0.6-19.5% (Kuhn 1996, Wong et al. 2009).

Types of green walls. All plant walls can be divided into two basic
groups: green facades and living walls (LWS) (Fig. 1). The first group includes
the climbers which stick to the walls by themselves (direct green facades) or
the indirect ones that require support to be able climb. This support can either
be anchored in the ground and reach as high as the facade’s tallest point
(continuous guides) or be a multi-storey mounting system repeated every one
or more floors (modular trellis).

The green facades are undoubtedly cheaper to install than the living
walls. This statement applies in particular to direct green fagcades where
virtually the only cost is the purchase of the plants, since planting them can be
done on your own. A very important advantage of this solution is that it is
exclusively beneficial to the environment because it introduces no mounting
hardware. The disadvantages include a limited selection of plants, boiling
down to just a few species of native and acclimatized climbers. Another
disadvantage is the uncontrolled manner of covering the wall and a long time
to wait for the vegetation to cover the entire surface.

Green walls
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Fig. 1. Diagram of Green walls (Perini et al. 2011)
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In the case of indirect greening, the choice is among a slightly larger
number of vines which, using modular trellis, will cover the fagade much faster.
However, they require major financial outlays on the purchase and installation
of supports for the plants and an irrigation system running on each floor.

The main advantage of the living walls over green facades is an instant
effect of covering the wall with plants. However, they require considerable
funding. The cost of green facades does not often exceed €75 / m?, while the
average cost of LWS is approximately €1200 / m? (Perini et al. 2011). Such a
large difference in cost is related to, among other things, the need to install
complex living wall systems. In turn, an advantage of LWS are almost limitless
possibilities of selecting the species, while the green facades use climbers
only. LWS include continuous living wall systems and modular systems: trays,
vessels, planter tiles and flexible bags.

Among the LWS, the continuous living wall system is the one where you
do not need any substrate for growing the plants. It involves the use of some
textile material of dimensions equal to the wall’'s surface. The plants are placed
in pockets made of the same fabric, and the whole system is stretched on a
frame attached to the wall. Water enriched with micro- and macro-elements
essential for the plants is supplied through the dripping lines which maintain
the material evenly wet over the whole surface.

At the base of the installation there is a tank for unused water. In the
tank, a pump is mounted for transporting the water upwards for reuse. The
main advantage of these installations, besides the above mentioned
immediate vegetation cover, is their relatively low weight and a flexible design
which allows giving them any shape and even introducing plants in the corners
of the buildings (Fig. 2).

Fig. 2. Cntinuous IiingwaII system
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Due to the low weight, the system is called lightweight screens. The
characteristics of its construction do not allow any divisions of its implementation
(and thus the cost) into time stages. Associated with this is also the need for
frequent maintenance. For example, in case of a viral disease of plants or infection
of the substrate, not reacting in due time can lead to ruining the whole system. The
need to keep the material in moisture all of the time involves a high consumption of
water and nutrients. Constant high humidity of the fabric in which the plants are
growing makes it no good place for succulents. Moreover, in their tight pockets, the
plants have significantly less space for the roots, which in the case of several
species, may adversely affect their shape.

The tray technology has the largest number of variations. Virtually every
company applying this system has developed its own installation details. However,
the one invariably regular element is the container structure of each panel, with the
front part exposed (Fig. 3). Inside the containers there is some substrate in which
the plants have to be planted. The substrate is covered with nonwoven fabric or
with plastic plates, protecting it against spilling from the container. The last part at
the front are the strengthening elements, keeping the whole in a vertical position.

All this is equipped with an automatic irrigation system, passing through
each panel. The most important advantages of this system are an easy removal
and a possible replacement of single components. Furthermore, the selection of
the plants in this case is virtually unrestricted, provided a proper depth of the
panels has been planned. Unlike in the previous system, here you can control the
degree of hydration and drainage in separate sections. One limitation when
choosing this technology may be a heavy weight of the structure, because not
every wall can maintain such a high additional load. Another disadvantage is
related to the shape of the surface we expect to be covered with greenery, and that

Some form of a merger of the two previously described systems are the
wall tiles known as planter tiles, characterised by the beauty of the tiles
themselves (Fig. 5). Just like the lightweight screen, it is a system of pockets,
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but, similarly to the trays, the tiles have their fixed dimensions. This system is
currently used only in the interiors, but one cannot exclude the possibility of
applying it also on the external walls.

As for the vessels, they are an integral part of the building, so they
should have been planned at the stage of the building being designed by an
architect. However, in some cases, an alteration to an already existing building

is possible, too. _ _

Fig. 5. Planter panels

Another form of combining a lightweight screen with the trays are flexible
bags. It is an in-line arrangement of pockets filled with the substrate in which
there are plants (Fig. 6). The main advantage is the possibility of being applied
on untypical surfaces, e.g. the curved or inclined ones (Manso et Castro-
Gomes, 2015) (Fig. 7). Although it is a system of pockets, just like the
lightweight screen, the presence of the substrate and the undefined volume of
space for the roots allow an unlimited selection of plants On the other hand,

“Fig. 6. Flexible bags Fig. 7. A living wall made by flexible
bags

195



Summary

A review of the available technologies shows that none of them is
definitely the best. Before choosing the type to be used, we must first
anticipate the cost of the project. The cheapest solution is climbing plants
which will stick to the walls by themselves (direct green facades) and will be
planted in the ground. However, if the priority is an immediate effect, we
should choose one of the LWS technologies. For buildings with a delicate
structure, the best choice is a lightweight screen. In turn, the panel system
allows the use of many more plant species. In the case of irregular wall
shapes, it is wise to apply flexible bags.

If the most important objective is the aesthetic effect of combining
ceramics with the plants, planter tiles will be recommended. Vessels may be
an option for those who want a building with plants introduced individually, e.g.
by the inhabitants of individual apartments. It is important to remember the
heavy weight of most of the systems and adapt this weight to the load-bearing
capacity of the wall.
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Y eenukux micmax 0Oedani b6inbwoi nonynspHocmi  Habyesae
gepmuKkarnibHe  03€fIeHeHHs, aoxe HuHi  ypbaHi3zoeaHi  cepedosuwia
xapakmepusytombscsi HasigHicmioo Oyxxe O0OMexXeHUX mow, 0 03e/IeHEeHHS.
Hessaxaro4yu Ha 3acarnibHonpuuHsamy OYyMKY, 3esieHi CmiHU He € 30006ymKom
ocmaHHIix 0ecssmurimb, OCKiflbKU 80HU 6yru HEegiO'€EMHUM €fIeEMEHMOM e
cepedHboBiYHUX bYyOuHKie y mexax Ceped3eMHOMOPCbLKO20 pecioHy. Y uel
nepiod Hau4dacmiwe eukopucmosysanu Vitis vinifera L., skut ob6nnimas
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¢acadu bydiseris ma cmiHU aflbmaHOK, OOHo4YacHO 3abesredyyr4u MmiHb |
rpUHoCcsYU roou.

LlekopamueHi xapakmepucmuku pocsiuH | 0oci € 0ocmamHbO
gaxk;iueumu, rnpome Ha cy4acHomy emari rnompeba 8 03€/IeHEHHI
ypbaHizogaHux cepedosuw, rog’s3aHa 3 I[HWUMU IiX esracmueocmsmu.
Hacamneped, pocriuHu eupobrisitomb KUCEHb, WO € rnepuwor HeobxiOHicmo
0514 icHy8aHHs by0b-5IK020 XUB020 opzaHiaMy. KpiM mozo, 80HU ernusarme
Ha rnosinueHHsT MIKPOK/iMamy 3a paxyHOK 3MEeHWeHHs1 memrepamypu U
nidsuweHHs1 8orioeocmi rosimps. TaKoX pOCHUHU Marome er1acmusicme
3MeHwysamu 3abpyOHeHHS HaBKOJTUWHBLO20 cepedosuLla.

HuHi y micmax HepiOko 3ycmpidatombCsi Pi3Hi criocobu 03es1eHeHHS
gepmukasibHUX MO8epPXOHb. pUHUUNU 8epmMuUKasibHO20 03€/1eHEHHST MOXXYMb
6ymu ymoeHo rodinieHi Ha 08/ OCHOBHI epyrnu: 3esieHi ghacadu, CMEOPEHi
8UMKUMU pOC/IUHaMu, ma xuei HacmiHHI cucmemu. Hes3egaxaroyu Ha me, Wo
MaliXe KOXHa KOMIIaHisi, sika 8CMaHOBJTE XUl HacCmiHHI cucmemMu, Mae ceoi
eflacHi  mMexHO02iYHI  rpuloMu, ICHye 08a OCHOBHUX crocobu ix
8CMaHOBIIEHHS: CyUinbHUU ma MOoOyIbHUU.

Bapmo 3a3Hadyumu, wo KOuU Xuesy CMmiHy eXe CmeopeHO U POC/UHU
rnosHicmio eKkpusarompb ¢hacad b6yadieni, 8iOMIHHOCMI MiX SUKOPUCMAHHSIM
cucmem He € rnomimHumu. Tomy eubip mexHomnoaii CmeopeHHs Xue8oi cmiHuU
3anexums 8i0 KoHcmpykuii 6ydieni ma Moxrueocmel 000amKog8o20
HasaHmMa)keHHs1i cmiH. Baxnueum € U eman nidbopy pocriuH O KOXHOI i3
cucmem. Omxe, minbKu 3a OOMPUMaHHSI 8CiX 8UMO2 MpU CMBOPEHHI XU8Oi
CMIHU, 80Ha cmae Heegi0’eMHOI0 YacmuHoto 6ydierii ma Mo8HOUIHHO BUKOHYE
8cCi suwe3a3HaydyeHi hyHKUII.

Knro4oei cnioga: 3es1eHi cmiHu, Micmo, pocsiuHU, cmpyKkmypa.

B 6onbwux 2opodax O02pOMHYK onynsgpHocme fpuobpemaem
gepmukasibHoe 03eJIeHeHUe, OCKOMbKYy celdyac ypbaHu3upoeaHHble cpeldbl
Xxapakmepusyromcsi Haru4uemM eecbMa o2paHu4yeHHbix nnowadel nod
o3erieHeHuUe. Hecmomps Ha obwenpuHamoe MHeHUe, 3esleHble CMEHbI He
genaomcss 0ocmuXXeHueMm rocrieOHuUx oecsamusrniemul, mak Kak OHU 6binu
HeombeMIIEMbIM 3/IEMEHMOM euwe cpedHeseKko8bix OoMO8 8 rpedernax
CpedusemMHOMOpCcKO20  peeuoHa. B amom nepuod 4Yawe  8cezao
ucnone3oearics Vitis vinifera L., komopsbil onnemar ¢gpacadbl 30aHuUl U CmeHbl
b6ecedok, 00Ho8peEMEHHO obecriequsasi MeHb U MPUHOCS M100bI.

LekopamueHble xapakmepucmuKku pacmeHuli 00 Ccux rop OYeHb
B8aXHbl, OOHAKO Ha COBPEeMEHHOM 3marne nompebHoCMb 8 03e/leHeHUU
ypbaHu3upoBaHHbIX cped cesidaHa ¢ Opyeumu ux ceoldcmeamu. [lpexde
8cez20, pacmeHusi rnpou3eodsim Kucropod, Komopbil serssemcsi nepeou
Heobxooumocmbio 01 cyuwjecmeogaHusi 1tobo2o Xugoao opeaaHudma. Kpome
moeo, OHU yny4uwarom MUKPOKIUMam 3a c4yem yMeHbWeHUs memrepamypbl
U rnosbiweHus srnaxHocmu eo30yxa. Takxe pacmeHusi obradarom ceolicmeom
CHUXamb 3a2psi3HEHUE OKpyKarouwieli cpeosbl.

Celiyac 8 eopoldax HepedKO ecmpedyaromcs pasfu4dyHble crnocobbl
03erleHeHUs1 8epmukaribHbIx rnogepxHocmed. [lpuHyuUnbl 8epmukarnbHO20
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o3esieHeHuUs mo2ym 6bimb yCcrio8HO pal3derieHbl Ha 08 OCHOBHbIE 2pPYIirbl:
3erieHble ¢pacaldbl, co30aHHble BbHWUMUCS pacmeHuUsiMU, U Xueble
HacmeHHble cucmembl. Hecmompsi Ha mo, 4mo nouymu Kak0asi KOMIaHUsl,
Komopasi ycmaHaesueaem Xueble HaCmeHHble CcucmeMbl, umeem ceou
cobcmeeHHble MexXHOI02uUYecKUe npuembl, cyujecmeyem 08a OCHOBHbIX
criocoba ux ycmaHo8KuU: CrifIoWHOU U MOOYIIbHbIU.

Cnedyem ommemumb, 4mo Koeda xXueasi CmeHa yxe co30aHa U
pacmeHusi o/ITHOCMbK MOKpbigarom ¢hacad 30aHusi, pasfiu4vyus Mexoy
ucronb3oeaHueM cucmem HelamemHbl. [1loamomy, 6bibop mexHoo2uU
co30aHus1 XKueoli CmeHbI 3aguUcuUm Oom KOHCMpPYKUUU 30aHusi U 803MOXHOcmeu
ooronHuUmernbHoU Hazgpy3ku cmeH. BaxeH u aman nodbopa pacmeHul 0Oris
Kaxdol u3 cucmem. Nloamomy, monbKo rpudepxxueasicb ecex mpebosaHul
rpu co3daHuu Xueol CMEHbl, OHa CMaHO8UMCS HEOMbEMIEMOU HYacmbHo
30aHusi U MOSTHOUEHHO 8bIMOJIHSIEM 8CE 8bllieyKa3aHHbIe QOYyHKUUU.

Knro4deeble cnoea: 3esieHble cMmeHbl, 20pP00, pacmeHus,

cmpykmypa.

YOK 630*27:58.085: 582.623

BIOTEXHOJNOIMYHI ACMEKTU AQANTALII POCJINH-
PEFEHEPAHTIB POPULUS TREMULA L. 0O YMOB 3AKPUTOI'O
TA BIOKPUTOIO IPYHTY

C. KO. binoyc, kaHOudam 6iono2iyHuUx HaykK

Po3pobrieHo memoOuky adanmauii pocruH-peceHepaHmie Populus
tremula L. 3eneHokopoi gpopmu 0o ymog ex Vvitro ma in vivo. BcmaHogrneHo
onmumarbHi ckradosi ma eonozicmb cybecmpamy Ons adanmauii.
LocnidxeHo Haubinbw crpusmausult nepiod, criocié6 adanmauii pocrnuH ma
yac rnepebyesaHHs 8 ymosax nidsuU,eHoi 80/1020CMi.

Knroyoei cnoea: Populus tremula L., pocrnuHa-pe2eHepaHmM,
adanmauis, ex vitro, in vivo.

3aKNYHUM, HAUTPYLAOMICTKILLMM €TanoM TEXHOSOrT MiKPOKIOHaIbHOro
PO3MHOXEHHS € aganTauia pocnuH-pereHepaHTiB [2, 3]. Bubip cnocoby Ta
YMOB aganTauii Mae nepLiovyeproBe 3Ha4YeHHs.

Mepenosi GioTexHONOriT OTPMMaHHA cag)KaHLUiB OCUKK, LLO BigpPIi3HAETHCA
LWBMOKMM POCTOM Ta CTIMKICTIO OO CEepUEBUHHOI TrHUNI, nepegbadaloTb ix
O3[10POBJSIEHHA, PO3MHOXEHHS MIKPOKNOHAMN Yy CTEPUSIbHUX YMOBax —
METOAO0M KyrnbTypU i305IbOBAHUX TKAHWUH i opraHiB pocnunH. KiHueBuin NpogyKT —
030pPOBMIEHNN CaMBHUM MaTepian HanBULLOT KaTeropil.

Ha >xanb, HWUHI He iCHye YyHiBepcasrbHOI MeToAMKM afanTauil pOCuH-
pereHepaHTiB 40 YMOB in vivo, aka Oyna 6 npuaaTHa gns BCiX POCIVH in Vvitro.
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