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PHYTOMODULE CLUSTER AS A STRUCTURAL  
ELEMENT OF INDOOR AREA  
OF VARIOUS FUNCTIONAL PURPOSES

Introduction. To date, people are surrounded by new toxic substances accompanying the development of techno­
logical progress, therefore the searching a new ways for amelioration of indoor air quality has acquired an in­
creasing urgency. 

Problem Statement. Nowadays, the development of methods for phytoremediation of indoor environment of 
premises, especially those where congestion of a significant number of people for a long time takes place (treatment and 
preventive care establishments, classrooms, military barracks or housing accommodations) is increasingly necessary. 

Purpose. To create cluster of phytoremediation modules to be used for amelioration of indoor air quality. 
Materials and Methods. The anatomical and morphological, physiological and biochemical, microbiological 

methods, light and SEM microscopy methods were used in the work.
Results. The selection of plants as biofilters with high potency to absorb the harmful substances from indoor 

air within the collection of tropical plants of Gryshko National Botanic Garden has been undertaken. 
The quantitative and qualitative criteria of both the leaf structure and the photosynthetic apparatus, deter­

mining the ability of plants to absorb pollutants, were assessed. Biotechnological methods of plant propagation, 
involved in phytounits have been worked out. Different types of containers with an automatic watering system 
and substrata with low part of organic substances have been proposed. Additionally, plant compositions were 
equipped by LED lamps elaborated to provide plants with optimal full spectrum for photosynthetic performance. 
The screening of antimicrobial activity of phytounits was undertaken in the departments of the Center for Inno­
vative Medical Technologies. It has been established that an air contamination by Staphylococcus saprophyticus 
after two-week exposition was reduced by half.
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Conclusions. Thus, phytomodules, including the plants species which are nontoxic, with high remediation 
ability and tolerant to various abiotic factors have been provided to be introduced into indoor area of treatment 
and preventive care establishments and closed deployment places of security forces units.

K e y w o r d s : tropical plants, phytoremediation modules, antimicrobial activity, adaptive ability, and smart phy­
tolamps.

In the era of global environmental crisis, the prob
lem of xenobiotic pollution is getting more and 
more important. There is an urgent need to im-
prove the air quality in cities, while the content 
of pollutants in the indoor air, as compared with 
the outdoor urban areas, is 10 times higher [1]. 
However, according to U.S. Environment Pro-
tection Agency (EPA, USA) [12] people spend 
80—90% of time indoors, which makes the prob-
lem of optimizing their environment especially 
relevant.

Contamination of the indoor air environment 
with xenobiotics (formaldehyde, xylene, toluene, 
carbon monoxide and dioxide, nitrogen monox-
ide and dioxide, sulfur oxides, etc.) leads to vari-
ous symptoms (headache, irritation of mucous 
membranes, etc.) and the "sick building synd
rome", from which residents of megacities suffer 
around the world [2, 3]. Some researchers have 
suggested that there is a link between long-term 
exposure to low concentrations of volatile orga
nic compounds (VOCs) and an increased risk of 
cancer [4—6].

Hospital-type facilities are characterized by a 
certain list of pollutants related to the specifics of 
their operation. In particular, it is known that the 
most typical pollutants of the hospital air envi-
ronment are as follows: carbon monoxide (CO) 
and dioxide (CO2), lead (Pb), nitrogen dioxide 
(NO2); ozone, volatile organic compounds, sulfur 
dioxide (SO2), formaldehyde (CH2O), and gluta
raldehyde (C5H8O2). Recently, the list of harmful 
substances has been supplemented by 2-ethylhe
xanol that is formed by hydrolysis of di-2-ethylhe
xyl phthalate (DEHP), a plasticizer used in the 
manufacture of electrical cables [7].

A separate group, the so-called "biopollutants", 
is formed by pathogens of nosocomial bacterial 
infections, which pose a threat to patients and 

health care professionals [8—10]. Such infections 
occur frequently and lead to many complications 
and an increase in mortality, not only in develo
ping countries but also in advanced economies. 
In addition, nosocomial infection is often caused 
by drug-resistant microorganisms, including the 
methicillin-resistant Staphylococcus aureus strain 
(MRSA) and gram-negative bacteria that produ
ce β-lactamase [11]. In this regard, there are many 
technical recommendations for creating optimal 
hygienic conditions in health care facilities.

In view of the above, one of the ways to imp
rove the air environment of health care institu-
tions is the use of plants that have phytoreme
diation properties. Therefore, the purpose of this 
research is to create and implement clusters of 
"phytomodules" of tropical and subtropical plants 
in health care facilities and recreation centers to 
harmonize and improve the indoor air.

Achieving the purpose involves many experi-
mental studies aiming at studying the phytore-
mediation potential of tropical plants and develo
ping practical measures for the rational use of clus
ter phytomodules in premises of health care fa-
cilities, given the specifics of their operation. The 
therapeutic inpatient departments of the Center 
for Innovative Medical Technologies of the NAS 
of Ukraine have been selected as an experimental 
platform for the implementation and testing of 
the effectiveness of phytomodules.

The Gryshko National Botanical Garden has 
been dealing with developments aiming at the use 
of tropical plants for the rehabilitation of the air 
environment for more than 40 years. These stu
dies are associated primarily with the research 
works of Full Member of the NAS of Ukraine 
A.M. Grodzinsky and Associate Member of the 
NAS of Ukraine, prof. T.M. Cherevchenko and 
their students [13—22]. The experimental part of 
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the works has been done at the Department for 
Tropical and Subtropical Plants of the Gryshko Na
tional Botanical Garden of the NAS of Ukraine.

In total, among the 131 species of tropical 
plants studied, 50 species from 15 families of flo
wering plants (angiosperms) have been selected 
to create "phytomodules": Amaryllidaceae, Aspa­
ragaceae, Araceae, Araliaceae, Arecaceae, Begonia­
ceae, Bromeliaceae, Commelinaceae, Euphorbiaceae, 
Lamiaceae, Malaceae, Moraceae, Piperaceae, Saxif­
ragaceae, Vitaceae, as well as representatives of 
Polypodiophyta. The research objects are selected 
based on the presence of phytoremediation abili-
ty, the characteristics of which have been identi-
fied while processing many literature sources or 
discovered as a result of authors’ own research.

Analysis of anatomical  
and morphological structure  
of plant leaves in greenhouse  
conditions

Determining the relationship between the life 
forms and the functions of plants is a priority in 
studying ways of organism adaptation to environ
mental conditions. The anatomical structure of 
the leaf is considered one of the diagnostic featu
res based on which one can conclude on the reac-
tion of plants to changes in growing conditions.

The quantitative and anatomical features of 
the leaf, namely, the size of the cells of the upper 
and lower epidermis, the thickness of their outer 
wall, the size of the stomata and their number per 
unit of leaf surface, the development of palisade 
and spongy parenchyma and other indicators de-
termine the ability of plants to absorb harmful 
impurities from indoor air. It should be noted 
that such indicators as the thickness of the leaf 
blade and the number of stomata vary within one 
species. The more stable indicators are the num-
ber of mesophile layers, the closeness of its cells, 
the pattern of the stomata location and the num-
ber of subsidiary cells (type of stomata).

In general, there have been studied the features 
of the respiratory system in 131 species of tropi-
cal plants belonging to 15 families, in which the 

main trends in the development of plant adapta-
tions at different structural levels have been iden-
tified, which provides for the possibility of dif
ferent reactions to changes in temperature and 
water conditions, indoor lighting, as well as the 
ability to absorb harmful impurities from the air.

As an example, we present the results of ana-
tomical and stomatographical analysis for the wo 
genera, Sansevieria Thunb. (Asparagaceae Juss.) 
and Ficus L. (Moraceae Link.), which belong to 
the two classes of angiosperms, Liliopsida and Mag­
noliopsida, respectively.

When studying the features of the structural 
organization of the leaf blade in 12 species of the 
genus Sansevieria, it has been found that the spe-
cies within the genus show a high ecological plas-
ticity. The presence of stomata on the underside 
and upper side of the leaf provides intensive dif-
fusion of water vapor and transpiration. This, in 
turn, stimulates more intensive movement of mi
nerals, improves the carbohydrate nutrition of 
plants by increasing the amount of carbon dioxi
de. A reduction in the number of stomata per unit 
of leaf surface and in their size in species such as 
S. senegambica Baker and S. cylindrica Bojer ex 
Hook. indicates that because of limited gas ex-
change there is a sharp decrease in the supply of 
toxic gaseous substances, which allows the use of 
these plants for phytodesign in the most extre
me conditions of industrial premises. That is, the 
plant, without losing its vital potential, constant-
ly neutralizes harmful air impurities. 

Twelve species of the Ficus genus from the Mo­
raceae family are characterized by the following 
structural organization of the leaf blade: the pre
sence of stomata on the lower epidermis as well as 
thickened and densely arranged cells of the pali-
sade mesophile, which indicate a high photosyn-
thetic capacity of leaves (Fig. 1). The total num-
ber of epidermal cells per unit of leaf surface, except 
for the two species, F. elastica Roxb. ex Hornem. 
and F. benghalensis L., is rather high. The chloro-
plasts occupy a significant portion of the cell volu
me, the plastids are small in size and are arranged 
parastrophically. This can be seen especially clearly 
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in the palisade parenchyma. The plastid appara-
tus is distinguished by a high surface density of 
chloroplasts, which is caused by the stimulating 
effect of light on the replication of chloroplasts 
and the dense cellular structure of the leaves. The 
presence of small stomata is a sign of a low diffu-
sion resistance, which increases the gas resistance 
of plants. This structural organization of the leaf 
implies an average shade tolerance of plants, a low 
water efficiency, an average salt status and an ave
rage productivity. An example of the most shade-
tolerant species is F. pumila L.

The obtained results have shown that the eco-
logically conditioned convergent features can be 
traced in the organization of the photosynthetic 
apparatus of systematically distant plants (San­
sevieria Thunb. (Asparagaceae Juss.) and Ficus L. 
(Moraceae Link.)). Thus, the species grown in a 
poorly illuminated office interior (or in the hos-
pital conditions) are characterized by a decrease 
in the concentration of chloroplasts per unit of the 
leaf surface, increasing the content of photosyn-
thetic pigments. Conversely, under the conditions 
of industrial interior with illumination in the ran
ge of 3.0—5.0 klx, the surface density of chloro-
plasts is quite high, due to an increase in their num
ber. At the same time, the leaf area decreases and 
so does the mesophilic cell size.

Thus, the obtained indicators of the anatomi-
cal structure of the leaves have complemented the 
general biological characteristics of the plants of 
the studied species and expanded the understan

ding of the ability of plants to adapt to interior con
ditions of different functional purposes.

Biotechnological methods  
of plant propagation to create  
"phytoremediation modules"

One of the significant advantages of phytoreme-
diation, as compared with the conventional biore-
mediation strategies, is its low cost. However, it 
has disadvantages as well, one of which is the pre
sence of certain restrictions on the growth rate of 
plants and methods for their reproduction. The 
last can be addressed by applying modern bio-
technological methods for reproduction [23].

The research is based on the previous studies 
in this field for plants from closely related fami-
lies, in general, and members of the genus Sanse­
vieria, in particular [24]. The scheme of microclo-
nal propagation method consists of several stages: 
obtainment of callus tissues from leaf explants, ini
tiation of the hemogenesis processes in callus and 
obtainment of sprouts, rooting of regenerating 
plants and their subsequent post-aseptic adapta
tion. At different stages of micropropagation, the 
Murashige-Skoog and Pierik media have been 
used (Fig. 2).

The plant material is selected from intact plants 
in October. The sterile culture is obtained from 
leaf explants. The sterilization procedure consists 
of several stages, with the use of alcohol (70%) 
for 2 minutes; thimerosal (0.01%) for 17 min; chlo
rax (10%) for 15 minutes; and H2O2 for 8 min.

Fig. 1. Micromorphology of the leaf surface of Ficus benjamina L.: а — adaxial surface;  b — abaxial surface; c — stomata

а b c
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Analyzing the results related to the regenera-
tion and subsequent organogenesis of callus tis-
sues of S. cylindrica, we note that the highest fre-
quency of regeneration has been reported for the 
Pierik medium with 1 mg/l benzylaminopurine 
(6-BAP). Moreover, in the dark conditions, the
se processes are more intensive than in the illu
minated ones.

 Later, such sprouts are separated from the cal-
lus and transferred to light. Each of them is di-
vided into separate segments by the number of 
internodes. From the axillary buds of each under-
developed leaf of regenerating plants on the MS 
medium (with 4 mg / l adenine) in the illuminat-
ed conditions, there is formed a separate rosette 
that eventually takes root on the same medium. 
After 45—55 days, the plants suitable for planting 
in the substrate are obtained. Thus, combining 
the methods of illuminated and dark cultivation, 
the number of obtained regenerating plants in-
creases 2—4 times.

In a series of experiments under the illumi
nated conditions, Pierik's media has been found 
the most effective. The regenerated plants are 

planted in a pre-sterilized substrate (2 atm,. at 
130 ° C/2 h) that consists of leaf-mould soil and 
sand (1:1). The post-aseptic adaptation of regene
rating plants is carried out in a climatic chamber: 
at a relative humidity of 80—90%, a temperature 
of 23—25 °С, for 8 hours, in the daylight condi-
tions. In these conditions, the regenerating plants 
adapt for 100%, and after 35—40 days, they are 
transferred to greenhouse conditions. The cylin-
drical leaves typical for generative plants of this 
species appear in the regenerating plants only af-
ter 120—150 days.

According to a similar scheme, biotechnologi-
cal methods of reproduction have been developed 
for many species from other families, whose rep-
resentatives are recommended for the use in clus-
ter phytomodules.

Estimation of phytoncide ability  
of plants of individual species, 
which are part of "phytomodules"

The plants have been proved to be able to absorb 
dust, harmful toxic chemicals, to reduce the 
amount of carbon dioxide in the indoor air, to hu-

Fig. 2. Stages of microclonal propagation of Sansevieria cylindrica Bojer ex Hook.: а — the formation of solid morphogenic 
callus on primary explants; b, c — indirect organogenesis — the formation of the first micro sprouts; d — the formation of 
etiolated micro sprouts in the dark conditions; e, f — regenerating plants (e — in vitro; f — ex vitro)

г д е 

а b c 

f e d 
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midify and to ionize the air, and to inhibit the de-
velopment of many pathogenic microorganisms 
[25]. Indoors, due to variety of life forms, colors, 
and smells, the plants create an illusion of contact 
with wildlife and have a favorable effect on the 
central nervous system, help to improve emotio
nal state and to relieve stress. 

It is known that under the same growing con-
ditions, the phytoncidal activity of plants de-
pends on their species characteristics. At the same 
time, the tropical plants retain the ability to re-
lease volatile compounds throughout the year, 
although the quantity of them is determined by 
climatic conditions and phases of plant develop-
ment [25].

In view of the above, a series of experiments 
has been carried out to study the phytoncide pro
perties of different plant species. At the first stage 
of the experiment, 6 species of plants from the 
Araceae family, which differ significantly in the 
structure and color of leaves (Aglaonema commu­
tatum Schott, Anthurium andraeanum Linden ex 
André, Dieffenbachia macrophylla Poepp. (syn. 
D. maculata (Lodd.) Sweet), Thaumatophyllum 
bipinnatifidum (Schott ex Endl.) Sakur. (syn. Phi­
lodendron bipinnatifidum Schott ex Endl.), Epip­
remnum aureum (Linden & André) G.S. Bunting 
(syn. Scindapsus aureus (Linden & André) Engl.), 
Spathiphyllum blandum Schott) have been select-
ed as objects of study.

The experimental plants are kept in a special 
box. The colonies of microorganisms are counted 
after 24 and 48 hours. The Petri dishes with test 
cultures placed in a similar box, but without 
plants, are used as reference samples. The phyton
cidal activity of experimental species is studied 
using the most common test cultures of microor-
ganisms, in particular Staphylococcus aureus, Sta­
phylococcus saprophyticus, Staphylococcus epider­
midis, Streptoccocus pyogenes (β-hemolytic strep
tococcus group A), Microccocus luteus, Klebsiella 
pneumoniae, Pseudomonas aeruginosa, and Esche­
richia coli. 

The obtained results indicate that all studied 
plant species have an antimicrobial action. The 
comparative analysis of the photosynthetic acti
vity of the studied species has given interesting 
results (Table 1). In particular, for the plants  Ph. bi­
pinnatifidum, characterized by a high phytoncide 
ability, the photosynthesis intensity is 22 mg of 
CO2 (dm2/h), while for D. macrophylla, it is only 
4 mg of СО2 (dm2/h). 

A similar regularity has been found while stu
dying the pigment complex of the leaves. Thus, 
the plant tissues of species characterized by ma
ximum phytoncidal ability have a high content of 
chlorophyll. The data in Table 1 show that the total 
amount of chlorophyll in the leaves of Thaumato­
phyllum bipinnatifidum is 290.4 mg/100 g, and that 
in D. macrophylla is 45.8 mg / 100 g of plant mass.

Table 1. Phytoncidal activity of the Studied Species from Araceae Juss. Family

Species

Photosynthesis 
intensity,
mg СО2

(dm2 · g)

Content of photosynthetic pigments, mg/1000 g crude substance

Chlorophyll
Carotenoids

а b а+b

Aglaonema commutatum   5 59.6 18.6 78.2 23.8

Anthurium andraeanum   8 90.8 27.6 118.4 33.8

Dieffenbachia macrophylla   4 37.1 8.6 45.7 15.8

Thaumatophyllum bipinnatifidum (syn. Philo­
dendron bipinnatifidum)

 
22

 
237.7

 
52.6

 
290.3

 
68.8

Epipremnum aureum 20 224.0 43.8 267.8 64.3

Spathiphyllum blandum 15 181.6 32.0 213.6 50.3

HCP0.05 — 7.93 1.28 — 3.41



Phytomodule Cluster as a Structural Element of Indoor Area of Various Functional Purposes

ISSN 2409-9066. Sci. innov. 2020. 16 (4) 89

Thus, the obtained results indicate a direct re-
lationship between the anatomical and physio-
logical parameters of the photosynthetic appa
ratus and the phytoncidal ability of plants. The 
prospects for using all experimental species for 
the rehabilitation of the airspace of the premises 
have been proved. In addition, the level of bacte-
ricidal activity and photosynthetic productivity 
of plants can be used as a test to determine the 
ecological plasticity of different species in order 
to introduce them into landscaping.

In recent years, woody plants, including ficus, 
schefflera, and hibiscus, which have an ornamen-
tal crown, a bright color of whole or dissected 
leaves, and ornamental inflorescences, have been 
widely used for landscaping interiors of various 
functional purposes. In addition to ornamental 
function, as the studies have shown, these plants 
are characterized by a high phytoncidal activity. 
Therefore, at the second stage of the experimen-
tal research, 6 species of the Ficus genus have been 
selected as objects: F. benjamina, F. benjamina Ex-
otica with green leaves up to 10 cm long; F. ben
jamina Golden King with golden-yellow leaves; 
F. elastica with large, up to 35 cm long, glossy dark 
green leaves; F. elastica Rubra with a dark green-
cherry color of the leaf blade; and F. pumila, a lia
na with small, greenish-white leaves up to 3 cm 
long. The obtained results have shown that all se-
lected species are characterized by different phy-
toncide ability against pathogenic microorga
nisms (Table 2).

 The highest inhibitory effect on pathogens has 
been found in the F. pumila. plants. The plants of  

F.  elastica inhibit the growth of Staphylococcus 
aureus, by 71—73%, whereas F. benjamina has a 
high phytoncidal activity against S.  saprophyti­
cus and S. еpidermidis.

It should be noted that all experimental plants 
have shown a high phytoncidal activity against 
Staphylococcus aureus, S. saprophyticus and S. epi­
dermidis, the most dangerous microorganisms for 
humans. The microorganisms Klebsiella pneumo­
niae, Pseudomonas aeruginosa, and Escherichia coli 
are less sensitive. All species selected for the expe
riment, except for F. pumila, have no bactericidal 
action against  Streptococcus pyogenes and Micro­
coccus luteus.

Thus, the high adaptability of plants of the Fi­
cus genus and members of the Araceae family to 
various growing conditions, their ornamental 
properties and high phytoncidal activity give rea
son to recommend them for widespread use in in-
terior greening.

When assessing the sanitary condition of in-
door areas, depending on the objectives of the stu
dy, we have carried out a total microbial count 
and determined the presence of sanitary-indica-
tive microorganisms (staphylococci, streptococ
ci as indicators of contamination with the mic
roflora of the human nasopharynx). Based on the 
above data, to study the overall microbial compo-
sition of the air, air samples from the premises of 
the lobby area of the surgical department and the 
rehabilitation department have been plated.

Using the methods generally accepted in cli
nical microbiology, the antimicrobial activity of 
phytomodules has been screened in the condi-

Table 2. Phytoncidal Activity of Ficus L. Genus, % of Inhibition of Pathogenic Microorganism Growth

Species S. aureus
S. sapro-
hyticus

S. epider-
midis

Streptococcus
pyogenes

Micrococcus 
luteus

Klebsiella 
pneumoniae

Pseudomonas 
aeruginosa 

Escherichia 
coli

Ficus benjamina 44.3 85.5 68.3 5.7 12.8 11.4 48.4 19.1

F. benjamina ‘Exotica’ 48.1 67.3 51.5 8.1 9.4 9.8 22.8 19.3

F. benjamina ‘Golden King’ 33.8 35.3 32.2 3.9 7.5 29.2 18.7 22.3

F. elastica 71.2 12.3 17.8 4.3 3.8 4.9 43.4 20.1

F. elastica ‘Rubra’ 73.5 13.8 13.2 10.5 2.1 8.1 48.1 21.3

F. pumila 43.8 78.2 67.3 80.3 53.4 5.4 9.6 55.2

HCP0.05 6.54 1.98 2.11 1.35 0.83 1.07 3.28 2.56
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tions of inpatient departments of the Center for 
Innovative Medical Technologies of the NAS of 
Ukraine. Before the start of the experiment, the 
microbial count of indoor air in the premises 
where the phytomodules were planned to be lo-
calized was done by the aspiration method, using 
the Krotov device [27]. The total number of mic
roorganisms from the air of the rehabilitation 
department on 2 Petri dishes was 360 and 50 co
lonies, while that in the surgical department was 
380 and 200 colonies. No sanitary-indicative mic
roorganisms, Staphylococcus aureus and α- and 
β-hemolytic streptococci were detected. Two 
weeks after the placement of phytomodules in 
the mentioned departments, a repeated micro
biological study of the air has been conducted. 
The results of these studies are shown below 
(Fig. 3).

According to the results of indoor air conta
mination study aiming at the detection of the to-
tal microbial count per 1 m3 air and sanitary-in-
dicative microorganisms (Staphylococcus aureus, 
α- and β-hemolytic streptococci, yeast and mold 
fungi), a decrease in the number of total microor-
ganisms has been reported as the average number 
of colonies dropped 1.75 times (from 297.5 colo-
nies to 170 colonies, respectively). So, the num-
ber of colonies of Staphylococcus saprophyticus 
on Petri dishes after two weeks of exposure has 
decreased 1.75 times, which implies a high phy
toncidal activity of plants against this microor-
ganism that is a potential causative agent of no
socomial infections in hospital patients. At the 
same time, no sanitary-indicative microorganisms 
(α- and β-hemolytic streptococci, Staphylococcus 
aureus) have been detected.

For each plant species there is a certain set of 
parameters of the environment, the most optimal 
for their growth. Slight deviations of individual 
parameters or their combination determine the 
zone of tolerance in which plants grow without 
feeling unfavorable effects of the environment. 
Significant deviations require from the plant or-
ganisms to activate adaptive mechanisms and in 
the case of very large amplitude of deviations, 

there occur irreversible changes leading to plant 
death. The ability of plants to function in inte
riors, where the main limiting factor is mainly 
light, can be assessed by numerous methods, each 
of which is not perfect, but their combined use 
provides complete information on mechanisms 
that allow plants to tolerate extreme conditions.

Since plants are typical autotrophs and are 
completely dependent on photosynthesis, when 
designing artificial light sources, it is necessary 
to correctly assess the quantitative and qualita-
tive parameters of light flux. When designing phy
tolamps, the efficiency of their luminous flux shall 
be evaluated at the output. For this purpose, effi
ciency means a combination of two parameters 
light output (the quantitative characteristic) and 
spectrum (the qualitative characteristic).

Tropical and subtropical plants used in inte
rior decoration need a balanced sunlight for their 
normal growth and development. According to 
this criterion, they are conventionally divided in
to three main groups: light-loving, shade-tolerant, 
and shade-indifferent. Plants from the last two 
groups are mostly used in the formation of plant 
compositions. These are mainly polycarpics, her-
baceous or shrubby undergrowth plants, lianas 
that can withstand prolonged or significant sha
ding. Usually, they are able to adapt to changing 
conditions and withstand the conditions of resi-
dential premises.

When designing artificial light sources, we 
tried to take into account the needs of plants in 
the spectral composition of light as adequately 
as possible. In terms of the radiation spectrum, 
sunlight is heterogeneous. It consists of rays of 
different wavelengths. The length of daylight va
ries during the year, which has been taken into 
account while forming the algorithm for lighting 
the phytomodules, as the length of daylight in 
places of natural growth of tropical and subtro
pical plants is relatively constant (10—12 hours) 
and practically does not vary during the year. In the 
middle latitudes, the shortest day lasts 8 hours, and 
the longest one continues for more than 16 hours. 
In order to eliminate this difference, the smart 
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Fig. 3. General view of the Petri dishes with colonies of microorganisms: а — growth of colonies of Staphylococcus sapro­
phyticus before the introduction of phytomodules in the inpatient departments of  the Center for Innovative Medical 
Technologies of the NAS of Ukraine; b — total microbial contamination in the lobby of the surgical department (100 colo-
nies); c — total microbial contamination in the rehabilitation department (240 colonies); d — рscreening results for the pres-
ence of Staphylococcus aureus on salt egg-volt agar in the lobby of the surgical department, and e — in the lobby of the reha-
bilitation department

Fig. 4. Reference and experiment groups of regenerating plants Ananas comosus 
(L.) Merr.: а — smart lamps; b — natural light

а b c 

e d
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lamps have built-in controllers capable of main-
taining the length of daylight within 12 hours.

 The purpose of this stage of research is, given 
the above aspects, to study the effect of different 
types of tested lamps on the growth potential of 
plants of selected species. Proceeding from that, 
on average, the red LED with a power of 1 W 
emits 30—40 lm, the blue one irradiates 20—30 
lm, while the white one generates 100—110 lm. 
On a sunny summer day, at the middle latitude, 
the daylight integral is about 2000 μmole/m2. 
That of LED lamp with a power of 130 W at a dis
tance of 30 cm is approximately 1570 μmole/m2. 
However, it is known that the most favorable for 
growing light-loving plants are intensities in the 
range of 150—220 W/m2, and the optimal compo
sition is as follows: the blue region (380—490 nm) 
30%, the green region (490—590 nm) 20%, and 
the red region (600—700 nm) 50%. Based on the
se assumptions, the design smart lamps have been 
designed. Luminous fluxes of experimental lamps 
have been studied in terms of spectra. The test 
lamps have been used as the sole light source. The 
photoperiod is 12/12 h, humidity is 80—90%, 
and temperature is 22—26 °С. The average dis-
tance from the lamp surface to the upper parts of 
the plants ranges within 30—40 cm.

The analysis of results has shown that the final 
LED composition of the lamps has better perfor-

mance as compared with the fluorescent light sour
ces used in everyday practice. Visually, for diffe
rent groups of plants, this is displayed in a spe-
cific purple tint of the stems and leaves. The vege
tative organs acquire typical size and shape and 
have shorter internodes, as the effect of "elonga
ted" plants disappears (Fig. 4).

The observed positive effects of growth and de
velopment of experimental groups of plants are as 
follows:
 	active growth of biomass of experimental groups 

of plants, which is 1.3—2.2 times higher as com
pared with the reference samples has been es-
tablished. Probably, this is a result of more effi
cient work of both photosystems, which mani-
fests itself primarily in the activation of meta-
bolic reactions associated with the biosynthesis 
of auxiliary photosynthetic pigments (different 
types of carotenes, xanthophylls) and their ac-
tive involvement in photosynthesis and plastic 
metabolism; 

 	active growth of biomass, harmonization of mor
phogenetic processes, and normalization of ha
bit are obviously a result of the effect of the op
timized spectrum of lamps. We assume, this ma
kes the operation of the second light-sensitive 
system possible. In this chain of reactions, pho-
totropin and cryptochromes are responsible for 
signal perception. They are able to receive a sig

Fig. 5. General view of the compositions in the lobby of the surgical department of the Center for Medical Innovative 
Technologies of the NAS of Ukraine: а, b — phytomodules without the use of smart phytolamps; c, d — phytomodules 
with lamps

а b c d
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nal of this type and to determine the implemen
tation of local solutions: different types of tro-
pisms (determining the direction of maximum 
illumination, the optimal orientation of the as-
similating organs in space, opening/closing of 
stomata). As a result, the efficiency of photo-
synthesis increases, water and mineral metabo-
lism gets normalized. 
The use of the optimized spectrum of smart 

lamps leads to the normalization of the phyto-
chrome system. This manifests itself in the for
mation of vegetative organs (leaves, stems) with 
a specific morphology of particular species. In ad-
dition, for some species the formation of genera-
tive organs is reported. We believe, this indicates 
a balanced luminous flux of the tested lamps of 
the designed configuration.

The creation of phytocompositions involves se
veral components: the selection of the range of 
plants with a high phytoremediation capacity, ty
pe of containers, plant propagation methods, inc
luding the use of biotechnological techniques, and 
compliance with cultivation technology.

Within the project, 21 phytomodules have been 
composed (Fig. 5). They differ in the shape of the 
container (height/width/diameter), the presence/
absence of phytolamps, systematic, biomorpho-
logical composition of plants, and therefore, in 
the phytoremediation ability.

When creating the compositions planted in con
tainers, the plant species capable of absorbing 
harmful impurities, having increased adaptabi
lity, in particular assimilative properties under su
boptimal conditions, and maintaining the balance 
of basic functions in the environment have been 
selected. Inasmuch as different plant species are 
able to absorb different groups of pollutants, their 
combination in the compositions increases the 
overall phytoremediation capacity. Before plan
ting in containers for the formation of phytomo
dules, the plants are cultivated in greenhouses. 
When combining plants, widely available floor, 
table, and suspended pots of the Lechuza type are 
used. All pots are equipped with an automatic wa
tering system, so that any plant receives the re-

quired amount of water and fertilizer, depending 
on the pot size, with removable inner containers 
allowing the change of plant without damaging 
its root system.

To create optimal conditions for growing or
namental plants indoors, the correct selection of 
soil substrate is of paramount importance. When 
preparing it, it is necessary to take into account 
the physical properties of all components in order 
to ensure sufficient aeration of the root zone, a 
stable structure and a high buffering capacity. A 
significant amount of natural and synthetic ma-
terials as soil substrates have been studied in the 
research. The most suitable for the indoor culti-
vation of ornamental plants are peat products, 
leaf debris of various species, and fillers of syn-
thetic origin. Mix designs of optimal and relative-
ly cheap substrates although with a low structu
ral stability have been obtained.

A series of experiments to study the effect of 
nutrients (biogenic elements) on the plant growth 
and their impact on the ratio of root to herb bio-
mass in the indoor plants has shown that the value 
of the root: to herb ratio is much higher in the ca
se of nitrogen deficiency. Under these conditions, 
the length of the roots increases, but their volume 
remains the same, and the adsorption surface de-
creases. In the case of more severe nitrogen defi-
ciency (30—50 mg / l of substrate), the following 
dependence is observed: first, the weight of the 
roots decreases, then so do their volume and ad-
sorption surface, and finally, the growth of the 
root system stops. The physiological state of the 
rhizosphere with a low nitrogen supply is charac-
terized by an increase in water content in the root 
tissues and a high ratio of K : Ca. Thus, in the ex
periment with minimum dose of nitrogen, the wa
ter content in the root tissues for all species is, on 
average, by 21—37% higher, as compared with 
that in the plants with optimal nitrogen supply. 
At the same time, the content of K in the plant 
tissues increases, on average, 1.9—2.5 times.

Certain changes in the pattern and size of root 
systems are associated with agrophysical parame
ters of soil substrates. It has been experimentally 
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proved that the deterioration of the root system 
in all studied species is observed under condi
tions of increasing substrate density from 1 to 
1.6 mg/cm3, and at 1.88 mg/cm3 (0.52 MPa), the 
root growth almost completely stops. At the 
same time, the adsorption of phosphorus, potas-
sium and calcium compounds by roots sharply 
decreases..

There is a direct relationship between leaf fall 
and a decrease in the volume of thin roots. This 
pattern has been observed in indoor ornamental 
plants in the period from November to February, 
under conditions of unstable air temperature 
and low indoor lighting. It has been proved that 
the state of development of thin roots (namely, 
weight, length, number of roots, and size of their 
adsorption surface) is a very sensitive indicator for 
optimizing the growing conditions of introdu
ced indoor plants of various functional purposes.

For the development of phytomodules for hos-
pitals, the widely available mineral substrate 
LECHUZA-PON was used. This type of sub-
strate that contains pumice, zeolite, lava and has 
a NPK ratio of 15:11:14 (as well as trace ele-
ments) is chosen because of the need to reduce 
the share of organic matter in the mix, insofar as 
it is a favorable medium for the development of 
microorganisms and fungi, which is unacceptab
le for hospitals.

Thus, the results have shown that the phyto
remediation of indoor air space, including hospi-
tals, is an extremely efficient, cost-effective and 
environment friendly way to purify the air, which 
improves physical and psychological health.

Therefore, as an outcome of the project, the 
methodological framework for the creation and 
use of indoor ornamental phytomodular compo-
sitions from tropical plants at medical and pre-
ventive establishments and in the places of a high 
concentration and long stay of enforcement bo
dies units (hospitals, barracks, auditoriums) has 
been developed. The last type of premises is cho-
sen as a model one that has a certain type of air pol
lutants, and, consequently, requires the use of plant 
species that can neutralize these substances.

Based on the assessment of phytoremedia
tion capacity of certain species of tropical plants 
(anatomical, physiological-biochemical, and bio-
logical-morphological indicators that determine 
their effectiveness in improving the indoor air), 
the NBG collection of tropical plants has been 
screened in order to find the plants suitable for 
phytoremediation of indoor air with a specific 
load of harmful substances, and 21 phytomodules 
for greening premises of health care facilities ha
ve been created. 

Quantitative and qualitative criteria for the 
structure of the leaf surface and photosynthetic 
apparatus, which determine the ability of plants 
to absorb harmful substances and to show resis-
tance to stress have been identified. The plants of 
species belonging to the genera Nephrolepis, Dra­
caena, Ficus, Peperomia, Thaumatophyllum, Spat­
hyphyllum, Chlorophytum, etc., recommended for 
phytomodular compositions have shown a high 
resistance to environment conditions.

The screening of antimicrobial activity of "phy-
tomodules" in the inpatient departments of the 
Center for Innovative Medical Technologies of 
the NAS of Ukraine has shown that the amount 
of Staphylococcus saprophyticus in the air samp
les after two weeks of exposure has almost hal
ved, indicating a high phytoncide potential of the 
plants against this causative agent of nosocomial 
infections in hospital patients.

Among the studied species, the highest phyton
cidal activity with respect to pathogenic micro-
organisms (Klebsiella pneumoniae, Pseudomonas 
aeruginosa, and Escherichia coli) has been repor
ted in the following plants: Thaumatophyllum bi­
pinnatifidum, Epipremnum pinnatum, and Spath­
iphylla pumpaum, which gives a reason for recom-
mending their use in the phytomodules for gree
ning interiors of various functional purposes, first 
of all, health care establishments.

The development of appropriate care regula-
tions and LED smart phytolamps with quantita-
tive and qualitative characteristics of the light 
flux, which correspond to the optimum of photo-
synthetic processes enable the effective use of the 
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proposed phytomodular systems with minimum 
financial and labor costs.

Thus, typical "phytomodules" i.e. compositions 
consisting of certain types of ornamental plants 
that are non-toxic, have a high remediation ca-
pacity and tolerance to various abiotic factors 
(insufficient moisture, different levels of light in-
tensity, etc.) and, at the same time, are small, 
which facilitates the plant care have been propo
sed for implementation. An innovative aspect of 
this development is that the proposed phytomo

dules are intended for use primarily in hospitals, 
as well as in the places for a large crowd, like close 
spaces where law enforcement bodies units are 
deployed. 
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ФІТОМОДУЛЬНИЙ КЛАСТЕР ЯК СТРУКТУРНИЙ ЕЛЕМЕНТ  
ІНТЕР’ЄPУ ВНУТРІШНІХ ПРИМІЩЕНЬ  
РІЗНОГО ФУНКЦІОНАЛЬНОГО ПРИЗНАЧЕННЯ

Вступ. Сьогодні людину оточують нові токсичні речовини, які супроводжують технічний прогрес, а тому пошук но-
вих способів очищення повітря набуває все більшої актуальності.

Проблематика. У сучасних умовах виникає гостра необхідність розробки методів фіторемедіації повітря примі-
щень, в яких упродовж тривалого часу перебуває значна кількість людей — профілактично-лікарняних закладів, 
аудиторій, військових казарм, житлових приміщень тощо.

Мета. Створення кластерних фіторемедіаційних модулів для оптимізації повітряного середовища приміщень. 
Матеріали й методи. Використано анатомо-морфологічні, фізіолого-біохімічні, мікробіологічні методи, методи 

світлової та скануючої електронної мікроскопії.
Результати. Здійснено відбір з колекції тропічних рослин Національного ботанічного саду імені М.М. Гришка 

рослин-біофільтрів, що вирізняються підвищеною здатністю до поглинання шкідливих речовин з повітря. Визначено 
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кількісні та якісні критерії будови листка та фотосинтетичного апарату, що визначають цю здатність рослин. Опра-
цьовано біотехнологічні методи розмноження рослин для фітомодулів. Підібрано типи контейнерів із системою авто-
поливу та субстрати з низькою часткою органічної речовини. Спроєктовано та виготовлено світлодіодні фітолампи, 
кількісні та якісні характеристики яких відповідають оптимуму фотосинтетичних процесів. Проведено скринінг 
антимікробної активності фітомодулів за умов стаціонарних відділень ДНУ «Центр інноваційних медичних техно-
логій НАН України». Показано, що контамінація повітря Staphylococcus saprophyticus після двотижневої експозиції 
зменшилась удвічі.

Висновки. До впровадження у лікарняно-профілактичних закладах та у місцях закритої дислокації підрозділів 
силових структур запропоновано фітомодулі, які містять види рослин, що є нетоксичними, мають високу ремедіацій-
ну здатність та толерантні до різних абіотичних чинників.

Ключові  слова: тропічні рослини, фіторемедіаційні модулі, антимікробна активність, адаптаційна здатність, смарт-
фітолампи.


