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THE RESEARCH OF SOIL MICROORGANISMS ON THE TERRITORY
OF BORYSLAYV OZOKERITE DEPOSIT DUMPS

Abstract. Authors investigated bacteriological state of mine dumps of Boryslav ozokerite
deposits. Research investigations have shown that bacteriological state of dumps is unsatisfactory.
Boryslav ozokerite dump soils are various bacteria depot. Special microbial cenosis are formed on
each specific area. These cenosis have their own well-defined structure.

Different bacteria groups, such as saprophytes, microscopic fungi, nitrifying bacteria,
olygonitrophilic bacteria, sulfate-reducing bacteria, colorless sulphide-oxidizing bacteria, were
extracted from seven soil samples. The article examines morphological, physiological and biochemical
characteristics of mentioned bacteria group. Germ cultures are represented by Arthrobacter,
Micrococcus, Bacillus, Azotobacter, Pseudomonas, Corynebacterium, Cellulomonas, Nitrobacter, and
Cytophaga, which were extracted basing on their morphophysiological and biochemical characteristics.

Key words: Boryslav, soils, microorganisms.

INTRODUCTION

The soil is the habitat of many microorganisms [10]. Vital activity of microorganisms in the soil
provides the complex of physical, chemical and biological factors [1] that shape certain soil conditions.
Microorganisms react to the changes of abiotic factors, such as temperature, humidity, pH of soil
solution, composition of soil air, content of chemical elements.

In particular, the draining inhibits the mineralization of organic residues, reduces the amount of
biologically active compounds, suppresses the activity of nitrogen [19].Boggy soil inhibits the vital
activity of aerobic microorganisms [6], and is dominated by anaerobic processes[20]. Such anaerobic
processes as denitrification have negative outcomes and lead to the loss of nitrogen compounds and
sulfate reduction, and, consequently, toxic hydrogen sulfide accumulates in the soil [3, 8]. At the same
time, in anaerobic conditions, such toxic products as volatile fatty acids, ethylene, ammonia, ferrous
iron, and methane accumulate in the soil [18.].

Heterogenity is considered a significant feature of the soil as a habitat of microorganizms. Soil
ground is divided on zonules and has many microbial niches. Mikrozonalnist is determined by the local
ingress of organic residues, placing of the root hairs, various pH value [14,15]. Different and sometimes
incompatible processes — aerobic and anaerobic, autotrophic and heterotrophic, which occur at low and
high pH meanings — happen due to soil zonules. Any process that occurs in the soil, is the cyclic
process, and is implemented by different forms of microorganisms [13]. It is important to note that the
principle about two species that cannot occupy the same ecological niche in the ecosystem is not typical
for the soil.

The aim of the article is to study soil microorganisms on the dumps of Boryslav ozokerite
deposites.

MATERIALS AND METHODS

The research on the soil microfauna peculiarities was held on the territory of Boryslav town.
Authors have selected four areas (I, II, III, IV), which were distinguished by the time period and
vegetation cover. There had been 7 test zones selected at these areas. Test zone 1 had been chosen
as a reference area. It was characterized by high enough aeration of the soils, good hydrological
regime, swelling and thick vegetation cover. Various conventional bacteriological methods of
investigation were used to identify the soil micro fauna [17].
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The article examaines floral and faunal complexes of seven tested dump zones with various
level of anthropogenic load and different environmental conditions [12].

The age of some dumps ranges from 70 to 155 years. They are is the oldest dumps of
ozokeryt fieid (area number 1).

Area number 1. It is characterized by high enough aeration of the soil and good hydrological
regime. The process of soil formation is still continuing. Long-rooted species (representatives of
such families as family Poaceae, Fabaceae, Cyperaceae) occupy a significant place in the plant
communities of the first rashes. They form groups of plants on the large areas as a result of
breeding. Invertebrate species are represented by the following: Nicodrilus roseus, Allolobophora
caliginosa caliginosa, A. Rosea rosea, Dendrobaena octaedra, Lumbricus rubellus, Apis melifera,
Formica rufa, Lasius niger, Coccinella septempunctata, Carrabus cancelatus, Lacerta agilis [11].

On the second layer, formed during the 1920 — 1950s, autors studied two sections. It was
found that the soil-creating processes occured in two ways: the first —natural growing (area
number 2), the second — agricultural use (area number 3).

Area number 2. Characterized by potassium-podzolic, gley, argil sand, middle-stoned soils.
Vegetative cover is formed by the groups of Achilea millefolium L., Calamagrostis epigeios L.,
Trifolium pretense L., Dactylis glomerata L., Taraxacum officenale Wigg., Tussilago farfara L.
The number of ecotopes — earthworms — is small (32 animal units in 1 mz), but there are more
types of worms, such as Lumbricus terrestris, Nicodrilus roseus, Helicella obvia L., Dolomedes
fimbriatus, Decticus verrucivorus, Aphrophora alni, on dryer zones of the soil. These ecotopes are
dominated by meadow ants (Formica pratesis Retz.), whose number sometimes reaches 84 animal
units in 1 m”. Units of this species are an important component of meadow communities [11, 12].

Area number 3. 80% of this area consists of cultural phytocenoses. Soil cover is loose
(crumbly), light-stoned. Vegetation is characterized by crops. Main species are presented in four
categories (58 animal units in 1 mz): Lumbricus terrestris, L. rubelus, L. castaneus, A. rosea.

The third layer was formed during 1951 — 1982. The humidity (area number 4) and the
presence of trash (area number 5) is typical for it.

Area number 4. The presence of hydrophytic species is growing : Carex distans L., Juncus
articulatus L., Phagmites australis L. and others among them. There is one type of rain worms present,
Eiseniella tetraedra, whose number is small. In such ecotopes dominate meadow ants (Formica
pratesis Retz.), their number sometimes reaches 108 animal units in 1 m’ [11,12].

Area number 5. The greatest diversity of invertebrates. Besides the two kinds of rain worms,
such species as Eiseniella tetraedra, Eisenia foetida, insects, arachnids, crustaceans, mollusks and
others live on the trash lang. In this area there is a rare vegetation of the Cyperaceae and Poaceae
families.

The fourth soil layer (1983 — 1990), age ranges from 20 to 27 years, is characterized by the
presence of different ecotopes, thin grass cover, Hippophae rhamnoides (area number 6) and bare
substrate (area number 7).

Area number 6. Vegetative cover is represented by the Hippophae rhamnoides. Loamy soil
water regime is fickle, soil moisture and aeration is unstable, an accumulation of organic matter is
pure. All this factors does not lead to the spread of rain worms population. On this layer rain
worms are not found, rarely Araneus diadematus, Lasius niger, Formica rufa are found.

Area number 7. The territory of this area is characterized by a substrate, not represent by
flora and fauna. Soil cover is formed by stoned-loamy, water-holding and salted soils with parts of
wood.

RESULTS AND DISCUSSION

Different groups of microorganisms were selected from seven soil samples. Results of the
study are represented in the Table 1.



Table 1. The main physiological groups of microorganisms in investigated areas

Number of microorganisms and colony forming units per 1g of the soil

Microorganism

FOuDS Sample number

group area Nel | area Ne2 | area Ne3 | area Ned | area NeS | area Ne6 | area Ne7
Saprophytes 98,6+0,8 | 113,5+1,4|314,9+2,3 | 13,7+0,2 | 445,8+3,9 | 87,7+1,2 | 15,5+0,2
?::]cg"i"sc"l"c 12,02+0,8| 83+0,5 | 4,6+0,2 | 11,540,4 | 26,3402 | 16,1304 | 8,8+0,2
Cellulosolytic 0,0005% | 0,0006% | 0,0005% | 0,0004+ | 0,0003+ | 0,0005+ | 0,0002+
microorganisms | 0,00009 | 0,00007 | 0,00006 | 0,00002 | 0,00004 | 0,00001 | 0,00005
Nitrification 10.3+0.6 | 12,2403 | 144204 | 11,7402 | 15,1207 | 12,1405 | 5.120.3
bacteria

Oligonitrification | ¢ 5,09 | 21,140.8 | 48,320,6 | 20.3+0.7 | 39.9+0.4 | 31,320.2 | 18,320,6
bacteria

Sulfate-reducing | 4 6. 01 | 222005 | 2,5:0,02 | 2,3:0,03 | 2.9:0,03 | 1,820,06 | 1,3:0,04
bacteria

Colorless sulfur | 4 5.0,05 | 1,720,02 | 1,940,04 | 1,260,03 | 1,8£0,04 | 1,620,03 | 1,320,02
bacteria

The most of saprophyte micro flora is found in soils of the area Ne5 and agricultural area Ne3.
Almost the same number of saprophytes in the soil was highlighted in areas Ne 1, Ne 2, Ne 6, which
are characterized by thick grassy and woody vegetation. The lowest number of saprophytic micro
flora had been examined in areas Ne4 and Ne7. These are the types of water-holding and salty soils.
The number of microscopic fungi in the studied soils varied within 4,6 + 0,2 — 26,3 = 0,2 mln cells
per 1g of the soil. The number of nitrification bacteria was the highest in areas Ne5 and Ne3 and
presented 15,1 £ 0,7 and 14,4 = 0,4 mln cells per 1g of the soil.

A number of selected oligo-nytrophiles bacteria was higher. So, in the soil on the area
number 3 were found 48,3 + 0,6 mln cells per 1g of the soil. Colorless and sulphate-reducing

bacteria were at the same level.
Morphological characteristics of selected colonies are presented in the Table 2.

Table 2. Morphological characteristics of colonies of the selected microorganism cultures

z 8 3 5 R
2 2 = ‘g “ 4 g &
8 S 2 < o & c 8 = 3
= s ) .8 L 0 D
s 5 g S S 32 2 S 2 g
= g s ks ) 9 2 < < .9
) = o ° e 53 £ 52
S 5 = ] 5 & S =5 g E
g 5 = 50 = ) &) 2 o
5 > S = S =
Z 5 = M © <
1 2 3 4 5 6 7 8
Meat white . .
1 round equal slime 12 sticks, coca
peptone agar transparent
Meat
2 peptone agar round equal yellow homogeneous 1-2 coca
Meat round, . 0,2- .
3 equal white matt | homogeneous sticks
peptone agar | convex 0,5
4 Meat lange not matt homogeneous | 10-12 | large bacilli
peptone agar equal
round not . . large
5 | Serum agar ’ light-cream slime 2-5 g
oval equal rounded
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lanee white matt
6 | Serum agar £, wavy with darker | homogeneous 3-7 long sticks
convex
centre
7 Ashby round equal white homogeneous 1 small sticks
medium
8 Ashby round equal matt finely-granular | 1-2 sticks
medium
9 | Vinogradsky | convex round | transparent slime 2-4 sticks
round equal, bricht sticks with
10 | Vinogradsky ’ slightly & homogeneous 2-5 | exacerbated
convex yellow
wavy ends
white small sticks,
11 | Vinogradsky round equal brilliant finely-granular | 2-4 place'd in
pairs
Hetchenson S
12 convex equal yellow homogeneous 2-3 thin sticks
pepton

potato medium, growth in liquid medium, pigment formation, temperature optimum.

The next stage of research was to study morphological and physiological properties of
isolated microorganisms.
The main morphological and physiological characteristics of bacteria are: the cell mobility,
the presence of spores, the presence of capsules, reaction to oxygen, Gram’s stain, growth on the

The results of the studies are listed in the Table 3.
For descriptions and identification of microorganisms authors used some features of their
metabolism, manifested in the ability of the investigational organism to grow on the diagnostic
environment media, thus causing a certain transformation of substances and components.

Table 3. Morphological and physiological characteristics of certain microorganisms

4 S
2 w | & 5 g
s |z 5|3, |22 | % .| go
=) o > @ x| '3 2 = 5.
Sols|B|EE 52|85 L& 52 £t
) = 2 = o« = B=— —
5| 2| £|88| 2| = |5% =3 5 2 g
© = = | 88| & S |= E = g A o g g
g o = > S| O |E o = = o
3 S| 5| < S z 5
z > ~ e )
< @)
1 2 3 4 5 6 7 8 9 10
1 + - - + | + + thin layer - 20-30
2 - - - + + - clouding yellow-brown 25
3 + + - + | + + clouding - 30
4 + + - + | + + clouding - 20
5 - - - + | + + clouding - 20-27
6 + + - + | + + clouding - 25
7 + - - + | + - thin layer - 20-30
8 + - - + - + thin layer yellow 4-43
9 - + - + | + - thin layer, - 20
clouding
10 + - - + - + clouding yellow 20-35
11 - + - + + + clouding yellow 25
12 + - - + | + - clouding yellow 30
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Authors analyzed: growth on the glucose medium (controlling the character of the
growth, gas formation and changes in pH environment), dilution of gelatin, formation of
ammonia (for microorganisms deaminizing amino acids), formation of hydrogen sulfide (for
microorganisms, that in the metabolism process use amino acids), recovery of nitrates (nitrate
to nitrite restore the microorganisms that synthesize nitrite reductase and use nitrates as a
source of nitrogen supply), effect on a milk (the growth of microorganisms in milk is caused
by digestion of lactose, casein proteolysis, or this two processes together), catalaze activity
(for aerobic microorganisms).

The results of the research are presented in the Table 4.

Table 4. Physiological and biochemical characteristics of studied culture crops

w

=) « =

S E o ) @

= = = 5 4 3 >
<@ = = g bt = ™ =
@ o @ I} = = = =
S 172] — E = o=
= g o g)Q =] E & = £ k3]
= o 3 - = =2 < = =
= = = =) ° o = =5 5 o
(5] ~- B o N
Gt S = =] = == Z} =] P
© ] S 8 £ 72 5 S |
S = = - ~— - > - g
) g 5 = < = o 2 =
= 2 = ] £ 2 &)
=] = a = = I~

= &) =] =]

Z =] =]

1 2 3 4 5 6 7 8
1 acidic + - + - coagulation, pH sour +
2 acidic + - + + peptonization -
3 acidic + . + - peptonization +
4 acidic + . + + peptonization +
5 acidic - . . - peptonization +
6 acidic - . + - coagulation +
7 acidic + + . + coagulation +
8 acidic + + . + coagulation +
9 acidic + + + - coagulation, pH sour +
10 acidic . + . . peptonization .
11 acidic . . . . peptonization .
12 acidic + - - + coagulation +

The study of physiological and biochemical properties of bacterial culture crops was
conducted within seven days including a check every 24 hours .
Using Berdzhih key [7] selected bacterial cultures were assigned to these genera (Table 5).
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Table 5. Systematic position of selected bacterial culture crops

Number of culture Genus
1 Arthrobacter
2 Micrococcus
3 Bacillus
4 Pseudomonas
5 Azotobacter
6 Corynebacterium
7 Cytophaga
8 Nitrobacter
9 Cellulomonas

So, the studied soils it were classified into 9 genera of bacteria.

CONCLUSIONS

Distribution and development of microorganisms in the studied areas of the dumps of
Borislav ozokeryt deposited is characterized by the following features:

1. Saprophytic micro flora dominates in areas Ne5 (natural landscape) and Ne3 (agricultural
lands used by people). The lowest number of units was fixedin the areas Ne4 and Ne7 with water-
holding and salty soils.

2. Among the saprophytic micro flora of the investigated samples the most numerous are
olygo nytrophilic bacteria (48,3 + 0,6 mln cells per 1g of the soil).

3. Bacterial culture groups of the samples are represented by such genera as Arthrobacter,
Micrococcus,  Bacillus, Azotobacter, Pseudomonas, Corynebacterium, Cellulomonas,
Nitrobacteria, Cytophaga.
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AHOTALIS

JOCJITKEHHSA TPYHTOBUX MIKPOOPTAHI3MIB HA BIJIBAJIAX
BOPUCJIABCBKOI'O O30KEPUTOBOI'O POJOBHMIIIA

IpyHT € cepelOBMINEM iCHYBaHHS YHCJIEHHHX MIiKpOOpraHiamiB. JKUTTEIisIIBHICTD
MIKpOOPraHi3MiB Y IPYHTI 3yMOBJIEHa KOMILIEKCOM (i3MYHHX, XIMIYHHX, O10JIOTTYHUX (AKTOPIB,
AKi (popMyI0Th neBHi eaadiuHi yMoBH. MIKpOOpraHi3sMH 4yTJIHBO pearyloTh Ha 3MiHM a0l0THYHUX
(axkTopiB, OCHOBHMMH 3 SIKHX € TeMmIlepaTrypa, BoJorict, pH IpyHTOBOro pO3uuHY, CKIaj
I'PYHTOBOTO HOBITPSI, BMICT XIMIYHHX €JIEMEHTIB.

[lepe3BoyioxkeHHS IPYHTY MPUTHIYYE O KUTTEAISUIBHICTE aepoOHMX  MIKPOOPTaHi3MiB,
BHACJIJIOK YOO IEpEeBaXKalOTh aHAepoOHi mpoliecd. HeraTuBHI HaciiKM MalOTh Taki aHaepoOHi
MpoIecH, SK NeHiTpudikalis, Mo Beae JO0 BTpAT a30THUX CIONYK, a TaKOX CYyIb(aTpemryKIlis,
BHACJII/IOK SIKOi y TPYHTI HAarpOMaXKy€ThCSI TOKCUYHUIN CIpKOBOJICHb.

JlocmiKeHHST OCOOMMBOCTEW TPYHTOBOI MikpodayHH TNPOBOIMINCH, HA TEPHUTOPii MicTa
Bopucnas. Jlns mocmigiB Oymm BimiOpani dotwpu mpoOHi twrommi (I, II, III, IV Bucumm), sxi
PI3HATHCS 32 BIKOM Ta POCIWHHUM IMOKPHUBOM Ha HHX. Ha mux mpoOHMX IUiomax JOCHimKeHo 7
ninsHok. KonrponsHoto Oyna pinsgHka Nel, 110 XxapakTepH3yeThCsl TOCTaTHBO BHCOKOIO aepaliero
I'PYHTIB, JOOPHUM TiAPONOTIYHUM PERKUMOM, PO3IYILEHICTIO TA TYCTUM POCIMHHHUM ITIOKPUBOM.

I3 cemu 3paskiB IpyHTy OyJiM BUALIEHI Pi3HI TpyHH MIKpOOpraHi3mis, a came: canpodiry,
MIKPOCKOMIYHI TPHOH, LIETI0I030pO3KIIaIatodi MIKpOOPTaHi3MH, HITPU]IKATOPH, OJIIrOHITPO(IIH,
cynb(haTBiIHOBIIIOWYI Ta 6e30apBHI CIPKOOKUCIIOI0YI OaKTepii.
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Haiibinsme canpoditHOi MikpodIOpH BHSBICHO y IPYHTaX Ha MiCIli BUBO3Y CMITTS (IiIAHKA
Ne 5) ta cinecpkorocmomapebkiit gimsaii (Ne 3). IIpakTryHO Ha ogHOMY piBHI Oyia BHIiIEeHa
KUIBKICTh campo@iTiB y rpyHTax Ha gimgakax Ne 1, No 2, Ne 6, mo xapakTepHU3yIOThCS T'yCTOIO
TpaB’ SITHUCTOIO Ta JEpPEB’THUCTOIO POCIMHHICTIO. HaltHimk4a KinbKicTh canpodiTHOT Mikpoduiopu
Oyna Ha minsakax Ne 4 ta Ne 7. Ile mepe3BojioXKeHI Ta 3acoyieHi THIH TPYHTIB. KijdbKicTh
MIKPOCKOMIYHUX TPHOIB y MOCTIKYBaHUX IPYHTaX KOIHUBaiIach B Mexax 4,6+0,2 — 26,3+0,2. miH.
KIITUH/T TpyHTy. Ha Takomy > piBHI BUIUBIIMCS 3 JOCHIIKYBAaHMX IDYHTIB HITpU(IKaTOpH.
Haii6inpiua ixHs KiIbKICTH Oyna y IpyHTax Ha ainsHkax Ne 5 ta Ne 3 i craHOBMJa BiANOBIIHO
15,1%0,7 ta 14,4+0,4 MJIH. KJIITUH/T IPYHTY.

3HauHO Ourblre OyJ10 BUAIICHO OJiroHiTpoduIbHUX Oaktepiil. Tak y rpyHTi Ha fainsHui Ne 3
BusiBiieHO 48,3+0,6 MiIH. KIITHH/T IpyHTY. be30apBHi CIpKOOKHCHIOIOUI Ta CyJb(haTBiTHOBIIOIOYI
Oakrepii Oy Ha OJJHAKOBOMY DiBHi.

Busueno 6ioxiMiuHi BIIACTUBOCTI BUIICHUX OakTepid. Ha ocHOBI (hi3i0-0i0XIMIYHMX O3HAK
Oyno BuIIeHO OakTepianbHi KyIbTYpH, IO MpPEACTaBICHI TakuMH ponamu: Arthrobacter,
Micrococcus, Bacillus, Azotobacter, Pseudomonas, Corynebacterium, Cellulomonas, Nitrobacter,
Cytophaga.

JocmimkeHo OaKTepioNOTIYHUI CTaH IMIAXTHUX BilBalliB BOpPHCIABCHKOTO 030KEPUTOBOTO
pomoBumma. Y pe3ynapTaTi AOCHIIKEHB 3°5ICOBAHO, IO OaKTepioJOTIYHMI CTaH BiABATIB €
He3a10BibHUM. [pYHTOBUIA MOKPHB BiiBaiB BOPHCIABCHKOTO 030KEPUTOBOTO POIOBHIIA € JETIOM
pizHOMaHITHHX OakTepii. Ha KkoxHI KOHKpeTHiil ALISHII (OPMYIOTBCS CBOEPIAHI MIKpOOHI
neno3H. Li 6ioneHo3u 3aBKAK MalOTh BU3HAUEHY CTPYKTYPY.
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EFFECT OF HUMIC FERTILIZERS ON NITROGEN CONTENT IN
PLANTS AND PRODUCTIVITY OF SPRING TRITICALE IN THE
WESTERN FOREST-STEPPE OF UKRAINE

Abstract. The article reveals aspects of effect, made by application of humic fertilizers, on
absorption of nitrogen by plants, protein content in grain and productivity of spring triticale
agrocoenosis.

Under conditions of the Western Forest-steppe of Ukraine, on grey forest soils, we have
proved regularity of increase of the value of spring triticale yield, depending on weight of grain,
regardless of its cultivar. Better nitrogen supply does not just secure higher content of protein in
plants in the whole vegetative period, but also results in better indicators of productivity of
spring triticale agrocoenosis. The highest indicators of grain plumpness and value of yield were
demonstrated by the variant, where humic fertilizer was applied with manure (5 t/ha of each)
and mineral fertilizers in the norm NyP,;K,s. In the variant, weight of 1000 grain was higher
and made 41,6 and 39,1 g of Oberih Kharkivskyi and Losynivske cultivars respectively, that
exceeded corresponding indicators of the variant without application of fertilizers by 9,4 and
7,2 g. It secured yield at the level of 5,8 t/ha or exceeded indicators of the control variant by
2,7 t/ha, protein yield — almost 0,7 t/ha, that was by 0,34 — 0,35 t/ha or by 50 % more than in the
variant with no fertilizers applied.

Key words: spring triticale, nitrogen, humic fertilizers, protein, productivity.

INTRODUCTION

Soil continuum is a determining component of natural environment and a key element of a
complex of natural resources of agrarian sphere.

Fertility is the most important property of soil. In the process of employment, the property
is transformed into economic efficiency. Rational use and protection of soil continuum is
scientifically and economically important issue [12].

Application of agrochemical agents, being important component for increase of
agrocoenosis productivity, is an essential direction to rise efficient soil fertility.

Efficiency of agrochemical agents is influenced by many factors, including water supply of
soil. Western Forest-steppe geographically borders on the area of Carpathians, which gets more
precipitation at the level of indicators of 1,5 — 2,4 hydrothermal index in vegetative period.
However, in different years the indicator variated in a wider range of values [12]. Thus, at the
area, application of fertilizers substantially effects indicators of biological productivity of
agrocoenosis, making positive impact on agro-ecological stability of soil continuum.

Lately in Ukraine, one has observed a persistent tendency to increase of the amount of
applied mineral fertilizers at the level of 82 kg/ha of planting area in active substance,
particularly under cereals — 93 kg/ha [11]. However, the amount of fertilizers is much lower
than the level of fertilizers application in the countries with developed agriculture and
insufficient to secure self-supporting balance of nutrients in soil and rise of ecological resistance
of soil continuum to degradation processes. In the last 10 year, application of organic fertilizers
in agrocoenosis of Ukraine is also insufficient and does not exceed 0,4 — 0,5 t/ha in terms of
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conditional manure, according to ecologically argued norms of application, i.e. 10 — 12 t/ha. It is
connected with a considerable deficiency of organic fertilizers in arable farming of Ukraine.

Application of non-traditional kinds of fertilizers, particularly humic ones, produced by the
method of dispergation of organic sapropel, can partially solve the problem of organic
substances supply in arable farming. Technology of humic fertilizer production is reserved by
appropriate documents [3].

Organic and organic-mineral sapropel is considered the best raw material for production of
humic fertilizers, as it is characterized with ash content of not more than 50 % and share of
organic substance within 50 — 94 % [14].

The production gives humic fertilizer of pasty texture with nitrogen content at the level of
0,2 %, phosphorus — 0,05 and potassium — 0,11 %. Correlation of humic to fulvic acids in
fraction content of humus composites, which makes 4 to 1, contains a complex of macro- and
microelements and is characterized by pH indicator within the limits of 7,0 — 7,4 and moisture
share of 85 — 90 % [5]. Sapropel and humic fertilizers, made of it, contain biologically active
substances and vitamins E, C, D, P, B group, as well as carotenoids, hormone-like substances,
ferments [14].

The research determined high agrochemical efficiency of application of humic fertilizers,
made on the base of sapropel [3], particularly increase of the yield of vegetables by
123 — 284 %, rise of the share of nitrate forms of nitrogen in soil by 9,1 — 71, 6 %, ammonium
forms — by 1,2 — 22,1, mobile phosphorus — by 0,8 — 7,7 and exchangeable potassium — by 8,8 —
34,3 %.

At the same time, research on efficiency of humic fertilizers application under cereals has
not been carried before. It has forced us to make study of the efficiency of application of humic
fertilizers under spring triticale, which is getting popular in Ukraine in the last years [2]. Due to
high ecological plasticity, resistance to pests and diseases, modesty to growing conditions, high
biological quality of yield, demonstrated by spring triticale [1, 8, 18, 19], the crop can be
successfully cultivated in changeable climatic conditions of the Western Forest-steppe and Pre-
Carpathians.

Aim of our research is to define efficiency of application of humic fertilizers under spring
triticale and determine their effect on biochemical indicators of grain, as well as peculiarities of
formation of productivity of spring triticale agrocenosis on grey soils under conditions of the
Western Forest-steppe of Ukraine.

METHODS

Research on efficiency of growing of spring triticale with application of humic fertilizers
was carried out in 2012 — 2014, under conditions of the farm “Nadbannia”, Koniukhy village,
Lokachi district, Volyn region, located in the Western Forest-steppe of Ukraine.

Field experiment was started according to the following scheme: 1). No fertilizers
(control); 2). Manure 15 t/ha; 3). Humic fertilizer 37,5 t/ha; 4). Humic fertilizer 12 t/ha +
Ns1P25Keo; 5). Manure 5 t/ha + Humic fertilizer 5 t/ha + NyP,;Kys. Nitrogen fertilizers were
used to balance applied nitrogen in the variants 4 and 5. In all variants, but the control one, norm
of nitrogen application made 75 kg/ha in active substance. Phosphorus-potassium fertilizers
were also applied in the norm, corresponding to their correlation to the dose of applied nitrogen.

Cropping area made 40 m’, controlled area — 25 m?. The experiment was repeated three
times, variants were placed according to Split-plot method. Direct effect of the fertilizers was
studied while growing two cultivars of spring triticale Oberih Kharkivskyi, selected by the
Institute of Crop Production named after V. Ya. Yuriev of the NAAS of Ukraine and
Losynivske, selected by National University of Bioresources and Nature Management of
Ukraine. Both cultivars are of grain direction [10].
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In the research, we used common technology of spring triticale growing, which is applied
for cereals in the Western Forest-steppe of Ukraine and included primary cultivation and pre-
seeding treatment, maintenance of crops, protection from weeds and diseases, harvesting [17].
After primary cultivation in autumn at the depth of 2,2 — 2,5 dm, pre-seeding treatment was
made across tillage in spring at the depth of seed bed (0,4 — 0,5 dm) by combined aggregate
“Yevropak” across seeding direction. The seeding was made with conditional seed of high
categories, i.e. the first reproduction. The seed was processed with the agent Korriolis in the
norm 0,2 1/t of seed against a complex of diseases, including rock smut. The seed was processed
with watering, i.e. water was added to the agent in norm of 8 — 10 I/t of seed. Seeding was made
in the early terms by row way with 1,5 dm spacing. Seeding norm made 220 kg/ha.

To fight weeds in the stage of tillering (BBCH 30), we made straying of crops with
herbicide Bazahran M in the dose of 2 1/ha, helping to kill dicot annual and perennial weeds at
start of vegetative period.

Considering high resistance of spring triticale crop, as well as low level of spreading of
undesired organisms in agrocoenosis below the economic edge of harmfulness, measures on
protection of crops from pests and diseases were not carried out.

The research used humic fertilizer, made according to a patent-protected technology and
corresponding chemical contents [4].

In the variants, where mineral fertilizers were applied, ammonium nitrate (a.s. 34 % N),
granulose superphosphate (a.s. 19 % P,0s) and double manure salt (a.s. 29 % K,O) were
broadcast applied in primary cultivation. Well-decayed manure was also applied, being
characterized with the following chemical content of main elements of mineral nutrition, in
particular N — 0,4 %, P — 0,2 and K - 0,5 %.

Laboratory-analytical investigation was carried out in scientific-research laboratory of the
Department of Agrarian Chemistry and Soil Science of Lviv National Agrarian University and
its affiliate at Poliskyi Research Station of National Scientific Center “Institute of Soil Science
and Agrarian Chemistry named after O.N. Sokolovskyi”, as well as laboratory of Volyn
subdivision of SU “Institute of Protection of Soils in Ukraine”, according to the requirements of
the SSTU [5]. Determination of nitrogen in plants was made according to MMA 31-497058-
019-2005. Transformation of vegetative stages was marked in case two thirds of all studied
plant objects were in the stage, according to the scale of plant development BBCH [16].

RESULTS OF THE RESEARCH

Field experiments were carried on grey forest light loamy soil [13], which was one of the
most spread types of soils on the area of the Western Forest-steppe of Ukraine and Pre-
Carpathian region.

The made agrochemical analysis proves that the soil is characterized with an average
humus share (0- 20 cm — 2,18; 20 — 40 cm - 2,06 %), close to neutral reaction of soil solution (0
—20 cm — pH 6,12; 20 — 40 cm — pH 6,09), high content of mineral composites of nitrogen (0 —
20 cm — 5,98; 20 — 40 cm — 5,42 mg/kg of soil), an average content of mobile phosphorus (0 —
20 cm - 99,8; 20 — 40 cm — 98,6 mg/kg of soil) and increased share of exchangeable composites
of potassium in top layer (0 — 20 cm — 88,6; 20 — 40 cm — 80,4 mg/kg of soil). In general, the
studied soil demonstrated a sufficient level to supply main elements of mineral nutrition,
particularly nitrogen, for growing of spring triticale.

Results of the carried researches prove a considerable effect of humic fertilizers on
accumulation of nitrogen by plants at the initial stages of organogenesis of spring triticale
(table 1).
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Table 1. Effect of humic fertilizer application on nitrogen content in plants of spring triticale,
grown on grey podzolic soil in the Western Forest-steppe of Ukraine (average for 2012 —
2014), in % on a dry-matter basis

Vegetative stage
BBCH 31 BBCH 63 BBCH 87

Variant leaves | stems | leaves |stems | head |leaves | stems | grain

Oberih Kharkivskyi cultivar
No fertilizers (control) 2,61 1,79 2,17 1,08 | 1,70 | 0,63 0,40 1,84
Manure 15 t/ha 2,84 | 2,04 2,43 1,16 | 1,96 | 0,79 | 0,56 2,19

Humic fertilizer 37,5 t/ha 292 | 2,13 2,56 1,23 1 2,06 | 0,86 | 0,65 2,31

Humic fertilizer 12 tha+ | , o7 | 5059 | 246 | 122 | 204 | 083 | 062 | 225

Ns1P>sKeo
Manure 5 t/ha + Humic
fertilizer 5 t/ha + 2,96 | 2,17 2,61 1,31 | 2,11 | 0,98 0,73 2,38
NyoP2Kys
HIP 05 0,13- | 0,02- | 0,10- | 0,08- | 0,09-| 0,03- | 0,04- | 0,08-
0,22 | 0,04 0,16 | 0,12 | 0,12 | 0,08 0,09 0,12
Losynivske cultivar
No fertilizers (control) 2,40 1,65 2,01 0,99 | 1,56 | 0,58 0,37 1,73
Manure 15 t/ha 2,63 1,93 2,14 1,12 | 1,65 | 0,69 0,48 2,12

Humic fertilizer 37,5 t/ha 2,67 | 1,96 2,18 1,21 | 1,72 | 0,74 | 0,54 2,19

Humic fertilizer 12 tha+ | » o1 | 197 | 217 | 108 | 1.60 | 072 | 051 | 2.15
N51P25K60

Manure 5 t/ha + Humic

fertilizer 5 t/ha+ NyPyKus 2,71 | 2,04 2,21 1,25 | 1,83 | 0,81 0,63 2,24

0,18- | 0,03- | 0,05- | 0,04- | 0,05-| 0,04- | 0,03- | 0,08-

HIP 05 026 | 012 | 007 | 008 | 0.12] 007 | 005 | 0.18

Application of humic fertilizers secures increase of nitrogen content in leaves and stems of
spring triticale. Depending on kind of fertilizers, applied with humic ones, the research
demonstrated increase of nitrogen content already in the stage of stem elongation (BBCH 31), in
leaves it increased by 0,26 — 0,35 % on a dry-matter basis, in stems — by 0,24 — 0,31 % for
Oberih Kharkivskyi cultivar, comparing to the variant with no fertilizers applied. For
Losynivske cultivar, the increase indicators were some higher than the same variants of Oberih
Kharkivskyi cultivar, and made 0,30 — 0,38 and 0,31 — 0,42 % on a dry-matter basis, in leaves
and stems respectively. However, in the next vegetative stage, absolute indicators of nitrogen
content in plants decreased, and difference between indicators in the variants, where fertilizers
were applied and the variant with no fertilizers used, increased. In particular, in the stage BBCH
63 in leaves, nitrogen content in plants of Oberih Kharkivskyi made 2,46 — 2,61 % on a dry-
matter basis, that was some lower than similar indicator in the stage BBCH 31. However,
difference between the indicators increased by 0,29 — 0,44 % on a dry-matter basis, that was
some higher than the difference in the stage BBCH 31. For plants of spring triticale of
Losynivske cultivar, difference was some lower in leaves and made 0,16 — 0,20 % on a dry-
matter basis. In stems of the plants of both cultivars, the indicators decreased twice. Head of the
plants demonstrated intermediate values of nitrogen content.

Until the stage of complete ripeness (BBCH 87), nitrogen content in vegetative weight of
spring triticale plants gradually decreased in leaves and stems. However, the indicator
increased in head, comparing to the stage of earing. In particular, in earing stage (BBCH 63),
nitrogen content made 1,7 in head and 1,84 % on a dry-matter basis in the stage of complete
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ripeness for the plants of Oberih Kharkivskyi cultivar. It is interesting to note that application
of fertilizers caused difference between indicators of nitrogen content in head in both
vegetative stages (BBCH 63 and BBCH 87) and the difference increased. Particularly, it
increased by 0,21 — 0,27 for Oberih Kharkivskyi cultivar, and by 0,41 — 0,47 % for
Losynivske cultivar on a dry-matter basis. At the same time, one should point that for
Losynivske cultivar absolute indicators of nitrogen content were some lower (by 0,10 —
0,23 % on a dry-matter basis) in the stage of complete ripeness than the similar indicators for
Oberih Kharkivskyi cultivar.

Such results prove increase of the indicators of nitrogen content in vegetative weight of
spring triticale while applying humic fertilizers, comparing to the variant, where the same
norm of nitrogen was applied with manure. However, in some cases, difference between the
variants was insufficient one, i.e. within the standard deviation, but such tendency was
obvious in all stages of vegetation.

In our opinion, nitrogen is present in humic fertilizers in a form of ready soluble
composites and can fast join the process of exchange between the fertilizer and soil-absorbing
complex. In contrast, nitrogen in manure first joins the processes of microbiologic
transformations, and is available for plants afterwards.

In all variants with humic fertilizers, the variant, where humic fertilizer (5 t/ha) was
applied with manure (5 t/ha) and mineral fertilizers in the norm N4,P,;K,s was the most
efficient in terms of plants supply with nitrogen. In the variant, we observed the highest
indicators of nitrogen content in plants in all vegetative stages of both cultivars of spring
triticale (Oberih Kharkivskyi and Losynivske). Supply of spring triticale plants with nitrogen
effected formation of high quality grain, particularly influenced share of protein [20, p. 42-
43]. Thus, the tendency influenced indicators of protein content in grain of spring triticale in
the stage of complete ripeness BBCH 87 (table 2).

Table 2. Productivity of spring triticale, depending on application of fertilizers
(average for 2012 - 2014)

Protein Weight of | Yield of grain, |Protein yield,
Variant content, % 1000 grain, g t/ha t/ha
1 2 1 2 1 2 1 2
No fertilizers (control) 11,4 10,8 | 32,2 | 31,9 3,16 3,12 0,36 | 0,33
Manure 15 t/ha 12,0 11,7 | 38,3 | 36,7 | 3,51 344 | 0,43 | 041
Humic fertilizer 37,5 138 | 13,6 | 33,7 | 321 | 3.82 | 392 | 053 | 054
t/ha
Humic fertilizer 12 tha |, ¢ | 154 | 305 | 314 | 504 | 489 | 065 | 0,61
+ N1 PsKeo
Manure 5 t/ha + Humic
fertilizer 5 t/ha + 11,9 11,7 | 41,6 | 39,1 | 5,81 5,77 | 0,70 | 0,68
N40P27K48
04— |04- |0,7- |1,0- [024- [0,25—
HIP 05 05 |07 | 15 | 1,3 | 033 | 029 ) )

Note: 1 — Oberih Kharkivskyi cultivar; 2 — Losynivske cultivar.

In general, application of fertilizers made positively effect on formation of yield of
spring triticale grain, securing rise of its qualitative and quantitative indicators. Speaking
about protein content in grain, it variated within 11,9 — 13,8 % for Oberih Kharkivskyi
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cultivar and 11,7 — 13,6 % for Losynivske cultivar. Comparing variants with application of
mineral fertilizers (N4oP,7K4g) in combination with 5 t/ha of manure and humic fertilizer with
just 15 t/ha of manure, substantial difference as to accumulation of protein in grain of Oberih
Kharkivskyi cultivar was not fixed (11,9 and 12,0 % respectively) and equal indicators were
obtained for the Losynivske cultivar (11,7 %). Applying humic fertilizers in norm 12 t/ha +
Ns5PysKgp, we observed a substantial increase of protein content, comparing to the variant,
where manure was applied, i.e. protein content in grain was at the level 12,8 for Oberih
Kharkivskyi cultivar and 12,4 % for Losynivske cultivar, securing increase by 1,4 and 1,6 %
respectively, in contrast to the control. Maximal increase of protein in grain of spring triticale,
considerably exceeding all other variants, was fixed in the variant with application of 37,5
t/ha of humic fertilizer: in grain of Oberih Kharkivskyi cultivar it made 13,8 %, Losynivske
cultivar — 13,6 %.

Weight of 1000 grain is another important indicator, proving its plumpness and
characterizing quality of grain [9]. Data of the table 2 prove mixed results as to effect of
fertilization on value of the indicator. Thus, in the variants with application of 37,5 t/ha of
humic fertilizer, 12 t/ha of humic fertilizer with mineral fertilizers, one did not observe
substantial increase of the indicator, i.e. the increase made 0,3 — 1,5 g for Oberih Kharkivskyi
cultivar (comparing to the control) and 0,2 for Losynivske cultivar (only comparing to the
variant with application of 37,5 t/ha of humic fertilizer).

Application of 15 t/ha of manure secured increase of the indicator of weight of 1000
grain (comparing to the control) by 6,1 g and 4,8 g for Oberih Kharkivskyi and Losynivske
cultivars respectively. Maximum high values of grain plumpness were fixed in the variants,
where 5 t/ha of humic fertilizer was applied in complex with 5 t/ha of manure and mineral
fertilizers (N4oP27Kyg): 41,6 g — for Oberih Kharkivskyi cultivar and 39,1 g — for Losynivske
cultivar.

Speaking about quantitative indicators, application of humic fertilizer in various
combinations secured increase of grain yield by 0,66 — 2,65 t/ha and 0,76 — 2,65 t/ha for
growing of Oberih Kharkivskyi and Losynivske cultivar respectively. Maximal yield was
obtained in the variant with application of humic fertilizer in combination with manure and
mineral fertilizers, supplying yield at the level of 5,81 t/ha for Oberih Kharkivskyi cultivar,
and 5,77 t/ha for Losynivske cultivar. Application of 12 t/ha of humic fertilizer with mineral
forms demonstrated considerably worse indicators as to yield amount, i.e. increase of yield
made just 1,88 and 1,77 t/ha respectively. The lowest indicators of yield, with application of
humic fertilizer (3,82 — 3,92 t/ha), were observed in the variant with its independent
application (37,5 t/ha). Growing spring triticale of Oberih Kharkivskyi cultivar, the variant
was practically equal to the variant with application of 15 t/ha of manure. Speaking about
Losynivske cultivar, one observed a substantial difference between the variants, which made
0,48 t/ha with prevailing efficiency of humic fertilizer.

Contradictory results as to effect of humic fertilizer on quality and quantity indicators of
grain yield of spring triticale finally influenced protein yield per a unit of area. In particular,
maximal protein yield (0,68 — 0,70 t/ha) was fixed in the variant with application of humic
fertilizer in complex with mineral fertilizers and manure. Lower indicators were demonstrated
by the variant with application of 12 t/ha of humic fertilizer with mineral fertilizers, where
corresponding indicator was at the level 0,61 — 0,65 t/ha. The lowest protein yield (0,53 —
0,54 t/ha) was fixed in the variant with application of only humic fertilizer. However, one
should note, that all the variants exceeded variants with traditional fertilization (15 t/ha of
manure), where protein yield made 0,41 — 0,43 t/ha and control (0,33 — 0,36 t/ha).

One should also add that, in spite of increase of nitrogen content in vegetative weight
because of humic fertilizer application, protein content in grain did not increase, and directly
depended on the norm of humic fertilizer application (see table 2).
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ANALYSIS OF THE RESEARCH RESULTS

Our research has defined positive effect of humic fertilizer application on intensity of
nitrogen absorption by plants of spring triticale. At the initial vegetative stages, amount of
absorbed nitrogen by leaves and stems of plants substantially exceeded indicators of the control
variant (without fertilizers applied). It secured higher content of nitrogen in tops in the stage of
complete ripeness (BBCH 87).

Better nitrogen supply did not just favor increase of its content in plants during the whole
period of plant vegetation, but provided better indicators of productivity of spring triticale
agrocoenosis. The highest indicators of weight of 1000 grain or grain plumpness, as well as grain
yield were supplied by the variant, where humic fertilizers were applied with manure (5 t/ha of
each) and mineral fertilizers in norm NyPy;K4s. In the variant, weight of 1000 grain was the
highest and made 41,6 and 39,1 g for Oberih Kharkivskyi and Losynivske cultivars respectively,
exceeding indicators of the variant with no fertilizers applied by 9,4 and 7,2 g.

Depending on the way and norm of humic fertilizers application, grain yield of spring
triticale considerably variated. In particular, applying only humic fertilizer (37,5 t/ha), grain yield
made 3,82 and 3,92 t/ha for Oberih Kharkivskyi and Losynivske cultivar respectively. Application
of humic fertilizers in combination with mineral ones provided yield increase by 1,22 and 0,97,
comparing to the previous variant, and made 5,04 and 4,89 t/ha of grain respectively. The highest
indicators of productivity were secured by application of humic fertilizers in complex with manure
and mineral fertilizers. In the variant, grain yield made 5,81 and 5,77 t/ha, that was by 2,7 t/ha
more than the indicators of the variant with no fertilizers applied and by 2,3 t/ha more than in the
variant with only manure applied.

Productivity of agrocoenosis is defined not just by level of yield, but calculated indicators of
harvest of biologically valuable part of yield, e.g. protein yield per a unit of area. In our research,
protein yield substantially variated, depending on the variants of the experiment and hardly
depended on a cultivar. The highest protein yield was supplied by the variant with application of
humic fertilizers in complex with manure and mineral ones. In the variant, protein yield was the
highest and made about 0,7 t/ha, that was by 0,34 — 0,35 t/ha, or by 50 % more than in the control
variant with no fertilizers applied.

CONCLUSIONS

1. Application of humic fertilizers while growing spring triticale secures rise of protein
content in grain of Oberih Kharkivskyi cultivar by 0,5 — 2,4 and by 0,9 — 2,8 % — grain of
Losynivske cultivar. In general, Oberih Kharkivskyi and Losynivske cultivars demonstrated
increase of protein content up to 13,6 — 13,8 %. However, at the same level of mineral nutrition,
protein content proved higher dependence on application of fertilizers than on a cultivar.

2. Application of humic fertilizers in complex with manure and mineral fertilizers makes an
efficient instrument to improve regime of mineral nutrition with nitrogen for plants of spring
triticale of the studied cultivars. At the initial vegetative stages (BBCH 31), intensity of nitrogen
absorption was by 9,7 — 13,4 and 10,0 — 12,9 % higher, comparing to the variant with no fertilizers
applied (Oberih Kharkivskyi and Losynivske cultivars respectively). It also substantially exceeded
indicators of the variant, where the kinds of fertilizers were applied with manure. However, in the
second half of vegetation, the difference was not significant.

3. Depending on a way and norm of humic fertilizer application, grain yield of spring triticale
substantially variated. The highest indicators of productivity were secured by application of humic
fertilizers in combination with manure and mineral fertilizers. In the variant, grain yield made 5,81
and 5,77 t/ha, that was by 2,7 t/ha more than the indicators of the variant with no fertilizers applied
and by 2,3 t/ha more than that variant with only manure applied.
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4. The highest indicators of protein accumulation in grain (up to 14 %) of both studied
cultivars of spring triticale were supplied by application of pure humic fertilizers and they
significantly exceeded indicators of protein content in grain in case of organic fertilizer
application. At the same time, according to general level of productivity and calculated indicator
of protein yield per a unit of area under the experiment conditions, the best indicators were
demonstrated by the variant, where humic fertilizers were applied in combination with manure
and mineral fertilizers (Manure 5 t/ha + Humic fertilizer 5 t/ha + NyoP,;K4g5). The variant
provided grain yield at the level of 5,8 t/ha and protein yield made 0,7 t/ha for Oberih
Kharkivskyi and Losynivske cultivars, grown on grey forest soils of the Western Forest-steppe

of Ukraine.
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AHOTANIA

BIIJIMB I'YMIHOBHUX JTOBPUB HA BMICT A30TY B POCJIMHAX TA
IMPOAYKTUBHICTDb TPUTHUKAJIE APOI'O B 3AXITHOMY
JICOCTENY YKPAIHU

Po3kpuTO acmeKkTH BIUIMBY 3aCTOCYBAaHHA TYMIHOBHX JOOpPHUB Ha 3aCBOEHHS a30Ty
pocIuHaMH, BMICT OiJika B 3e€pHi Ta MPOAYKTHBHICTh arpolieH03y TPUTHKAIIE SIPOTO.

JloBeneHo, 1O 3alle)KHO BiJl HOPMH BHECEHHS JOOpHB 3pOCTaE IHTECHCHUBHICTH
NOIJIMHAHHS a30Ty POCIMHAMHU TpUTHKaie siporo. IligBUIEeHHS BMICTY a3oTy yxe y dasi
Buxony B Tpyoky (BBCH 31) B nuctkax 3pocrano Ha 0,26 — 0,35 % Ha cyXy pedoBHHY, a B
crebnmax — Ha 0,24 — 0,31% y copry OOGepir XapkiBCbKHil NMOpIBHSHO 3 BapiaHTOM 0e3
BHeceHHs 100puB. st copry JlocuHIBChbKe NOKa3HUKH NPUPOCTY OyJIM EIlo BUILI MOPIBHIHO
3 aHaJOTriYHMMU BapiaHtamu y copty OOepir XapkiBcbkuid, i cranosmiu 0,30 — 0,38 1 0,31 —
0,42% Ha cyxy pe4YOBHHY BIANOBIJHO Yy JHCTKax i crebinax. [lo ¢a3m MOBHOI CTHUIIOCTI
(BBCH 87) BMICT a30Ty y BereTaTHBHIA Maci pOCIWH TPUTHKAJIE SPOTO IOCTYIOBO
3HIDKYBABCA 1 B JUCTKax i B cTebnax. IIpore y Koyoci meil moka3HUK 3pOCTaB MOPIBHSHO 3
(dazoro kosociaHsA. 3o0kpema y ¢dasi kosocinHs (BBCH 63) mmst pocaun copty OO6epir
XapKiBCHKUH BMICT a30Ty B KOJIoCi cTaHOBUB 1,7, a y ¢a3i moBHOI cturmocti — 1,84% Ha cyxy
pedoBHHY. Pi3HHIS MiX MOKa3HWKaMH BMICTYy a30Ty B KOJIOCi B oOHMIBOX (¢azax Bererarlii
pocaun (BBCH 63 i BBCH 87) 3pocrana. 3okpema st copty Obepir XapkiBChKHI — Ha
0,21 - 0,27, a gnsa copry JlocuniBcbke — 0,41 — 0,47% Ha cyxy pedoBuny. [is copry
JlocuHiBchKe aOCOIOTHI MMOKa3HUKHM BMICTY a30ty y (a3i moBHoi cruriocti (BBCH 87) Oynu
nemo Hwkyumu (Ha 0,10 — 0,23% Ha cyxXy pedoBMHY) MOPIBHSHO 3 aHAJIOTIYHHUMH
noka3HukaMu y copty Obepir XapKiBCbKHiA.

B ymoBax 3axignoro Jlicocrenmy VYkpaiHn Ha cipuX JICOBHX IPYHTax BCTaHOBJICHO
3aKOHOMIPHICTh 301bIIIEHHS BEJIMYMHHN BPOXKAIO TPUTHUKAJE SPOTO BiJl MacH 3epHa HE3aJICKHO
Bix copty. Kpame 3a0e3nmedeHHs] a30TOM ITiJl 9ac YChOTO TMEPioy BereTarlii pociauH He JUIle
CIpusie MiABUIIEHHIO BMicTy OUIKa B pOCIMHAX, a W 3YMOBIIOE Kpamlli TMOKa3HUKH
MPOXYKTHBHOCTI arporeHo3y TpUTHKaje siporo. HaWBHIIMMH MOKa3HWKaMH BHIIOBHEHOCTI
3epHa 1 BETWYWHU BPOXKAIO BiJI3HAYABCSA BapiaHT, Jie BHOCWIM T'yMiHOBE JTOOPWUBO CYyMiCHO 3
rHoeM (Mo 5 T/ra) Ta MiHepadbHI moOpuBa y mo3i NyoP»7Kys. ¥ mpoMy BapianTti maca 1000
3epeH Oyina HaiiBumor0 i ctaHoBuna 41,6 1 39,1 r BignosigHo y copty O6epir XapKiBcbKuil i
JlocuniBebke, mo Ha 9,4 1 7,2 T nepeBakaso MOKa3HUKH BapiaHTy 0€3 BHECEHHS J100pUB.

3acTocyBaHHS TYMIHOBHX JOOPHB IiJ| TPUTHKAJIE Spe CIPHSE IIABUIICHHIO BMicTy Oinka
B 3epHi y copty O6epir XapkiBcekuii Ha 0,5 — 2,4 ta Ha 0,9 — 2,8 % — y copry JlocuHiBchKe.
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3arajgom y coptiB Tputukaine sporo OOepir XapkiBchbkuil i JIoCHHIBChKE TOKa3HUK BMICTY
6inka 3poctaB g0 13,6 — 13,8%. IIpoTe 3a 01HAKOBOTO PiBHS MiHEPAaTbHOTO KUBJICHHS BMICT
Oinmka 3ayiexaB OiNbIle BiJy 3aCTOCYBaHHS JOOPHB, HIXK BiJl COPTY.

HaiiBumi nokxa3Hukyn HarpoMma/pkeHHA Oinka B 3epHi (10 14%) st 000X BHPOITyBaHUX
COpPTIB TpUTHKAJIE SPOro 3a0e3MeYMI0 BHECEHHA T'YMIHOBHX JOOPHWB Yy YHCTOMY BHTJISAL i
JOCTOBIpHO TIepeBa)kajio TOKa3HWKHU BMICTY Oiflka B 3epHI 3a HOTO BHECEHHS 3 OpPTaHIYHHMH
nobpuBamu. BogHouac 3a 3arajdpHEM pIBHEM HPOIYKTUBHOCTI Ta PO3PaXyHKOBHM
MOKAa3HUKOM BHUXONy OiJKa 3 OJHMHHMIN IUIONII HAWKpPAIIUM BUSBHBCS BapiaHT, ¢ BHOCHWIH
ryMiHOBI J00pHMBa CyMICHO 3 THOEeM 1 MiHepanbHUMH AoOpuBamu (I'Hil 5 T/ra + ['ymiHOBe
no00puBo 5 T/Ta + NyoPr7Kyg). Lleit BapianT 3a0e3meunB Bpokaid 3epHa Ha piBHI 5,8 T/ra i BUXiA
6inka 0,7 1/ra 3a BUpOLIyBaHHS TpUTHKaie siporo coptiB O6epir XapkiBcbkuit i JlocuHiBchke
Ha CipHX JIicOBUX I'pyHTax 3axigHoro Jlicocteny YkpaiHu.



25

Galyna Panakhyd, Grygoriy Konyk

Institute of Agriculture of Carpathian region of the National Academy of Agrarian
Sciences of Ukraine,

e-mail: panakhyd-galia@ukr.net

THE ROLE OF WEATHER CONDITIONS ON PRODUCTIVITY AND
BIODIVERSITY OF GRASSLAND IN THE WESTERN UKRAINE

Abstract. The investigation was carried out under the conditions of the stationary permanent
experiment in western Ukraine. Long-term permanent grassland was sowed in 1974 on the dark grey podzolic
sandy loam soils. The research was conducted in 1991-2014. The aim of this study is to determine the impact
of climate changes on biodiversity and yield of grassland. This makes it possible to establish relation of
productivity with weather conditions and this allows to recognize how to increase productivity with
biodiversity retention at the same time.

Considerable factors of impact on grasslands were weather conditions and climate changes. They
decreased percentage of mesophytes on unfertilized and insufficient fertilized plots. Further
consequence was replacement of these grasses by more resistant species. Applications of NPK had
smooth impact of weather condition and become the principal factor of yield and biodiversity control.

Optimal dozes of NPK fertilizers will regulate species composition and will permit to
produce 8-9 t ha" dry matter (DM) in condition of semicontinental climate independently to
weather conditions and age of grassland.

Key words: biodiversity, climate change, grasslands, precipitations, productivity,
temperature.

INTRODUCTION

Permanent grasslands, which can be defined as: land and the vegetation growing on it, devoted to
the production of introduced or indigenous forage for harvest by grazing, cutting, or both (Allen et al.,
2011), cover over 57 million ha in the EU-27, temporary grasslands about 10 million ha (Eurostat),
together, they occupy about 15 % of the whole EU territory and about 39 % of the European Utilized
Agricultural Area (Peeters, 2012). In western Ukraine permanent and temporary grasslands cover over
2 million ha (Yarmolyuk et al., 2013). Grasslands and their livestock production systems are extremely
diverse. They occur over a large range of climatic and soil conditions from browse rangelands and very
extensive pastoral systems where domestic herbivores graze, to intensive systems based on forage and
grain crops, where livestock are mostly kept indoors.

Current investigations have provedsignificant climate changes (Trnka ef al., 2011) and their
influence on agrocenosis (Calanca et al., 2005, Alkemade et al., 2011).

Key features of climate changes scenarios for Europe indicate higher temperatures in summer
and winter, increased winter rainfall in most regions and more frequent extremes of weather
(Hopkins et al., 2007). Impacts are considered likely to be greatest for grasslands in southern
Europe (droughts and increased fires leading to desertification), northern Europe (drying of
tundra), coastal areas affected by rising sea levels (inundation of salt marsh etc) and alpine areas
(reduced water from snow melt). Seasonal drying of wet grasslands is particular threat.

Growth, development and productivity of plants depend a great deal on the climate, edaphic
and biotic factors. Water deficit influences the basic processes connected with grass productivity.
Considerable aftermath of climate changes will be able the decrease soil water and drought is
expected. Such scenario shows that on the areas with low grassland productivity their yield will be
reduced still more to end 11™ century (Trnka et al., 2011). The majority meadow grasses that form
firm phytocenosis are weather-resistant, but they are significant consumer of water. Therefore the
herbages have scarcity of water susceptibility. Shortage of water causes reduced productivity of
grassland and is promots elimination of same meadow grasses from grass canopy. Many scientist
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have observed the strongly correlation between the productivity of grasslands and climate changes
(Poter et al., 2005; De Boeck et al., 2008). There are ideas, which are based on applicatio of
methods for using grasslands in conditions of atmospheric and climatic change (Soussana &
Liischer, 2007). Calanca et al. (2005), by using the simulation model of climate scenario ,
considered that the global warming will be coupled with change of nutrients circulation. They
think that grasslands will be able to win from increase level CO,, more appropriate temperature:
the yield of permanent meadow will be able to rise by 50 %. While the so-called extreme scenario
that included the drought 2007 was analyzed, it provides the strong dependence of sustained yield
supply from water recourses support.

Production growth of permanent meadow land directly depends on change of quantitative and
species composition of aboveground plants. Most papers report a positive relationship between
species diversity and biomass production (Huyghe et al., 2012). And with it very few papers found
a negative relationship between species diversity and productivity (Grace et al., 2007).

Biodiversity is likely to be affected by both incremental changes in mean climate parameters
and also by the frequency and intensity of climate extremes (Jentsch et al., 2007). The abundance
of many populations is strongly driven by weather variables. Changes in climate are therefore
projected to have large impacts on populations within their existing ranges. Many studies have
explored effects of modern climate change on biodiversity and several major reviews have been
published (Parmesan, 2006; Bellard et al., 2012; Oliver et al., 2014).

Global environment changes: rising temperatures, changing precipitation and rising
atmospheric CO, concentrations, will become a major drivers of changes in plant diversity and
loss in the 21st century. A recent modelling study of 1350 European plant species predicted that
half of these species will become classified as ‘vulnerable’ or ‘endangered’ by the year 2080 due
to rising temperatures and changes in precipitation (Thuiller et al., 2005). Global warming took
place between about 900 and about 1200 or 1300, just before the Little Ice Age (1550-1700 AD).
In southern Europe land abandonment will result in much more increased wild fires, loss of
biodiversity and desertification (Mannetje, 2007).

The long-term studies on changes in species composition and production of permanent
grasslands are few in number. The value of such studies in helping to inform the debate about the
effects of changes in weather conditions on production and composition is very significant.

The aim of this study is determination impact of weather conditions on biodiversity and yield
of grassland in western Ukraine. This makes it possible to establish relation of productivity with
weather conditions and this allow recognizing the most way of productivity increase with
biodiversity retention at the same time.

MATERIALS AND METHODS

The investigation was carried out under the conditions of the stationary permanent experiment of
Institute of Agriculture of Carpathian Region of the National Academy of Agrarian Sciences of Ukraine
(IACR NAAS) (Stavchany 49°41' N 23°50" E, alt. 320 m). Permanent experiment field was sowed in
1974 on the dark grey podzolic sandy loam soils. A randomized block design was used. There were
four blocks in the experimental area. The size of each treated plot was 6 X 3 m. All fertilizer was
applied as topdressing. The research was conducted in 1991-2014.

The local climate is semi continental. It has been formed by the Atlantic Ocean (a lot of
precipitation and rapid changing of temperature) and by continental atmospheric masses.

During 1991-2014 significant fluctuation of precipitations were noticed. 11 research years
from 23 years had excessof precipitations, 9 has water-short and only in 3 years rainfalls
approximated to norm. In 20 years temperature were above the rate. Such climate change had
considerable impact on growth of grasslands (Table 1, Fig. 1).
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Table 1: Hydrothermal conditions

Month Amount of P
F and average

Years | |2¢ of Tin HTC

tor | April | May | June | July | August | September | October Vegetation
period

P 853 | 84.3 | 305 | 94.7 50.5 91.9 50.8 488.5

1990 1.6
T 10.0 13.4 15.2 17.6 17.8 13.8 9.5 13.9
P 603 | 77.1 | 35,6 | 106,6 | 69,5 48,5 77,5 448

1991 1.4
T 7.4 10.7 15,0 18,6 17,7 11,3 9,4 15.3
P 17.6 | 48.3 | 76.0 | 88.7 47.5 108.6 118.6 505.3

1992 1.7
T 7.7 12.3 17.6 18.9 214 12.5 6.7 13.9
P 48.3 | 143.1 | 73.8 | 1485 | 87.1 81.6 46.9 629.0

1993 2.3
T 3.1 13.9 15.7 16.5 16.6 12.6 9.5 12.6
P 264 | 434 | 36.0 | 21.7 85.9 53.3 96.1 366.0

1994 1.2
T 10.2 | 13.7 | 16.7 | 20.6 18.1 160.5 7.3 14.7

1995 P 57.0 | 55.8 | 63.0 6.2 55.8 93.0 41.4 372.2 13
T 7.7 12.6 | 17.2 | 20.1 18.0 12.8 9.0 13.9 '
P 18.2 18.1 63.6 91.0 62.4 134.1 41.4 491.8

1996 1.7
T 7.8 16.3 | 16.5 | 15.6 17.1 9.9 8.9 13.2
P 46.8 | 1484 | 523 | 1496 | 453 41.2 73.6 557.2

1997 2.1
T 4.1 14.2 17.0 17.0 17.3 13.1 5.9 12.7
P 1183 | 62.6 | 169.9 | 211.1 60.9 58.2 83.6 763.9

1998 2.6
T 10.8 | 135 | 17.5 | 18.1 17.0 13.0 7.4 13.9
P 92.4 27.0 71.0 52.0 87.0 47.0 37.5 413.9

1999 1.3
T 9.7 12.2 18.7 20.2 16.8 15.4 7.9 14.4
P 63.1 | 77.7 | 67.0 | 1382 | 21.0 42.3 5.7 415.1

2000 1.3
T 12.2 14.6 16.9 16.9 18.2 11.6 11.1 14.5
P 41.0 | 49.8 | 129.0 | 176.3 | 783 139.8 17.6 631.8

2001 2.0
T | 95 | 144 | 152 | 207 | 193 12.6 10.7 14.6
P 46.9 399 | 120.0 | 24.7 62.6 68.3 78.3 440.7

2002 14
T 8.4 16.6 19.0 21.2 19.3 12.7 7.4 14.9
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P | 288 | 634 | 73.1 | 784 | 189 39.0 88.0 389.6

2003 1.3
T | 7.0 | 17.1 | 175 | 194 | 189 13.1 5.4 14.1
P | 310 | 850 | 33.0 | 159.0 | 170.0 42.0 34.7 554.7

2004 1.9
T | 88 | 119 | 162 | 185 | 17.7 12.4 9.6 13.6
P | 467 | 779 | 905 | 93.7 | 775 45.5 35.2 466.3

2005 1.4
T | 65 | 152 | 172 | 19.1 | 18.6 13.1 5.4 15.1
P | 59.0 | 108.0 | 120.0 | 110.0 | 169.0 11.0 35.0 612.0

2006 2.0
T | 95 | 133 | 165 | 200 | 175 14.9 10.2 14.6
P | 223 | 425|553 | 970 | 71.8 110.0 29.6 4285

2007 1.4
T | 87 | 155 | 188 | 19.7 | 19.6 12.5 8.4 14.7
P | 780 | 1150 | 73.3 | 123.0 | 1400 | 1212 28.7 679.2

2008 2.1
T | 96 | 141 | 189 | 185 | 19.8 13.1 9.7 14.8
P | 588 | 913 | 1619 | 81.7 | 1272 28.0 135.6 684.5

2009 22
T | 112 | 135 | 166 | 196 | 182 145 75 14.4
P | 333 | 199.4 | 123.7 | 206.2 | 108.3 66.8 34.0 771.7

2010 2.5
T | 87 | 148 | 177 | 203 | 19.3 12.0 8.8 145
P | 393 | 626 | 87.2 | 1368 | 112.1 67.0 19.0 524.0

2011 1.7
T | 96 | 139 | 184 | 187 | 188 15.9 55 14.4
P | 51.0 | 53.0 | 109.0 | 67.0 | 71.0 42.1 39.6 432.7

2012 1.3
T | 102 | 148 | 180 | 213 | 19.1 15.4 9.2 15.4
P | 470 | 81.8 | 140.1 | 404 | 39.8 75.5 40.0 464.6

2013 1.5
T | 99 | 158 | 183 | 18.7 | 194 11.8 8.9 14.7
P | 553 | 1294 51.6 | 995 | 759 80.0 28.0 519.7

2014 1.6
T | 100 | 142 | 162 | 204 | 185 14.8 9.0 14.7

P — monthly precipitation (mm), T — monthly temperature (°C), HTC — hydrothermal coefficient

Stationary perennial permanent experiment was improved by the complete mineral fertilizer
application with the different distribution of nitrogen. Unfertilized control (UF) and phosphorus-
potassium (PK) background variant were cut twice and variants with nitrogen application three
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times. Early spring the all variants, except control, were fertilized by mineral fertilizer accordingly
to scheme of experiment.

At each sampling date, for each grasslands and each subplot the samples kept for dry matter (DM)
yield measurements of the fresh harvest biomass were weighed and dried at 105°C to determine the DM
content by the difference between fresh and dry weight. DM yield of each sampling area was calculated
from the first weight of the sample, the DM content and the area that was cut (t DM ha™).

Fodder units and digestible protein were calculated according to Dmytrochenko.

P,mm 55, 2.0T,0C

Figure 1: Precipitation (P) and temperature (T) average readings in vegetation periods

Hydrothermal coefficient (HTC) has been used for description of conditions. Whereas,
according to the investigation, which was conducted by Jevicko site in the Czech Republic
(Kohoutek et. al., 2012) dry matter production is more influenced by weather condition in the
vegetation season than by total annual condition, HTC was calculated for vegetation period. HTC
was calculated according to the G. Selianinov formula:

HTK=XZp/0.1 Zt,

where ¥ p represents sum of precipitation (mm) during the test vegetation periods, when
average daily air temperature is higher than 10 °C, and X t stands for the sum of active
temperatures (°C) during the same period.

An analysis of correlations were determined. The results were processed with a set of
statistical tools of the program Windows (Microsoft Excel, 2003).

RESULTS AND DISCUSSION

Reduction of mesophytes from 85 % to 59 % was recorded on unfertilized grassland
simultaneouslyxeromesophytes increased from 11 % to 34 % on such variant. There was
replacement of tall bent grass (Agrostis gigantea) and red fescue grass (Festuca rubra) by meadow
grass (Poa pratensis) and birds-foot trefoil (Lotus corniculatus), these plants are tolerant to
overheat and dehydration (Fig. 2).

Such appreciable influence of climate changes was on grassland, when phosphorus-
potassium fertilizers (PK) were apply. PK promoted a better development of legume, notably
birds-foot trefoil. Therefore percent of xeromesophytes increased from 12% to 51%. Application
of full mineral fertilization (NPK) decreased percent of xeromesophytes only by 4-5%.
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Figure 2: Dynamics of species hygromorphs group dependent on fertilizer

The highest yield of all investigation grassland was fix in both last periods (20062010 and
2011-2014). At the same time, temperature was higher than long-term average and precipitation
was less than norm by 75.5 mm only at 2007. The highest yield of unfertilized grassland
(4.04 t ha™) was in 2009, when rainfall was by 181.5 mm more than norm, and temperature was by
0.7°C more than long-term average (Fig. 3).

In spite of sharp fluctuation of temperature and precipitation at first investigation period
(1990-1995) all characteristics of productivity — dry matter yield, fodder units and digestible
protein — were considerable. Digestible protein was highest at that time. At 1996-2000 dry matter
yields, fodder units and digestible protein from all investigation grassland were the least. At 1996
on unfertilized grassland were harvested only 1.4 t ha” dry matter yields, 1.21 t ha" fodder units
and 0.13 t ha' digestible proteins. At 1996-2000 the average yield of grassland, which was apply
by phosphorus and potassium fertilizers, was 1.9 t ha™' dry matter, 1.68 t ha 'fodder units and 0.20 t
ha™'digestible protein only.
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Figure 3: Productivity of sown long-term grassland subject to fertilizers and years of using
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At all periods of investigations, applying of nitrogen fertilization promoted increasing of
productivity. Applications of full mineral fertilizers promoted the highest yield at 2008 — 9.17 t ha™ by
even distribution and 8.99 t ha™' by irregular distribution.

There is a need to notice the impact of nitrogen fertilization distribution on indexes of
productivity. At all periods of investigations, even distribution (per 40 kg ha™ N for each cutting)
provided higher yield comparatively with irregular distribution (per zero-N treatment for first
cycle, per 40 kg ha™' N for second cycle and per 80 kg ha™" N for third cycle).

The share of mesophytes in grasslands negative correlated with weather conditions, while the
percent of plants tolerant to drought — xeromesophytes — positive correlated.

On unfertilized grassland and on plots with phosphorus-potassium fertilizers increasing of
share of xeromezophytes was followed by quantity of birds-foot trefoil (Lotus corniculatus).
According to Podani (2009), the portion of legumes in grasslands was markedly affected by a
mutual interaction of environmental conditions and the management practices applied to the
grassland.

The use of nitrogen on grasslands reduced the quantity of species (Suding et al., 2005,) and
the herbage of mesophyte group (degree of cocksfoot (Dactylis glomerata), fescue grass (Festuca
rubra), timothy grass (Phleum pretense)) kept on grassland, therefore the applications of full
mineral fertilizers relieved impact of weather condition. Balezentiene and Bleizgys (2014) noted
such tendency, when fertilizer can mollify the influence of climate change. On grasslands with full
mineral fertilizer the share of mesophytes depended on HTC and it was 73.2-94.1 %. The highest
coefficient of correlation (r = —0.902 for mesophytes and r = 0.970 for xeromesophytes) was fixed
when the NPK application with even distribution was used (Table 2). Impact of climate change on
hydromorphic groups was listed noticeable on unfertilized grassland — the share of mesophytes
depended on HTC by 353 %, and xeromesophytes depended on HTC by 27.3 %.
Agrometeorological indicator, G. Selianinov hydrothermal coefficient, did not demonstrate the
actual role of meteorological conditions in sowing grasses also in research of A. Marcinkeviciene
et al. (2011).

Table 2: Correlation between species composition and hydrothermal indexes

Species hygromorphs group

Fertilizer Mesophytes Xeromesophytes
P | T | HTC P | T |  HTC
Index of correlation (7)
UF -0.534 -0.421 -0.532 0.600 0.460 0.594
PK -0.675 -0.348 -0.668 0.518 0.403 0.515
;I:d+ -0.886 -0.681 -0.902 0.964 0.504 0.970
PK + Nid -0.939 -0.360 -0.925 0.848 0.636 0.855
Determination (d) %

UF 28.6 17.8 27.3 36.0 21.2 353
PK 45.6 12.1 443 26.9 16.2 26.5
PK + 78.6 46.4 81.3 93.0 25.4 94.1
Ned

PK + Nid 88.1 13.0 85.6 71.9 40.5 73.2

Notes. P — precipitation, T — temperature, HTC — hydrothermal coefficient; UF — unfertilized control. PK
includes 60 kg ha™' P and 90 kg ha" K. Ned — even distribution per 40 kg ha™ N for each cutting; Nid —
irregular distribution per zero-N treatment for first cycle, per 40 kg ha™" N for second cycle and per 80 kg
ha™' N for third cycle.
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Findings of correlation analysis indicated that precipitations were more significant impact
on change of hygromorphs groups on long-term grasslands then temperatures. Strongly
relationships between climatic conditions and biodiversity were noted by Plantureux et al.
(2012). The most significant impact of weather conditions on DM yield was on unfertilized
grassland (Table 3). The important influence of HTC on DM yield was registered by Bulgarian
(Petkova, 2013) and Polish (Skovera et al., 2014) scientists.

Table 3: Correlation between productivity and hydrothermal indexes

1991-1995 1996-2000 2001-2005 2006-2010 2011-2013

Fertilizer
r d, % r d, % r d, % r d, % r d, %
Correlation between yield and precipitation
UF -0.228 52 0706 499 0.689 475 0.767 588 0.785 61.6
PK 0.15 23 0.135 1.8 0.689 475 0.771 594 0526 27.6

PK+Ned -0.252 6.4 0.408 16.7 -0.001 0.0 0.237 56 0819 67.1
PK + Nid 0397 157 0228 &3 -0.887 78.6 0556 309 0.888 789

Correlation between yield and temperature

UF 0,551 304 0.028 0.1 0507 258 -0.377 142 -0469 22.0
PK 0.431 18.6 0524 274 0.369 13.6 -0.418 174 0.012 0.0
PK+Ned 0564 31.8 0.357 12.7 -0.133 1.8 0.170 29 0454 206
PK + Nid 0.069 0.5 0466 21.7 -0.078 0.6 0.235 5.5 -0.582 339

Correlation between yield and hydrothermal coefficient

UF -0,184 34 0,656 43 -0,81 65,6 0,769 59,1 0,999 98
PK 0,329 10,9 0,029 0,1 -0,743 551 0,775 60,1 0,218 4,7
PK + Ned 0,244 59 0321 10,3 0,123 L5 022 48 0,716 513

PK + Nid 0,434 18,8 0,188 35 -0802 643 0,527 278 0,82 673

Notes. UF — unfertilized control. PK includes 60 kg ha P and 90 kg ha™ K. Ned — even distribution per 40
kg ha' N for each cutting; Nid — irregular distribution per zero-N treatment for first cycle, per 40 kg ha' N
for second cycle and per 80 kg ha N for third cycle.

Impact of climate changes was less noticeable under PK fertilization than on unfertilized
grassland — at period 1991-1995, 1996-2000 and 2011-2014 dependence of DM yield from HTC
is weak. At that time the effect of meteorological factors on DM yield is 0.1-10.9 %. It is
necessary to note at just time the years with reduced temperatures were presented, HTC was within
the bounds of 1.2-2.6. At 20062010 HTC was more than 2.0 the herbage DM yield strongly
correlates (r = 0.775) with the HTC under PK fertilizers, at 2001-2005 (HTC fever than 1.9)
r = —0.743. Therefore, correlations between yield and HTC were positive in wet years and
negative in dry years.

Relationship between yield and HTC under NPK fertilizers visible reduced, particularly for
even distribution (r = 0.123 — 0.321) at all periods except 2011-2014 when the higher
temperatures were fixed and precipitation were less than rate. If N fertilizer was not applied
early in spring weak correlation was only in period 1996-2000 with unstable weather conditions
(three drought periods, two wet periods and two periods with low temperatures).

When the dependence on the main indicators of productivity (degree of DM yield, fodder
units and digestible protein) from HTC was analyzed the strongly correlation did not fix (see
table 4).
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Table 4: Correlation between productivity and hydrothermal indexes

Dry matter yield Forage units Digestible protein
Fertilizer
P T HTC P T HTC P T HTC
Index of correlation (7)
UF 0.313  0.893 0.53 0.142 0.767 -0.003 -0.036 0.463 -0.132
PK 0.092 0.872 -0.154 0249 0426 -0.358 -0.379 0.169 0.399
PK +Ned -0.167  0.838 -0.395 -0.586 0.142 -0.591 -0.225 -0.034 -0.167
PK +Nid -0.148  0.836 -0.393 -0.767 0.345 -0.827 -0.765 -0.204 -0.673
Determination (d), %
UF 9.8 79.8 0.3 2.0 59.0 0.1 0.1 21.4 1.7
PK 0.8 76.0 2.4 6.2 18.1 12.8 14.4 2.9 15.9
PK +Ned 2.8 70.3 15.6 343 2.0 34.9 5.1 0.1 2.8
PK +Nid 2.2 69.9 15.5 58.8 11.9 68.4 58.6 42 45.2

Notes. P — precipitation, T — temperature, HTC — hydrothermal coefficient; UF — unfertilized control. PK
includes 60 kg ha” P and 90 kg ha™' K. Ned — even distribution per 40 kg ha™' N for each cutting; Nid —
irregular distribution per zero-N treatment for first cycle, per 40 kg ha' N for second cycle and per 80 kg ha™
N for third cycle.

At the same time DM yield depended on temperate by 69.9-79.8 %. Following to Daugéliené
et al. (2009) the annual herbage dry matter yield strongly correlates ( = 0.77) with the sum of
positive temperatures and the herbage dry matter yield was most markedly affected by the warmth
of May (r = 0.88).

Accumulation of fodder units and digestible protein under application of full mineral
fertilizers strongly or weak correlated with precipitation. Under NPK fertilizers with even
distribution of nitrogen for each cutting relationship between fodder units, digestible protein and
precipitation was weak. Under NPK fertilizers with irregular distribution of nitrogen these measure
strongly correlated (r = —0.767 for forage units and —0.765 for digestible protein) with
precipitation.

Strongly relationship was marked between accumulation of fodder units and temperatures
(r=0.767) on unfertilized grassland.

CONCLUSIONS

1. Dry matter yield depends on temperature by 70-80 %, accumulation of fodder units and
digestible protein under application of full mineral fertilizers is most markedly affected by
precipitation.

2. Considerable factor of impact on grasslands is weather conditions and climate change.
They decrease mezophytes on unfertilized and insufficient fertilizing plots, and they further
replace these grasses by more resistant species. Applications of NPK are smooth impact of weather
condition and become the principal factor of yield and biodiversity control.

3. Optimal dozes of NPK fertilizers will allow regulating species composition and will permit
to receive 8-9 t ha” dry matter in condition of semi continental climate independently to weather
conditions and age of grassland.
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AHOTAIIS

BILIMB IIOI'OJHUX YMOB HA NPOAYKTHUBHICTD
TA BIOPI3BHOMAHITTSA TPABOCTOIB B 3AXIJIHIN YKPAIHI

Hocnimxenns npoBoawianch B 3axigHiit Ykpaini (IHCTUTYT CiTBCBKOTO TOCHOIApCTBA
Kapmatcekoro periony HAAH) mnporsrom 1991-2014 pokiB Ha  CTalioHapHOMY
JOBTOTPHUBAJIOMY IOCIHifi, SIKUM Oymo 3amyxkeHo B 1974 pomi Ha TeMHO-CipHX OIiJ30JICHUX
JIETKOCYTIIMHKOBUX IPYHTaX.

JoBroTpuBani TpaBOCTOi, SIKi MOXYTh OyTH BH3HAauU€HI SK 3eMJS 1 POCIHHHICTB, IO
POCTYTh Ha Hiif, TIPUCBSIYCHI BHPOOHUITBY PI3HUX KOPMIB, IO BHUKOPUCTOBYIOTHCS IILISXOM
BHUIIACY, CKOIIYBaHHs, 800 KOMOIHOBAaHOTO BUKOPHCTaHHS, 3aiiMaioTh B €Bporneiickkomy Coro3i
(€C-27) Oinpuie 57 miH. Ta, a TAMYacoBi nacoBumia 10 MIIH. ra, pa30oM BOHU 3aiiMalOTh Maike
15% Bciei Tepurtopii €C-27 1 6um3bko 39% €BpONEHCHKUX CUIBCHKOTOCHONApChKuX yrias. Ha
3ax0/1 YKpalHy MOCTiWHI 1 THMYacOBi AaCOBHIIA 3aiiMalOTh OinbIne 2 MIIH. ra. BoHu momupeHi
B LIMPOKOMY [iamna3oHi KIIMaTHYHMX 1 IpyHTOBMX yMoB. CyuacHi JOCHIDKEHHS IOKa3ain
3HaYHI 3MIHM KJiMaTy, a TaKoX iX BIDIMB Ha Jy4Hi arpomeHo3u. Kiouori cuenapii
ocoOnmBOCTe# 3MiH KiIiMaTy Ans €BpomM BKa3ylOTh Ha OIIBII BHCOKI TEMIEpaTypH BIITKY i
B3MMKY, 30iNbIICHHS 3MMOBHX ONAaiB y OLTBIIOCTI perioHiB i OimbImI YacTi eKcTpeManbHi
MOTO/IHI YMOBH. BBakaeThcs, 0 HAWOLIBII MOMITHHM BIUIMB 3MiH KIIIMaTy MOXe OyTH Ui
TPaBOCTOIB B MiBACHHIH €Bpomi (TOcyXW 1 30IMBIICHHA TIOXKEX, IO MNPHU3BOAATH [0
omycrentoBaHHs), B IliBHi4HIH €Bponi (OCyIIEHHS TYHIApH), NPUOEPEKHUX paioHax, SKi
MOCTPAXKIAIH BiJ MiJBUIICHHS PiBHSI MOps (3aTOIUICHHS COJIOHYAKiB 1 T.J.) 1 BHCOKOTipHHUX
palioHax (3HWKCHHS BOJM BiJ] TaHCHHs CHIry). OcoOJMBO 3arpo3JIMBHMHU € CE30HHI MOCYyXH Ha
BOJIOTHX TPaBOCTOSIX.

BinpiiicTs ydHUX TpaB, sIKI yTBOPIOIOTH OCHOBY (DITOIIEHO31B, € CTIHKMMHU IO ITOTOJHHUX
YMOB, MpPOTE BOHM € BEIMKHMH CIOXHBadamMu Boau. Hectaya BOAM BUKIWKA€ 3HUKCHHS
MPOAYKTHBHOCTI MTACOBUII i IMPOBOKYE 3aMiIlIeHHs BOJOTOJMIOOMBUX TpaB 3 TpaBocTOw. bararto
BUCHHNX CIOCTEPIirajd CHIBHY KOPEJIiI0 MK MPOTYKTHUBHICTIO CIHOKOCIB 1 KIIMAaTHIHUMH
3MiHamMu. € IyMKa, 3aCHOBaHA Ha 3aCTOCYBaHHI METOIiB BHKOPHUCTAaHHS MACOBHUIN B YMOBax
atMoc(hepHUX 1 KIIIMAaTHIHUX 3MiH 32 JIOMOMOTOIO IMITalliiHOT MOJIENi KIIMAaTHYHOTO CIeHapifo,
o Ti00anbHe MOTEIIiHHA OyJe CYImpOBOKYBATUCS 3MIHOIO MUPKYJIIALIl MOKUBHUX PEUYOBHH.
Okpemi HAyKOBIIi BBaXKalOTh, IO JIYKH 3MOXYTh BUTpaTH Bix 30ubmeHHs piBHSI CO,, OimbII
BIJIMIOBIZTHOT TEMIIEPATYpH: YPOKAHHICTB JIYK MOXke 3pocTH Ha 50%.

Metoro naHoi poOOTH € BH3HAYEHHS BIUIMBY 3MiH KiIiMary Ha OiOpi3HOMaHITTS 1
BpPOXKAWHICTh TpPaBOCTOIB Ha Tepuropii 3axigHoro Jlicocremy VYkpainu. lle m03BOIUTH
BCTAHOBHUTH 3aJICKHICTh MPOAYKTUBHOCTI BiJl MOTOJHUX YMOB, i BU3HAYUTH OCHOBHI IUISXH
MiIBUILCHHS MPOJIYKTHBHOCTI 13 OJHOYaCHUM 30€pEKCHHSIM O10pI3HOMAHITTS.

3rigHO pe3ynbTaTiB  KOPEJSLIHHOrO aHaji3y BIACOTOK TirpoMOp(HUX TPyl POCIUH
JTOBTOTPHUBAIUX TPAaBOCTOIB B OiNbIIiid Mipi 3ajie)aB BiJ KITBKOCTI OMafiB HiIX Bil CyM
aKTUBHUX TemrepaTyp. YacTka Me30(QiTiB B TPaBOCTOSX HETATHBHO KOPENIOBANa 3 MOTOIHUMH
yMOBaMH, B TOH dYac SK BiJICOTOK POCIHWH TOJEPAHTHUX JO MOCYyXH (KCepome30(diTiB) —
MO3UTHBHO.

He3naune migBUIIEHHS TeMIepaTypHUX IOKa3HHWKIB Ta HeCTabiTbHA KITBKICTh OIMaaiB
IPOTSTOM BEreTaliifHOro nepiogy 3yMOBWIIM 3MEHIIEHHS BifcoTKa Me30(iTiB Ha Hey10OpeHuX 1
HEOCTaTHhO YA0OpPEHMX IUISHKaX. 3acToCcyBaHHS juue GpochopHO-KaTitHUX TOOPUB CHIPHSLIIO
KpalioMy pO3BHTKY OO0OBUX KyIbTyp, 30KpeMa JISABCHIIO poraroro. ToMmy BiICOTOK
kcepome3oditiB 30inpmuBest 3 12% no 51%. 3actocyBaHHS MOBHMX MiHEpaJIbHUX IOOPHB
(NPK) 3HiBemtoBajo BIUIUB MOTOJHUX YMOB (BIZICOTOK KCepOMe30(]iTiB 3HU3HMBCS JIMIIC HA
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4-5%), 1 me crtamo OCHOBHHM (paKTOpOM, IO BH3HAYAE YPOXKAWHICTH TPaBOCTOIO Ta HOTO
BUJIOBUU CKJIaJ.

Buxin cyxoi pedoBuHH 3ainexaB Bin Temmepatypu Ha 70-80%, a Ha BHXiJ KOPMOBHUX
OJIMHUII 1 TIEpeTPaBHOTO MPOTEIHY MPH 3aCTOCYBAHHI MOBHUX MiHEpPAIbHHUX TOOPUB HAHOITBII
MOMITHO BIUTMBaJM omanu. HaiGinpmry yposkaiiHicTh HEyqoOpeHoro TpaBoctoio (4,04 1/ra) OyB
orpumano y 2009 pomi, Konmu KinbkicTh omaxaiB Oyma Ha 181,5 MM Oimpmioro 3a HOpMY, a
temneparypa Ha 0.7°C BuILOIO 3a cepeHI0 OaraTopiuHy.

OnTtumaneHa no3a MiHepanbHHX NO0OpUB (Niy0PsoKog) 13 TpHpa3oBUM BHECCHHSM a30Ty
(N40+40+40) PETYIIOE BHIIOBUI CKIIAJ 1 TO3BOJISIE OJIepKyBaTh 8-9 T/ra Cyxoi peUOBHUHH B YMOBaxX
MOMIPHO-KOHTHHEHTAILHOTO KJIIMATY HE3aJICKHO BiJl MOTOJHUX YMOB 1 BiKY TPABOCTOIB.



39

Matgorzata Nazarkiewicz, Janina Kaniuczak, Edmund Hajduk

Department of  Soil  Science, Environmental Chemistry and  Hydrology,
University of Rzeszow, Poland

e- mail: nazarm@univ.rzeszow.pl

OCCURRENCE OF GEOTHERMAL RESOURCES AND USING THEM
IN POLAND AND IN PODKARPACIE REGION

Abstract. Geothermal energy, that is coming from the interior of the Earth, is subject to natural
reconstructing, so belongs to renewable energy sources. Depending on the water temperature it can be
applied for heating targets or for the production of electricity. It is being used in several dozen countries
of world, among others in Iceland, USA, Germany, Austria, France, Turkey and also in Tunisia and
Kenya. Utilisation of this energy takes place in Poland at the moment on a small scale compared with
many European countries or in the world. In addition to numerous advantages of the use of geothermal
energy, one can also exchange barriers which limit its development in our country. But an undoubted
interest in this kind of the energy exists on account of the growing environmental pollution, as well as
seeking energy sources which could replace non-renewable deposits as coal or petroleum. About
strengths of geothermal energy in Poland decide economic, ecological and social considerations and a
high level of security of supply of thermal energy.

Key words: geothermal energy, hydrothermal deposits, limit of the emission of
pollutants

INTRODUCTION

The geothermal energy is an energy coming from the interior of the Earth, gathered in
underground waters and rocks. Sources, which cause the heat generation were created else during
the forming of the Earth and at presently result from the disintegration of radio-elements and
chemical reactions [18]. It is practically almost inexhaustible as a result of the transfer operation it
from the inside of the Earth through conducting and the convection and ranked among the group of
renewable energy sources that is so which are liable to natural reconstructing [28]. It is possible to
divide geothermal sources on hydrothermal and petrothermal. Hydrothermal apply of high-
temperature layers of mixture of steam heated up about the temperature 200-300° C or deposits of
hot water about 50-70° C. It refers to water, steam or mixture water — steam, which are in water
veins. However petrothermal resources constitutes a thermal energy having perspective meaning,
gathered in dry, warmed and porous rocks [18]. The geothermal energy dependent on the carrier
and his productivity can be used at heating targets (heating, air-conditioning, for producing warm
water etc.) or for the production of electricity [5, 28]. Geotermia is applied in at least 65 countries
of world, in the biggest degree in Iceland [10]. The United States widely are using geothermal
pumps of the warmth for warming and chilling of buildings [5] and are leading the way in using
the geothermal power for the production of the electric current based on binary systems [21]. In
the direct use of the geothermal energy examples of the fast rate of growth are: Tunisia [5, 19],
Turkey [8, 17] and Kenya which is the first African country exploiting the geothermal power [16].

In the area of Poland exist three principal geothermal provinces which are about 80 %
surfaces of the country.

Using renewable energy resources, including the warmth of the Earth, Poland could partly
become independent from foreign energy resources [14] and to reduce using own conventional
sources (mainly of coal), in the process reducing emission of harmful substances into air.
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DEVELOPMENT OF THE GEOTHERMAL ENERGY IN POLAND
(examples)

Developing the geothermal power in Poland is becoming more and more popular, however
compared with many European countries and against the background of many countries of the
world, it is held so far to the slight scale [12]. Poland is located outside the zones of tectonic and
volcanic activity, therefore exploration of a deposits of steam of high performance for the
production of electricity is not very possible, and certainly unprofitable. However, there are natural
sedimentary basins — structural filled up with geothermal waters in which documented the
temperature range from 20 to 90°C and, in extreme cases, in excess of 100°C [6]. In such places
which are part of geothermal circles and geothermal provinces, hydrothermal deposits are arranged
in the interior of the Earth, about different temperatures depending on the depth (fig.1).
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Figure 1. Geothermal districts in Poland [27]

Geothermal energy resources are located within the Polish Lowlands, the Sudeten and
Carpathian Mountains. The resources that occur in the Lower Cretaceous basins in the Polish
Lowland are of particular importance for geothermal industry, since they are best researched and
the temperature at the top of the Cretaceous reservoir reaches 50-98°C. North-eastern part of the
Mogilensko — L.6dzka basin is the most prospective zone of thermal water in the Lower Cretaceous
reservoir. It is a strip of Zdunska Wola - Leczyca - Uniejéw - Turek - Ktodawa - Konin - Slesin -
Strzelno - Mogilno - Gniezno - Janowiec Wielkopolski - Domastawek - Wagrowiec [15].

Podkarpacie area is characterized by considerable diversity in terms of geological structure,
land development and natural and cultural environment, therefore, its districts create various
opportunities to serve therapeutic-spa and rehabilitation-recreation functions [3]. The highest
potential for geothermal energy, amounting to more than 10 MW is in the districts of Przeworsk
and Strzyzéw, and the lowest potential of less than 1 MW occurs in the districts of Nisko, Lezajsk,
Lubaczéw, Sanok and Lesko [25].

Low temperature of geothermal energy does not allow the direct use of the Earth's heat,
requiring the use of heat pumps. They provide non-explosive, safe installation with long life and
are characterized by low operating costs and independence from fuel suppliers, but the main
drawback is high cost of the investment [26]. A heat pump is a device intended to capture the heat
energy from the environment of low temperature and a high thermal capacity into the environment
of high temperature and low thermal capacity (e.g. a building) at the expense of energy input for



41

its operation [28]. Direct use of Earth's heat is possible in case of high-temperature geothermal
energy that is, among other things, for heating houses and leisure facilities, in greenhouses or for
drying agricultural products [7].

The geothermal waters of Podhale Basin have great potential of thermal energy. This resulted
in the possibility of introducing ecological central heating system in substantial part of the
Highlands. In this area such a system is 40% cheaper than gas heating and 90% of Zakopane
hotels and about 250 000 private households use this kind of energy. The main argument was here
the need to significantly reduce environmental pollution, which was the result of burning coal [20].
It is also important because of the dynamic development of the region of Podhale, where more and
more new objects of tourist infrastructure (hotels and guesthouses) are created. Geotermia
Podhalanska S.A., which was founded in 1993, has created for over 20 years many production
wells and expanded the number of heating networks, joining customers, among others the
municipalities of Bialy Dunajec, Zakopane, Poronin or Szaflary. It is engaged in the generation,
transmission, distribution of heat and electricity generation. The company's operations has created
significant environmental effect, as between 1999 and 2012 CO, emissions was reduced by more
than 330 000 tons, a concentration of SO, and particulate matter were limited (fig. 2).
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Figure 2. Total annual CO, emissions reduction (in thous.t), resulted from connections to
heating network in 1999-2012 [23]

Sources of the geothermal power exist also in mining areas, where through mining panes are
discharged to the surface large amounts of mine water; from them it is possible to recover the warmth
without the cost of drilling new wells and pumping water. Easy terms in this respect exist in the area of
an Upper Silesia Coal Basin, where pumping stations from the area of Chorzoéw and Bytom belong to
objects about the most favourable terms for acquiring the geothermal energy [22].

Examples of using the geothermal power in Poland were presented in table 1.

Table 1. Geothermal energy use in Poland (2004) [9]

Manner of using Installed power (MW,) | Warm output (TJ/of the year)
Central heating 82,8 306,5
Balneotherapy 6,8 26,9
Heating of greenhouse 1 4,0
Other - extraction of mineral salts 0,3 1
Pumps of the warmth 80 500
Total 170,9 838,4
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ADVANTAGES AND DISADVANTAGES OF GEOTHERMAL ENERGY

- Geothermal energy does not cause environmental pollution; also it allows to improve the
quality of environment by limiting emissions of pollutants into air and water [5, 11, 28]. This is
particularly important in Poland, where the energy industry based on coal is the largest source of
CO, emission [24]. Burning fossil fuels also causes emissions of NO,, methane, SO,, NO,
particulate matter to the environment and can produce large amounts of waste [1]. The use of
geothermal energy as an alternative to conventional energy sources allows its use without
interfering in the environment [6].

- Resources of geothermal energy are also practically unlimited and renewable, the heat
source in the vicinity of the user (because they are local resources) and independent from variable
climatic conditions and weather [6].

- Water resources and geothermal energy can be widely used, and, therefore, used for heating
purposes as well as agricultural, technological, gardening and balneological. Elevated temperatures
(20-86°C) as well as the content of hydrogen sulfide, silica and fluoride which have a beneficial
effect on the human body allow to consider geothermal water for medical and recreational uses,
which are in great demand [13].

- Acquisition of geothermal heat (i.e. operating costs) is independent of energy carriers prices
[6, 28].

There are also barriers limiting the possibility of large-scale use of geothermal resources.
Energy cannot be easily obtained everywhere and high investment costs for the construction of the
installation may be expected [28]. Although it limits some kind of pollutants into air and water,
there is the possibility of emissions of other harmful gases, released from geowatere.g. H,S.
Hydrogen sulfide has to be absorbed in the respective systems, and this increases the cost of
electricity production. Radon may also pose a threat, which is a product of radioactive decay of
uranium and could be present in the steam from geothermal wells.

The negative aspects of geothermal energy may also include low water temperature in most
areas, decrease in source productivity, high mineralization and associated salinity (in the volcanic
areas, and crystal rocks in water, which typically have low mineralization and may be used as they
are without heat exchangers). High mineralization of water requires keeping it in closed systems,
so highly mineralized water must be injected back into the ground, so as not to disturb the status of
surface water [4]. Besides, contamination of groundwater, the interference in surface water (which
can be caused by wells, pipelines, power plants and pumping stations) as well as land subsidence
as a result of extracting fluid from the reservoir rocks can occur.

Despite these problems, the use of geothermal resources should be increased, because the
estimated comparison shows that the costs of geothermal investments are at least twice lower than
the wind, and several times lower than water energy [2].
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STRESZCZENIE

WYSTEPOWANIE ZASOBOW GEOTERMALNYCH I ICH
WYKORZYSTANIE W POLSCE I NA PODKARPACIU

Energia geotermalna, ktéra jest zgromadzona w wodach podziemnych oraz w skatach, staje si¢
coraz bardziej popularna na §wiecie i w Europie. Podlega naturalnemu odtwarzaniu, a wigc nalezy
do odnawialnych zrédet energii. W pordwnaniu z wieloma innymi krajami, zagospodarowanie tej
energii w Polsce odbywa si¢ dotychczas na nieznaczng skalg. Polska lezy poza strefami
aktywnosci tektonicznej i wulkanicznej, dlatego pozyskiwanie zt6z pary o duzej wydajnosci do
produkcji energii elektrycznej jest malo mozliwe, a na pewno nieoptacalne. Wystepuja jednak tutaj
duze zasoby energii geotermalnej, w wickszo$ci o niskiej entalpii. Sa to naturalne baseny
sedymentacyjno — strukturalne wypetnione wodami geotermalnymi, ktérych udokumentowane
temperatury wynoszg od 20 do 90°C, a w skrajnych przypadkach przewyzszajacych 100°C. Na
terenie Polski wyr6zni¢ mozna podstawowe rejony geotermalne takie jak Niz Polski, Zapadlisko
Przedkarpackie i obszar Karpat, chociaz interesujace warunki posiadajg rowniez Sudety. Obszar
Podkarpacia charakteryzuje si¢ znacznym zréznicowaniem pod wzgledem budowy geologicznej,
zagospodarowania terenu oraz $rodowiska przyrodniczo-kulturowego, dlatego poszczegélne jego
powiaty stwarzaja réznorodne mozliwosci dla pelnienia funkcji leczniczo-uzdrowiskowej i
rehabilitacyjno-rekreacyjnej. Najwyzszy potencjal energetyki geotermalnej, wynoszacy powyzej
10 MW wystepuje w powiatach przeworskim i strzyzowskim, natomiast najnizszy potencjat,
ponizej 1 MW wystepuje w powiatach nizanskim, lezajskim, lubaczowskim, sanockim oraz
leskim.

Mozliwosci wykorzystania ciepta z wod geotermalnych zaleza od ich temperatury. Wody i
pary o wysokiej temperaturze mozna wykorzystywa¢ do wytwarzania energii elektrycznej, za$
nisko- i Sredniotemperaturowe do celéw cieplowniczych, rekreacyjnych i leczniczych. Gtéwne
zalety korzystania z energii geotermalnej z wnetrza Ziemi to niskie koszty eksploatacji niezalezne
od cen no$nikdw energii, dtuga zywotno$¢ eksploatacyjna i mozliwos$¢ korzystania z bezpieczne;j,
niewybuchowej instalacji, niezalezno$¢ od dostawcéw paliw i warunkéw pogodowych, brak
negatywnego oddzialywania na $rodowisko (lub niewielka presja). Gtéwne bariery utrudniajgce
rozw6j rynku to wysokie, poczatkowe naktady inwestycyjne, ograniczono$¢ wystepowania wody
geotermalnej a takze mozliwo$¢ wystapienia korozji instalacji. Niemniej jednak pozyskiwanie
energii ze zroédet geotermalnych, jako jednego z rodzajéw odnawialnych zrddet energii bedzie
nabiera¢ coraz to nowego znaczenia, biorac pod uwage potrzebe redukcji emisji gazéw
cieplarnianych i wyczerpywanie tradycyjnych, konwencjonalnych paliw kopalnych. Poza tym z
szacunkowych poréwnan wynika, ze koszty inwestycji geotermalnych sa co najmniej dwukrotnie
nizsze od wiatrowych i kilkakrotnie nizsze od wodnych.
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DYNAMICS OF PHOTOSYNTHESIS FOR SOYBEAN DEPENDING ON
THE CULTIVATION TECHNOLOGY

Abstract. Research conducted under the conditions of western steppes showed that the
largest area of leaf surface is formed for soybean plants in the phase of full grain ripening. Among
the varieties, Kyivska 98 stands out against the background. Photosynthetic potential of soybean
plants increases in the period of beans formation — seed filling. subsequently, this index is
significantly reduced. The variety Kyivska 98 forms the greatest photosynthetic potential of
soybean. Net photosynthetic productivity increases to interphase period of beans formation - seed
filling. The variety Kyivska 98 stands out among the varieties on this indicator. When the sowing
norm for soybean varieties increases, the net productivity decreases.

Keywords: leaf surface area, photosynthetic potential, net photosynthesis productivity
photosynthetically active radiation.

INTRODUCTION

Formation of high seed productivity for agricultural crops, including soybeans, is derived
from using photosynthetically active solar radiation (PAR) by plants [1]. In this regard, scientists
believe that the best PAR use must be created for crop optical and biological structure that will
allow optimal use of radiant solar energy to synthesize organic matter for as a long time as
possible [1, 6, 8, 15]. And the insufficient amount of assimilation surface in the early stages of
organogenesis leads to a decline in the use of PAR, and excess area assimilation surface during the
formation of generative organs can reduce the chlorophyll concentration, so that the lower tier
leaves will only consume the products of photosynthesis, without taking part in a light phase
photosynthesis.

Therefore, to maximize the yield of soybean seeds, it is required to form the optimal size of
leaf surface area using the cultural practices of growing, corresponding photosynthetic potential
and ensure adequate chlorophyll concentration in the leaves, which will increase the PAR
utilization and photosynthetic productivity of crops.

MATERIALS AND METHODS

In our research, we studied the effect of variety (Yug 30, Kyivska 98 and Agate) and sowing
norms (400, 500, and 600 thousand pcs./ha) on the basic parameters of crops photosynthetic
productivity for soybeans, including the value of leaf surface, photosynthetic potential and net
photosynthesis productivity.

Experiments were conducted on typical western steppes of Ukraine dark grey podzolic
weakly eroded gley soils at Peremyshlyany state sort testing research station.

Particle size of soil at the research area is large-silty light loamy for the top layer (0-20 cm)
and contains 27.6-29.5% of clay (amount of particles is <0.01 mm) and 61.1-62.8% of large dust.
The content of the sludge is 12.5-14.5% (Table. 2.1).

Soil fertility at the research area before laying the experiment is the following: humus content
in the 0-20 cm layer (by Turin) is 2.0-2.2%, pH (KCl) — 5.7-6.0, hydrolytic acidity (by Kappen) —
2.1-2.5 mg eq. per 100 g of soil, alkali hydrolyzed nitrogen (by Cornfild) - 110 mg, mobile
phosphorus (by Kirsanov) — 120, and exchangeable potassium (by Maslova) - 125 mg per 1 kg of
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soil. The humus content is relatively low, indicating a low natural fertility of the soil. For
potassium, soil research area belongs to the fourth group — with an increased supply of this
element for grain, the average supply for cultivated crops and low supply for vegetables, and by
the soil belongs to the third group according to the mobile phosphorus content with the average,
low and very low supply for grain, row and vegetable crops respectively [1, 2]. The reaction of soil
solution is neutral. According Lviv Center of Hydrometeorology, weather conditions during the
study were mostly typical for this area, although there have been some differences for average air
temperatures and precipitation from average long-term performance in some months of growth.

DISCUSSION

Obtained data showed that the leaf surface area for soybean plants largely depends on the
vegetation phase, variety and seeding (Table. 1).

The increase in leaf surface area took place filling seed phase. If area of soybean leaves on
one hectare was 4.8-7.1 thousand m? at the time of occurrence of the third trifoliate leaf, it was
25.9-29.1 thousand m” at the beginning of flowering, and 35.7- 40.3 thousand m” for the period of
complete seeds filling. Prior to physiological maturity, assimilation surface area decreased to 24.0-
30.2 thousand m’/ha.

During the growing season, soybean assimilation surface for the sort Kyivska 98 was higher
compared to the sort Yug 30. During trifoliate leaf stage, the second leaf surface area for the
soybean plant of sort Kyivska 98, depending on the sowing norms, ranged from 5.2-7.1 thousand
m?/ha, and 5.0-7.0 thousand m*/ha for the sort Yug 30. The difference was even higher during the
period full seeds filling. The sort Kyivska 98 had leaf surface area in this phase, depending on the
sowing norms, 38.5-41.5 thousand m*/ha, while it was only 37.5-41.1 thousand m*/ha for the sort
Yug 30. This index was even lower for the sort Agate.

Table 1. Dynamics of soybean plant leaf surface formation depending on the sort
and sowing norms, thousand m*/ha

Sowing Phases of plant growth and development
Sort th?:;?:;d .secor?d beginning be.ans forl.nation full seeds begil.ming. of
pes./ha trigeminal of in the middle filling physiological
leaf flowering tier maturity
400 5.0 26.6 36.5 37.5 25.1
Yug 30 500 5.8 27.4 38.0 39.6 26.8
600 7.0 28.8 40.0 41.1 29.7
Kvivska 400 5.2 26.8 37.1 38.5 25.4
y98 500 6.2 275 38.6 39.9 27.1
600 7.1 29.1 40.3 41.5 30.2
400 4.8 25.9 35.7 36.9 24.0
Agate 500 5.4 27.3 36.9 37.3 25.9
600 6.5 28.5 38.4 38.7 27.1
HIP A-0.15 A -0.67 A-0.28 A-0.44
A-0.34
B -0.15 B -0.67 B -0.28 B-0.44
B-0.34
AB -0.26 AB-1.15 AB -0.48 AB -0.76

AB -0.60
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The increase of sowing norm leads to leaf surface area increase. Thus, if the sort Kyivska 98
had leaf surface area of 5.2 thousand m*/ha in the second phase of the trigeminal leaf for sowing
norm of 400 thousand pcs./ha, 6.2 for sowing norm 500 thousand pcs./ha, and 7.1 thousand m*/ha
for sowing norm 600 thousand pcs./ha. respectively, or 11.9 and 13.6% higher. The same pattern
was observed in sorts Yug 30 and Agate. There leaf surface area in the early phases of vegetation
increased respectively from 4.8 to 5.4 and to 7.0 thousand m*/ha.

A close positive correlation relationship between the maximum area of leaf surface and yield
of soybean — r = 0.97 and determined regression equation between the maximum area of leaf
surface and the yield of soybean (Fig. 1):

¥ =0.05x - 0.26,
where x - leaf surface area, thousand m*/ha, y - soybean yield, t/ha.

P

o)
¥ =0,05x-0,26 /
r=0,97 R? = 0,95 //
A

Yield, t/ha

Leaf surface area, thousand m2/ha

Fig. 1. Regression between leaf surface area and yield of soybean seeds

The regression equation is valid in 95% of cases within the parameters containing the studied
sample. Soybean yield can be predicted by the regression equation or a graph with high accuracy,
knowing the leaf surface area.

For example, estimated yield of soybean seeds for the leaf surface of 40 thousand m*/ha will be:

y=0.05-40 - 0.26=1.74 t/ha

This index can also be defined using the chart.

It is known that the dry biomass of plants contains 90-95% of the organic substances formed
during photosynthesis. The share of mineral nutrients in total crop dry matter does not exceed 5-
10%. To increase the yield means intentionally directed process of nutrient absorption and to direct
photosynthesis according to a schedule for the productivity formation. The yield is known to be
formed during photosynthesis with the help and direct participation the of solar radiation energy.
K.A. Timiryazyev believed that soil fertility limit is not determined by the number of entries of
fertilizer into the soil that we are able to provide, not by the number of soil moisture, we also can
provide, and the amount of light energy obtained by crops from the sun. However, only a part of
this energy is widely used by plants during photosynthesis. This so-called photosynthetic radiation
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(PAR) with a wavelength of 380-710 nm. It refers to the radiation wavelength. This PAR is

calculated as follows: )
Qpar = 0.42%S + 0.58XD

where £Qpar — the sum total PAR; S — the amount of direct solar radiation; £ D — the
amount of diffuse solar radiation.

To characterize the duration of crops photosynthetic work during the growing season or
during interphase the indicator - photosynthetic potential of crop (PP) is used, which is calculated
by adding the area of leafs for each day of growth or multiplying the average area of leaves on the
length of the growing season. The crops have high productivity if PP achieves optimum values.

We determined the value of photosynthetic potential formed by soybean crops, using the
index of leaf surface for a certain period of growth since the value of leaf assimilation surface area
over a period fully characterizes the photosynthetic potential.

The value of the photosynthetic potential is largely dependent on the biological
characteristics for the variety and sowing norms for soybean seeds (Table 2).

The highest photosynthetic potential of soybean plants is formed during the beans formation
of - seed filling. During this period, it ranges between 1.878-2.221 million - m” - days/ha, and it is
equal 5.472-6.331 million - m” - days/ha a for the entire growing season. Kyivska 98 stands out
among two varieties of soybeans. In this regard, the photosynthetic potential for the entire growing
season was 5.735-6.331 million - m” - days/ha, while it was 5.472-6.156 million - m” - days/ha for
the sort Agate, or 4, 6-2.8% higher.

Table 2. Dynamics of photosynthetic potential for soybean plants, depending on the
sort and sowing norms, million - m” - days/ha

Sowing Vegetation period for soybean
norm, second beginning of beans full seeds for the
Sort thousand | trigeminal leaf - | flowering — | formation — filling — vegetation
pes./ha beginning of beans seeds filling | beginning of | period
flowering formation physiological
maturity
400 0.442 1.299 1.988 1.889 5.628
Yug 30 500 0.468 1.308 2.165 1.990 5.931
600 0.495 1.378 2.213 2.207 6.293
Kyivsk 400 0.448 1.307 2.062 1.918 5.735
298 500 0.472 1.315 2.173 2.108 6.068
600 0.507 1.387 2.221 2.216 6.331
400 0.430 1.294 1.878 1.870 5.472
Agate 500 0.458 1.308 2.105 1.976 5.847
600 0.490 1.368 2.193 2.105 6.156

Photosynthetic potential of soybean plants increased with the increase of sowing norms. It
was 5.735 million - m* - days/ha for the sort Kyivska 98 at the sowing norm 400 thousand pcs. of
germinated seeds per 1 ha to 6.331 million - m* - days/ha at the sowing norm of 600 thousand pcs.
of germinated seeds per 1 ha, and it increased for the sort Agate from 5.472 to 6.156 million. m* -
days / ha.

Formation of organic matter yield, which is the result of photosynthetic efficiency of plants
in crops of soybeans, is primarily determined by the size of the photosynthetic surface. Thus, an
important indicator of the efficiency of the photosynthetic apparatus unit in plants is net
photosynthetic productivity (NPP) (Table 3).
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It is noted that the nature of net soybean crop productivity is highly variable. The highest net
productivity was during the period of the plants leaf surface formation — early flowering and,
depending on the sort and sowing norms was 3.08-3.35 g/m’ per day. In the later period, the
formation of beans, pure performance declined almost doubled and amounted to 1.18-1.39 g/m’
per day. During the formation of beans and seeds pouring pure performance increases again to
2.01-2.18 g/m” per day, but not exceeding the net productivity of photosynthesis in the early phase
of the soybean growing season. The lowest values of net photosynthetic productivity were during
the filling of seeds — before the physiological maturity.

Table 3 Dynamics of net photosynthetic productivity for soybean plants, depending on the
sort and sowing norms, g/m” per day (average for the years 2004 — 2006)

Sort Sowing Vegetation periods for soybean
norm, second beginning of beans full seeds filling —
thousand | trigeminal leaf — | flowering — | formation — beginning of
pcs./ha beginning of beans seeds filling physiological
flowering formation maturity

400 3.30 1.37 2.15 0.49
Yug 30 500 3.21 1.29 2.14 0.50
600 3.08 1.18 2.00 0.48
. 400 3.35 1.39 2.18 0.51
Kyiska ™ 500 3.2 1.32 2.15 0.50
600 3.09 1.18 2.03 0.49
400 3.27 1.39 2.06 0.49
Agate 500 3.22 1.32 2.03 0.48
600 3.09 1.18 2.01 0.46

This sinusoidal character for the dynamics of the net photosynthetic productivity can be
explained, in our opinion, by the changes in the outflow intensity for the product assimilation
during the growing season.

In the early phase of intense plants growth and development, photosynthesis products are
quickly used in the formation of vegetative mass, and the net photosynthetic productivity
increases. During plants flowering, assimilate outflow of assimilation system is slightly reduced,
and this leads to inhibition of photosynthetic activity for the leaf surface. In later phases of plant
growth and development, especially during the seeds filling, assimilate outflow is activated again,
which leads to increased photosynthesis process. During seeds filling, the outflow of organic
matter from leaves is slowed down again, leading to reduced activity of the photosynthetic
apparatus.

For the sort Kyivska 98, net photosynthetic productivity was slightly higher comparing the
sort Yug 30 and Agate. Thus, it ranges between 0.49-3.35 g/m” per day depending on the sowing
norms and phases of growth for the sort Kyivska 98, 0.48-3.30 g/m’ per day for the sort Yug 30,
and Agate - 0.46-3.27 g/m” per day.

Regarding the effect of sowing norm on the net photosynthesis productivity, there was an
inverse pattern. The increasing stand density of plants lead to the decreasing net photosynthetic
productivity. This trend was noticeable throughout the growing season for soybean plants. This is
due to the increasing number of leaves per area unit, resulting in partial shade of some leaves by
the others, and that, finally, has a negative impact on the net photosynthetic productivity.
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CONCLUSIONS

1. The largest area of leaf surface is formed for soybean plants in the phase of full grain
filling. Thus, Kyivska 98 stands out among the sorts, which forms the leaf surface area of 41.5
thousand m*/ha at sowing norm 600 thousand pcs./ha.

2. Photosynthetic potential of soybean plants increases during the period of formation of
beans - seed filling. Further, this index decreases significantly. The highest photosynthetic
potential forms a sort of soybean Kyivska 98.

3. The net photosynthetic productivity increases to interphase period of beans formation -
seed filling. Kyivska 98 stands out among the sorts by this index. The increase of sowing norm for
soybean sorts leads to the decrease of net productivity.
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AHOTANIA

JTUHAMIKA ®OTOCHUHTE3Y COI 3AJIEXKHO BIJI TEXHOJIOTI'TI
BUPOIIIYBAHHSA

Hocnimy mpoBoawinch Ha TUHOBUX Ui 3axigHoro Jlicoctemy VYkpaiHH TEMHO-CipUX
OMIJ30JICHUX  IJICFOBATUX  C1a00  3MUTHX  IpyHTaxX  [lepeMHIUISHCHKOI  JepiKaBHOI
COpPTOBUIPOOYBAIBHOI JlociigHol cTaHwii. PomfowicTs IpyHTY MAOCHiIHOI JAUISHKK —TIepen
3aKJIQJIaHHAM JIOCIITY XapaKTepU3yeThCs TAKUMU TIOKa3HUKaMU: BMIcT rymycy y mapi 0-20 cMm (3a
Tropiaum) cranoButs 2.0-2.2 %, pHcy — 5.7-6.0, rigponitudana kucnotHicTs (3a Kammenom) —
2.1-2.5 wmr-exB. Ha 100 T rpyHTY, MyKHOTiApomizoBaHoro a3ory (3a Kopudimmom) — 110 wr,
pyxomoro ¢ocdopy (3a Kipcanosum) — 120 i o6minHoTO Kauito (3a MacnoBor) — 125 mr Ha 1 kT
IpYHTY. BMICT TyMyCy BiIHOCHO HEBHCOKHH, IIIO0 CBITYHUTH MPO HU3BKY HPUPOJHY POMIOUICTD IHUX
IpyHTiB. 3a BMICTOM KaJilf0 TPYHT JOCIHiAHOI NUISHKH BiTHOCHUTBHCA IO YETBEPTOi IpymHu — 3
Hi/BUILEHOIO 3a0€3NEYEHICTIO UM €JIEMEHTOM JUISi 3€PHOBUX, CEPEIHBOIO Ul MPOCAMHHX 1
HHU3BKOIO JUII OBOYEBHX, 32 BMICTOM pyXxoMoro ¢ochopy — OO TPeThOi IpynH BiANOBIAHO 3
CepeHIM, HU3bKUM 1 y)KE HU3BKHM JUIsS 3CPHOBHUX, MPOCAMTHUX 1 OBOUEBUX KYNIbTyp. Peakis
IPYHTOBOTrO pO3YMHY OJiM3bka 10 HeWTpanbHoi. 3a paHuMu JIBBIBCBKOIO LEHTPY 3
riIpOMETE0POJIOTii, METEOPOJIOTIYHI YMOBH Y POKH JAOCIIIXKEHb B OCHOBHOMY OYJIM TUIIOBUMH IS
JTAaHOT 30HU, X0U Malld MiCIle JEsKi BiIXHUJICHHS CEPEIHBOOO0OBHX TEMIICPATyp MOBITPS 1 OMaJiB
BiJl CepeHiX OaraTopiyHUX MOKA3HHUKIB B OKPEMi MiCAIli BereTarlii.

OpneprkaHi HAMH JaHi TTOKa3ajH, 10 TUIOIIA JIMCTKOBOI TIOBEPXHI POCIHH COI B 3HAYHIH Mipi
3JICXKUTH Bill (pa3u Beretarlii, copty i HOpM BHUCIBY. [Ipu 11boMy 301IBIICHHS IO JTUCTKOBOL
MOBEPXHi BiIOYBaIOCH 110 (a3 HAIMBAHHSA HAciHHA. | AKIIO HA Yac MOSBY TPETHOTO TPIiHIACTOTO
JUCTKA TUIOINA JIMCTKIB COi HAa OJHOMY TekTapi ckiamana 4.8-7.1 Twuc. M2, TO Ha IOYATKy IT
BiTiHHA — 25.9-29.1, a Ha mepio] MOBHOTO HaNMBaHHS HaciHHA — 35.7-40.3 THC. M. o mouatky
(hi310JIOTIYHOT CTUTIIOCTI TUIOMIA ACUMITISIIIHOT MOBepxHi 3HU3mMIACH 10 24.0-30.2 THC. M*/ra.

[Ipotsarom Bceoro nepiogy Bererarii acuMisLiiiHa oBepxHs coi copty KuiBcbka 98 Oyna
6inbmoro mopiBasHO 3 coptoM lOr 30. B ¢asi npyroro TpiifuacToro JIMCTKa IUIONIA JIMCTKOBOL
MOBepXHI pociuH coi copty KuiBcbka 98, 3aiexHO BiJi HOPMHU BHCIBY HACiHHS, KOJHBAajacs B
Mexax 5.2-7.1 Tuc. m*/ra, y copry IOr — 5.0-7.0. Ille 6inbmoio 1s pisHuis Gyna Ha mepion
MOBHOTO HaJMBY HaciHHA. Y copry KuiBcbka 98 y miii ¢asi Bererauii mioia JIMCTKOBOI OBEPXHI
CKJIajiayia, 3aJIe)KHO BiJl HOpM BHCiBY HaciHHs, 38.5-41.5 Tuc. Mz/ra, Tomi sK y copry HOr 30 —
e 37.5-41.1 Tuc.m/ra. Il{e HIKINM 11eif OKA3HKK OYB y cOpTy Arar.

I3 30imbIIICHASIM HOPM BHCIBY HACIHHS ILUIONIA JUCTKOBOI IMOBEPXHI 3pocTana. Tak, SIKIIO B
(azi gpyroro TpilyacTOro JUCTKA POCITUHM coi copTy KniBchka 98 Ha misiHKaX 3 HOPMOIO BUCIBY
400 THC. IT./ra CXOKHUX HACIHUH (hOPMYBAIM IHCTKOBY MOBEPXHIO IUIOMICIO 5.2 THC. M*/Ta, TO 3
BucisoM 500 tuc. wr./ra — 6.2, a 600 Trc. wr./ra — 7.1 Tic. m>/ra, a6o BixnosixHo Ha 11.9113.6 %
6inbmie. Taka sk 3akoHOMIpHicTh crioctepiranacs iy coptis FOr 30 i Arar. Tyt mioma JucTKOBOT
MOBEPXHI Ha MOYaTKOBUX (ha3ax Bererarii 3pocraia BiqnoBigHo 3 4.8 no 5.4 i go 7.0 Tuc. m?/ra.

BcTaHOBICHO TICHY MO3UTHBHY KOPCNSLIAHY 3aJICKHICTh MK MAKCHMAaIbHOIO ILIOIICIO
JMCTKOBOI IIOBEPXHI POCIIMH 1 ypoxkaiHicTio col — r = 0.97 Ta BU3HaueHO PIBHSHHS perpecii Mix
MaKCHMaJIbHOIO IUIOLIEIO JIUCTKOBOT HOBEPXHI 1 ypOXKaWHICTIO COT.
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HaiiBumuii GoTOCHHTETHYHNA MOTEHIIaM POCIMHU coi (GopMyBaml B Hepioll YTBOPEHHS
000iB — HamMBaHHs HaciHHA. B 11e#l mepion BiH komuBaBcs B Mexax 1.878-2.221 muH. M- mib/ra, a
3a Bech mepion Bererarii — 5.472-6.331 muH. M - xi6/ra. Cepen JBOX COPTIB COi BHINSBCS
Kuisceka 98. Ha npomy BapiaHTi 3a Bech mepio BereTamii (OTOCHHTETHYHUI MOTEHIIaN CKIaIaB
5.735-6.331 mmm. M” - 71i6/ra, Tomi K y copTy Arar — 5.472-6.156 muH. M” - 1i6/ra, a6o Ha 4.6-
2.8% Oinpme. I3 301TbIIEHHSIM HOPM BHCIBY HACiHHS (DOTOCHHTETHYHHI MOTEHIAaT POCIUH COi
3pOCTaB.

HaiiBuma 4yucta npoayKTHBHICTE Oyna B mepioJl NO4YaTrok (OPMYBaHHS PpOCIMHAMHU
JMCTKOBOI IIOBEPXHi — MOYATOK IBITIHHS 1, 3aJI€)KHO Bl COPTY 1 HOPM BHCIBY HAaciHHS, CKJIajaaja
3.08-3.35 r/mM° 3a 106y. Y Gimpln misHiii mepiod, A0 YTBOpeHHs 6OGIB, YHCTA HPOXYKTHBHICTH
3HIKyBaacs Maibke yaBoe i cranosuwia 1.18-1.39 r/m” 3a 106y. B nepion Bin yrBopenus 606is i
JI0 HAJTMBAHHS HACIHHS YHCTA MPOLYKTHBHICTH 3HOBY 3poctae 10 2.01-2.18 r/m” 3a 106y, ane He
TIEPEBUIILY€ YNUCTOI MPOAYKTUBHOCTI (POTOCHHTE3Y B paHHi (ha3u Bererarii pocnuH coi. Haiimenmi
3HAYCHHS YWCTOI MPOAYKTUBHOCTI (DOTOCHHTE3y CIHOCTEpIraeThCsl B TEpiof BiJ HaJIWBaHHI
HACiHHS JI0 TOYaTKy (i310JI0TIYHOT CTUTIIOCTI.

V¥ copry coi KuiBcpka 98 umcra mpoayKTHUBHICTE GoTOoCHHTE3y Oyia OEemo BUIIOK HiX y
coptiB IOr 30 i Arar. I3 30imBIIEHHSM TYCTOTH CTOSHHS POCIHH, YHCTa MPOIYKTHUBHICTH
(hoTocuHTE3Y X 3HIKYBajacs.



53

Taras Kavetskyy"?, Rovshan Khalilov**, Aygun Nasibova’,

Viadimir Serezhenkov5, Svitlana Voloshanska'

'Drohobych Ivan Franko State Pedagogical University, Drohobych, Ukraine
>The John Paul II Catholic University of Lublin, Lublin, Poland

3Institute of Radiation Problems, NAS of Azerbaijan, Baku, Azerbaijan
“Baku State University, Baku, Azerbaijan

>Semenov Institute of Chemical Physics, RAS, Moscow, Russia

e-mail: kavetskyy@yahoo.com

EPR SPECTROSCOPY STUDY OF JUNIPERUS COMMUNIS OF
CARPATHIAN REGION OF UKRAINE

Abstract. A new approach based on the effect of bio-mineralization as a response reaction of
cells to decrease their damage upon stress is applied for Juniperus communis of Carpathian region
of Ukraine, selected for research as a model biomaterial. The electron paramagnetic resonance
(EPR) method is used as the main experimental tool for detecting the paramagnetic species as a
result of existence of antioxidant activity represented by superoxide dismutase with manganese
and formation of superparamagnetic iron oxide nanoparticles in the biomaterial studied. The EPR
signals for the Juniperus communis shell and seeds and their mixture are recorded and analyzed.
The superparamagnetic iron oxide nanoparticles are found in the Juniperus communis shell, while
the antioxidant activity due to the superoxide dismutase with manganese is detected in the
Juniperus communis seeds. The observed bio-functionality of the Juniperus communis shell and
seeds could be recommended further for pharmaceutical purposes and biomedical applications.

Keywords: Juniperus communis, EPR spectroscopy, superparamagnetic iron oxide
nanoparticles, superoxide dismutase, MnSOD, bio-functionality.

INTRODUCTION

The natural bioactive additives are very useable now in the eco-biomedicine and eco-human
health viewpoints. As a rule, bioactive additives play role for improving physiological, healthy and
prophylactic properties with aim to stabilize a normal functionality of human organism. There are
a lot of companies and firms in all over the world producing the bioactive additives. Having a huge
choice to use the bioactive additives, doctors can introduce them into the ration of diet or rational
food for optimization of exchange processes and functions of human organism, taking into account
of its health state. However, as a practice experience shows, in many cases healthy and
prophylactic functions of bioactive additive are determined by doctors or specialists through a
chemical compound only, that is not enough to be as a basis for estimation of biological action of
natural additive.

The influence of stress physical (natural) factors (e.g., temperature, humidity, strong UV
radiation, etc.) on such plant as Juniperus communis (JC) results in that one has evolutionally
formed antioxidant activity larger than for other plants [1-3] (and references therein). The
existence of such antioxidant enzymes as catalase and superoxide dismutase (SOD) [4], containing
the manganese (MnSOD), copper (CuSOD), zinc (ZnSOD), iron (FeSOD), and nickel (NiSOD) in
JC, makes it as a model biomaterial object with natural externally-attained functionality that may
be useful for biomedical applications. In particular, some pharmacological effects of JC are
supposed to be as antitumor properties, antioxidant, antigenotoxic and anticarious activities as well
as the effect on cardiovascular and cerebrovascular diseases in correlation with decrease in blood
cholesterol levels that is quite similar to antioxidant activity of tea leaves [5].

In dependence as one using a shell and/or seeds, bioactive properties of JC can be
significantly changed. Also, by adding the JC into composition of other bioactive additives, it is
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possible to distinguish the bio-functionality of the JC based drugs for medical purposes. For
instance, the selection of Nefrovil and Immunostan drugs based on JC, both produced by “Roslyna
Karpat” company [6], has been made to increase the antioxidant activity in the case of Nefrovil
and to improve the immune system of human organism for the Immunostan. But, if above
mentioned stress physical factors are affected on the JC bioactivity, the properties of Nefrovil and
Immunostan could be uncontrolled.

The present work aims on the solution of this problem by using a new approach based on the
earlier discovered effect of bio-mineralization as a response reaction of cells to decrease their
damage upon stress [7-10].

METHODOLOGY AND EXPERIMENTAL

The methodology of the present work is based on the application of the above mentioned
effect of bio-mineralization for the JC samples of Carpathian region of Ukraine. This effect (bio-
mineralization) is connected with electron-transport chain of photosynthesis that leads to a
reducing the Fenton’s reaction due to transformations of iron ions (Fe**, Fe*) to maghemite (Y-
Fe,0;) and magnetite (Fe;0,) superparamagnetic iron oxide nanoparticles (SPIONs).

Among all analytical tools, electron paramagnetic resonance (EPR) spectroscopy is the only
technique that directly detects free radicals and paramagnetic species. Thus, EPR method is used
in the present study as the main experimental tool for detecting the paramagnetic species as a
result of existence of antioxidant activity (MnSOD) and SPIONS.

The EPR spectra of the JC objects (shell, seeds and their mixture) were registered with the
aid of an X-range EPR spectrometer ECS-106 (Bruker, Germany) at the following conditions of
registration: magnetic field HF-modulation amplitude 0.5 mT, UHF power 20 mW, field center
260 mT, field scanning 290 mT, temperature 293 K, and gain 10,

RESULTS AND DISCUSSION

Figure 1 shows a typical image of Juniperus communis of Carpathian region of Ukraine with
schematic presentations of its berries and their cross-section. JC shell and seeds are also illustrated
in the right part of figure.

Fig. 1. Photograph of Juniperus communis (left) and schematic presentations
of its berries and their cross-section (right).

Figure 2 shows the EPR signals for the JC shell and seeds and their mixture along with
differential spectrum between seeds and shell. Here, we emphasize only on the two EPR signals
registered in the biomaterials studied. Namely, the EPR signal at g = 2.01 is attributed to
paramagnetic species of Mn in the MnSOD that is found only in the JC seeds. At the same time,
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the broad EPR signal at g = 2.28 is attributed to paramagnetic species of SPIONs that is found
only in the JC shell. More detail interpretation of the EPR spectra recorded will be done in the
further work in comparison with the JC based biomaterials Nefrovil and Immunostan.

g=2.28 |

-——\-.3

200 300 mT

Fig. 2. EPR signals for the investigated Juniperus communis samples of Carpathian region of
Ukraine: 1 - mixture of shell and seeds; 2 - shell; 3 - seeds; 4 - differential spectrum
(curve 3 — curve 2).

It must be only noted here that the SPIONs detected in the investigated material have an
important role in development of pathological conditions and are frequently used for biomedical
applications, where their toxic potential is still a major concern [11-20]. The SPIONs have also a
promising application in food science [21-23]. These magnetic nanoparticles lead to appearance of
the magnetic properties in plant systems and emergence of EPR signals [24]. Magnetic
nanoparticles are present in various natural systems including living organisms of all levels and
types of organization. Biogenic generation of nanophase magnetic oxides is connected with
physiological processes including a number of pathologies, in particularly, human neuro-
degenerative diseases. In that connection, the investigation of mechanisms of formation iron oxide
nanoparticles in living systems is important from fundamental viewpoint and also is necessary for
development of novel efficient methods. The appearance of EPR signal characteristic for magnetic
nanoparticles has been found [9,25] in various plants as a result of effects of external stress factors.

In the present study, the stress factors affecting on the JC shell are also directly confirmed by
EPR detected SPIONSs as a result of bio-mineralization effect under stress. In other words, the JC
shell with externally-attained functionality, resulting in formation of SPIONs, plays a role as
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protection for JC seeds. On the other hand, the MnSOD, representing the antioxidant activity, is
normally identified to be in the JC seeds. Therefore, the SPIONs in the drugs based on the
Juniperus communis shell and the antioxidant activity detected by MnSOD in the case of the
Juniperus communis seeds could be applied for pharmaceutical and biomedical purposes.

In summary, an innovative identification method for bio-functionality of natural bioactive
additives is proposed on the example of Juniperus communis of Carpathian region of Ukraine as a
model object using the effect of bio-mineralization under stress factors and EPR spectroscopy. The
new results reported in the present work for the first time demonstrate the potential future
prospects of JC based materials for bio-nanomedicine, in particular, for goals where the SPIONs
and MnSOD should be involved.

CONCLUSIONS

The novel approach of identifying the bio-functionality of natural bioactive additives has
been proposed on the example of Juniperus communis of Carpathian region of Ukraine using the
effect of bio-mineralization under the stress factors (e.g., temperature, humidity, strong UV
radiation, etc.) and EPR spectroscopy method. The existence of antioxidant activity represented
by superoxide dismutase with manganese and formation of superparamagnetic iron oxide
nanoparticles in the biomaterials studied is established. In particular, the SPIONs in the
Juniperus communis shell are only detected, while the MnSOD, representing the antioxidant
activity, is found only in the case of the Juniperus communis seeds. The observed bio-
functionality of the JC based shell and seeds could be used for pharmaceutical purposes and
biomedical applications.
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AHOTAIIS

TOCJUKEHHS SUNBIIO 3BUYATHOT O KAPIIATCHKOT'O
PET'IOHY YKPATHM METOJOM CHEKTPOCKOMNII ENP

V mpexacraBneHiii poOOTI BHepie MOBIIOMISIETECS 3aCTOCOBAHUN HOBHM MiAXiJ J0 sUTiBIIO
3BUYAWHOTO (Juniperus communis) Kapmarcbkoro periony YKpainu, sikuii po3po0ieHHid Ha OCHOBI
sBUIa Oilo-MiHepamizamii, sSK BIAMOBIMHOI 3aXWCHOI peakiii KIITHH IPOTH 3MEHIIEHHS IX
pyHHYBaHHS TiX BIUIMBOM 30BHIIIHIX CTPeCOBHX (aKTOpiB, Ta BHUKOPUCTAHHSI METOLY
CIIEKTPOCKOITIi eleKTpoHHOTro nmapamarHiTHoro pezoHancy (EITP). Jlane sBumie Gio-miHepamizartii
MOSICHIOETBCS THM, 110 B PE3YJIbTATI JIii €JICKTPOH-TPAHCIIOPTHOIO JIaHIora (POTOCHHTE3Y il Yac
JIECTPYKIIi y4acTh 10HIB 3alli3a B OKHCIIOBAJIHHO-BIJIHOBIIIOBAJBHOMY TPOIEC B KiHI KIiHIIB
NPUBOJIUTH JI0O CHUHTE3Y MArHiTHHX HaHOYacTUHOK. lle BinOyBaeThcs 3a pPaxyHOK 3MEHIICHHS
peakiii denToHa 3aBmikd TpaHchopMmaii iouiB 3amisa (Fe’", Fe*") mo marremiry (y-Fe,O;) ta
maruetuty (Fe;O,4), Tak 3BaHUX cyleprapamMarHiTHAX HaHOYACTHMHOK OKCHJIB 3aii3a (BiJOMHUX B
aHIJIOMOBHIH JiTeparypi sk superparamagnetic iron oxide nanoparticles — SPIONs). 3po3symiino,
IO BHUKOpHCTaHHS crmekTpockomii EIIP B 1poMy miAXonai  SIBISETBCS — KIFOYOBUM
eKCIIEpUMEHTAIEHAM METOJIOM, SIKUI HanpsMy Jae€ iHpOpMAIIifo Mpo MapaMarHiTHI IICHTPH.

3 oryay Ha MOCTiHE 3HAXOHKCHHS SUTIBITIO 3BUMAHHOTO Y TIPCHKUX OOJIACTSAX T BIUTHBOM
30BHIIIHIX CTpecoBHX (HaKTOpiB (30Kpema, IMOHIKEHAa TEeMIIEpaTypa, BOJOTICTh, IIiJBHUILNCHE
ynbTpadioneToBe ONMPOMIHEHHS, TOIIO) AOCTIHKYBAaHUHA y POOOTI 6i0NOTiYHNN 00’ €KT SBIAETHCS
MOJICIIFHUM 3 TOYKH 30py IMPOSBY B HEOMY BHIIEBKa3aHOTO SBHUINA Oio-MiHepamizamii. 3 apyroro
00Ky, TaKOX 3a paxyHOK IOCTIHHOTO TepeOyBaHHS IiJ CTPECOM sUTiBEllb 3BHYAHHUI MPHUPOITHO
HAMIIJICHUH YHIKAJTbHUMH AQHTHOKCHJAHTHUMHU BJIACTUBOCTSMH, SKi pOONSATH HOro MOTCHIIHHIM
OiomarepiaioM y BHUMIsLAI 0i0700aBKM INpH BUTOTOBJIICHHI JiKapchbkux (ironpenaparis. Tak
30Kpema, Bijomi ¢ironpenapatn Hedposin ta IMyHOcTaH Ha OCHOBI SUTIBLIO 3BMYaHHOTIO, sIKi
BUpoOnsie kommaHis «Pocmuna Kapmat» Ha VYkpaini, Bke 3HAHIUIM CBOE MOTCHIIITHE
3aCTOCYBAaHHS SIK JIIKAPChKi (iTOIMpenapaT Jisl MMiIBUIICHHS aHTHOKCUIaHTHUX BIACTUBOCTEH Ta
MOKPAIICHHS] IMYHHOI CHCTEMH JIIOJACHKOTO Opranismy, BignoBigHo. [Ipote, depe3 BIUIHB
30BHINIHIX CTPECOBHX (AKTOpPiB Ha OCHOBHY OIOKOMIIOHEHTY IMX ¢iTomnpemnapariB (ToOTO,
SUTIBEIIb) € MPo0IeMa KOHTPOJIIOBATH iX 0i0-(hyHKIIIOHAIbHI BIACTHBOCTI.

3actocoBaHmii y poOOTI HOBH MiAXijJ mepeadavae BUPIMIEHHS JaHOI MpoOieMu. 30Kpema,
BCTaHOBJICHO, IO HasBHiCTH curHany EIIP (g = 2.28), skuii moB’si3aHUil ¢ MapamMarHiTHUMHU
[IEHTPaMH MarHiTHUX HaHodacTHHOK 3ami3za SPIONs, Mae miciie TijbKH B OOOJOHIII SITIBITIO, TOI
ak curHan EIIP (g = 2.01), sxuil NOB’S3aHUM ¢ TMapaMarHiTHUMM IEHTpaMHM MapraHLio Bij
(epMeHTIB CynepoKCHANMCMYTa3d 3 MapraHieM (BiIOMOro B aHIJIOMOBHIM JiTeparypi sK
superoxide dismutase, containing the manganese — MnSOD), mae micue TiNbKH B 3epHax sUTiBLIO.
Tobto, 06osIOHKa SUTIBLIO MMiAJIAaHA CTPECY 3axXHIIae HOro 3epHa, CaMO-OpraHi30BaHO CHHTE3YIOUH
IpU LIbOMY MAarHiTHI HaHOYAaCTMHKHM OKCHAY 3aiiza (Tak 3BaHMH ‘“‘green synthesis”) 3aBIsku
MPOXOJKCHHIO SBUINA 0i0-MiHEpai3aiii.

Omxe, AIHICHO, 3 BUKOPHCTAaHHSM 3allPOITOHOBAHOTO IHHOBAMIMHOTO TMiAXOMy ISl TaKOTO
Ty OiomMaTepiaiB BHUSBISETHCS MOMJIMBUM KOHTPOJIOBATH 3aXWCHI Ta aHTHOKCHIAHTHI
BIIACTMBOCTI  (iTONpemapaTiB, MmO MaTHUME BaroMe TMpakTHYHE 3HAYCHHS B PO3BUTKY
(bapmarneBTHKH, Ta W B3arali A cydacHoOi Oio-HaHOMeIUIIWHU. [Tomanpin JOCTIKEHHS B IIbOMY
HanpsMi OyTyTh CKepOBaHI HAa BUBYCHHS Bxke camux (itonpernaparie Hedporin Ta IMyHOCTaH Ha
OCHOBI SUTIBIIIO 3BUYaWHOTO.
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EFFECTS OF SELENITE ON PHOTOSYNTHETIC ACTIVITY AND
ENERGY METABOLISM OF CHLORELLA VULGARIS BELJ.
(CHLOROPHYTA)

Abstract. In this study we investigated the accumulation of selenium, pigments content as
well as activity of enzymes of energetic and nitrogen metabolism in Chlorella vulgaris Beijer in a
result of sodium selenite adding at concentrations of 0.5; 5.0; 10.0 and 20.0 mg/dm3 at 1st, 3rd and
7th day of exposure. The results showed that the accumulation of selenium in Ch.vulgaris cells
after the sodium selenite adding is concentration-dependent, the amount of trace constituents in the
cells increased with increasing selenium content in the culture medium. The pigments content
increased as a result of Se** adding, and only in sample with the 5.0 mg/dm’ we observed
reduction of chlorophyll a and pheophytins compared to control samples. Enzyme activity of
studied enzymes was high after adding different concentrations of selenium. However, after
adding Se** in concentration of 0.5 mg/dm’ we revealed the reduced activity of SDH and NADPH-
GDH, while the activity of CO and NADH-HDH exceeded the reference values in all experiment
variants.

Keywords: Chlorella vulgaris, sodium selenite, photosynthetic pigments, succinate
dehydrogenase, cytochrome oxidase, NADH- and NADPH- dependent glutamate dehydrogenase.

INTRODUCTION

Selenium is an essential minor constituent for all aquatic organisms (animals, algae and
microorganisms) and it is directly involved in the metabolic, energetic and biophysical processes.
Selenium compounds are able to regulate the biosynthesis of polyunsaturated fatty acids,
carotenoids and pigments [19], thus affecting the photosynthesis and energy metabolism.

It is known that metabolism regulatorsin freshwater microalgae are assimilated by them
inorganic selenium compounds dissolved in water (selenites or selenates) that are included in the
cells as part of free amino acids, proteins, polysaccharides, lipids and carotenoid pigments.
Absorption of selenium by algae and its toxicity vary significantly depending on the
morphological and functional characteristics of certain types of algae, selenium concentrations and
its oxidation level, physical and chemical factors of water environment. It was determined that
inhibition of algae growth and developmentis higher when adding selenates than selenites due to
the reason that algae in the course of their life absorb Se*" compounds from the environment
better, comparing to Se®* compounds [2, 19, 21]. However, the most significant regulatory action
of selenite in regard to metabolism depends on the concentration and duration of its action, which
was not studied enough for algae.

The purpose of this study is to investigate the influence of sodium selenite in different
concentrations and with different durations of its influence on the pigment system and energy
metabolism in Chlorella vulgaris Beijer.

MATERIALS AND METHODS

The experiments were held on crops micropopulations of freshwater green alga Chlorella
vulgaris Beijer taken from the collection of the Institute of Hydrobiology of the National Academy
of Sciences of Ukraine. Algae were cultivated under conditions of the accumulating culture on the
Fitzgerald’s medium N11 in the modification of A. Zender and P. Gorham under at the
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illumination of 2500 Lx (16:8 hours) at 23-25°C [11]. The concentration of the ions of Se*" was
0.5; 5.0; 10.0, and 20.0 mg/L. The culture cultivated on the medium free of selenium ions served
as control. The samples for the analysis were taken after 1, 3 and 7 days of exposure.

The content of selenium in Ch.vulgaris cells, was determined after centrifugation at 3000
rounds per minute during 10 minutes, washed 3 times by 0.005 M Tris-HCI, then burned with
residue nitric acid (HNO;) in sealed cups at t = 120° C for 2 hours, later determined
spectrophotometrically using o'-phenilendyamin at a wave length of 335 nm [4].

Chlorophylls @ and b content, the total amount of carotenoids and pheophytins was
determined spectrophotometrically after acetone extraction. Spectrophotometry was carried out at
the length of the wave for chlorophylls a and b — 750, 665, 663 and 645 nm; carotenoids — 750 and
480 nm; pheophytins — 665 nm [13].

To study the activity of the enzymes involved in the energetic supply of algae, the
homogenates of their biomass were prepared. In this case, algae cells were separated from the
medium using the Synpore N4 membranous filters. Algae biomass was homogenized in the cooled
buffer solution (pH 7.4) consisting of 0.5 M saccharose, 0.005 M EDTA, 0.01 M KCl, and 0.001
M MgCl in the ratio 1:5 (net mass : buffer). At a later time, the homogenate was centrifuged for 3
minutes at 2000 g. After that, the liquid was centrifuged for 3 minutes at 20000 g for obtaining
mitochondria. The obtained deposit was re-suspended in the medium containing 0.5 M saccharose
and 0.05 M tris-HCI buffer (pH 7.4) [11, 14].

The activity of succinate dehydrogenase — SDH, KF 1.3.99.1 — was determined by the
ferrocyanate method [14]. In this case, the incubation mixture contained 0.1 M phosphate buffer
(pH 7.8), 0.1 M succinic acid, 0.025 M EDTA, and 25 mM K;Fe(CN)s. The reaction was
terminated by the addition of 20% tri-chlorine acetic acid. Spectrophotometry was carried out at
the length of the wave of 420 nm. The enzymatic activity was expressed in nMol of succinate per 1
mg of protein per 1 min.

The activity of cytochrome oxidase — CO, KF 1.9.3.1 — was determined according to [17]. It
was expressed in nMol of indophenols blue per mg of protein per 20 min. The incubation mixture
contained 0.2 M phosphate buffer (pH 7.8), 0.1% solution of o-naphthole, 0.1% solution of
paraphenilen diamine hydrochloride, and 0.02% solution of cytochrome c. The reaction was
terminated by the addition of the ether alcohol mixture (9:1). Spectrophotometry was carried out at
the length of the wave of 540 nm.

The glutamate dehydrogenase activity (E.C. 1.4.1.2) — was determined spectrophoto-
metrically by the rate of oxidation of NADH (NADPH) at 340 nm [16] in the reaction mixture
composed of 0.05 M of Tris-HCI buffer (pH 7.2), 0.01 M of 2-oxoglutarate, 0.000025 M of
NADH or NADPH and 0.2 M of (NH,4),HPO,. Enzymatic activity was expressed in pmole NADH
(NADPH)/mg of protein-min.

The amount of protein in algae cells was determined by the method of Lowry [9].

Statistical analysis of data was performed using the application package Statistica 5.5 and
Microsoft Office Excel 2007.

RESULTS

The total amount of selenium in Ch. vulgaris cells after adding sodium selenite in
various concentrations

The results of the experiment showed (Figure 1), that active absorption of selenite by cells
has been observed even at the day 1. So, after adding 0.5 mg/dm® Se** its content in algae biomass
increased by 21%, after adding 5.0 mg/dm’ — by 4%, and after 20.0 mg/dm’ — by 107% as
compared to the control parameters.
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Figurel. Selenium accumulation in unicellular Ch. vulgaris by action of different sodium
selenite concentrations, mg/dm’ (M = m, n=5)

On the 3rd day the accumulation of selenium increased by 130% in a sample with 0.5
mg/dm’® Se**, by 146% — in a sample with 5.0 mg/dm’, by 133% — in a sample with 10.0 mg/dm’
and by 254% — in a sample with 20.0 mg/dm’. On the 7th day in a samples with 0.5 mg/dm’ Se**
its content in the biomass of algae increased, comparing to the control sample by 34%, in a
samples with 5.0 mg/dm® — by 83%, in a samples with 10.0 mg/dm’® — by 59% and in a samples
with 20.0 mg/dm’ — by 234%.

Increasing of selenite concentrations and duration of algae exposure to it, leads to the
accumulation of selenium in Chlorella cells that correlates with the known facts of active selenium
involvement in metabolism of algae [2, 21].

The pigment contents in Ch. vulgaris cells after reaction with various concentrations of
sodium selenite. Maximal increase in chlorophyll a content compared to control sample occured
under the influence of sodium selenite at concentrations of 0.5 mg/dm’ and 20.0 mg/dm’ on the
7th day of the experiment — more than in 3 times (Table 1).

Table 1. The content of photosynthetic pigments in unicellular Ch. vulgaris by action of
different sodium selenite concentrations, mg/dm3 (M £ m, n=5)

" S The pigments content
£5 %
2|53,
= e s 3 Chlorophyll a, Chlorophyll b, Carotenoids, Pheophytins,
é | § 3 pg/dm’ pg/dm’ pSPU/dm’ pg/dm’
cZ | R 8
(S %
control 160,14+9,02 81,70+4,98 35,05+1,91 154,90+9,32
05 1 218,15+12,17* 146,42+8,78%* 71,30£3,98** 217,62+11,97*
’ 3 269,80+14,69%* 190,80+10,45%* | 73,05%4,11** 273,04+14,77**
7 494,20+30,17** 231,80+5,70%** 97,02+5,70** 478,67+26,86**
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control 160,14+9,02 81,70+4,98 35,05+1,91 154,9049,32
50 1 133,28+5,71* 106,12+3,52* 50,01£231%* 112,20£10,46*
’ 3 116,31+0,21* 102,92+7,43* 72,00£3,67* 107,04£2,99*
7 168,71+4,25 131,03+341%* 54,00+4,16* 97,45+0,77*
control 208,26+22,16 105,79+12,81 87,52+7,30 211,46+26,53
1 - - - -
100 3 309,70+£21,68* 137,05+10,87 104,2049,12 215,1943,93*
7 378,37+26,83** 149,52+9,82* 103,09+7,21 402,63+17,78*
control 160,14+9,02 81,70+4,98 35,05+1,91 154,9049,32
200 1 431,14£2421*%* 138,60£7,19%*%* 46,30+£2,9* 413,33£23 36%**
' 3 435,80+24,62** 199,55+£11,05%* |  62,02+3,52%* 320,45%18,05%*
7 501,31+£30,35%* 238,50£13,92%* | 64,45+3,40%* 340,40%18,50%*

*p<0.05, **-p<0.01, — not determined

In samples with Se** in concentration of 0.5 mg/dm’ on 1Ist and 3rd days of exposure,
chlorophyll @ amount increased by 36.21% and 68.48% respectively compared to the control, and
in samples with concentration of 20 mg/dm’ — more than in 2.6 times, starting from the 1st day of
the experiment. In samples with Se** in concentration of 10.0 mg/dm® on the 3rd and 7th day
chlorophyll @ amount increased by 48.71% and 81.68% respectively compared to the control
sample. In sample with selenite in concentration of 5.0 mg/dm’ reduction of this pigment
decreased of 16.77% on 1st day of the exposure and of 27.37% — on the 3rd day compared to the
control sample. On the 7th day the amount of chlorophyll a in this sample was slightly higher than
in the control.

As for chlorophyll b, we found its increasing level compared to the control in all samples
where sodium selenite was added in different investigated concentrations. The same was with
chlorophyll a, which maximal increase was observed in the samples with 0.5 and 20.0 mg
Se**/dm’®. Thus, on the 1st day of the experiment in samples with Se** in concentration of 0.5
mg/dm’, the amount of this pigment increased by 79.22% compared to the control sample. On the
3rd and 7th days chlorophyll b content exceeded control level more than in two times. In samples
with selenium in concentration 20.0 mg/dm’® we noticed that the content of this pigment increased
by 69.67% compared to the control sample. On the 3rd day, the chlorophyll b content exceeded the
bench mark by 2 times. On the 7th day the amount of pigment decreased, but was still 69.58%
higher than the control value.

In regard to pheophytines, the dynamics of their content was similar to chlorophyll a
changes — namely on the 7th day of the experiment in samples with selenium in concentration of
0.5 mg/dm® and throughout the duration of whole experiment at a concentration of 20.0 mg
Se**/dm® was observed the increase of their amount more than twice as in the control sample. In
samples with 5.0 mg/dm’ of this reagent we observed the reduction of pheophytines level in
comparison to the control sample.

The content of carotenoids in samples with sodium selenite in all investigated concentrations
was increasing. The maximum increase of these pigments was noted in samples with Se** in
concentration of 0.5 mg/dm’ throughout the exposure and in concentration of 5.0 mg/dm’ on 3rd
day of the experiment — more than in 2 times comparing to the control. Minor changes in the
content of carotenoids were observed in samples with selenium concentration 10.0 mg/dm’ on the
3rd and 7th days of the experiment, carotenoid content exceeded the control value to 19.06 % and
17.79 % respectively.

Sodium selenite in almost all investigated cases led to the increase of photosynthetic
pigments in Ch. vulgsris cells. This probably happened due to the necessity to increase the number
of chloroplasts that partially lost their photosynthetic efficiency. The latter could occur as a result
of binding of Se*" ions by lipids and chlorophyll-protein complexes [21]. It was found that
selenium is present in all lipid fractions and maximal amount of lipids that contain selenium was
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marked in carotenoids [7]. The increase of carotenoids in its turn plays an important role in the
mechanism of antioxidative protection of photosynthetic membranes that prevents chlorophyll
destruction [10] and, therefore, increases its amount in cells. These changes in the functioning of
Ch. vulgaris photosynthetic apparatus affect the whole complex of metabolic changes, including
cells energy supply.

Energy metabolism in Ch. vulgaris cells with various concentrations of sodium selenite.
It was found that sodium selenite activated cytochrome oxidase throughout the experiment
(Table 2). So, in samples with Se*" in concentration 0.5 mg/dm’ at various times we marked the
least significant changesin this enzyme activity (on 9.8 — 73.2%), while in samples with 5.0
mg/dm’, enzyme activity increased almost in 8 times to the middle of exposure time. It was
revealed that in samples with 10.0 mg Se*'/dm’ in the culture medium the CO activity increases in
two times. Regarding the effects of the maximum selenium concentration, depending on the
duration of the experiment, an increase in cytochrome oxidase activity was in 2-3 times in

comparison with the control sample.

Table 2. The activities of succinate dehydrogenase, cytochrome oxidase and glutamate
dehydrogenases (NADH and NADPH) in unicellular Ch. vulgaris by action of different

sodium selenite concentrations, mg/dm3 (M £ m, n=5)

5 g Duration impact of selenite, day
sy | £EZ
o ® % S £ control 1 3 7
o
0,5 546,57+119,92 | 517,96+65,78* 371,01+36,87 390,88+58,32
spy 120 430,56+65,18 194,02+4,71 453,22+67,90 332,87+72,13
10,0 120,92+12,18 - 200,51424,06* 161,3+13,62+*
20,0 467,21+53,94 488,59+68,40 406,70+22,74%* 579,74+36,85
0,5 113,60+7,79 124,77+4,63 140,89+19,58 208,57+14,75%
5,0 91,02+14,16 225,56+47,65 750,27+93,14 217,23+46,77
co 10,0 126,00,07 - 258,0£0,07* 104,0+0,04
20,0 127,32+11,85 282,87+33,49% | 249,63+47,23% | 377,86+41,57%*
0,5 11,26+0,56 11,85+2,13 29,95+8,98 22,6442,09%*
NADH- | 5,0 4,18+0,62 13,4242.26 19,89+2.31 9,55+1,14
GDH | 10,0 5,0£0,002 - 7,0+0,002* 11,0+0,04*
20,0 13,23+1,06 34,18+2,39%%* 44,68+1,91%* 39,51+3,83%%*
0,5 84,65+5,98 34,23+6,30% 31,8442, 15%* 28,93+3,62%
NADP | 5.0 10,06+1,41 7,36+1,00 20,07+3,79 9,03+1,44
H-GDH | 10,0 8,0+0,003 - 8,0+0,002 9,0+0,002*
20,0 96,64+12,50 46,83+2,25%* 49,47+2,97%* 59,18+7,68
NADH. | 0.5 0,133 0,346 0,941 0,783
GDH/ | 5,0 0,416 1,823 0,991 1,058
NADP | 10,0 0,625 - 0,875 1,222
H-GDH [ 59 0,137 0,73 0,903 0,668

*-p<0.05, **-p<0.01, — not determined
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Succinate dehydrogenase activity in samples with Se*" in concentration of 0.5 mg/dm’® was
decreasing compared with control: by 5.2% on 1st day, 32.2% at — 3rd day and by 28.5% on the
7th day. The most significant changes of enzyme activity were under the influence of selenite in
concentration of 5.0 mg/dm3 —in 4.5, 10.4 and 7.6 times, respectively, on the 1st, 3rd and 7th
day. Se*" in concentration 10.0 mg/dm’ in the culture medium predetermined the increase in
succinate dehydrogenase activity by 33% and 65%. It should be noted that in samples with Se**
at a concentration of 20.0 mg/dm’ we observed minimal changes in SDH activity. Thus, on the
1st day of the experiment it increased by 4%, on the 3rd day — decreased by 10.7%, and on the
7th day — exceeded control by almost a quarter.

It was determined that the activity of NADH- glutamate dehydrogenase increased in all
cases and all investigated concentrations of sodium selenite. Thus, in sample with Se** in
concentration of 5.0 and 20.0 mg/dm’ indicators of its activity exceeded control samples in
2.3 — 4.8 times. At the same time, the activity of NADPH- glutamate dehydrogenase in
samples with Se*" decreased significantly compared to the control, especially at a
concentration of 0.5 mg/dm® — almost by 65%. The increase in enzyme activity was observed
only in samples with Se** in concentration of 5.0 and 10.0 mg/dm’ on the 3rd and 7th day of
exposure respectively.

Directivity index of glutamate dehydrogenase reaction, that is reversible, and its direction
is determined in plants by coenzyme (NAD-dependent — direct, NADP-dependent — reverse),
mostly characterizes the direction of metabolism [3]. Direct reaction leads to deamination of
glutamate with 2-oxoglutarate formation that later may be used in Krebs cycle or other
metabolic systems, playing an energetic function [3]. The reverse reaction helps the excessive
ammonia binding, performing detoxicative function or becomes an amino acid biosynthetic
pathway from keto acids, followed by the inclusion of nitrogen into proteins — synthetase way
that removes 2-oxoglutarate from the pool of Krebs cycle, reducing the activity of aerobic
energy formation.

After adding selenite in all variants of the experiment we observed a significant increase of
NADH-GDH/NADPH-GDH levels, which indicates on the intensification of catabolic part of
nitrogen metabolism.

Thus, particularly in samples with selenium concentration 5.0 and 10.0 mg/dm’ on the 3rd
and 7th days, the ratio of NADH-GDH/NADPH-GDH increased nearly to 1.0 or more. This
shows that glutamate deamination processes was intensified, and as a result leads to the increase
of amino acids participation in the cell energy supply [3].

DISCUSSION

It was established that accumulation of selenium in Ch. vulgaris cells has direct concentration
dependence — the amount of trace element in the total biomass of cells increased with increasing
concentration of selenium in the culture medium. Accumulation of selenium in Chlorella biomass,
after adding its maximal amount (20.0 mg/dm’), was characterized by very high intensity of the
process and its linearity. Concentrations of sodium selenite 5.0 and 10.0 mg/dm’ led to the
accumulation of selenium in Chlorella cells almost at the same level in comparison to the control.
In samples with 0.5 mg Se**/dm’, assimilation of selenium was 2 times less and was approaching
the saturation state. Obviously, in samples with low selenite concentrations, which are close to the
natural value, revenue mechanisms of trace elements in algae cells, are more physiologically
regulated.

Pigment systems functioning is crucial in the bioproductive process in algae [15], so, after the
impact of some stress factors, the response of photosynthetic apparatus may be in result of such
specific reaction and cause some structural, physiological or biochemical transformations. The
content of photosynthetic pigments — chlorophyll a, chlorophyll b, carotenoids and pheophytins,
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forms a new adaptive physiological cell state which is characterized by the general increase in
biochemical and biosynthetic activity [12].

The most significant effect on the photosynthetic apparatus of Chlorella was observedin
samples with Se*" at concentrations of 0.5 and 20.0 mg/dm’® — the contents of the studied
pigments in these samples increased significantly. This may indicate an increase in cell needs of
energy and organic compounds that are formed as a result of photosynthesis, for more effective
adaptation. It is important to note that in the concentration of 5.0 mg/dm’ we oserved the
decreasing amount of chlorophyll a and pheophytins in comparison to the control sample.
Simultaneously, in samples with this concentration it was an increase in carotenoid content,
especially on the 3rd day of the experiment.

It is widely known that carotenoids synthesis occurs due to acetyl-CoA — the initial
metabolite of the Krebs cycle [6]. Therefore, a significant increase in the content of these
pigments that occurred under the influence of sodium selenite at a concentration of 0.5 mg/dm’,
could be the cause of decrease in Krebs cycle activity, as evidenced by decreased SDH activity.
Chlorophyll a synthesis depends on the presence of glutamate [20], which is required for the
initial stages of this pigment synthesis. However, the catabolic focus of glutamate
dehydrogenase reaction suggests the possible use of glutamate in the energy supply of Ch.
vulgaris [1].

Countervailing enzymatic and non enzymatic antioxidant mechanisms protect
photosynthetic membranes from photooxidation and peroxide radicals disposal, thus preventing
the destruction of chlorophyll triplets and oxidation of chloroplasts lipid membranes [5]. It
might be more efficient to provide algae cells with necessary products of photosynthesis in the
process of adapting to the effects of increased levels of Se**, rather than intensify the synthesis
of new pigments.

Investigation of related enzymes activity, which is exposed to various influences, provides
an opportunity to assess the state of individual parts of metabolic chains to determine orientation
of metabolic process and the speed of metabolits flow.

The increase in algae cytochrome oxidase activity is probably related to an increase in
energy demands of Chlorella cells to provide adaptation to excess selenite and probably
ensuring cells physiological responses to increasing level (of selenite) in the medium. It should
be noted that the active absorption of this trace element by phytoplankton, we can see its intense
intracellular binding by macromolecules and redistribution between proteins, lipids and
carbohydrates [19].Considering this, algae cells require high functional activity of enzymes that
provide energy, including cytochrome oxidase.

Regarding the activity of succinate dehydrogenase, its increase is also likely a
compensatory response of energy metabolism to the increased concentrations of selenium in the
environment. However, inhibition of SDH activity can be explained by the possible influence of
selenium on the sulfhydryl groups of amino acids and the resulting inhibition of sulfhydryl
enzymes, one of which in fact is the succinate dehydrogenase [2, 3].

As it was noted earlier, glutamate dehydrogenase maintains nitrogen homeostasis in cells
[8].Considering the metabolic connection of studied enzymes [1], intensive deamination of
glutamate NADH-GDH, apparently caused by the supply of a-ketoglutarate to the Krebs cycle,
which was greatly intensified by adding Se*’. In this situation, glutamate formation in Ch.
vulgaris cells involving NADPH-GDH decreased consequently. Thus, glutamate, like other
amino acids can be actively used as an additional energy substrate in a situation of
environmental factors influence [1].

It should be noted, that despite the relatively high concentration of selenite in algae
environment, some reasonable changes in pigment complex and enzyme systems, we haven’t
observed death culture in any of the variants of this experiment.
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CONCLUSIONS

This study describes the influence of sodium selenite on Ch. vulgaris, and shows that Se**

contributes to its bioaccumulation in the algae cells, reaching its maximum concentration in
samples with 20 mg/dm’ on the 7th day of the experiment. However, the metabolic activity of
algae cells under these conditions varies — some metabolic systems (photosynthesis and oxidation
of energy substrates) are activated, while others (Krebs cycle) — inhibited. The most effective
selenium accumulation was observed in a condition of a proper functioning of energy systems on
samples with 10.0 mg Se*/dm’. We believe that this concentration of selenite is optimal for Ch.
vulgaris cultivation in order to enrich Chlorella cells with selenium, which can be used to get
dietary supplements that contain selenium.
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AHOTAIIS

BIIJIMB CEJIEHITY HA ®OTOCHUHTE3HY AKTUBHICTD TA
EHEPTETUYHU OGMIH Y CHLORELLA VULGARIS BEIJER

Jocnimkeno 0coONMMBOCTI HAKONMYEHHS CEJICHY, BMICT MIrMEHTIB (XJopodimiB a i b,
KapOTHHOIMIB Ta ()EOIMIrMEeHTIB), aKTUBHICTh ()EPMEHTIB SHEPTETHYHOTO (IIUTOXPOMOKCHAA3U Ta
CyKIMHATAeriaporeHasu) Ta azotHoro oominiB (HAJl- ta HAJI®-3anexni I'/I[') B ogHOKITITHHHOL
3enenoi Bogopocti Chlorella vulgaris Beijer 3a mii cenenity Hatpiro y xonnenrpamiax 0,5; 5,0;
10,0120,0 Mr/z[M3 Ha 1, 3 Ta 7-My 100M KyIBTHBYBAaHHS 3 MiKpPOEJIEMEHTOM.

Pesympratn moxazanm, MmO TOTMMHAHHA ceneHy kmitmHamu Ch.vulgaris 3a mii celeHiTy
HATPil0 XapaKTEepH3YETbCS YacCOBOIO Ta KOHICHTPAIMHOIO 3aJEeKHICTIO —  KiJIBKICTH
MIKpPOGJIEMEHTY y KITHHaX 30UTbIryBayacs 3i 30UTBIIEHHSM BMICTY CEleHy y CEpeIOBHIII
KYJIFTUBYBaHHS Ta TPUBAJIOCTI JOCIITY.

[IToa0 mirMeHTiB, TO HAHOUTLII MOMITHHHA BIUTHB Ha (DOTOCHHTETUYHHN armapaT XJIopelu OyB
3a mif Se** y konnenTpamisx 0,5 ta 20,0 Mr/aM° — KibKicTh XJOpo(disiB, KapOTHHOIIIB Ta
(eomirmeHTiB 3poctaB y 2 — 3 pasu. lle mMoxe cBimuuTH mpo 30iMBIIEHHS MOTPEed KIITHH y
EHEepPreTHYHUX Ta OPraHiYHUX CIOJNyKax, IO YTBOPIOIOThCS BHACTIAOK (OTOCHUHTE3Y, IS
edextuBHimoOi amanrarii. CiiJ BiIMITATH, 10 3a KOHIeHTpamii 5,0 Mr/z[M3 BigOyII0CS 3MEHIIICHHS
KUTbKOCTI XJopodinny a Ta ¢deodiTuHIB momo KoHTpodto. OJHOYACHO 3a i€l KOHICHTpaIlii
301IBIIMBCS BMICT KapOTHHOIIiB, 0COOMMBO Ha 3-10 100y €KCIIEpUMEHTY.

®depMeHTHA aKTUBHICTH JOCHTIHKEHNX (PEPMEHTIB MOPIBHSIHO 3 KOHTPOJIEM Oylia BHINOIO 32
Iii BCIX BHUKOPHWCTAHWX KOHIIEHTpAIii celieHy. 3pOCTaHHS ITUTOXPOMOKCHIA3HOI aKTHUBHOCTI Yy
BOZOPOCTI, OYEBHIHO, TIOB’sI3aHE 31 30UIBIIICHHIM €HEPTOBUTPAT KIITHH XJIOPETH Ha aJanTalliio
0 HA[UIMIIKY CEJCHITy Ta i3 3a0e3NeUeHHAM EHepricio (i3iojoriyHMX BiAMOBiAEH KIITHH Ha
MiBUIICHHS HOTO PIBHS y CepefoBHIN. Y 3aJeKHOCTI BiJl TPUBAJIOCTI AOCTiAy Ta KOHIICHTpAIii
CEJICHITY HATpil0, aKTUBHICTh IIMTOXPOMOKCHA3U 30impnryBanacs B 2,1 — 3,4 pa3a mopiBHSIHO 3
koHTposieM. Illogo  cykmuHaTmeriaporeHasw, TO 30UTbIIEHHS 1i AKTUBHOCTI TEX €
KOMITEHCATOPHOIO PEaKIli€l0 €HEPTreTHYHOTO OOMIHY 10 MiJBUIICHUX KOHIICHTpAIliil celleHy y
cepeoBHILi. 3a aii ceneHiTy Hatpito 5,0 MI/aM® Maio Micue pi3ke migBuIeHHS y 4 — 7 pasis, Toxi
SK 3a BHINUX 3HadeHb KoHmeHtpamii — 10,0 i 20,0 Mr/z[M3 30UIBIIEHHA 1i aKTHBHOCTI
cnoctepirajgocss B Mexax 24 — 65%. IatencuBHe ae3aMminyBaHHsA Tiytamary y HAJAH-TI'AT-
3JIeXKHIN peakiii 0OyMOBJICHE IMOCTaYyaHHSAM O-KeTorryTapary y Iukia KpeOca, mo 3Ha49HOIO
Miporo axruBisyBaBcst 3a aii Se*”. Ilpu wpoMy, BiamoBiaHo, mporec yTBOpeHHS y KiiTnHax Ch.
vulgaris tmyramary 3a ydactio HAI®H-T'II" 3umkyBaBcs. TakuM 9uHOM, TIyTamar, sK i iHII
aAMIHOKHCJIOTH, MOXYTb aKTHBHO BUKOPHCTOBYBATHCS SIK J0/IATKOBHUI €HEpreTHYHH cyOcTpar 3a
Jlii YMHHAUKIB 30BHINTHHOT'O CEPEIOBHUIIIA.
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Orxe, HalieheKTHBHIIIE HAKOIMUYEHHS CENeHy criocTepiraeThest mpu BMicti 10,0 mr Se**/nm’
IPU OJTHOYACHOMY HaJIS)KHOMY PiBHI (D)YHKI[IOHYBaHHSI €HEPreTHYHUX CHCTEM. BBaxkaemo, 1o 11
KOHIIEHTPAIisl CEJIEHITY € ONTUMAJIBbHOIO Uil KynbTuBYBaHHS Ch. vulgaris 3 Meroro 30araueHHs
KJIITUH XJIOpEJIM CEJICHOM, 1 Le MoXe OyTH BHKOPHUCTAHO JUIsi OTPHMAaHHS 3 BOJOPOCTEH
CEJICHOBMICHUX 010JIOTYHO aKTUBHUX JOOABOK.
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STRUCTURAL RECONSTRUCTION OF MEMBRANE AT
ABSORPTION OF Mn?*, Zn**, Cu®" and Pb** BY UNICELLULAR GREEN
ALGAE CHLORELLA VULGARIS BELJER

Abstract. We investigated the structural and functional features of membranes at absorption
of Mn**, Zn**, Cu** and Pb*" by unicellular Chlorella vulgaris Beijer. The accumulation of metals
ions is fluctuating. There are 4 stages: the stage of protective self-isolation of cells as a result of
the primary stress response, the stage of the active accumulation (decrease in resistance and
destruction of outer membrane), the stage of inhibition of the accumulation (formation of the
secondary concentric membrane), and the stage of uncontrolled accumulation (destruction of
secondary concentric membrane). The process of a concentric double membrane system formation
is universal and does not depend on the nature of the toxicant (biogenic Mn2+, Zn2+, Cu2+, toxic
Pb2+). Kinetic parameters of accumulation (K;,, V.x, E;) show that the process of absorption of
ions Mn**, Zn**, Cu** and Pb** goes according to mixed type of inhibition. During absorption of
metals happens structural reconstruction the cell wall chlorella by forming double concentric
membrane system, which is an adaptive mechanism, which functions to further protect cells from
toxic levels of metal.

Keywords: ions manganese, zinc, copper and lead, cell wall, absorption, kinetic parameters,
double concentric membrane sistems, chlorella

INTRODUCTION

Evolution of algae was in progress if in their habitat environment there were the ions of
various metals, including so-called heavy metals in toxic concentrations. As a result, they formed
mechanisms of toxin resistance that support their optimal level in cells. Ions of many metals in
some concentrations are effective regulators of metabolism, which is an ecological factor in the
regulation of their population [1, 2]. Unicellular algae of different taxonomic groups can
accumulate metal ions in concentrations that exceed their content in the water thousand times [3,
4]. However, excess of a certain level causes pathological changes of metabolism and their death
[1].

Stability and adaptation of hydrobionts to adverse factors aquatic environment determined by
the rate of formation and adequacy of response to current factor of protection systems of cell.
Great importance is the membrane complex of cell that are a primary barrier for the penetration of
of metal ions to cells of algae and isolate the contents of cell from the environment how in
optimum conditions as well as in adverse. Stability of cell membranes in adverse conditions
depends on their structure, functional state and composition of biomolecules in particular quantity
and quality changes of membrane lipids [5].

The intensity of penetration of metal ions is determined by: their concentration in the
environment, the interaction with membranes, and affinity of the components of cell membranes
and intracellular components [2, 6]. It is believed that the penetration of metal ions into the cells is
realized by diffusion and by using active transport [7.]. Also it is shown [8], that the accumulation
of heavy metals in aquatic organisms is a dynamic process that develops according to time
gradient and is characterized by a certain intensity and specificity.
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The purpose of this research was studying the process of reconstruction cell membranes
induced by phased absorption of ions Mn**, Zn**, Cu** and Pb** by cells of Chlorella vulgaris
Beijer, and also analysis the kinetic parameters of penetration.

MATERIALS AND METHODS

We investigated the unicellular green microalgae Ch. vulgaris Beijer., which was grown in the
climate chamber with illumination at a temperature 20+1°C and lighting 2500 Ix, in glass flasks (250
dm’) in the Fitzgerald mineral medium in modification by Zehnder and Gorham [9], that contained
among other cations 0.058 mg/dm’® Mn** and 0.023 mg/dm’ Zn** but without Cu** and Pb**. We added
aqueous solutions of MnSQO,, ZnSO4+7H,0, CuSO,*5H,0, Pb(NO;), at a rate per ion: Mn*" - 0.1; 0.2;
0.5 mg/dm®; Zn*" = 1.0; 2.0; 5.0 mg/dm’; Cu* - 0.001; 0.002; 0.005 mg/dm’, Pb*" — 0.1; 0.2; 0.5
mg/dm3. The duration of the influence of metals on the algae was: 0.083, 0.25, 0.5, 0.75, 1, 3, 6, 12, 24,
48, 72, 168 hours (study the accumulation of metal ions). Structural reconstruction of cell membranes
investigated after 24, 72, 168 and 336 hours. under the action of toxic ions. The control cells were the
cells which were grown in nutrient medium without the salts of toxic metals.

The penetration of ions into the cells of chlorella was stopped by 2.5 mM EDTA. After
centrifugation of the suspension of algae (2 000 rpm) the sediment was washed with solution of
nutrient medium for cultivation, then it was burned in the nitrate acid [1]. The content of metals
was determined by atomic absorption spectrophotometer Selmi C-115 M. The concentration of
proteins in the cells of Chlorella was determined by Lowry’s method.

The values of Michaelis constant (K,,) and maximum speed of penetration of metal ions
(Viuay) into the cells of algae were calculated by the graphic method of double return values in the
Lineweaver — Burk coordinates and energy of activation (E,) was determined by Arrenius
graphical method [10].

The cell membranes that were received from homogenates of biomass of chlorella by the
method Findley and Evans [11] (separated by centrifugation at 1500 g, 20 min), obtained in a
mechanical homogenizer at 7000 rpm with 5 mM Tris-HCI buffer (pH 7.6) that containing 0.5 M
sucrose, 0.005 M EDTA, 0.01 M KCI and 0.001 M MgSl, (wet weight : volume of buffer — 1:5),
centrifugation at 5000 rpm during 15 minutes. The resulting suspension (cell membranes and two-
phase system of solutions 0.25 M sucrose and 30% solution of polyethylene glycol in 0.2 M
sodium phosphate) were divided equally into three parts, into each added 10 ml lower phase
mixture of solution, then it was mixed and centrifuged at 2000 g during 15 min. in baket-rotor. The
membrane materials is selected in the place of phase separation using a syringe. All procedures are
carried out at 4°C. Membrane changes were fixed microscopically (MBI-15, followed by an
integrating digital analysis on the complex "SSTU-camera Manual Vision SSD-color-
WOYV00020) after their coloring “chloro-zinc-iodine” reagent [12].

RESULTS AND DISCUSSION

As a result of research it was revealed the fluctuating character of the process of
accumulation of the investigated metal ions by cells of Ch. vulgaris Beijer. in time and depending
on the concentration.

The intensity of accumulation of Mn®" by cells of algae under metal concentrations 0.2 and
0.5 mg/dm” is reduced during 30 min. (Fig. 1) and under ion concentration of 0.1 mg/dm’ — at first
it is increased (to 0.25 hours.), and than also is decreased (to 0.75 hours.). Later it is observed an
active accumulation of metal ions (to 24 hours.) under action of all investigated concentrations,
what can be explained by a breach of resistibility of the cell membrane. After this the process is
inhibited (to 48 h.). With increase of duration of the cultivation of chlorella with Mn*" to 72 and
168 hours it is observed the restoration of ions’ accumulation during actions of 0.1, 0.5 and 0.2



71

mg/dm’ respectively, with further decrease of intensity.
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Fig. 1. Accumulation of Mn?* by Ch. vulgaris Beijer. cells

This process is a subject to kinetic laws of Michaelis - Menten only during 0.083-0.5 h. and
12-168 h. (Table 1). Thus, the values of V., and K, of the accumulation of Mn** are reduced by
22% and 82% respectively (during 0.25 h.), then increased by 3% and 38% (to 0.5 h.), later V , is
increased by 11% (from 12 to 24 h.), reduced by 17% (to 48 h.), and again increased by 30% (to
72 h.) and reduced by 12% (to 168 h.). K, is decreased by 4% during 12-24 h., increased by 52%
(to 72 h.) and reduced by 25% (to 168 h.). The energy activation of binding of Mn*" is reduced by
77% (to 0.25 h.), increased by 36% (to 0.5 h.), reduced by 15% (from 12 to 24 h.), increased by
44% (to 72 h.) and again reduced by 14% (to 168 h.).

Table 1. Kinetic parameters of Mn”* accumulation by Ch.vulgaris Beijer. cells

Kinetic parameters of Mn”* accumulation
Incubation V naxs K, E, * 107
duration, hours | wmol /hour *mg of protein kJ/umol
0.083 34.5 0.100 2.90
0.25 27.0 0.018 0.67
0.5 27.8 0.029 1.05
0.75 - - -
1 _ _ _
3 _ _ _
6 _ _ _
12 54.1 0.055 1.02
24 60.6 0.053 0.87
48 50.0 0.067 1.33
72 714 0.111 1.55
168 62.5 0.083 1.33
Note: “—* in tables 1, 3, 4 — the process is not liable to Michaelis-Menten equation

The accumulation of Zn** by the cells of Ch. vulgaris Beijer. is active (Fig. 2) (under action of 1
mg/dm’ - to 0.5 hours., under action of 2 and 5 mg/dm” - to 0.75 h.), which can be explained by their
use in the active vital functions of algae; and it is changed by the oppression of the accumulation
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process (under action of 1 and 2 mg/dm’ - to 3 h., under action of 5 mg/dm’ - to 1 h.). Then
accumulation of metal ions is activated (under action of 1 and 2 mg/dm3 - to 168 h., under action of 5
mg/dm’ - to 72 h.) with the following decrease of the absorption under concentration of 5 mg/dm’.
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Fig. 2. Accumulation of Zn** by Ch. vulgaris Beijer. cells

The absorption of Zn?" is characterized by such indicators (Table 2): V. accumulation of
metal ions is increased by 28%, 60%, 38% and 76% during 0,083-0,5 h., 0,75-1 hours., 3-6 h. and
24-168 h. respectively, and is decreased by 28%, 75% and 50% during 0,5-0,75 h., 1-3 hours and
6-24 h. respectively, K,, is decreased by 63%, 50%, 62% and 63% during 0,083-0,25 h., 1-3
hours., 6-24 h. and 48-168 h. respectively, and increased by 89%, 25% and 25% during 0,25-1 h.,
3-6 h. and 24-48 h. respectively. E, binding of Zn>* changes: during the first 0.5 h. it is decreased
by 65%, then (to 3 h.) increased by 88%, than (to 12 h.) again decreased by 44%, to 24 h. than
increased by 10% and again decreased by 88% to 168 h.

Table 2. Kinetic parameters of Zn>* accumulation by Ch.vulgaris Beijer. cells

Kinetic parameters of Zn>* accumulation
Incubation V s K, E,, ¥10°
duration, hours | umol /hour *mg of protein kJ/ umol
0.083 2000 5.9 2.6
0.25 2000 22 1.1
0.5 2778 2.5 0.9
0.75 2000 6.7 33
1 5000 20.0 4.0
3 1250 10.0 8.0
6 2000 13.3 6.6
12 1250 5.7 4.5
24 1000 5.0 5.0
48 2500 6.7 2.6
72 2941 4.3 1.5
168 4167 2.5 0.6
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An active absorption of Cu** (Fig. 3) occurs during 0.75 and 1 h. during chlorella cultivation
with 0.001 and 0.005 mg/dm’ respectively. During action of 0.002 mg/dm’ it is observed an
inhibition of absorption of the ions (to 0.5 h.), which can be explained by self-isolation of cells
from metal with following activation (to 0.75 h.). Later the intensity of accumulation of metal ions
during action of the investigated concentrations is decreased (to 3 h.), then it is activated (12 h.),
inhibited ( to 24 h.), activated for the second time (to 72 h.) and inhibited (up to 168 h). In this
case during the action of the investigated concentrations it is observed the accumulation of metal
ions to 0.75 and 1 h. and it is changed to inhibition of absorption of ions to 3 h.
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Fig. 3. Accumulation of Cu** by Ch. vulgaris Beijer. cells

For Cu** (Table 3) value of V,,, is increased by 20% (to 0.75 h.), decreased by 60% (to 3 h.),
again increased by 42% (to 12 h.) and decreased by 23% (for 24 h.); values of K,, and E,, are reduced by
22% and 33%, 92% and 91%, 50% and 33% respectively during 0.083-0.5 h., 0.75-1 h., 3-6 h., and
increased by 50% and 45%, 50% and 67%, 80% and 73% respectively during 0.5-0.75 h., 1-3 hours., 6-
24 h. The accumulation of metal ions during 48-168 h. is not a subject to laws of Michaelis - Menten.

Table 3. Kinetic parameters of Cu®* accumulation by Ch.vulgaris Beijer. cells

Kinetic parameters of Cu”** accumulation
Incubation V naxs K, E,, ¥10°
duration, hours | wmol /hour *mg of protein kJ/umol
0.083 50.0 0.0009 0.018
0.25 53.0 0.0007 0.013
0.5 55.5 0.0007 0.012
0.75 62.5 0.0014 0.022
1 48.78 0.0001 0.002
3 25.0 0.0002 0.006
6 37.0 0.0001 0.004
12 435 0.0003 0.006
24 333 0.0005 0.015
48 - - -
72 - - -
168 - - -
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The accumulation of Pb** (Fig. 4) depends on the concentration: during action of 0.1 mg/dm? it is
observed the decrease of the absorption of the ions of metal (to 0.25 h.), then increase (to 6 h.), decrease
(to 24 h.), again increase (to 72 h.) and decrease (168 h.), during the action of 0.2 mg/dm3 - initial
accumulation ( to 1 h.) is decreased (to 3 h.), then gradually increased (to 168 h.) during the action of
0.5 mg/dm3 - the intensity of the absorption of metal ions is decreased (to 0.25 h.), then activated (6 h.),
inhibited (to 12 h.), activated one more time (to 48 h.) and inhibited (to 168 h.).
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Fig. 4. Accumulation of Pb** by Ch. vulgaris Beijer. cells

The accumulation of Pb*" is a subject to laws of Michaelis - Menten only during 0.083 h.
and 1-6 h. (Table 4). The value of V,,,, of the absorption of Pb*" is decreased by 79% within 1-3 h.
and increased by 60% to 6 h. K,, during this time is increased by 67% and E, binding of metal ions

is increased by 91% within

1-3 h. and decreased by 47% to 6 h.

Table 4. Kinetic parameters of Pb*" accumulation by Ch.vulgaris Beijer. Cells

Kinetic parameters of Pb** accumulation
Incubation V naxs K, E,, ¥10°
duration, hours | wmol /hour *mg of protein kJ/ umol
0.083 200 0.50 2.5
0.25 - - -
0.5 - - -
0.75 - - -
1 238 0.22 0.9
3 50 0.50 10.0
6 125 0.67 53
12 - - -
24 - - -
48 - - -
72 - - -
168 - - -
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The cells of Ch. vulgaris Beijer. actively accumulate Mn>* to 24 h. of incubation, Zn** - to
0.5 h. (1.0 mg/dm®) and to 0.75 h. (2 and 5 mg/dm*), Cu** - to 0.75 pm. (0.001 mg/dm®) and to 1 h.
(0.005 mg/dm*), Pb** - to 1 h. (0.2 mg/dm®) and to 6 h. (0.1 and 0.5 mg/dm?), thus controlling the
penetration of ions. Later accumulation is inhibited. The mechanism of accumulation of metal ions
is fluctuating and has 4 stages: the stage of self-isolation (stress reaction) of cells, stage of the
active accumulation, stage of the inhibition, stage of the second accumulation. The stage of the
self-isolation is the response of the cellular organism to the action of stress factor, in our case the
ions of metals. The best isolation function of the cells appears during the action of Mn*" (0.2 and
0.5 mg/dm’ - to 0.5 h.), Cu** (0.002 mg/dm’ - to 0.5 h.), and Pb** (0.1 and 0.5 mg/dm’ - to 0.25
h.). Decrease of resistance of the primary cellular membrane to the investigated concentrations of
metal ions is characterized by the stage of active accumulation of Mn** (0.1 mg/dm” - from 0.75 to
24 h.,0.2 and 0.5 mg/dm’ - from 0.5 to 24 h. ), Zn** (Img/dm’ - to 0.5 h., 2 and 5 mg/dm’ - to 0.75
h.), Cu** (0.001 mg/dm’ - to 0.75 h.; 0.002 mg/dm’ - from 0.5 to 0.75 h.; 0.005 mg/dm” - to 1 h.),
Pb** (0.1 and 0.5 mg/dm’ - from 0.25 to 6 h.; 0.2 mg/dm’ - to 1 h.), which is followed by the
destruction of the primary membrane [2]. Later the cells of chlorella try to control the absorption
of the ions at the stage of secondary inhibition.

The observed fluctuating type of accumulation of the ions corresponds with structural and
functional reconstructions of the cellular membrane during the action of metal ions, which consists
in formation of double concentric membrane systems (Fig. 5.) as additional protection system,
which contributes to the normalization of functional and metabolic activity of cells and their
survival by unfavorable factors [2].

d

Zn** (5.0 mg/dm’)

Control

Fig. 5. The formation of secondary concentric membranes in the cells
of Chlorella vulgaris under the influence of zinc ions (5.0 mg/dm3), x9000

This process happens already at the first day of stressors action regardless of their nature
(biogenic zinc, toxic lead) [2]. In the cells grown in the medium that containing toxic ions detected
significant morphological differences related to changes in membrane thickness and size of cells.
In particular, the increased granularity of the cytoplasm (24 hours of action); in the cells appears
the second concentric circle membranes, granularity of cytoplasmic increases, there is increased
vacuolization and condensation the substance of white color (48 h. action); concentric membrane
thickens, and the area of nuclear and cytoplasmic space is reduced (168 or more hours of action).

We believe that a system of concentric membranes is one of the essential parts of a specific
cellular response at absorption of ions of toxic metals. We assume that the basis of the membrane
adaptation to unfavorable factors lies in hyperplasia of endoplasmic reticulum, since it is proved
that in the structures formed by smooth endoplasmic reticulum the content of enzymes responsible
for the detoxification is increased [13].

The phenomenon of multiplication of membrane system in the cells of water plants is
consistent with the established for some organisms cells ability to adapt to the action of stressful
factors due to thickening and multiplicative fragmentation of cell membranes. For example, early
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in a process of ascosporogenesis in Arthroderma vanbreuseghemii and Arthroderma simii [14, 15],
dehydrated pollen Pyrus communis L. [16], while growing chlorella and micrococcus in
radioactive according to deuterium water [17] and testifies about its adaptive value. The process of
formation the double concentric membrane observed for the actions of Mn”* (at all investigated
concentrations — from 24 h. to 48 h.), Zn** (5 mg /dm’ — from 0.75 h. to 1 h.), Cu** (at all
investigated concentrations — from 1 h. to 24 h.), Pb** 0.1 mg/dm3— from 6 rox. to 24 rox.; 0.5
mg/dm’ — 6 h. to 12 h.). Thus, one could argue that the formation of secondary membrane is a
universal response of cells to toxic stress, and takes place already during the first hours of action
stressors regardless of their nature, and calculated energy of activation at this stage indicates the
increase of energy expenditure of maintaining cell activity in Chlorella in toxic environment that
may be necessary to factor the formation of secondary membrane.

We assume that secondary membrane functions as primary, as evidenced by protein-lipid
composition of membranes, mainly activation the synthesis of phospholipids (PL) and
triacylglycerol (TAG) during intoxication. Growth content of these classes of lipids is consistent
with their participation in compensatory and adaptive activity of cells under stress conditions.
Increase of TAG - one of the factors stabilization of cell membranes, which are precursors to the
formation of DAG (diacylglycerol) and NEFA (nonetherified fatty acids) [18], and increase their
number in a cell corresponds with consolidation and reduced fluidity of membrane [19]; TAG is
also reserve energy substrate and increasing their content testifies to energy deficit resulting from
toxic effects. As a result, activated lipolysis, order to provide the necessary energetic material for
a cell , the level of triacylglycerols after an initial increase their content decreases significantly,
that accompanied by an increase in the content of DAG and NEFA. Phospholipids affect not only
the fluidity of membranes, but also form a microenvironment for membrane enzymes, ion
channels, and regulate the communication of cell with the environment [20]. The increase of their
content can be interpreted as a general mechanism of toxic resistance of cells to the action of
heavy metal ions, that formed depending on the concentration and duration action of toxicants It is
possible that the intensity of this process explained by the high sorption ability of charged
phospholipids [21], or performance of their functions of messengers which transfer the information
into the cell about changes in the environment [22]. Also toxicants stimulate the biosynthesis of
proteins, but their number is much less than number of lipids, because the synthesis of protein are
longer in time and energy-dependent process. It is proved that the more aggressive toxicant, the
greater the weight of accumulating proteins, that indicating of their participation in process of
formation of double concentric membranes. As for the indicators of enzymes activity (ATP-ase,
alkaline phosphatase), whose activity after its initial decrease by the action of toxicants is resumed
synchronously with the formation of a secondary membrane [23, 24]. Reconstructions of the
membrane during the action of metal ions are also consistent with violation of the functioning of
the membranous ATP-ases [1], particularly Na*/ K* ATP-ase, that participates in the regulation of
jons [25]. Thus, Zn®* do not practically impact on the membranous ATP-ases, except for high
concentrations (5 mg/dm®), because they have high permeability, mobility in the cell, and
complexing ability [26]. Pb*" inhibit the activity of ATP-ase [1], because they are characterized by
high affinity to proteins and strong restraining of this metal within metallothioneins [26]. A certain
number of Cu”** can bind with cellular membranes, and other ones make the complexes with low-
molecular organic substances and proteins up to the saturation of their centers of binding [27]. The
highest affinity to the proteins among investigated ions is Cu**, and the least - Zn**. Mn*" supplant
Ca”** from cellular membranes [28], and therefore their accumulation is limited by duration of
antyport.

Next stage of the reactivation process of accumulation, that is observed during the actions of
Mn** (0.1 and 0.5 mg/dm” - from 48 to 72 h.; 0.2 mg/dm’ - 48 h. to 168 h.), Zn** (1 and 2 mg/dm” -
from 3 to 168 h., 5 mg/dm’ - from 1 to 72 h.), Cu** (0.001, 0.002 and 0.005 mg/dm’ - from 24 to
72 h.), Pb** (0.1 mg/dm® - 24 to 72 h.; 0.2 mg/dm’ - from 3 to 168 h., 0.5 mg/dm” - from 12 to 48
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h.), is characterized by destruction of the secondary concentric membrane [2], due to exhausting
the basic protection of resources in the cell.

The further accumulation of investigated metal ions becomes uncontrolled and can be formed
multimembrane system (Fig. 6). But, the following membranes likely is defective and functioning
inefficiently and can lead to the formation of pathological structures, and later occurs a natural process
the death of cell by increasing the osmotic pressure inside the cell and cracking of cell.

The kinetic indicators conform to the regularity of absorption of metals.. The increase of V.
accumulation of Mn** (0.25-0.5; 12-24; 48-72 h.), Zn*t (0.083-0.5; 0.75-1; 3-6; 24-168 h.), Cu**
(0.083-0.75, 3-12 h.), Pb** (3-6 h.) shows that metal ions are bound with molecules of the cellular
walls of alga and molecules- carriers of membranes according to the noncompetitive type [10].
The absorption of ions is also characterized by the decrease of value of V,,,: Mn** (0.083-0.25;
24-48; 72-168 h.), Zn** (0.5-0.75; 1-3; 6-24 h.), Cu®* (0.75-3, 12-24 h.), Pb*" (1-3 h.), that indicate
the competitive inhibition.

Pb** (0.5 mg/dm*; 336 h.)

Fig. 6. The formation of multimembrane system and apoptosis in cells
of Chlorella vulgaris under the action of the lead ions, x9000

The energy of the activation of binding of Mn2* (0.25-0.5; 24-72 h.), Zn** (0.5-3; 12-24 h.),
Cu** (0.5-0.75; 1-3 ; 6-24 h.), Pb*>" (1-3 h). by surface membrane of algae and penetration through
the membrane show that the process of accumulation of metals within this period is energy-
dependent.

CONCLUSION

Thus, accumulation of the ions of Mn>*, Zn**, Cu®* and Pb** by the cells of Ch. vulgaris
Beijer. is fluctuating and is determined by the concentration of ions in the environment and
duration of its action on the cells.; HEeKOHTpOIIbOBaHE HAKONMYEHHS Yy pe3yibTaTi pyHHYBaHHS
BropuHHOI MeMOpanu. There are 4 stages: the stage of protective self-isolation of cells as a result
of the primary stress response, the stage of the active accumulation as a result of decrease in
resistance and destruction of outer membrane, the stage of inhibition of the accumulation as a
result of formation of the secondary concentric membrane [2]; the stage of uncontrolled
accumulation as a result of destruction of the secondary concentric membrane. The process of a
concentric double membrane system formation is universal and does not depend on the nature of
the toxicant (biogenic Mn**, Zn**, Cu**, toxic Pb*").

The absorption of metal ions goes according to mixed mechanism and is determined by the
affinity of metal-binding components of membranes, formation of secondary concentric membrane
and its resistance to metals, the duration of its structural and functional activities, and after loss of
it and after saturation of the centers of binding of metal ions by cytoplasmic components — the
process of accumulation becomes passive and uncontrolled.
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AHOTANIA

CTPYKTYPHA INIEPEBYJOBA MEMBPAHM IPU O JIMHAHHI
MN?*, ZN**, CU*, PB** OJHOKJIITUHHOIO 3EJIEHOIO BOJOPICTIO
CH. VULGARIS BEIJER.

JlocnmipkeHo  CTPYKTYpHI  Ta  (YHKIIOHAJTBHI O0COONMMBOCTI MeMOpaH TIpW TIOTJIMHAHHI
xiopenoo Mn**, Zn**, Cu®*i Pb*". Hakonmuenns iomie Meramie Mae 4 cramii: CTafmis 3aXHCHOI
caMo30JILil KIITHH B pe3ynbTaTi IEpBHHHOI peakuii Ha CTpec, CTajail aKTUBHOTO HaKOIHWYECHHS
(3MEHILEHHST ONOpy 1 pyHHYBaHHS 30BHIIIHBOI MeMOpaHW), CTajil TaJbMyBaHHS HaKOIMYCHHS
(opmyBaHHS BTOPMHHHMX KOHLEHTPMYHHMX MeMOpaH), i cTajii HEKOHTPOJIBLOBAHOTO HAKOIHMYECHHS
(pyiiHyBaHHS! BTOPHHHMX KOHIIEHTPHYHUX MeMOpaH). [Iporiec hopmyBaHHS MOBIHHOT KOHIEHTPUYHOL
MEMOPAHHOT CHCTEMH € YHIBEPCATBHIM 1 He 3aJIeKHUTh Bill IPUPO/IH ToKCHKaHTa (Giorenni Mn®', Zn®',
Cu2+, TOKCUYHUHN Pb2+). Kinetruni mapamerpu HakonmdeHHs (Km, Vmax, EA) mokasyioTs, 1o
nporec mormuHaHks ionie Mn?*,Zn**, Cu**, Pb”" BinbyBaeThes 3a 3MimannM THIOM {HriGyBamss. ITix
Yac TIOTJIMHAHHS METaJIiB BiIOYBA€ThCS CTPYKTYPHA IepeOynoBa KIITHUHHOI CTIHKH XJIOPENH MUITXOM
(hopMyBaHHSI CUCTEMH TIOABIHHMX KOHIECHTPUYHUX MEMOpaH, 0 € aJalTHBHAM MEXaHI3MOM, SIKHMHA
(yHKIIOHYE, MO0 TOJATKOBO 3aXUCTUTH KIITHHHU BiJl TOKCHYHHUX piBHIB MeTany. [lociimoBHICTH
MpoIIecy ajmanrarii MeMOpaH IO TOKCHKaHTaM Ha CTPYKTYPHO-(YHKI[IOHAJILHOMY pPiBHI BKIFOYAE:
MEMOpaHHMN MEXaHi3M i30JIFOBaHHS KIITHHU BiJl TOKCUKAHTIB HAa IMOYATKOBUX CTaIisX X BILUIMBY,
MOIIKO/DKCHHSI TOKCHKAaHTOM MeMOpaH B KOHIIEHTpaliifHO-4acOBOMY TIpaji€HTi 1 30UIbINEHHS iX
MPOHUKHOCTI 3 MOJAJIBIINM IOPYILICHHSAM I0OHHOTO FOMEOCTa3y, BIJHOBJICHHS MEMOpaHHHX (DYHKIH
BHACJIZIOK CTPYKTYPHO-(YHKIIOHAJIEHOT 1epeOyIoBH BCHOI0 MEMOPAHHOTO KOMILICKCY 33 PaxyHOK
YTBOPEHHS BTOPMHHOI KOHLEHTPUYHIM MeMOpaHu. BusBieHa crnenmduuHas peakiis Ha [0
TOKCHUKAHTIB, IO BHPAKAEThCS B IIBUIKOCTI YTBOPSHHS, TOBIIMHI 1 dYaci Je3aganTamiiiHoOTo
pyHHYBaHHSI BHYTPIIIIHAO1 KOHIIGHTPUYHOI MeMOpaHHu. 30BHIIIHS (IEpBUHHA) MeMOpaHa MpH bOMY
KOHCEpBaTHBHA ITO TOBIIHHI, 32 BUHSATKOM PO3PHBIB 1 BUXOAY 3 KJIITHH IMTOINIA3MATHIHOTO BMICTY.
MynbTUIUTIKaIsS MeMOpaH — 11e 3JIar0DKEHHIA MPOIIEC, SKU BiIOYBA€ThCS Ty>Ke IMIBHIKO 1 TIPH yIacTi
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BCIX pecypciB KJIITHHH, OCKUIBKH OCHOBHE il 3aBIaHHS — 30epeXeHHS CTPYKTYPHOI i (PyHKITIOHATEHOT
CTabLTPHOCTI KIITHHU.

BucnoBneHo npumymeHHs, 0 B OCHOBI MEMOpaHHOI ajanTamnii BOZOPOCTi A0 HECTIPUSTINBIX
(akTopiB MOXE JIeKaTH TiNepIuiasisi eHAOIUIa3MaTHYHOTO PETHKYJIyMy, a caMe MOXe
CYIPOBOIKYBATHCS YTBOPEHHAM CTPYKTYpP, SIKi 1ICHTHQIKYIOTBCS SK IUITHKHA €03MHO(LTEHOT
[UTOIUIa3MHU. BioXIMIYHO JOBEIEHO, MO B CTPYKTYpax, chOPMOBAHHX TJIAIKUM SHIOILIA3MATHICCKAM
PETUKYITyMOM, 301UTBIIY€ETHCS BMICT ()epMEHTIB, BiIOBIAJIBHUX 32 JICTOKCHKAITIFO.

OOroBOprO€TbCS NMUTAHHS PO MEXaHI3M 3allyCcKy MyJbTUIUTIKaii MeMOpaH, BiacHe
NpOLECIB peleniii, CurHamt3amnii, a Tako)X IPOMOTOPIB JAAaHOTO SIBUILA Ta MOETANHICTh CHHTE3Y
CUCTEMU BTOPUHHHUX MEMOpaH, 10 J03BOJIUTH 3pO3yMITH BCi NUIAXH aIaNTAlliHHOTO TPOIIECY.
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COMBINATION OF MANAGEMENT APPROACHES FOR
SUCCESSFUL INTRODUCTION AND FUNCTIONING OF THE
SYSTEM OF ECOLOGICAL MANAGEMENT

Abstract. The article deals with the problem of development and introduction of the system
of ecological management according to the demands of standard State Standard of Ukraine (SSU)
ISO 14001:2015 «The system of ecological management. The demands and instructions for its
application». The review of ideas concerning effectiveness and efficiency of introduction of the
ecological management system at the enterprises with the help of classical management
approaches has been presented and effects of its application are examined. The author has carried
out the analysis of classical (traditional) approaches to managing the system of ecological
management, determined positive features and faults of these approaches. It has been determined
that on practice one should combine traditional approaches to the management in order to improve
the effect from introduction of the ecological management system.

The author has offered the conception of strategic management based on several approaches
for introduction and functioning of successful system of ecological management at an enterprise
which will allow forming a new notion about ecological management of industry in long-term
perspective, restrict an enterprise, exceed the limits of «black box» system and stimulate its
development at the production market due to the clearly formed system of ecological management,
through acquirement of new habits by workers, establishment of new aims, contributed to
understanding problems of higher management, and to transforming an enterprise into an emergent
system.

Key words: management solution, organizing culture of an enterprise, strategic planning,
behavioural approach.

INTRODUCTION

For the last decade humanity has been experiencing several crises simultaneously: climatic,
biodiversity crisis, fuel, provision, water, and for the last years of financial system crisis as well as
of economics in general. The emission increase indicates an increasing threat of rapid climate
change, which can contribute to catastrophic issues for humanity [10]. Nowadays market
principles of economics are making enterprises change the ecological management system of
production management, finding more flexible mechanisms and instruments of management. The
necessity of a more effective system of nature-oriented measures on the microlevel and
competitors’ pressure also dictate the necessity of new approaches to national enterprises
management concerning their interaction with the environment [6]. Preserving an enterprises
competitive state in the conditions of market relations is based on the application of some
innovations in its activity, the greatest meaning among them is given to improvement of
approaches to organizing system management with the aim of providing the processes’ continuity
and improvement [19, 20]. Beyond all question, such a non-traditional change in organisations is
not only development, but its effective and successful introduction of the ecological management
system (EMS), which forms special management structure and is the part of general management
and one of the directions of production activity of the enterprise [3].

The appearance of ISO 14000 — series of international standards for enterprises and
organizations is one of the most significant international nature-oriented initiatives. The main
function of this series is a system of identification of an enterprise’s influence on the natural
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environment and execution of legislation demands, the system at the same time is oriented neither
on quantitative parameters, nor on technology, but on EMS [5]. Creating such a system at the
enterprise is the effective instrument with the help of which the organization can manage all the
totality of its influences on the environment and has an opportunity to organize the activity
according to the normative legal demands [11, 25].

In the last decade the introduction of EMS on the basis of the international standard orders
ISO 14001 has acquired a massive character. On the grounds of international organization’s report
concerning standardization the number of certified organizations in accordance with the standard
ISO 14001 is over 260 000 [22]. Hereby location of present enterprises in the countries with
developing economics in the last years has become a significant feature of introduction and
certification of EMS. Besides European and the North American countries, traditionally leading in
EMS introduction, such Asian countries as China, South Korea, Japan, India, Indonesia, Malaysia
became leaders by 2013 [21].

However, it should be indicated that effectiveness and efficiency of EMS introduction
sometimes differ depending on conditions of each country reviewed separately. It is prearranged
with a different level of legislative base development in the field of environmental protection [15],
formation of new generation of instruments (administrative and control, market oriented,
spontaneous agreements), suitable for creation conditions of a country’s transit to stable economic,
ecological and social development [16]. A great role in the process of EMS introduction belongs to
the availability of environment-oriented technologies and infrastructure state in the separate
examined country, and also to the staff’s erudition level of industrial enterprises concerning EMS
successful introduction. Besides, EMS introduction at the enterprises in conformity to the demands
ISO 14001 takes place rather slowly for some reasons, which are connected with significant
financial expenses of the organization for EMS development and certification. One can state that
advantages of the effective EMS (conditionally divided into inner which directly influence the
organization activity and external — positive changes taking place in the reducing of the
enterprise’s activity influence on the environmental state) surpass all the expectations and will be
more significant than financial expenses of the organization for realizing all the elements of the
EMS [28].

Introducing the standard ISO 14001:2015 in action a new problem has arisen whether it will
be so effectively introduced at the enterprises as it was with the previous versions of standard.
According to the predictions of the most pretentious organizations, that have become leaders of the
introduction standard ISO 14001, such as Hydram Engineering, Skanska, Northern and
Manchester Metropolitan University more than 250000 organizations all over the world will make
the transit to ISO 14001:2015 by September, 2018, but for most of enterprises this problem is still
ahead [26]. That’s why it is not strange, that ecological problems are taken into consideration at
the highest level. The very problems become the main themes at the country summits of Group of
eight, G8; ecological responsibility is getting increased in legislation of many countries.

EXPOSITION OF THE MAIN MATERIAL OF THE RESEARCH

The Ukrainian transit of economics on the market basis has led to necessity of changing
managers’ opinions of national enterprises concerning the system of management production as
the national priorities level has acquired outlines of large-scale solutions and introduction of non-
traditional management technologies. Under conditions of the market economy there is a high
level of economic behaviour of market subjects, when there is a necessity of choice of one or
several possible variants of actions and as a result of such choice there is a management solution,
which becomes a way of planned aims, organized work of the EMS at present.

It is known, that management solutions at the enterprise are divided into two types:
traditional solutions, which were taken repeatedly, in this case one should take one of the present
alternative variants and non-traditional, non-standard solutions, which are connected with search
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of new alternative variants. EMS introduction at the enterprise is the very non-traditional and non-
standard management solution, which needs a new strategy and newly-built conceptual approaches
[22].

On territory of Ukraine EMS introduction goes very slowly. This accounts for most
enterprises working in the inner sector of economics, where partners are not nominated necessary
demands concerning EMS introduction. The main stimulus to EMS introduction at national
enterprises can become an interest in relations with foreign partners, development of which is
essentially facilitated if there is a certified environmental management system at the enterprise.
Besides, the opportunities of getting foreign investments and credits play a significant role for
Ukrainian enterprises concerning acceleration of EMS introduction.

That’s why it is important to understand on account of what management approaches it is
possible to effectively and successfully introduce EMS under conditions of Ukraine, so that
already formed EMS would give an essential economical effect on the first stages of its
development on account of rational application of stuff, materials, energy resources, technological
expenses reduction, production quality rise, reduction of ecological payment for environmental
pollution [1]. For this one should consider the concept of ecological management, which includes:

1. The study of possibility and necessity of ecological processes management.

2. The area and object management determination in the ecological management —
interaction of human and nature.

3. Formulation and realization of ecological management.

4. Accordance of the problem scale and management scale. Infrastructure of ecological
management. Interaction and relation of transnational and regional problems of ecological
management.

5. Functional content of ecological management.

6. The principles of ecological management.

7. Methodology and role of science in the ecological management.

8. The organization of ecological management.

9. The system, mechanisms and management technologies in the concept of ecological
management.

10. Strategy and effectiveness of ecological management [6].

Coming from the ecological management concept it is possible to create a strategy for
effective EMS introduction at enterprises, because the irrefutable and main principle upon
ecological processes management is the principle of strategy [24]. Effective EMS direction
development is connected with determinate aims and clear management strategy directed on
distribution of priorities that will allow distributing functions in a proper way concerning
development, functioning and improvement of EMS at the enterprise. Hereby the management
strategy must be constantly changed in time as well as conditions of the environment [23].

Management at an enterprise during EMS developing in most cases is conducted on the basis
of classical, especially process and systematic approaches.

It is believed, that the most rational and effective variant of EMS introduction is the
application of process approach [21]. Such an idea is connected with standard points demands ISO
14001, which suppose combination in unitary processes of passing several stages from preparation
and carrying out at the enterprise with the application of Deming cycle improvement methodology
or PDCA cycle. With the help of process approach there is provided a process integration and
organizing at the enterprise, concentration of efforts on the successfulness and effectiveness of
processes, clarity of operations inside the enterprise, expenses reduction on account of rational use
of products, clearer understanding of their responsibility by workers. Hence, the process approach
allows combining in unitary processes just main standard demands: ecological aspects at the
enterprise and determination of significant ecological aspects, and ecological management
program and others [7]. Disadvantages of process approach will be unpreparedness in the structure
of managing the enterprise and in its organizing structure; mistakes during forming the system of
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work indices of EMS and arising the elements of inaccessibility on the way of supporting the
system of constant process improvement. Such an approach to management is optimal for
organizations with simple organizing structure, when the whole process is concentrated on the
frames of one structural unity [17], but its introduction in the complex hierarchical management
system is accompanied with reduction of work effectiveness [12].

The systematic approach to management considers an enterprise, at which EMS is
introduced as a system with a number of relative and interacted elements combined on the whole.
Hereby, an enterprise appears to be a system with its entrance (an influence of the environment on
the enterprise), emersion (enterprise influence on the environment, aims and assignments directed
on reduction of this influence), feedback (between workers and management, outer sides and
enterprise, relations between departments inside an enterprise) and outer influences (legislation,
economic and ecological factors). This approach is effective as it complies all the demands of
standard, differs by built methodology, but has a special disadvantage — a traditional, functional
approach to EMS, which recreates it later into the operating system of orderly documentation of
the enterprise. It can happen for some reasons: functional subdivisions directly uninterested in the
results of effective EMS introduction, as their evaluation system activity is alienated from
effectiveness on the whole, and hereby the EMS improvement is perceived by staff as direct
dependence between EMS existence and industrial processes, which are described in procedures.
Thus, in this case, a large scale of document circulation at the enterprise can become the only
result of EMS introduction.

Considered classical approaches to the management are determined with unidirection of EMS
at the enterprise, and from one hand give an accurate result in the identification of significant
ecological aspects, development of ecological politics and program of ecological management,
relations between all the levels of enterprise, and from the other hand — have disadvantages of
methodological and methodical character when using each separate approach [5]. One should
mention, that classical approaches are connected with a traditional authoritarian, control-oriented
style of management, which can contribute to relations and behaviour destabilization in the
collective [29].

In practice EMS introduction needs using several traditional approaches to management,
which is connected with voluntary character SSU ISO 14001:2015, and particularly with «human
factor» without a right organization of which EMS development and effectiveness is impossible.
That’s why limit and disadvantages of classical approaches are cut off with supplying one
approach to another and also during combination of several approaches. It will allow building up
EMS in production recreation and staff motivation.

EMS introduction with totally reviewed philosophy of organization, change of staff
psychology and their qualification extension should be begun in order to put into practice all the
approaches at the enterprise. The classical quantitative approach with elements of strategic
analysis to management can precede the philosophy of changes at the enterprise, the essence of
which is the transit from qualitative to quantitative estimates, with the help of mathematical and
statistical methods, engineering calculations, estimates of experts on the basis of «brainstorming»
with adding strategic instruments — SWOT and PESTLE- analysis for understanding the necessity
of EMS development and introduction for detection strong and weak points of the enterprise [32].
In this case it is possible to apply the diagram of Ishikawa or diagram of cause and effect (diagram
"fishbone"), which contributes to detect key parameters of processes, that have influence on
natural environment characteristics and is used for the purpose of graphic representation of
interrelation between decisive problem and reasons, that influence their arising [30, 31]. Hereby it
will be reasonable to include the methodology of Factor X type [18], determination of ecological
material balance [18], and to pass to identification of ecological aspects of enterprise activity
influence on the natural environment, determination of significant ecological aspects (rating of
quantitative analysis). The quantitative approach to management on the initial stage of EMS
introduction will considerably allow reducing time expenses on solution of complex management
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assignments concerning establishment of dependence between different indices of enterprise
activity, namely: technologically organizational and economic, quality of goods and expenses
during its production and introduction of nature-oriented areas [13]. Due to the quantitative
approach with application of strategic instruments, the enterprise manager will immediately
estimate advantages of EMS for the enterprise development, ways and stages of its creation and
economic appropriateness. After determination by the executives the necessity of EMS
development and introduction with the help of quantitative approach one should carry out
organizational changes and begin to commit the staff of all subdivisions for list formation of
ecological aspects and other necessary documentation. “Three whales” of non-traditional approach
concerning behavioural approach are creation of conditions for development and realization of co-
workers’ opportunities, stimulation of new ideas and practical introduction of novations [14].
That’s why when carrying out organizational changes at the enterprise much attention should be
paid to work with the staff, hence behavioral approach can become the very one, directed “inside”
the organization and the main element, which will influence management subjects by ecological
changes and the participants of ecological changes, their supporters and those who do not support
changes — all the staff of the enterprise, who feel the influence of organizational changes [4]. There
are human factor as a constituent of strategic approach to management — creative, strategic and
transformational thinking of all the co-workers of the organization, that will allow increasing
purpose, motivation of the staff during organizational changes at the enterprise [27].

The purpose of behavioural approach is providing help to the worker to understand his own
opportunities, creative abilities of applying conceptions of behavioural sciences. The enterprise
manager will be able to diverse priorities of ecological politics on the activity development with
adherence of science-founded ecological demands and to reach improvement of ecological
effectiveness of organization on account of efficiency rise of human resources due to right
application of this approach. We should not forget about the necessity of applying its leadership
properties, which will contribute to working capacity of a separate worker as well as all the
participants, who will provide EMS development and introduction, because passing the stages
without which EMS development and existence is impossible rely on the very workers of the
enterprise — highly qualified experts in the strict segment with a constant will of improvement
their knowledge, realizing their creative potential and getting an appropriate reward for this, that’s
why there is such a necessity for efficiency of introduced EMS [2].

In order to let the workers determine significant ecological aspects of the enterprise influence
on the natural environment by workers, the ecological politics was developed and the program of
actions was determined, EMS was also constantly strived to improvement, there is a necessity to
motivate and study them in such a way, so that the management wouldn’t be under conditions of
constant circulation of staff problems, but could solve key influences from the outside
environment. Hence, after setting of work and relations between enterprise workers the executives
can start realizing their ecological strategy of managing. On this stage there is a necessity to take
into consideration the very process approach, in frames of which the executives should develop
and introduce the series of continuous relative actions on the basis of strategic planning. A
simultaneous strategy of the industrial complex, which is based on the quantitative, behavioral and
process approaches to management during EMS creation, should provide accomplishment of the
main purpose — providing the competitive enterprise on the market, via constant improving all the
indices of the activity and reducing influences on the natural environment.

CONCLUSIONS

According to the research results the main demands to the ecological management system of
the enterprise can be formulated in such a way: a continuous refusal from managing rationalism of
classical managing schools; examination of the enterprise and natural environment as an integral
system; recognition of development and realization necessity of the system of strategic
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management by the enterprise; business capacity to rule «organizational culture» as a system of
values, which are divided by enterprise workers and are related to the final purposes of the
organization; understanding the necessity of forming an efficient, successful and effective system
of ecological management; understanding the main role of the leader as a carrier of new thinking,
oriented on novations; recognition of social responsibility of management to the society on the
whole as well as for separate people, working at an enterprise.

The offered ecological strategy of management, which integrates notions of quantitative,
behavioural, process and strategic approaches, which supply each other and form new notion
concerning the EMS introduction of enterprises on a long-term prospective with an accent on
successfulness and efficiency of this system, will contribute to significant and stable economic
effects on account of rational applying stuff, materials, reduction of technological expenses and
others will allow to combining EMS with existing elements of managing system of the enterprise,
will force to take into consideration the training of qualified experts in the field of ecological
activity with a special accent on the managing and engineering competences.
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AHOTAIIS

IHOEAHAHHSA NIAXOAIB YIIPABJIHHSA 1A
PE3YJIbTATUBHOI'O BITPOBA/I’KEHHA I ®YHKIIOHYBAHHA
CUCTEMM EKOJIOTTYHOI'O MEHE/IZKMEHTY

Buxonsun 3 KOHIEMINI CKOJOTIYHOTO MCEHEIKMCHTY BUHHKA€ HEOOXIIHICTh pPO3pPOOKH
crparerii aist e(eKTHBHOTO BIIPOBA/DKEHHS CHUCTEMM eKojoriynoro menemkmenty (CEM) na
MiANPUEMCTBAX, OCKUIBKM HE3alePECYHMM 1 OCHOBHUM MPHUHIMUIOM, TIiCAs BH3HAYCHHS
HEOOXiJTHOCTI YIPaBIiHHS EKOJOTIYHMMH IIPOLIECAMH, BHCTYNAE IPUHIMI CTPATETiYHOCTI.
Edexruna po3pooka CEM 10B’si3aHa 3 BU3SHAYCHUMHU IUIIMU Ta YiTKOK CTPATETIEI0 KEPiBHUITBA
HAIPaBJICHOI0 Ha PO3MOIUT NPIOPUTETIB, MIO JO3BOJHUTH MPABHIBHO PO3MUIATH (HYHKIII 11010
po3poOku, pyHKIioHyBaHHA Ta okpameHHs CEM Ha mianmpueMcTsi.

YnupaBiiHHA Ha TiAnpueMcTBi mix gac po3podku CEM, y 6imbmIocTi BUMAAKIB BiZOyBa€eTHCS
Ha OCHOBI KJIaCMYHUX MiaxofiB. i migxoan O0 ympaBiliHHS BH3HAYAIOTHCS OJHOHAMPABIICHICTIO
nmo BrpoBamkeHHss CEM Ha miampueMmcTBi 1 3 OnHi€] CTOPOHM HAarOTh YiTKHH pe3ynpTaT IIo
BUSIBJICHHIO CYTTEBUX CKOJOTIYHUX AaCIEKTiB, CTBOPCHHIO EKOJOTiYHOI MONITHKH Ta MPOrpaMu
€KOJIOTIYHOTO MEHEJKMEHTY, 3B’s3KaX MiXK yciMa PIBHSAMH MiANPHUEMCTBA, a 3 APYrOi CTOPOHH —
MAaIOTh HEJIOJIKH METOAOJIOTIYHOTO 1 METOAMYHOTO Xapakrepy. Ha nmpakruii Buposamkenass CEM
noTpedye BUKOPHUCTAHHS JEKUIBKOX TPaJULiHHUX MIAXOIIB 10 YNPAaBIiHHS, L0 TIOB’S3aHO 3
nob6posinbHuM xapakTepoMm JJCTY ISO 14001:2015, a ocobnnBo 3 «IroachKuM (akropom» 0e3
npaBWIbHOI opraHizanii sikoro, HemoxiuBa po3pooka CEM. Tomy oOMeKeHHS 1 HEIOJTIKH
KIIACUYIHUX MIIXOIB 3HIMAIOTHCSA MPH OTIOBHEHHI OJHOTO MiAXOMY IHIMUM, a TaKOX ITiJ 4ac
KOMOiHyBaHHS IeKUTbKOX miaxoniB. Lle mo3Bonuts po3dynyBatn CEM B KOHTEKCTI MEpEeTBOPEHHS
BUPOOHUIITBA T BMOTUBOBAHOCTI MPAIliBHUKIB.

3a pe3ynbTaTaMHu JOCIIIPKEHHS OCHOBHI BUMOTH JI0 CHCTEMH EKOJIOTIYHOTO MEHEIKMEHTY
MiATIPHEMCTBA MOXXHa  cOpMymiOBaTH HACTYIHHM YHHOM: TIIOCTYIOBa BiAMOBa  Bix
YIPaBIiHCHKOTO paIfioOHali3My KIAaCHYHUX IINKUI MEHEHKMEHTY; PO3TJII IMiIIMPUEMCTBA i
HaBKOJIMIIHBOI'O MNPUPOJHOTO CEpEelOBHINA SK IUIICHOI CHCTEMH; BH3HAHHS HEOOXIiIHOCTI
po3poOKM 1 pearnizawii CHCTEMH CTPATEriYHOIO MEHEPKMEHTY YIPABIIHHS MiANPUEMCTBOM;
31aTHICTh Oi3HEecy 10 YNpPaBJiHHS «OPraHi3allifHOI0 KYJbTYpOIO» SIK CUCTEMOIO LIIHHOCTEH, sKi
PO3AUISIOTECS TIPAI[iBHUKAMH ITIPUEMCTBA 1 TIOB’S3aHI 3 KIHICBUMH IUIIMH OpraHi3allii;
PO3yMiHHS HEOOXiTHOCTI ()OpMyBaHHS Ha MiJIPHEMCTBAX AI€BOI, PE3yJIbTATUBHOI Ta €)EeKTUBHOT
CHCTEMH EKOJIOTIYHOTO MEHE/KMEHTY; YCBIJIOMJICHHS TOJIOBHOI pOJIi Jijepa SIK HOCiSi HOBOTO
MUCJICHHSI, OPIEHTOBAHOTO Ha HOBAIIii.

3anpornoHOBaHa €KOJIOTIYHA CTpAaTeris yNpaBIiHHSI, sKa IHTETpye B COOi TMOJIOKESHHS
MPOIIECHOTO, KiJIbKiCHOTO, MOBEAIHKOBOTO Ta BJIACHE CTPATETIYHOTO IMiIXOiB, SIKi JTOTIOBHIOIOTH
OJIMH OJHOTO 1 ()OpMYIOTH HOBE pO3yMiHHS 11040 BrnpoBamkeHHs CEM Ha miampuemMcTBax Ha
JIOBTOCTPOKOBI TEPCIIEKTUBI i3 aKIEHTOM Ha Pe3yJbTAaTUBHICTh Ta €QEKTUBHICTH IIi€i CHCTEMH
MpU3BEE 10 CYTTEBUX 1 CTIHKMX €KOHOMIYHUX €(DEeKTiB 3a paXyHOK paIlioHAIbHOTO BUKOPHUCTAHHS
CUPOBHHH, MaTepialiB, 3HWKECHHS TEXHOJOTIYHUX BTPAT, H03BOJIUTH cripoekTtyBatd CEM i3 Bxke
ICHYIOUMMH €JIEMEHTAMHU CHCTEMH YIIPABJIIHHS i IIPUEMCTBOM.
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PERMANENT GRASSLAND IN THE POLISH CARPATHIANS

Abstract. Floristically rich foothill and mountain meadows with a high proportion of
dicotyledonous herbs with colorful flowers are a valuable part of the Carpathian landscape. They
are characterized by high biodiversity. Currently, they constitute a gene bank of many plants and
animals, including protected and endangered species not found in other parts of Europe. The origin
of the meadows, as well as their maintenance, is strongly associated with the extensive type of use
(mowing and grazing). Unfortunately, cost-effectiveness of this type of agricultural use is at a low
level, which is a major cause of limitation or abandoning its use in recent decades. In this area, the
population of livestock decreased significantly, especially sheep that were pastured in hard to
reach places where it was impossible to use agricultural machinery. Unfortunately, the
abandonment of grassland grazing or mowing results in successive adverse changes in these areas.

Keywords: meadows, pastures, natural conditions, the structure of land use, animal feed

INTRODUCTION

Permanent grasslands in Poland occupy about 10% of the country area, representing 21% of
its agricultural area [25]. The vast majority of Polish grasslands are strongly linked to the
economic activities of a man. In the moderate climate zones of Europe, they belong to extrazone
and seminatural plant community created at former sites of lodging or drained peatlands [19].
Therefore, they substitute plant communities of natural forest and wetland phytocenosis.
Existence, dynamics and durability of most meadow communities depends on both natural factors
and human impact [21]. One of the basic conditions for maintaining beneficial species
composition of meadow and pasture sod is its proper use and regular fertilization [7, 11, 12].
Animal husbandry on a pasture, with a multi-species sod including grasses, herbs and legumes
cannot be replaced with even the best feed given to animals in the indoor livestock system. Fresh
air, movement, variable weather and wholesome feed have positive influence on health, fitness as
well as milk and meat production in cattle and sheep. Refraining from the use of meadows and
pastures for several seasons results in dying off of economically valuable species of grasses and
legumes. At the same time there are more and more spaces not sodded with vegetation which are
colonized by less demanding weeds, and in the following years self-seeding shrubs and trees.
Consequently, digression of green mass yields and deterioration of its nutritional value takes place
[20].

NATURAL PRECONDITIONS OF MEADOWS CULTIVATION

The development of meadow vegetation in mountain conditions depends largely on the
climate, soil and topography [6, 16]. Grassland growing in the mountains are characterized by a
slightly greater diversity than that of the lowlands. [28] Definitely more meadow species,
including dicotyledonous herbs, can be found in piedmont meadows than in valley ones [30]. In
Poland, meadows in the foothills and mountains are at different heights a.s.l., on the slopes of
varying exposure and inclination. Grassland vegetation located on the northern slopes is delayed a
few days in reference to the southern slopes. Smaller differences can be observed between western
and eastern exposition. It was also noted that the northern and eastern slopes are characterized by
an increased share of grasses and smaller share of dicots. The length of the growing season of
meadow vegetation also depends on the height a.s.]. An important factor in obtaining feed from
meadows and pastures in the foothill and mountain slopes is a slope inclination. Slopes, where
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collecting hay is impossible due to technical difficulties in harvesting silage, should be allocated to
pasture [17: 2].
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Fig. 1. Change of cattle and sheep number in Poland in years 1980-2011 (Central
Statistical Office)

Meadow plant communities compared to forest communities are characterized by high
dynamics of changes in species composition. Any modifications of usage cause long-term
extinction of some species and the appearance of others [36]. Proper use of meadows and pastures
prevents adverse transformations of their species composition. The way they are used, especially
for extensive forms of agriculture currently used in mountains, is one of the most important factors
that determines the floristic composition of the sod [26, 34, 15]. Many studies support the
importance of systematic sod mowing for the richness of pasture [34, 22]. The specificity of
mountain meadows is their fertilization using sheep manure. Sometimes this is the only way to
fertilize such land, in particular, that located in higher parts of the hills and in the areas with steep
sloping [7, 11, 12, 32].

The species composition of mountain meadows have a significant share of dicotyledonous
herbs. These usually amount to more than 50%. These species are characterized by the most
considerable sum of surface. They are distinguished by diversity of color and aromatic flowers,
most of which is food for bees [29]. Mountain herbs definitely increase mineral content including
macro- and microelements in feed generated from the Carpathian halls, which positively affects
their total fodder value. Large differences exist between the feed hay from various types of halls
and mountain meadows. As is generally known, its value is affected by a floristic composition of
individual grassland [24]. Mountain soils in Poland are not rich in essential nutrients and have
acidic pH [6, 13]. It is influenced by frequent precipitation and, consequently, leaching of
nutrients, less weathering of rocks and frequent in these areas lack of fertilization. Despite this
facts, feed from the foothills and mountain meadows is highly appreciated. Its value is largely
contributed to significant share of herbs in the sod [19].
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Fig. 2. Share of grassland in agriculture area [ %] in the Carpathians districts in 2010
(Central Statistical Office)

Mountain meadow herbs contain large amounts of nutrients, particularly potassium and
calcium [8]. The amount of these elements varies in considerable ranges, however it is usually
several times higher than their content in the best fodder grasses in the lowland meadows.
Dicotyledonous herbs have a beneficial effect on the health of the animals, their condition and
weight gain. Multi-species meadow sod with a large share of valuable herbs fully covers the needs
of animals for nutrients [5]. It has long been known that meadow herbs in terms of nutrient content
can compete with grasses [1]. Some of them are characterized not only with a high protein content,
basic minerals and trace elements [9], but also contain vitamins (B1, B2, C, PP) and hormonal
substances. In addition, due to the presence of biologically active compounds; alkaloids,
glycosides, phytoncides, coumarins, tannins, essential oil, etc. they positively affect the health of
animals. They also facilitate digestion, have expectorant, diuretic, regulating function and
stimulate metabolic processes, as well as have stimulating and strengthening effect on the body. In
addition, they enhance the appetite of animals and increase feed intake. They stimulate the body of
animals to better development, and various organs to function better. They act in
immunostimulating way on enzymes in animal organisms [4].

CHANGES IN MANAGEMENT STRUCTURE OF GRASSLANDS

Despite the obvious climate change [23], the main cause of changes observed recently in
grasslands are socio-economic transformations, which sometimes result in enormous changes in
agriculture [3]. The introduction of market economy after 1989 significantly reduced the
profitability of agricultural crops cultivated extensively, which dominated in the large area of
southern Poland. Meadows and pastures are places of feed production for livestock, therefore, the
scope of their occurrence and intensity of use are highly dependent on the size of animal herds. In
the 90s of the twentieth century in the whole country there has been a significant decline in
livestock [36, 14] (Fig. 1). Sheep population underwent most significant reduction, especially in
mountainous areas traditionally dominated by sheep [18].

Lower demand for fodder from permanent grassland, as well as the decline in yields of food
crops i.e.: potatoes and grains in the foothill and mountainous areas resulted in the transfer of
production of feed from the higher location to former arable land, where meadows and pastures
were formed through self-sodding and sowing. Their acreage increased by 60-70% comparing to
the end of the 80s [31]. In 2010, the share of grassland in agricultural land amounted to 80% (Fig.
2). Along with the increase in height a.s.l., the arable land decreases and the area of permanent
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grassland increases. Currently, in the hypsometric range of 700-1100 m a.s.l. arable land
constitutes 5,6-16,3%, meadows and pastures 65,4-68,7% of the total area of agricultural land [10].
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Fig. 3. Variability of grassland yielding in relation to altitude a.s.l. (Twardy i in. 2011 ).

YIELD OF GRASSLANDS IN POLAND

Grassland and mountainous areas apart from production have also protective functions.
Therefore, the intensity of their use is reduced which diminishes the amount of biomass obtained.
Volatility of sod yielding in Poland in terms of place and time is shown graphically on the
example of permanent grassland yielding (Fig. 3). In the years 1988-1992 it was assessed at the
average of 6.8 t ha', and in 2007-2008 only 5.6 t ha" of meadow hay. The reason for such a
significant reduction in yields was farmers significantly decreased interest in ruminants husbandry
[33].

Livestock density per 1 ha of meadows and pastures (expressed in livestock units - LU) was
negligible, less than 0.3 LU per 1 ha of grassland in particular in Podkarpackie (Fig. 4). These
were usually meadows mowed exclusively for obtaining direct farming subsidies [36]. According
Zarzycki [34] meadows established in the past several years on arable land are characterized by
different floristic composition, than those existing in the past [34]. This is a result of both short
period of the formation of plant communities, but also the location for better habitats. This results
in the development of meadow communities with a large proportion of strongly growing grass
crops. From the perspective of the feed, it is very beneficial, but it is a factor inhibiting the growth
of many species which are small and attached to not very fertile habitats. Undoubtedly, a lot of
rare and protected plants belong to this group [27, 36].
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Fig. 4. Livestock number [LU] per 1 ha of grassland in the Carpathians districts in 2010

(Central Statistical Office).
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STRESZCZENIE

TRWALE UZYTKI ZIELONE W POLSKICH KARPATACH

Laki i pastwiska stanowia wazny element dziedzictwa kulturowego, wyrdzniajg si¢ przy
tym znaczacg réznorodno$cig gatunkowa, zaréwno roslin jak i zwierzat. Wielogatunkowe,
ekstensywnie uzytkowane tgki gorskie naleza na $wiecie do zbiorowisk o najwyzszej liczbie
gatunkéw ro$lin. Do najcenniejszych gk i pastwisk naleza wielogatunkowe, ekstensywnie
uzytkowane zbiorowiska ro§linne, zajmujace zazwyczaj siedliska o niskiej produktywnosci.
Nieoptacalne dla intensywnej gospodarki rolnej. Sa to w gléwnej mierze zbiorowiska
poénaturalne, uzaleznione wprawdzie od dziatalnosci cztowieka, charakteryzujace si¢ jednak
wysokg réznorodnoscig biologiczng. Przyktadem tego typu zbiorowisk sa taki podgdrskie i
gbrskie wystepujace m.in. w Karpatach. Wigkszo$¢ roélin takowych to gatunki rodzime, ktére
jednak dzigki dziatalnosci czlowieka znacznie si¢ rozprzestrzenily. Obszary gérskie cechujg si¢
duza zmienno$cig warunkéw siedliskowych, zwigzanych w gtéwnej mierze z wysokoscia nad
poziomem morza a takze uksztaltowaniem powierzchni terenu. Wyznaczaja one potencjalne
mozliwo$ci wystepowania poszczegdlnych gatunkéw takowych.

Jednak o tym, ktére gatunki utrzymajg si¢ na danych powierzchniach rozstrzygna zabiegi
stosowane przez czlowieka. Najistotniejszym czynnikiem jest regularne usuwanie biomasy
poprzez wypas lub koszenie. Uniemozliwia to rozwdj krzewdéw i drzew oraz zmniejsza
konkurencje¢ ze strony innych ro$lin o duzej sile wzrostu, co zwigksza liczbg gatunkéw w runi
lakowej. Pasace si¢ zwierzeta powoduja rozwdj traw niskich oraz innych drobnych rodlin,
odpornych na zgryzanie. Liczba gatunkéw znajdujacych si¢ na pastwiskach jest zazwyczaj
nizsza niz na tgkach kosnych. Przy koSnym uzytkowaniu lak kolosalne znaczenie ma termin
pierwszego pokosu oraz ich liczba. Nawozenie powoduje zwigkszenie plonu zielonej masy, co
zwykle prowadzi do zubozenia sktadu gatunkowego i przewagi gatunkéw pospolitych. Jednak
niektére cenne przyrodniczo zbiorowiska takowe potrzebuja niewielkiego nawozenia
organicznego.
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Niestety obecnie na trwalych uzytkach zielonych coraz czg$ciej widoczne jest koszenie
runi tgkowej przez rolnikéw wytacznie w celu uzyskania platnosci bezposrednich. Powodem te
tego procederu jest m.in. fakt, ze pasza uzyskiwana na tego typu uzytkach nie spetnia wymagan
wspolczesnego, intensywnego chowu zwierzat. Pasza o niskiej jakosci nadaje si¢ tylko dla
zwierzat o niskich wymaganiach (konie, owce), a w chowie bydla — wylacznie jako dodatek. Na
obszarze Karpat przewaza jeszcze drobnotowarowa, ekstensywna gospodarka z niewielkg liczbg
zwierzat w gospodarstwie. W takim systemie produkcji rolnej dotychczasowe uzytki zielone
spetniaja swoja funkcj¢. Jednak optacalna gospodarka rolna przymusza zwigkszenie skali i
intensywno$ci produkcji, a to spowoduje zanik tradycyjnych tak.
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Iuna I'poo, Jhobos [lleguux

TepHomiJbChKMIT HallOHATBHUHM MNenaroriyHui yHiBepcureT iM. Bomonmumupa I'Hatioka,
Tepnomninb, Ykpaina

e-mail: shevchyk.lubov@i.ua

OIIIHKA TAKCOHOMIYHOI'O PI3BHOMAHITTS KOJIEKIII
PAAY 'OPOBUENOAIBHI (Passeriformes) ®OH/IIB
KA®EJIPU BOTAHIKH TA 300.J10T'1f TEPHOIILJILCHKOI'O
HAINIOHAJIBHOT O ITIEJAT'OI'TYHOI'O
YHIBEPCUTETY IMEHI BOJIOAUMUPA T'HATIOKA

AHoTamiss. Y cTaTTi aBTOpW 3BEPTAIOTH yBary Ha OCHOBHI (DYHKIII 300JIOTIYHUX (OHIIIB
HaBYaAJIbHMX 3aKJIa/liB YKpaiHy, a came Ha 30epiraHHs NPUPOAHUX PECYPCIB perioHaNBbHOI (ayHH,
HayKOBO-JIOCJIi/IHY, OCBITHBO-BUXOBHY Ta iH(opMauiiiny (yHKii.

[IpoananizoBaHo BHECOK BHJAaTHHX HaykoBLiB yHiBepcuteTy (TarapuHoBa K.A., MapicoBoi
I.B., Tanmoma B.C., Opuyk K.I., Maiixpyka M.I., Tepiosioris [Tnnsscekoro b.P. ta Tapeesa B.M.)
y opmyBaHHS GOHJIIB JOCTIIKYBaHOT KOJIEKLII.

BcranoBneno, mo konekuis mnraxiB psgy [opoGuenonioni (Passeriformes) 3akputoi
ekcrio3utii GoHaiB kKadeapu O0TaHIKK Ta 300JI0Tii Halidye 287 TYIIOK, IO HaJEeXaTh 10 57 BHIIB,
19 ponun Ta 37 poxis.

B cTarTi MicTATBCS Ppe3ynbTaTH aHANI3y TAKCOHOMIYHOI CTPYKTYpPH KOJICKIIii, TPOBEIEHOTO
Ha OCHOBI OJIHOMACIITA0HOI TAKCOHOMIYHOT KX (BUI — Pil — pOAMHA) 3 3ATy4YESHHSAM CKIIAZ0BO1
odicHoro maketry Microsoft Excel.

XapakTepuCTHKY KUIBKICHUX ITOKAa3HUKIB 3/IHCHIOBAJIM Ha OCHOBI Pe3yJIbTaTiB OOUMCICHHS
BUJIOBOTO 0araTcTBa Ta BHJOBOTO Pi3HOMAHITTS KOJeKIii. TakcoHOMiYHE 6araTcTBO OOYUCITIOBATIH
SK CyMy MOKa3HHUKIB yCiX TAKCOHOMiYHHX paHTiB (57 + 19 + 37 + 1 = 114). BunoBe pi3HOMAaHITTs
BUBYAJIH 32 YHCEIBHICTIO (%%) BUJIIB YCIX TOCIIIXKYBAHUX POIUH

3 MeTol0 aHajizy SIKICHOI CTPYKTYpOBAaHOCTI KOJIEKILIl BH3HAYAJIM IMOKa3HUK TaKCOHOMIYHOTO
PI3HOMaHITTS, 004MCIIOYM Horo uepe3 iHopmauiitnuid innexkc IlleHHoHA KOTpWH Ui OLIBIIOCTI
poauH KomBaeThest B Mexkax H™: 1,511 — 4,339, Jlnsg cemMu poauH, MPEACTaBICHUX OHUAM BHIIOM, IIIO
HAJISKUTD JIO OJTHOTO POAY, i€papXidHi CXeMH MiHIMI3yI0Thes, a iHaekce [1lenona He nepesuye 1.

KuouoBi cioBa: 30050riuHi (OHIM, HAYKOBIl, TAKCOHOMIYHA CTPYKTYpa, TaKCOHOMIUHE
0araTcTBO, TAKCOHOMIYHE PI3HOMAHITTS, BUIOBE OaraTCTBO Ta BUIOBE PI3HOMAHITTSI.

BCTYII

VYTpuMaHHsS 300JOTIYHUX KOJIEKIIH HaBUAIbHUMH 3aKJIaJaMHd HE CaMOIliIb, a HEBiJ €MHa
CKJIaJioBa MaTepianbHOi 0a3u kadenp, mo 3ade3nedye sk 30epiraHHs dyderd i TYIIOK TBapuH
MpeNCTaBHUKIB perioHanbHOi daynu [1,3, 7, 17], Tak i BU3Ha4Yae HAYKOBO-IOCIHITHY, OCBITHBO-
BHUXOBHY, iHpopMartiiiny [11] Ta mpupomooxopoHHy GyHKIIT iX mismpHOCTI [8, 9, 12, 13, 15].

Han3puuaiiHo 1mikaBOO B I[bOMY BiJHOIIECHHI € KoJieKiis (GoHIiB kKadeapu OOTaHIKH Ta
3o00iorii  TepHOMUILCHKOTO  HAIIOHAJIBHOTO IEAArOriYHOTO  YHIBEPCHTETY, IO MPOTATOM
TpuBaJIOro yacy Oyina 3i0paHa y pi3HUX perioHax 3axiqHoi Ykpainu. Tyliku TBapuH nocravaiy 10
(OoHIIB cremialbHO OpraHi3oBaHI EKCICAWIIi Ta MOOAWMHOKI MOCHIIHUKH, IX NPUBO3WIU i
MPUHOCWIIH CTYACHTH YHIBEPCHUTETY.

Haiibumbn axkTnBHa poOOTa MO HAKONMYECHHIO HAYKOBHX MarepialiB JAaTYETHCSl CEPEAMHOIO
MHHYJIOTO CTONITTS. 3iMCHIOBAIACh BOHA BHKJIANAUueM, a 3roZIOM 1 3aBimyBadem Kadeapu 3000ril
TepHOMIbCEKOTO — TeparoriyHoro  iHcTuTyry TarapuaoBuM K.A., cmiBpoOiTHHKaMu —Kadenpu
Mapicosoro 1.B., Tammomem B.C., Opuyk K.I., Maiixpykom M.I., Tepionoramu [Tunsecekim B.P. Ta
Tapeesum B.M. [19].
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Mema pobéomu 3BOAWIACH JO OIIHKU TAKCOHOMIYHOTO Pi3HOMAHITTS KOJIEKIIii MTaxiB psay
T'opobuenonioni  (Passeriformes) 3oomoriyaux QoHAIB Kadeapu OOTaHIKM Ta 300JIOTil
TepHOMIBCEKOTO HAI[IOHATBHOTO MEAArOTiYHOTO yHIBepCcHTeTY iM. Bomoanmupa ['HaTtioka.

MATEPIAJI I METOJAUKA JOCJIIIKEHHA

BuBYEHHSI TAKCOHOMIYHOTO PI3HOMAHITTS, Ta CTPYKTYPH KOJIKIi] 3aKpHuTOi ekcriozuuii [16]
3oooriuHnX  (oHAiB kadenpu OoTaHikm Ta 300J0rii TepHOMUIBLCHKOTO HAIIOHAIHHOTO
MIeIarOTiYHOTO YHIBEPCHUTETY, AJIS 9OTO ONMUPAIHCS Ha iHAEKCH, SIKi IEBHUM YHHOM IIOB’SI3YIOThH
06’em BuOipkm N 3 kimbkicTio BuUAiB S [14]. PobGota mpoBomwiacs B paMKax KaTajorizarlii
MaTepianiB HaykoBoi konekiii [3, 10]. PeamizyBamacs mursixoMm ¢otopradyBaHHS TYIIOK, aHATI3Y
Ta onUQpyBaHHSA 3MICTY eTHKeTOK [18], chopmMoBaHMX 3 BHUKOpPHCTAaHHIM «Bu3HauHMKa NTaxiB
VYPCP» M. A. Boincteencrkoro, O. b. Kictsakiscbkoro (1962) [4].

AHai3 TaKCOHOMIYHOI CTPYKTYpH 3/1HCHIOBAJIM HA OCHOBI OJIHOMaclITaOHOI TaKCOHOMIYHOT
HIKaIK (BUA — pi — poauHa) [6] 3 3airydeHHsIM cKi1aoBoi odicHoro nakery Microsoft Excel.

TakcoHoMiuHe OaraTcTBO OOYUCIIOBAJIH SIK CyMY ITOKa3HUKIB YCiX TAKCOHOMIYHUX PaHTIB.

Jns OUiHKM BHAOBOTO pPI3HOMAHITTS BHMKOPUCTOBYBAlM HOMYJISPHUN B EKOJIOTIYHHX
nociikeHnsax inpexc lllennona (H”), sikmit 1o3BoNs€ KiNBKICHO OLIHUTH PIBHOMMOBIPHICTBH
peecTparii pi3HUX BHUIIB KOKHOI JOCHTIDKYBAHOT pOIUHH: ,

=5

H = -Zp: logzp:;

ne Pi: — yacTka i-ro BUIy MO KUTBKOCTI; S - gucio Buais [20].
PE3YJbTATHU JOCJIIKEHD TA IX OBI'OBOPEHHSI

Komnexuis nraxiB psxy ['opobuenonioni (Passeriformes) 3axpuroi excriosutii GoHAIB Kadempu
0oTaHiKK Ta 300JI0Tii HaJIiuye 287 TYIIOK, 10 HaJeXaTb 10 57 BuAiB, 19 poxun ta 37 poxnis.

Y IpoIieHTHOMY BiITHOIICHH] HAHOIIBIT YHCENBHOIO € poauHa B’ opKoBi Fringillidae (18,5%); Ha
apyromy wmicii — poauHa npo3nosi Turdidae (16,4%); Tpete Micie pO3IUTHIA MK COOOK POAUHU
BopoHoBi Corvidae (10,5%) ta myxosoBoBi Muscicapidae (o 10,1%). Bucoka yactka 3pa3kiB poauH
umckoBi Motacillidae (8,4%), xpomus’stakoBi Sylviidae (7,7 %), ropoOuesi Passeridae (6,3%),
BiBcsiHMKOBI Emberizidae (5,9%), cunnniesi Paridae (5,6%) ta copokomymosi Laniidae (5,2%). dero
MeHIe y GoHaax npejcraBieHa poauHa xaiiBoponkosi Alaudidae (1,7%). IToomMHOKMME TyIIKaMH
npezcTaBieHi poaunu: BuBiibrosi Oriolidae, mossukosi Sittidae, BosmoBooukoBi Troglodytidae (1o
0,7%), mmakoBi Sturnidae, macriBkoBi Hirundinidae, mimxopumaukoBi Certhiidae, 30J10TOMYIIIKOBI
Regulidae, TuniBkosi Prunellidae (o 0,3%) [5].

ITo omHOMY pOAy 3 OJHMM BHIOM Yy KOXKHOMY HAJIIYYIOTh POJWHHM BHBUIBIOBI — BHUBUIbra
3BruaifHa Oriolus oriolus; mmakoBi — mmak 3BWYaiiHM Sturnus vulgaris; JacTiBKOBI — JacTiBKa
Oeperosa Riparia riparia; miaKOpHITHAKOBI — migkopuHUK 3Brdaiamid Certhia familiaris; moB3uKoBi —
NOB3MK 3BMYalHMI Sitta europaea; BOJOBOOYKOBI — BojioBe o4ko Troglodytes troglodyte;
30JI0TOMYILIKOBI — 30JI0TOMYIIKa >k0BTOuyOa Regulus regulus (puc. 1). Ilo aBa Buan oaHOro poxmy ta
poauHy TopoOLeBi — ropodens xatHiit Passer domesticus, ropobers nonsoBuid P. Montanus (tabo.1).
Tpu Buau omHOTO poay — copokonyn-xKynan Lanius collurio, copokormy 4opHosoOouit L. minor Ta
copokonyn cubipchkuii L. cristatus’ — HpeCTaBIIOTh POJMHY COPOKOIYIOBI. IPEICTABIAIOTH
pOIMHY BIiBCSHKOBI — BiBCsiHKA 3BMYaiiHa Emberiza citronella, mpocsiaka Em. calandra

IToniOHa KapTHHA CITOCTEPIraeThCs 1 y poauHax: IUMCKOBI (mumcka Oima Motacilla alba,
ripceka M. cinerea, xoBta M. flava) Ta xponwB’sHKOBI (BiBuapuk koBanmk Phylloscopus collybita,
BecHsHUH Ph.trochilus, sxoBToOpoBwii Ph.sibilatrix).

' BuzioBa Ha3Ba noTpebye yTOUHEHHS.
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Pig Parus 3 poavHM CHHHIIEBI TPEACTAaBICHMI B KOJIEKIi 5 BHAaMu: cHMHUIA gyOata Parus
cristatus, 6nakutHa P.caeruleus, qopHa P.ater, Bemuka P. major, raiuka 0onotsHa P.palustris.
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Puc.1. TakcoHoMiuHa CTPYKTYpa OCHOBHMX poauH paay I'opoduenonioni konexuii
300J10TiYHHMX
Fig.1. Taxonomic structure of basic families of Passeriformes order of zoological collection
funds of Botany and Zoology department
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JIBa poam Halidye pojJHMHA IPO3/0BI: CKeJsIp cTpokaTuit Monticola saxatilis, npi3m TipchbKuit
Turdus torquatus, npi3n wopuuit T.merul, npizn cuiBounii T. Philomelos. PonyuHa xaiiBOPOHKOBI
HATYye TPU POJIU TIO OJHOMY BHAY B KOXKHOMY: JXalBopoHOK uybatuit Galerida cristata,
JKalBOPOHOK MONbOBHH Alauda arvensis, »xaiBopoHOK JticoBult Lullula arborea.

ITo "oTnpy poy HaYYIOTh POMHHA BOPOHOBI: copoka Pica pica, ranka Corvus monedula, rpax
C.comnix, xpyk C. corax, Bopona yopHa C. corone, covika Garrulus glandarius , ropixiBka Phoenicurus
ochruros; KponvB’sSHKOBI 3 ciMOMa BUIaMH: BiBU4apHK-KoBaMK Phylloscopus collybita, BecHsHuMiA
Ph.trochilus, >xoBroOpoBuii Ph. sibilatrix, OepectsiHka 3Bu4aiiHa Hippolais icterina, o4epersiHKa
varapHUKoBa Acrocephalus palustris, xpons’siHKa cipa Sylvia communis ta cajosa S. borin.

Ponuna B’ropKoBi Hajlivye IT'STh POAIB 3 OJHHUM BHJIOM y KOXHOMY: 330muK Fringilla coelebs,
KOHOIUIIHKA Acanthis cannabina, 3enensk Carduelis chloris, cuiryp Pyrrhula pyrrhula, xocrorpus
Coccothraustes coccothraustes. PomiHa MyXOJIOBKOBI HaJIi4y€e BICIM BHAIB LIECTH POJIB: MyXOJIOBKa
ctpokata Ficedula hypoleuca, myxonoBka Oinommust F. albicollis, TpaB’siHka siyana Saxicola rubetra,
ropuxBicTka 4opHa Phoenicurus ochruros, TopuxBicTka 3BWYaiiHa Ph. phoenicurus, xam’sHKa
sruaiina Oenanthe oenanthe, Binsanka Erithacus rubecula, conoseiiko cxigauit Luscinia luscinia.

B mporieci ompairoBaHHsT MaTepianiB aHaJIi3yBaIM TaKCOHOMiYHE 0araTtcTBO KOJekIii. Jlis
4OT0 IIYKAJIH CyMY TAaKCOHIB KOXKHOTO paHry 57 + 19 +37 + 1 = 114.

Tabuuusa 1. YacTka poauH y CTpyKTYpi 30010rivHnX GoHAIB Kadeapu 00TaHIKH Ta 300J10rii
Table 1. The proportion of families in the structure of zoological collection funds of Botany
and Zoology department

POJUHA / FAMILIA P11/ TYPE BU I/ KIND Yacrka y pongax /
Part in funds
IIT. % %
Galerida HOCMITIO.Xa Galerida ’ 0.7
JKaitBoporkosi Alaudidae Lo
H=1,511976(%) Alauda Be)IC(HluBKa Alauda.arvenusw 2 0,7
alBOPOHOK JIICOBHH
Latlivte Lallula arborea ! 0
IInucka 6ina Motacilla 10 3.5
alba
Inuckosi Motacillidae . Inucka ripceka Motacilla
H'=0,193643(%) Motacilla cinerea 8 2.8
IInucka xoBta Motacilla 6 2.1
flava
Businsrosi Oriolidae Oriolus Businbra 3Buuaiina > 0.7
H'=0,360201(%) ot Oriolus oriolus ’
IIImaxosi Sturnidae Sturnus IImak 3BuyaHui Sturnus 1 03
H'=0,52109(%) vulgaris ’
Pica Copoxka Pica pica 4 1,4
TI'anxa Corvus monedula 9 3,1
Bopoosi Corvidae o I'pax Corvus frugilegus 7 2,4
H'=2,906648(%) QD Kpyk Corvus corax 3 1
Bopona wopna Corvus 2 0.7
corone
Garrulus Coiika Garrulus glandarius 4 1,4
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Fringilla 3s0muk Fringilla coelebs 47 16,4
Acanthis Konomnsaka Acanthzs > 0.7
B’1opkosi Fringillidae cannabing
HP= 4.339635(%) Chloris 3enensk Chloris chloris 2 0,7
’ Pyrrhula CHiryp Pyrrhula pyrrhula 1 0,3
Coccothra Koctorpus Coccothraustes 1 0.3
coccothraustes
BiBcsHka 3BMuaiina 16 56
Biscsukosi Emberizidae Emberiza Emberiza citronella ’
H'=3,74865(%) Ipocsiaka Emberiza
1 0,3
calandra
JIactiBkoBi Hirundinidae .. JlacriBka 6eperoa Riparia
H'=0,52109(%) s riparia 1 =
ITiTKOpUIITHUKOBI I . .
Certhiidae Certhia IHIE)EE}LE:;;(;?;:;I;HHH 1 0,3
H'=0,52109(%)
Lanius cristatus 9 3,1
Copoxomnyosi — Laniidae Do Copoxoryn »xynan Lanius 5 1.7
H'=0,747653(%) collurio
CopoxoIry 1 YOpHOJIOOUHt
! . 1 0,3
Lanius minor
ITos3uxkosi Sittidae . IloB3uk 3Buuaknui Sitta
H'=0,360201(%) Sitta europaca 2 0.7
BonoBooukoBi
Troglodytidae Troglodytes BOHOBGZ’?OIHE?)J’Z‘EZOdy fes 2 0,7
H'=0,360201(%) gloay
T'opoberts morpoBwiA
. . 8 2,8
T'opobuesi Passeridae Passer Passer montanus
H'=2,092469(%) T'opobGeup xaTHiit Passer 10 35
domesticus >
30JI0TOMYIIKOBI 3070TOMYIIKA )KOBTOTY0A
Regulidae H'=0,52109(%) Regulus Regulus regulus ! 0.3

Hpumimxa: 0 — noxasnux indexcy Ilenona xonusacmocsa 6 mexcax 1,511 — 4,339; [ — sionocno
Hu3sbKe 3Hauenns noxkasnuxa inoexcy llenona; [T} noxasnux indexcy Hlenona 6auzekuii 00 HyIs.

TToka3HHK TaKCOHOMIYHOTO Pi3HOMAHITTA (Ta0Jy.1), JEMOHCTPYIOUM KUIBKICHY 1 SIKiCHY
CTPYKTYpPOBaHICTh KOJISKIII mTaxiB psmy [opobuernomiOHi, konuBaeThcs B Mexxax H™: 1,511 —
4,339 i poauH 3 JOCTAaTHHO BUCOKWM TOKa3HMKOM TaKCOHOMIYHOTO 0aratrcTBa KOXKHOI pOJAMHU
(7 - 15), 3MEHIIYIOYUCH Y JIHIAI poauH: B'TOpKoBi (4,339/11), BiBcsiHkoBi (3,748/4), MyX0JIOBOBI
(3,164/15), BopoHoBi (2,906/12), ropobuesi (2,092/4), cunuuesi (1,973/7), apo3mosi (1,793/7),
KkporuB’stHkoBi (1,735/12), xatiBoponkosi (1,511/7) (puc.2). [ns cemu poauH (TAaKCOHOMIYHE
0araTcTBO SKHMX piBHE 3) OIMH BUJA HAJICKHTh JO OIHOTO POJaY, TOOTO i€papXiyHi cxemu
MiHiMi3yroThCs, iHaeke [lleHoHa He nepeBurye 1.

JlocTaTHRO BHICOKMI TMOKa3HWUK LBOTO IHJACKCY s poauH BiBcsHUKOBI (3,748) Ta
ropo6uesi (2,092) nmpu BiTHOCHO HU3BKOMY 3HAYCHHI IMOKa3HHKA TAKCOHOMIYHOTO OaraTcTBa (4),
PiBHIH KiTbKOCTI BHIB (IO 1B BUAM B KOXHIN poauHi), MOAiOHIA CyMapHili YNCENBHOCTI POJAMH
(17 Tymok poauHH BiBCIHHMKOBI Ta 18 — poauHM TOPOOIEBi) MOSICHIOETHCS PI3HOIO CTPYKTYPOIO
JIOMiHYBaHHS BHIIB (pHcC. 2).
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Puc.2 TakcoHomiuHe pi3HOMAHITTA OcHOBHMX PpoauH psaay ['opoduenoaioni 3a
iHpopmaniiinum ingexcom llennona
Fig.2. Taxonomic diversity of basic families of Passeriformes order according to Shannon

HatiBumuii moxasuuk ingexcy llleHoHa poaWHW B’IOPKOBI MOSCHIOETHCA SK BHUCOKHM
YHCIIOM TakCOHOMigHOro OararctBa (11), Tak i aOCONIOTHHUM TEpPEBAKAHHAM YHCIA TYIIOK

3s101mKa (47 eK3eMIUIIPIB) y KOJIEKITil.
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BUCHOBKUA

1. Opnitodayna psny (Passeriformes) 3akputux QonmiB 300i0riyHoro mysero kadeapu
OoTaHiKH Ta 300J0Tii HaTiuye 287 TYIIOK, 110 HajueXaThb 10 57 BuAiB, 19 poauH ta 37 pouis.

2. Kinpkicae O6araTcTBo pojuH psay [opoOrenoaioHi koiekiii GpoHmiB kadenpu OOTaHIKU Ta
3ooiorii 3MeHITyethest 'y JmiHidmi: Fringillidae, Turdidae, Corvidae, Muscicapidae, Motacillidae,
Sylviidae, Passeridae, Emberizidae, Paridae, Laniidae, Alaudidae. IlooanHOKMMH TylIKaMH
npencrasneni pomumum: Oriolidae, Sittidae, Troglodytidae, Sturnidae, Hirundinidae, Certhiidae,
Regulidae, Prunellidae.

3. Tlo ogHOMY pOAY HAJIYYIOTH POJUHH BHUBIJIBIOBI, IIIIAKOBI, JTACTIBKOBI, IMiIKOPUIITHUKOBI,
TIOB3HMKOBi, BOJIOBOOYKOBIi, 30JI0TOMYIIKOBI, BiBCSIHHKOBi, TOPOOIIEBi, COPOKOITY/IOBi, TUIMCKOBI,
CHUHUIICBI Ta THUHIBKOBI. /[Ba poju — poauHa OpO3MOBi, TPH POIU — POJWHA >KaHBOpOHKOBI. [lo
YOTHPHU POIH TIPEICTABISAIOTH POJMHHA BOPOHOBI Ta KPONHWB’ THKOBI. PosiiHa B’IOPKOBI HapaxoBye
II'SITh POAIB Ta IIICTh POJIB — POJIMHA MYXOJIOBOBI.

4. 3a KiJbKICTIO BHJIB, NPE/ICTaBICHUX B OpHiTO(ayHI 3akpuUTUX (OHAIB KadenpH, poIHHU
PO3MICTHIINCS B TOPSIKY 3POCTAHHS: BHBUIBIOBI, IIIAKOBI, JIACTIBKOBI, MiJAKOPUIIHHKOBI,
MIOB3UKOBI, BOJIOBOOYKOBI, 30JI0TOMYIIIKOBI, THHIBKOBI, 1110 HAIIYYIOTh 110 OJJHOMY BHJY y KOXKHIH;
POIMHY BiBCSIHUKOBI Ta ropoOieBi (1o 2 Buau). Tpu BUIK NPECTABISIFOTE POJMHA COPOKOMYIOBI,
TUTMCKOBI, XaHBOPOHKOBI. PoiuHy Ap03/10BI MPEACTABIAIOTh YOTHPU BUIU. POJIMHU CHHUIICBI Ta
B’IOPKOBI TIPEJCTaBJIICHI B KOJEKIii 5 Bumamu. HalOinbml 4uceIbHUMH B KOJEKIli € pOJAWHU
BOPOHOBI, KPOTTUB’ THKOBI (110 7 BHIIB) Ta MYXOJOBKOBI (8 BHIB).

5. Cyma TakCOHIB 3pOCTa€ B JIHINII POAWH: BIBCAHUKOBI, TopoOIeBi (2 — 1 — 2), cunmmesi (1 —
1 -5), xaitBoponkoBi (1 — 3 — 3), npo3moBi (1 — 2 — 4), COPOKOMYIOBI, TUTUCKOBI, KPOITUB THKOBI (3 —
1 — 3), BUBUIBIOBI, INTAKOBI, JIACTIBKOBI, ITiJIKOPUITHUKOBI, TIOB3UKOBI, BOJIOOYKOBI, 30JIOTOMYIIIKOBI
(7-1-1), B’1opkoBi ( 1 —5 — 5), BOpoHOBI 1 KpomuB’stHKOBI (2 — 4 —7), Myx0ioBoBi (1 — 6 — 8), 110
3YMOBJICHO, B OCHOBHOMY, BEJIMKUM YHCJIOM TAKCOHIB HIKYOTO PaHTY.

6. Iloka3HMK TaKCOHOMIYHOTO pI3HOMAHITTS, JEMOHCTPYIOYHM KUIbKICHY 1 SIKICHY
CTPYKTYPOBaHICTh KOJEKIii nraxiB psay ['opoOuemnoniOHi, konuBaeThes B Mexax H™: 1,511 —
4,339 s pouH 3 JOCTaTHHO BUCOKHMM IMOKA3HUKOM TAKCOHOMIYHOTO OaraTcTBa KOXKHOI pOJUHH
(7 - 15). Ay cemu poauH (TaKCOHOMIYHE 0AaraTCTBO SKUX PiBHE 3) OJMH BUJ HAJICKUTH JI0 OIHOTO
poxy, ToOTO iepapxidHi cCXeMH MiHIMI3yIOThCH, a iHjeke [IleHoHa He mepeBuirye 1.
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ABSTRACT

EVALUATION OF TAXONOMIC DIVERSITY OF THE BIRD

COLLECTION OF THE ORDER PASSERIFORMES OF ZOOLOGICAL
FUNDS OF THE DEPARTMENT OF BOTANY AND ZOOLOGY

OF TERNOPIL VOLODYMYR HNATIUK NATIONAL
PEDAGOGICAL UNIVERSITY

The article focuses on main functions of zoological funds of Ukrainian educational
establishments, namely preserving natural resources of regional fauna, research, educational and
informational functions.
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The most active work on accumulating research materials dates back to the middle of the last
century and was conducted by prominent scientists of the university: Tatarynov K.A.,
Marisova I.V., Talposh V.S., Orchuk K.I., Maikhruk M.I., mammalogists Pyliavskyi B.R. and
Tareiev V.M.

The analysis of the collection taxonomic structure has been conducted on the basis of a
taxonomic scale limited to species, genus and family using the MS Excel application.

The taxonomic richness has been calculated as the sum of all taxonomic ranks. For the
purpose of the analysis of qualitative structuredness of the collection the Shannon index (H") has
been used for estimating taxonomic diversity.

It has been determined that the collection of birds of the order Passeriformes in the closed
exposition of the Department of Botany and Zoology funds contains 287 carcasses belonging to 57
species, 19 families and 37 genera.

In terms of percentage ratio the most numerous family is the family Fringillidae (18,5%); the
family Turdidae (16,4%) is in the second place; the third place is shared between the family
Corvidae (10,5%) and the family Muscicapidae (10,1%). The great part of specimens represent the
families of Motacillidae (8,4%), Sylviidae (7,7 %), Passeridae (6,3%), Emberizidae (5,9%),
Paridae (5,6%) and Laniidae (5,2%). The family Alaudidae (1,7%) is less represented in the
collection. Solitary carcasses represent the families of Oriolidae, Sittidae, Troglodytidae (0,7%
each), Sturnidae, Hirundinidae, Certhiidae, Regulidae, Prunellidae (0,3% each).

The families of Oriolidae, Sturnidae, Hirundinidae, Certhiidae, Sittidae, Troglodytidae,
Regulidae, Emberizidae, Passeridae, Laniidae, Motacillidae, Paridae and Prunellidae include one
genus each. The family Turdidae has two genera, the family Alaudidae numbers three genera. The
families of Corvidae and Sylviidae number four genera each. The family Fringillidae includes five
genera and the family Muscicapidae has six genera.

According to the number of species presented in the avifauna of the closed funds of the
department the families have been placed in ascending order: Oriolidae, Sturnidae, Hirundinidae,
Certhiidae, Sittidae, Troglodytidae, Regulidae, Prunellidae that include one species each; the
families of Emberizidae and Passeridae that include two species each. Three species represent
families Laniidae, Motacillidae, Alaudidae. The family Turdidae are represented in four species.
The families of Paridae and Fringillidae are represented in five species in the collection. The most
numerous families represented in the collection are the families of Corvidae, Sylviidae (7 species
each) and Muscicapidae (8 species).

The taxonomic richness of the collection has been analyzed while studying the funds.
Consequently, the sum of taxa of each rank has been sought: 57 + 19 + 37 + 1 = 114.

The calculated taxonomic diversity index (H”) for the majority of families ranges from 1,511
to 4,339. Seven families have one species each that belongs to one genus and at the same time
hierarchic schemes are minimized and the Shannon index doesn’t exceed 1.
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THE OCCURRENCE OF FALLACIA LENZI (HUST.) LANGE-BERT. IN
SOUTH-EASTERN POLAND

Abstract. Diatoms from the genus Fallacia develop in different types of waters, both fresh
and saline. Studies conducted between 2007-2015 in watercourses in south-eastern Poland
showed the occurrence of Fallacia lenzii (Hust.) Lange-Bert.,, a species considered
endangered (category E) in Poland. This diatom was recorded in many rivers and streams in
the drainage areas of the San, Wistok and Wisloka rivers and in the Rzeszéw reservoir, but
always in the form of individual specimens. The taxon was most often recorded in meso- and
eutrophic waters with moderate to high electrolyte content and alkaline or circumneutral pH.
Studies have shown that F. lenzii is a widely distributed species, preferring alkaline waters,
rich in calcium.

Keywords: Fallacia lenzii, flowing and standing waters, SE Poland

INTRODUCTION

Diatoms from the Fallacia genus have linear, lanceolate or elliptical valves, usually with blunt,
rounded poles. Lyre-shaped canals are a characteristic feature of this genus, visible under light
microscope. A large group of marine and freshwater epipelic diatoms belong to this genus [1, 2,
13].

Fallacia lenzii have linear valves with a slightly gibbous central part. It is a widespread
species in flowing alkaline waters and lakes, but rarely creates large populations [1, 2]. It is
included on the Polish Red List of Algae in the ‘endangered’ category (E) [14]. It also
develops in many rivers and streams in south-eastern Poland, but always in the form of single
cells [4, 6-12, 16].

The aim of the study was to present the occurrence of the endangered species Fallaci
lenzii (Hust.) Lange-Bert. in south-eastern Poland, considering ecological and habitat
preferences.

METHODS

Studies were conducted between 20072015 within the territory of the Subcarpathian Province,
mainly in flowing waters (rivers and streams in the drainage areas of the Wistok, Wistoka, San and
Biata rivers) and in the Rzeszéw reservoir — Fig. 1.
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@® sampling sites
MNP - Magura National Park
BdNP - Bieszczady National Park

Fig. 1. Sampling site locations: 1 — San, 2-11 — Wislok (9 —Rzeszéw Reservoir), 12-15 -
Morwawa, 16, 17 — Pielnica, 18, 19 — Stobnica, 20-22 — Rézanka, 23, 24 — Lubcza, 25 — Ryjak,
26 - Strug, 27-29 — Matysowka, 30 — Przyrwa, 31-33 — Mleczka, 34-40 — Wistoka, 41 —
Krempna, 42 — Baranie, 43 — Zimna Woda, 44 — Rzeszéwka, 45-47 Ropa, 48 — Biala.

Material for studies were sampled from stones, silt and aquatic macrophytes from spring to
autumn of one year at each sampling site. Next, the collected material was prepared per typical methods
used in this type of study [3]. pH and electrolytic conductivity were measured in situ. Collected samples
were preserved in a 4% formalin solution. To obtain pure diatom valves, each sample was subjected to
maceration in a chromic cleaning mixture and rinsed in distilled water via centrifugation (2500 RPM for
5 min.). Permanent diatom slides were encased in Pleurax synthetic resin.

Diatoms were identified using a Nikon ECLIPSE 80i light microscope, a Carl Zeiss Axio
Imager A2 under 1000x magnification and a Hitachi SU8010 Scanning Electron Microscope per
the key of Krammer & Lange-Bertalot [S5] and Hofmann et al [2]. The number of a given species
was obtained by calculating specimens in a random sample through the ocular fields of an optical
microscope until a total number of 400 valves was obtained. Species with a participation above 5%
in each community were found to be most numerous.

RESULTS

During the survey conducted in south-eastern Poland, single specimens of Fallacia lenzii (Hust.)
Lange-Bert. (Fig. 2) were observed in the Wistok River and its tributaries: the Lubcza, Morwawa,
Pielnica, Stobinica, Mleczka, Przyrwa, Réznaka, Matyséwka and Strug (with its tributary, the Ryjak).
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Moreover, single cells were noted in the Rzeszow reservoir, the San in Sgkowiec, the upper reaches of
the Wisloka River and its tributaries: the Baranie, Krempna, Rzeszéwka, Zimna Woda, and Ropa, as
well as the Biala stream — a tributary of the Dunajec River.

Fig. 2. Fallacia lenzii: a—j light microscope image, k — scanning electron microscope
image (SEM).

The dimensions of Fallacia lenzii valves are: length 8.9-20 um, width 3.6-5.2 pm. Striae are
not visible under light microscope (LM).

Rivers and streams on which the algological research was conducted are characterized by an
alkaline or approximately neutral pH, mostly in the range of 6.5 to 8.5 and with slightly increased
electrolytic conductivity (between 100 and 600 mS X cm-1). Concentration of calcium was
average to high (mainly 40-50 mg mgx1") at locations where it was measured, and in the Mleczka
stream reached 120 mgx1". Fallacia lenzii developed in different types of habitats; in mud and
sand, on stones and among aquatic vegetation (including mosses). It was observed more frequently
in the middle and lower sections of rivers and streams in meso- or eutrophic waters. The following
diatom taxa dominated studied samples: Achnanthidium minutissimum var. minutissimum, A.
pyrenaicum, Amphora pediculus, Cocconeis pediculus, C. placentula var. lineata, Cyclotella
meneghiniana, Gomphonema olivaceum var. olivaceum, Melosira varians, Navicula lanceolata, N.
gregaria, N. tripunctata, N. trivialis, Nitzschia acidoclinata, Nitzschia palea, N. dissipata ssp.
dissipata, Planothidium lanceolatum, Rhoicosphenia abbreviata, and Surirella minuta.

DISCUSSION

Fallacia lenzii is a very rare species, known from sources in the Warta Valley [17, 18]. It is
classified as an endangered species (category E) on the Polish Red List of Algae [14].

This species is still little known, and according to Krammer and Lange-Bertalot [5], it
develops in Central Europe in oligosaprobic lakes rich in electrolytes. Hofmann et al. [2] report
that the species is widely distributed in alkaline flowing and standing waters, and always develops
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as single specimens. Fallacia lenzii is noted often in various types of waters in south-eastern
Poland, but never develops in large numbers. It is mainly found in the middle and lower reaches of
rivers, most often in meso- or eutrophic waters (less commonly in oligotrophic waters), with a
high calcium content [4, 6-12, 16].

Partly due to the small number of study sites in Poland at which it was observed, Fallacia
lenzii has the status of ‘endangered’ on the Polish Red List of Algae [14]. Research conducted in
recent years, mainly within the Subcarpathian province but also in the Lesser Poland province,
indicates that the species develops in many rivers and streams, but always as single cells [4, 6-12,
16]. It never forms numerous populations. Its small valve dimensions may explain why it is often
overlooked or confused with small cells of Fallacia subhamulata (Grunow) D.G. Mann.
Moreover, the environmental conditions in which it grows indicate that this species prefers water
with a high calcium content. Many rivers and creeks in south-eastern Poland flow through an area
where the bedrock consists of layers of sedimentary rock called Carpathian flysch [15], and
therefore the waters are usually alkaline and rich in calcium. These favourable conditions for
development may explain why F. lenzii is observed more often here than in other areas of Poland.
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STRESZCZENIE

WYSTEPOWANIE FALLACIA LENZII (HUST.) LANGE-BERT.
W POLUDNIOWO-WSCHODNIEJ POLSCE

Rodzaj Fallacia charakteryzuje si¢ linearnymi, lancetowatymi badz eliptycznymi okrywami,
zazwyczaj z wyraznie zaokraglonymi biegunami. Cecha charakterystyczng rodzaju sa widoczne w
mikroskopie $§wietlnym na okrywach lirowatego ksztattu kanaly po obu stronach rafy. Do rodzaju
Fallacia nalezy duza grupa epipelicznych morskich i stodkowodnych okrzemek. Badany
gatunek — Fallacia lenzii (Hust.) Lange-Bert. posiada linearne okrywy z prawie rownolegtymi lub
w $§rodku lekko wypuklymi brzegami i czgsto stabo wyciagnietymi koncami. Okrzemka ta jest
szeroko rozprzestrzeniona w alkalicznych wodach ptynacych i jeziorach, zazwyczaj jednak
rozwija si¢ w postaci pojedynczych okazéw. Gatunek zostal umieszczony w Polskiej Czerwonej
Liscie Glonéw w kategorii E — wymierajace. Do niedawna znany byl z niewielkiej liczby
stanowisk z centralnej Polski (m.in. ze zrédet Warty). Od kilku lat Fallacia lenzii jest oznaczana w
wielu rzekach i potokach na terenie potudniowo-wschodniej Polski. Badania byty prowadzone w
latach 2007-2015 na obszarze wojewddztwa podkarpackiego, najczgéciej w wodach ptynacych,
rzadziej w stojacych (w Sanie, Wistoku i Wisloce oraz wielu ich doptywach, a takze w rzece
Bialej oraz w Zalewie Rzeszowskim). Fallacia lenzii rozwijala si¢ w r6znych typach siedlisk: na
mule i na piasku, na kamieniach oraz ws$rdd roslin wodnych (najczesciej mchow). Nigdy jednak
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nie byla obserwowana licznie, zawsze rozwija si¢ w postaci pojedynczych komoérek. Na
stanowiskach, gdzie byla oznaczana, w zbiorowisku okrzemek najliczniej rozwijaly sie:
Achnanthidium minutissimum var. minutissimum, A. pyrenaicum, Amphora pediculus, Cocconeis
pediculus, C. placentula var. lineata, Cyclotella meneghiniana, Gomphonema olivaceum var.
olivaceum, Melosira varians, Navicula lanceolata, N. gregaria, N. tripunctata, N. trivialis,
Nitzschia acidoclinata, Nitzschia palea, N. dissipata ssp. dissipata, Planothidium lanceolatum,
Rhoicosphenia abbreviata oraz Surirella minuta. Ta niewielka okrzemka (dtugos¢ od 8.9 do 20
pum, szeroko$¢ od 3.6 do 5.2 pm; prazki niewidoczne w mikroskopie §wietlnym) moze by¢ mylona
z matymi komérkami Fallacia subhamulata lTub nawet pomijana podczas oznaczania, ze wzgledu
na male rozmiary okryw i wystgpowanie niejednokrotnie w postaci pojedynczych komérek w
materiale. Na wigkszo$ci badanych stanowisk rozwijata si¢ w wodach o odczynie zasadowym lub
zblizonym do oboj¢tnego, ze $rednig lub podwyzszong zawarto$cig elektrolitow oraz $rednig lub
wysokg zawartoscia wapnia (w rzece Mleczka nawet do 120 mgxl"'). Znacznie czesciej
wystepowata w srodkowych i dolnych odcinkach ciekéw, w warunkach mezo- i eutroficznych; w
odcinkach goérnych, oligotroficznych znajdowana byla tylko sporadycznie. Przeprowadzone
badania nie wskazuja, iz Fallacia lenzii na terenie poludniowo-wschodniej Polski jest gatunkiem
wymierajacym. Prawdopodobnie gatunek na badanym terenie znajduje sprzyjajace warunki do
rozwoju, dlatego jest czg¢sto oznaczany w réznych typach wod. Nie tworzy jednak masowych
populacji, lecz zawsze rozwija si¢ pojedynczo.
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THE ROLE OF TUPHA ANGUSTIFOLIA L. IN THE CHANGE OF
AMMONIUM CONTENT IN THE RIVERS WITH DIFFERENT
ANTHROPOGENIC PRESSURE LEVELS

Abstract. The article analyzes the role of higher aquatic vegetation (Typha angustifolia L.) in
the ecological state formation of river ecosystems. It was determined that the water plants have
several enzyme systems converting nitrogen-containing compounds, especially ammonium
binding, which are activated in terms of water pollution. Change in the ammonium content ions in
the water depending on the level of human activity is found. It was established that the presence of
Typha angustifolia L. in the rivers of studied areas increases the efficiency of ammonium
utilization. It is shown that the activity of nitrogen metabolism enzymes in higher water plants is
closely related to the of NH," content in water: in terms the natural level of NH,", its binding is
sequentially performed by activation ammonia binding enzymes in plants, and case of the
increased content, it is mainly performed due to the NADP-glutamatdehydrogenase. In particular,
the high activity of the enzyme, which rapidly assimilated ammonium in September, its content in
river water with different levels of anthropogenic pressure decreased significantly (2-4 times).

Keywords: hydrochemical parameters, Typha angustifolia L., ammonium, glutamate-
dehydrogenase, glutamine synthetase, anthropogenic pressure.

INTRODUCTION

In aquatic ecosystems, biogeochemical migration of elements is carried out with the direct
participation of higher aquatic plants that take up large areas of shallow water, producing greater
biomass and are a powerful natural biofilter. Concentrating on water and bottom sediments of various
elements, they deposited them in the roots and rhizomes and removed from hydro biotic turnover for a
long time. The ability of aquatic plants to accumulate material depends on the coefficient determined
for bioaccumulation and ecological features of species, adaptive capacity, chemical structure, the of role
compounds in the plants metabolism and the anthropogenic impact intensity [6, 17, 18].

In terms of long-term exposure to chemical environmental factors, higher aquatic plants more
adequately reflect the ecological status of certain areas of the reservoir. In particular, large macrophytes
are able to remove significant quantities of physiologically active substances - phenols, heavy metals,
pesticides and nutrients from the water reducing the degree of water bodies eutrophication [9, 14, 20].
Most of these elements remain in the dead remains of plants, particularly in the leaves, stems and
inflorescences [19, 21], which could adversely affect water quality, causing deterioration in gas mode,
increased ammonia content, and substances accumulated earlier may again fall into the water. However,
it was established [17, 18] that with a decrease in water temperature significantly slows down the
degradation process of macrophytes. It means that higher aquatic plants are not significant polluters
with indigenous substances in the autumn-winter period [17].

Typha angustifolia L. is one of the most common representatives in higher aquatic
vegetation, which shows substantial adaptive capacity in terms of integrated water pollution.
Having a well-developed root system, it absorbs nitrogen compounds directly from the soil, so the
high ammonium content ions is usually found in its bushes [5, 6, 24]. The ability for inorganic
nitrogen utilization in Typha angustifolia L. is about 28% and is determined by the pH in the water
environment, dissolved oxygen, water temperature, anthropogenic influence, etc. [13, 23].

Thickets of higher aquatic vegetation dramatically alter the chemical properties of the water
environment, accelerate the nitrification phase, reduces the ammonia nitrogen content, etc. [13, 14,
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20]. This ability is provided ammonia binding properties of plants. The following is the most
effective among the binding of ammonia [19]:

a) glutamatdehydrogenase reaction: 2- oxoglutarate + NH," + NAD(P)H — glutamate +
NAD(P)" + H,O

b) glutamine synthetase reaction: NH," + glutamate + ATP — glutamine + ADP + P,

The purpose of the study was to clarify the role of Typha angustifolia L. to change the
ammonia content in rivers with different levels of anthropogenic load.

MATERIALS AND METHODS

During the study, 4 types of areas with different levels of anthropogenic load were relatively
isolated in Rivne region: recreational, rural, urban and technogenically transformed territory.
Zarichnensky district was classified as the recreational area because an important object of Rivne
natural reserve fund - Regional Landscape Park "Pripyat-Stokhid" is located there. One of the plowed
southern districts, Dubno, was selected as rural area. The urban area included the Rivne city, and
technogenically transformed territory included Zdolbuniv district, where the largest enterprises of the
Rivne region ("Ukrtsemremont" LLC and JSC "Zdolbuniv Mechanical Plant") are concentrated.

48 water samples and 24 samples of Typha angustifolia L. were selected during June and September
2013 in various small rivers of Rivne according to the level of anthropogenic load for the area.

The ammonium content was determined by photometric method for qualitative reaction with
Nessler reagent at a wavelength of 420 nm. pH of the water was determined with ion meters Ev-
74, the oxygen content in the water was determined using oxygen meter AJKA-101M.
Glutamatdehydrogenase activity (K® 1.4.1.2) was determined by spectrophotometric method for
speed oxidation of NADH at 340 nm [16]. The glutamine synthetase activity (K® 6.3.1.2) was
studied during synthetase reaction [7].

RESULTS AND DISCUSSION

Hydrochemical indicators. Ammonium plays an important role in the functioning of aquatic
ecosystems. Its content in water is determined to some extent by the pH and water temperature [3, 22].

In June, the exceeding for the MPCfishery norm of ammonium content in the pond of
recreational area amounted to 3.6 times, urban - 4.8 times, rural - 2.4 times, technogenically
transformed - 1.6 times. As for September, NH," content is significantly reduced comparing to
June. Thus, exceeding the MPCfishery norm of the ponds at the recreational area amounted to 1.2
times in September, for waters at urban and rural areas it was 1.3. NH," concentration in the ponds
at technogenically-transformed territory was within normal limits for MPCfishery (Table. 1).

Excess content of nitrogen substances leads to lower oxygen levels and deterioration of
biological processes in reservoirs. Dissolved oxygen characterizes the productive-destructive
processes in water balance, the degree of groundwater contamination of and natural purification.
The content of dissolved oxygen in the pond at the recreational area was minimal in June (3.14
mg/dm’ at 15,50°C) and maximum was in September (4.61 mg/dm’ at 16,33°C) compared with all
the studied areas. In the pond at urban, rural and technogenically transformed areas, oxygen
content increased by 1,37, 1.28 and 1.25 times in September compared to June.

Typically, the higher water vegetation overgrowth significantly affects the oxygen regime
(sometimes water aeration of by photosynthesis prevails over atmospheric). However, the oxygen
content in dense thickets of Tupha angustifolia L. is very low. The submerged part of plants uses
oxygen for respiration process, and oxygen that is formed during photosynthesis by air-water plants is
released into the atmosphere, which reduces the reaeration ability of these groups [17]. In addition, the
dissolved oxygen can be spent on the oxidation of excess contaminants that come from sewage, which
reinforces the lack of oxygen. Lowering the pH in the water environment is closely related with the
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oxygen spent for the oxidation. The pH value determines the development and activity of aquatic plants,
resistance of different forms of elements migration and alters the pollutants toxicity [21].

pH in June and September at the recreational area were 5.18 and 5.19. In urban areas, the index
varied from 5.90 to 4.89. In the rural area, pH in June amounted to 5.89 and 5.18in September. In the
area technogenically transformed area, pH ranged from 6.04 in August to 4.96 in September.

Table 1. Hydrochemical parameters of water samples from small rivers with different levels
of anthropogenic pressure located in Rivne region (M £ m; n = 5-6)

Territor Hydrochemical indicators
y NH,, mg/dm® | O, mgO/dm® | pH,moll | t(water).’C
June, 31
Recreational 1,814+0,017 3,14+0,01 5,19+0,03 15,50+0,11
Urban 2,397+0,019 3,23+0,01 5,90+0,05 16,75+0,05
Rural 1,223+0,018 3,20+0,01 5,98+0,05 16,17£0,05
Technogenic 0,823+0,012 3,26+0,01 6,04+0,06 15,33+0,10
September, 5
Recreational 0,597+0,004 4,61+0,00 5,18+0,05 16,33+0,10
Urban 0,649+0,013 4,44+0,00 4,8920,02 16,50+0,11
Rural 0,626+0,005 4,09+0,00 5,18+0,05 16,67+0,10
Technogenic 0,423+0,012 4,06+0,00 4,9620,02 16,00+0,00

Glutamatdehydrogenase activity. One of the key enzymes of nitrogen assimilation is considered
glutamatdehydrogenase. HDH in plant cells is present in many molecular forms, which quantity and
relative content differs in different organs and may change in the development of plants and at
environmental conditions [1,4]. Glutamatdehydrogenase catalyzes the interconversion of o-
ketoglutarate and glutamate, in which both inorganic nitrogen is mutually transformed in ammonium
and organic o-amino nitrogen. NADH or NADPH may play a role of reductant [4]. NADPH and
NADH are involved in energy provision for nitrates reduction [8, 10]. Next step is a redistribution of
glutamic acid transaminase nitrogen, which is included into other amino acids [11].

It is known that the glutamatdehydrogenase activity is determined by the type of metabolism
in specific organism, organ or tissue, in physiological stage of development and state of metabolic
reactions within a specified time [10, 12].

Fig. 1 shows the average values of NADH-glutamatdehydrogenase (NADH-HDH) and
NADPH-glutamatdehydrogenase (NADPH-HDH) activity in Tupha angustifolia L.

The activity of NADH-HDH in Tupha angustifolia L. for the reservoirs at the recreation area during
June and September was almost the same and amounted to 0.21 - 107 and 0.22 - 10* pmol NADH/mg of
protein - min. The activity of NADH-HDH in Tupha angustifolia L. for the reservoirs at urban area in June
was 0.19 - 107, and increased to 0.55 - 10-3 pmol NADH/mg of protein - min. In the reservoirs at rural
area, the NADH-HDH activity was 0.28 - 10~ in June, 0.66 - 10° pmol NADH/mg of protein - min. in
September. The activity of NADH-HDH in Tupha angustifolia L. in the reservoir at technogenically
transformed area was quite high for two months studied compared to other areas. Thus, the activity of
NADH-HDH in June was 0.95 - 107, 1.23 - 10” umol NADH/mg of protein - min in September.

In the reservoir at the recreational area, the activity of NADPH-HDH in June and September
was 2.10- 10 and 2.14-10” umol NADPH/mg of protein - min. In the reservoirs at urban areas,
this index was 1.81-107 in June and 1.97-10” pmol NADPH/mg of protein - min in September.
Apparently, the enzyme activity of NADPH-HDH for Tupha angustifolia L. in the reservoir at the
rural area in June and September differs insignificantly and not is 3.05-107 and 3.13-107 pmol
NADPH/mg of protein - min. The exception is Tupha angustifolia L. at the technogenically
transformed are in the reservoir, which activity of NADPH-HDH varies from 1.87- 107 in June to
2.93-10” umol NADPH/mg of protein - min. in September.



116

S

s

&8

v

mkmonb HAJIH / mr 6inky-xB

£
R
5
R
‘ 05.09.
HAJH-TAT HAJIOH-TIT
B Pekpeauiiina Tepuropis F VpbauidoBaHa TepuTOpis
) ArpapHa TepuTopis @ TexHoreHHOTpaHC(HOPMOBAHA TEPUTOPIs

Fig 1. Activity of NADH and NADPH dependent glutamate dehydrogenases in Typha
angustifolia L. (M £ m, n = 3)

The most significant increase in the activity of NADPH-HDH was observed in the reservoir
of rural area.

Glutamine synthetase activity. Glutamine synthetase catalyzes the key assimilation reaction of
ammonia, and the reaction product - glutamine donor amide or amine groups are involved in the synthesis
of all major nitrogen-containing cell metabolites (adenosine monophosphate (AMP) citidinetryphosphate
(CTF), para-aminobenzoic acid, NAD, tryptophan, histidine, asparagine, etc.) [7, 10].

In studying the activity of glutamine synthetase (GS) in Tupha angustifolia L., both inhibition
and activation of enzymatic reactions depending on the study period was observed (Fig. 2).
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Fig. 2. Glutamine synthetase activity in Typha angustifolia L. (M £ m, n = 3)

In water bodies of all areas of studied activity of GS in Tupha angustifolia L. increased from
June to September. Thus, the GS activity for reservoirs at recreation area ranged from 0.464 to
3.91 umol Rn/mg of protein- min., urban - from 0.388 to 2.370 pmol Rn/mg of protein- min., rural -
from 0.531 to 2.920 umol Rn/mg of protein-min, and technogenically transformed - from 0.786 to
3.550 pmol Rn/mg of protein-min. GS enzyme has high affinity for ammonium [8, 9, 25], so its
significant concentrations observed in June, quickly losses its functional activity.

CONCLUSIONS

Regulation of enzyme activity in higher water plants depends on many factors. The most
important ones include water, gas, temperature and light regimes. In cell factors limiting the work
of enzymes is the availability of substrate, intermediate donors, acceptors, activators, cofactors,
inhibitors, because the rate of enzymes work in most cases is far from its peak.
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Key enzymes of nitrogen metabolism in Typha angustifolia L. is closely related to the NH,"
content in water. Thus, its binding is performed by sequential activating of ammonia binding
enzymes in plants at the natural rate of NH,", and mainly due to the NADP-
glutamatdehydrogenase at its the high content. In particular, at the high activity of the enzyme,
which rapidly assimilated ammonium in September, its content in river water with different levels
of anthropogenic load decreasing 2 to 4 times.
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AHOTAIIS

POJIb TYPHA ANGUSTIFOLIA L. Y 3MIHI BMICTY AMOHIIO ¥
PIYKAX 3 PI3BHUM PIBHEM AHTPOIIOI'EHHOT'O HABAHTAKEHHS

[pupoaHi piuKOBI BOIM € AWHAMIYHOK CHUCTEMOIO, IO MICTUTh y CBOEMY CKJIAJI CKIIaTHUI
KOMIUIEKC KOMIIOHEHTIB, BKJIIOYHO 3HAuHy KUIBKICTH 1OHIB amoHi0. Bwict amoHilo y
TIIPOCKOCHCTEMAX BU3HAYAETHCS €0 B3a€MO3aJICKHUX YUHHUKIB OI0TUYHOT Ta a0i0TUYHOT MIPUPO/IHL.
MeTor0 HaIoro JOCHiKEHHS OyIio IIpoaHali3yBaTH BMICT aMOHIIO y pidKax Ta BU3HAYMTH (aKTOPH,
SIKi BIUIMBAIOTh Ha Horo 3miau. O0’€KTOM JOCIiKeHHS Oyia Boja 3 pidok PiBHEHIIMHY, TEPUTOPItO
K01 MM YMOBHO TIOIUTHIM 32 XapaKTepOM aHTPOTIOTEHHOTO HAaBaHTAXEHHS HAa YOTHUPH YAaCTHHU —
pekpeariiiina, ypbaHi3oBaHa, arpapHa Ta TEXHOTeHHOTpaHC(hopMoBaHa.

[poananizoBano 48 mpod Boam Ta 24 3pasku Typha angustifolia L. BimiOpanix BIpogoBK YepBHSI
Ta BepecHs 2013 p. 3 pi3HMX CTBOPIB MATMX PidoK PiBHEHIIMHM BiITOBIAHO IO PiBHS aHTPOIIOTCHHOTO
HaBaHTKEHHS TepUTOpii. BMicT aMOHi0 BU3HAYATM (POTOMETPHYHAM METOJIOM 32 SKICHOIO PEaKIli€ro 3
peaktuBoM Heccnepa npu noskuni xBriti 420 HM. pH Boau BU3HaYaiy 3a I0NOMOroro ioHomipa OB-74,
BMICT KHCHIO Y BOJIi — 3a iorioMororo kucHemipa AJKA-101M. AktuBHiCTh miyramatieringporeHasu (KO
1.4.1.2) BCTaHOBIIOBAIM CHIEKTPO(GOTOMETPUYHIM METO/IOM 32 IBHaKicTio okrcHenHss HAJTH npu 340
HM. AKTHBHICTb TyTaMincuHTeTasu (KD 6.3.1.2) mocmipKyBaiu B CHHTETa3HIN PeaKiiil.

Busisneno mnepeBumiennss Hopmu [ JIKpuOrocm. 1moo BMICTYy aMOHIIO y BOJOiMax BcixX
JIOCII/PKYBaHUX TEPUTOPil. 30kpeMa, repeBuineHas Hopmu I'JIKpuOrocm. B 4epBHi Ta BEpecHi y pidli
pekpeariiiHoi TepuTopii ckmaxano 3,6 ta 1,2 pa3m, y pidmi ypoanizoBanoi — 4,8 ta 1,3 pasu, y piuri
arpapuoi — 2,4 ta 1,3 pa3u. ¥ pidii TexHoreHHoTpaHchopMoBaHoi Teputopii — 1,6 pasu y 4epBHi Ta 6e3
MepeBUIcH, y BepecHi. [loka3aHo, 10 BWI BOASHI POCITMHH BUKOHYIOTH YWCIIEHHI (DYHKIT Yy
(hyHKIIIOHYBaHHI BOJHUX €KOCHUCTEM. 30KpeMa, BEIMKi Makpo(]iTH 31aTHI BHITydaTH 3 BOIW Y 3HAYHUX
KIJTBKOCTSIX (Di310JIOTIYHO aKTUBHI PEYOBHMHU — (DEHOJH, COJI BaXKKHAX METANiB, IMECTUIMIHN, a30T i
¢ocop 3HIWKYIOUM cTyniHb eBTpodikauii Bonoim. Typha angustifolia L. mmpoko mnomvpeHuii B
pi3HMX BOZOWMAax Ta TMpOSBISIE 3HA4YHI aJaNTalliiHi MOMIMBOCTI B YMOBaX KOMIUIEKCHOTO
3a0pyHEHHs BOAHOIO cepenoBuiia. Beranosneno, mo npucythicts Typha angustifolia L. y piukax
JOCHIKYBaHUX TEPUTOPIH MijBUILye e(EeKTHBHICTb YTHII3allii amoHif0. 30KpeMma, HpH BHCOKIiH
axtuBHOCTI (epmenTiB Typha angustifolia L., ki IHTCHCMBHO aCHMLITIOBAJIN aMOHIH y BepecHi, Horo
BMICT Y BOJII pi4OK 3MeHIIyBascs (y 2—4 pasn).

AKTUBHICTh €H3UMIB a30THOTO OOMIHY y BHIIUX BOJSHHX POCIHMH TICHO TOB’SI3aHA 3 BMICTOM
NH," y Bomi: 3a npupomsoro pisas NH,  iforo 3p’s3yBaHHSA 3MifCHIOETBCA MOCIIJOBHIM
aKTHBYBAHHSIM aMOHIN3B’ A3yUnX €H3MMIB POCIIVH, a 32 T IBUIIIEHOTO BMICTY — MIEPEBAXKHO 32 PAXYHOK
HAJI®-riryramatieriaporeHasm.
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THE CONTENT OF PHOSPHORUS IN THE HYDROECOSYSTEM
OF SMALL RIVER AND ITS RELATIONSHIP
WITH PHYTOPLANKTON GROWTH

Abstract. The seasonal changes in the content of phosphorus in the water of Seret river
(Ternopil region, Ukraine) and its connection with the development of diatoms, green and blue-
green algae were studied. The studies were conducted during the growing season (spring, summer,
autumn) in different parts of river Seret. To identify the content of phosphate in water of river, the
monitoring data were analyzed in such sampling points: "agricultural area", "urbanized area",
"recreation area". Analysis of the impact of hydrobionts on fluctuation of the phosphorus level in
water was carried out for three types of algae: diatoms, green and blue-green. The phosphorus
concentration is in the range of 0.01 — 0.31 mg/dm?3. It is established that phosphorus is associated
with the development and functioning of abundance of algae in the river Seret on all areas
regardless the level of anthropogenic load. Seasonal changes in water content of the phosphorus
depend on the intensity of phytoplankton growth, as revealed elevated levels of phosphorus in the
spring and, mainly, in the autumn, when both the number and biomass algae are characterized by
minimum values. During the period of research on species and intraspecific diversity the
domination was by green algae and on biomass — domination of diatoms. It is shown that with an
increase in algae biomass study, a reduction in the phosphorus content in the water appears, with
the exception of the territory of Ternopil reservoir, where with the biomass increase occurs also
increasing in the concentration of phosphorus. It is established that as the flow of water to promote
estuary anthropogenic load on the system increases, thereby increases the concentration of
phosphorous, but its involvement in the binding of algae decreases. It was found that in all studied
areas the number of algae and phosphorus concentration is in inverse relationship. A direct
relationship was established between biomass and phosphorus concentration only in the Ternopil
reservoir, and in other cases — inverse.

Keywords: river water, numerosity, biomass, Bacillariophyta, Chlorophyta, Cyanophyta.

INTRODUCTION

One of the key factors in the development and functioning of aquatic ecosystems is the
development of autotrophic components of the trophic chain, the basis of which is phytoplankton.
It directly affects the formation of water quality, the trophic status of the water body and
determines the ecological status of the aquatic ecosystem as a whole [1;17;19].

The content of phosphorus is one of the primary determinants of the productivity of ponds
and streams [2;13;20]. An increase of their content in the water basins contributes to increasing of
phytoplankton biomass, and phosphate hypertrophy of reservoirs promote the increasing
production of growth factors, resulting in abundant growth of algae [6].

Since the bulk of the phosphorus is associated with the life of planktonic organisms, their
influence on the content and dynamics in natural waters is obvious. However, it is not clear
enough which of its part is available for biological aquatic organisms intake, which is largely
determined by associated environmental factors, the main among which, is often anthropogenic
influence [9].

The aim of this work was to study seasonal changes in the content of phosphorus with the
view to the development of phytoplankton in the water of small river in areas with different levels
of anthropogenic load.
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MATERIAL AND METHODS OF RESEARCH

The studies were conducted during the growing season (spring, summer, autumn) in different
parts of river Seret, Ternopil region, Ukraine (fig. 1).
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Fig. 1. Schematic map of location of the stations of phytoplankton observations: 1 — river
above Ternopil reservoir, 2 - Ternopil reservoir, 3 — river below Ternopil reservoir.

To identify the content of phosphate in water of river, the monitoring data were analyzed in
such sampling points: "agricultural area" (1) - characterized by active farming and animal
husbandry; "urbanized area" (2) - part of the river, which flows within the city limits of Ternopil;
"recreation area" (3) - the territory of the reserve. The placement of these areas is the order of the
river flow from north to south at a distance of about 60-80 km from one another.

Separation of the above-mentioned areas was carried out according to eco-geographical zoning of
Ternopil region [5], developed on the basis of the impact of human activities on the environment.

Determination of the phosphate content were performed according to procedure [8], based on
the interaction of the orthophosphate with ammonium molybdate in acidic medium in the presence
of antimonate potassium with formation of heteropoly acid, which forms the "molybdenum blue"
during reduction. As the reducing agent ascorbic acid was used.

Sampling of phytoplankton, its fixation, concentration, cameral processing, calculation of
abundance and biomass was carried out by well-known hydrobiological methods [7;16]. Analysis
of the impact of hydrobionts on fluctuation of the phosphorus level in water was carried out for
three types of algae: diatoms, green and blue-green.
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RESULTS AND DISCUSSION

Brief description of the research objects. River Seret is a left flow of the Dnister. Its length
is 248 km, the catchment area - 3900 sq. km. The width of the river 10-20 m, depth - 1.5-2.5 m,
the flow rate is negligible (0.6 m/s), the bottom is muddy, viscous. The delivery of the river is
mixed, but is mainly due to snowmelt and rain water, so clearly highlighted during the spring flood
and low summer-autumn drought period with significant rain floods. The river is diveded into
multiple lakes and reservoirs.

Ternopil reservoir is regulated watercourse of river Seret. Placement - Ternopil. The distance
from the mouth of the river to the hydroscheme is 182 km. Type - riverbed, the type of flow
regulation — seasonal [18].

Species composition and abundance of algae

According to our research in the plankton ecosystem "river - reservoir - river" 409 species were
found represented by 428 intraspecific taxonomic units, including those, containing nomenclatural type
of species belonging to 13 classes, 32 orders, 141 genus and 8 divisions (Table. 1). Representatives of
Chlorophyta compose 34% of the total structure of planktonic algal groups (144 intraspecific taxonomic
units - ITU), almost at the same level with the last were Bacillariophyta - 31% (133 ITU), the third
place was shared between Euglenophyta and Cyanophyta - 10% (43 ITU) and 10% (41 ITU), the
following were Chrysophyta - 8% (34 ITU). Dinophyta - 3% (14 ITU), Xanthophyta - 2% (10 ITU),
Cryptophyta - 2% (9 ITU) characterized by significantly lower rates (table 1).

Table 1. The spatial distribution of the taxonomic composition of phytoplankton on river
Seret and Ternopil reservoir

Division The observation stations
The area of the river Ternopil The area of the river
Seret above the Reservoir Seret below the Ternopil
Ternopil reservoir reservoir
Cyanophyta 12 3) 32(34) 6 (7N
7(7) 10 (10) 5(6)
Euglenophyta 20 (23) 22 (26) 7D
12 (13) 7 (8) 6 (6)
Dinophyta 6(6) 89 22
3(3) 3(3) 2(2)
Cryptophyta 505 8(8) 0
3(3) 3(2) 0
Chrysophyta 14 (4 29 (29) 99
8 (8) 99 7(7)
Xanthophyta 2(12) 919 1)
1(1) 33) 1(1)
Bacillariophyta 65 (69) 82 (88) 48 (51
37 (38) 26 (26) 39 (40)
Chlorophyta 50 (50 125 (130) 51 (51
29 (28) 39 (39) 41 (40)
Notes:

1. The numerator - number of species (intraspecific taxonomic units - ITU);
2. The denominator — intraspecific taxonomic units, the content of each department in
percentages of the total number of taxonomic units taken as 100%.
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Studied areas of the river

Agricultural area (the area of the river Seret above the Ternopil reservoir - I)

In algal flora reservoir within agricultural area, leading position in terms of species and intra-
species diversity of algae takes Bacillariophyta (51% of the total number of studied species).
Representatives of Chlorophyta make 40%, which appears subdominant, and Cyanophyta form
only 9% of the total number of species and intra-specific taxonomic units (fig. 2).

Analysis of the dynamics of phytoplankton throughout the growing season showed that
Bacillariophyta was determined by the total quantities of biomass (up to 63% of the total algal
biomass) in all phytoplankton. In most cases they were dominant or subdominant in association of
microalgae in conjunction with other departments (green and blue-green).

Seasonal dynamics of phosphorus in the water depends on hydrometeorological conditions
and the level of development of aquatic organisms. In this case, the minimum concentration in the
water of the river Seret above the Ternopil reservoir (I) was characterized by the summer, and the
maximum — by autumn period (respectively 0.007 and 0.06 mg P/dm3). Summer minimum is
associated with high levels of aquatic organisms (especially diatoms) and their live-sustaining
activity, as well as with active sedimentation of suspended phosphorus at low water level and low
speed of river flow. Autumn increase of phosphate content is associated with the regeneration of
phosphorus during the die away of phytoplankton. It should be mentioned that April decrease of
phosphorus is caused by a low level of development of aquatic organisms in conjunction with low
water temperatures at the beginning of the spring flood, and the May increase with its peak. Thus,
simultaneously with a decrease in both, the number and biomass of algae on the tested area of the
river, there is an increase of phosphorus in the water.

This pattern allowed to establish between the above mentioned indicators an inverse relation,
characterized by a negative correlation of coefficients: r = -0,335 (for the number of algae and
phosphorus concentration) and r = -0,282 (for algal biomass and phosphorus concentration) with
weak bounding force.

Urbanized territory (Ternopil Reservoir - I1)

In a sample of water from the reservoir the dominant were representatives of Chlorophyta
with content of intraspecific taxonomic units - 52% of the total number of the studied taxonomic
units (fig. 3).

Total biomass values (up to 67% of the total algae biomass), total phytoplankton as well as
on agricultural areas was determined by Bacillariophyta.

Seasonal dynamics of phosphorus in the water of Ternopil reservoir has a few differences
from the previous area. Thus, the maximum phosphorus content is in August, which is primarily
due to the hydrological conditions of the reservoir, the physical-chemical parameters of water, as
well as changes in the qualitative composition of total phosphorus. Relatively high phosphate
content in the spring is due to the flux of municipal and domestic waste water on the one hand, and
a relatively low level of development of aquatic organisms consuming it on the other. Thus, on the
urban area with a decrease in the number of algae there is an increase in the content of phosphorus
in water, and with an increase in the biomass — the increase in the level of phosphate in water.

This pattern allowed to establish between the number of algae and phosphorus concentration
the reverse (r = -0,297), and between the biomass and the concentration of phosphorus - direct (r =
0,463) dependence. Only representatives of Cyanophyta biomass correlated with the content of
phosphorus are in the inverse relation (r = -0,223).

Recreational area (section of the river Seret lower from the Ternopil reservoir - 111)

On the area of river Seret below the Ternopil reservoir (III), as well as in the reservoir, the
basis of phytoplankton was formed by the abundance of Chlorophyta with content of intraspecific
taxonomic units, 48% of the total studied taxonomic units. Not less indicators showed
Bacillariophyta, occupying 46% of the species found (fig. 4).

The total value of the biomass (up to 58% of the total algal biomass) in all phytoplankton as
well as in previous areas was determined by Bacillariophyta.
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Seasonal dynamics of phosphorus in the water reservoir of Ternopil is similar to the previous
two territories, but since July tends to increase, reaching a maximum concentration in October -
0.31 mg P/dm3. As part of the river within the recreation area runoff accumulates throughout the
whole river Seret, the anthropogenic load on the system increases due to the movement of the
water flow to the mouth of the river that result in increasing of phosphorus content. It should be
noted also that the high content of phosphorus in the autumn period stimulates Cyanophyta (2,1
mg/dm?3) - the main agent of water "flowering".

The analysis allows to establish, as well as in the previous areas of river Seret that the
decrease in the number of algae leads to an increase in the level of phosphates in the water. The
same pattern can be traced to changes in algal biomass, with the exception of blue-green algae.

Between abundance of biomass of algae and phosphorus concentration an inverse
relationship with the strong bounding force is discovered (r = -0,704). Only biomass of
Cyanophyta correlated with phosphorus is in direct relation (r = 0,542).

- 3 0,35
-E 0,3
3. 28 -
Tk - 025§
e 2 £
Q£ - 02 =
250 :
. - 0,15 S waew Bacillariophyla
s E 1 =
%:g S o | 0,1 §' 48 Cyanophyta
ua =05 =] NSNS el - E
o8- . i = 0,05 Chlorophyta
U ZF o ; b
-1 < o R Qs PR SN -0 X
£ T T =3¢=Phosphorus
3 A T o IR o R S A T o B R o I B |
z = =- ] o o

E & £ T & & 2

< = - 3 £ g

=y 11}
B o
A
Months

Fig. 2. Changes in the content of phosphorus, number of algae ( 1) and algal biomass (2) in
the water of the river Seret above the Ternopil reservoir (I)
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Fig. 4. Changes in the content of phosphorus, number of algae (1) and algal biomass (2) in
water of river Seret below Ternopil reservoirs (IIT)

CONCLUSIONS

Thus, phosphorus is associated with the development and functioning of abundance of algae
in the river Seret on all areas regardless the level of anthropogenic load. Seasonal changes in water
content of the phosphorus depend on the intensity of phytoplankton growth, as revealed elevated
levels of phosphorus in the spring and, mainly, in the autumn, when both the number and biomass
algae are characterized by minimum values.

During the study period green algae dominated by the number of species and intraspecific
taxonomic units, averaging 46%, and on the biomass - diatoms with a share of presence - 62%.

It was found that in all studied areas the number of algae and phosphorus concentration is in
inverse relationship. A direct relationship was established between biomass and phosphorus
concentration only in the Ternopil reservoir, and in other cases - inverse.

The main factors that determine the mode of phosphorus compounds in different areas of
river Seret are anthropogenic load (farm, municipal and industrial effluents) and meteorological
conditions that regulate inter-reservoir biochemical and chemical processes. High background
levels of phosphates in the water below the Ternopil reservoir (0.073 - 0.31 mg/dm3) and a sharp
increase in the concentration of phosphorus in the end of the growing season reflect the strong
anthropogenic pressure from overlying cities (Ternopil, Chortkiv) and increase the scope of
recreation on the water object. So, as an area above the Ternopil reservoir does not have
antropogenic pressures, and farm runoff is characterized by minimum values, hydroecosystem
most effectively regulate the content of phosphorus in the water by phytoplankton, unlike
recreational area, where phytoplankton cannot process all the phosphorus.
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AHOTAIISA

BMICT ®OC®OPY B I'I/TIPOEKOCHUCTEMI MAJIOI PITUKH 1 ©UOT'O
3B'AA30K 3 PO3BUTKOM ®ITOIIJIAHKTOHY

JlocmimkyBanu ce30HHI 3MiHH BMicTy Gochopy y Boai piuku Ceper (TepHominbcbka 0011.,
VYkpaina) i HOro 3B'S30K 3 PO3BUTKOM JIiaTOMOBHX, 3CJICHHX 1 CHHBO-3CJICHHX BOJOPOCTCH.
JocmikeHHsT TPOBOAMINCS MPOTSATOM BEreTAllifHUX CE30HIB (BECHA, JITO, OCiHb) HA Pi3HUX
ninsukax p. Ceper. s BusiBnenHst Bmicty QocdatiB y Boal piuku Oysim mpoaHasi3oBaHi
MOHITOPHHIOBI JIaHI B TAKHX TOYKAaX BiIOOPY: «arpapHa TEpUTOPis», «ypOaHI30BaHA TEPUTOPIs»,
«peKpealliifHa TepuTopis». AHali3 BIUIMBY TiApOOIOHTIB Ha KOJHMBaHHS pPiBHA (ocdopy y Boi
MPOBOAVIIA JJIsi TPHOX BHUIIB BOJOPOCTEH: IIaTOMOBI, 3€JIEHI Ta CHHBO-3eJieHi. KoHmeHTparis
dbochopy vy Bomoiimax komuBanacs B mexax 0,01 — 0,31 mr / mm3. Tpoctexxeno, mo dochop
MOB'I3aHUK 3 PO3BUTKOM 1 (YHKIIIOHYBaHHSM BomopocTed B p. Ceper Ha Beix i minsHKax,
HE3aJIe)KHO BiJl PiBHS aHTPOIIOTCHHOTO HAaBaHTaXXCHHS. BCTaHOBIEHO, MO CE30HHI 3MiHU BMICTY
dbochopy y Bomi 3amexarh BiJi IHTEHCUBHOCTI PO3BUTKY (iTOIIAHKTOHY, OCKIUIBKH BHSBICHO
MiABUIICHHS BMicTy (ochopy y BECHSHHMA i, TOJIOBHUM YWHOM, B OCIHHIH Tepioau, KOJIU SIK
YHUCENbHICTh, TaK 1 OiomMaca BOJOPOCTEH XapaKTEpU3yeTbCs MiHIMAJIbHUMH 3HAUYCHHSIMH.
[IpoTsarom nepiofy 10CiiPKEHb 32 BUJIOBUM Ta BHYTPILIHEOBHIOBUM CKJIAJIOM NEPEBAKAIIM 3€JICHI
BOJIOPOCTI, a 3a Oiomacoro — jaiaTomMoBi. B anbroduopi BomoiiMu 3 arpapHoi TepuTopii OCHOBHE
micue cepel BojopocTel 3aiimManu Bacillariophyta, siki BU3Haumim i cymMapHi BeJMYMHN OioMacH
(o 63%). Y npobax Boau 3 ypbanizoBanoi Tepuropii nepesaxanu npeacraBauku Chlorophyta, a
3a CyMapHUMH TNoOKazHMKamMu Oiomacu — Bacillariophyta (mo 67%). Ha ninmsHni piukm, 1mo
XapaKTePU3YEThCSI PEKpeaIliiHoO0 MisUTbHICTIO, OCHOBHE MiCIle Cepell BOJOPOCTeH 3aiimManu
Chlorophyta, a 3a moka3ankamu 6iomacu — Bacillariophyta (1o 58%).

IToxazano, MmO OFHOYACHO i3 3OUTBIICHHSAM OiOMacw IOCIHIPKYBaHUX BOJOPOCTEH
BiIOYBA€ThCS 3HWKEHHA BMicTy ¢Gochopy y BOHi, 3a BHHATKOM TepuTopii TepHOMIBCHKOTO
BOJOCXOBHIIA, J¢ 31 3pOCTaHHSIM OiomacH BimOyBaeThCs 1 3pOCTaHHS KOHIEHTparii docdopy.
Bigmigeno, mo B Mipy MpoCcyBaHHS BOJHOTO IIOTOKY JO THpJa pIYKA aHTPOIIOTCHHE
HaBaHTXXCHHS Ha TiIPOEKOCHCTEMY 3pOCTa€, B PE3YJIbTAaTi 4Oro 30UIBIIYEThCS KOHIEHTpALis
tdocdopy, a ygacTb BOJOPOCTEH y HOro 3B's3yBaHHI 3MCHINYEThCS. BCTaHOBICHO, IO HA BCIX
JOCIIJDKYBAaHUX TEPUTOPISIX MIK YHCENBHICTIO BOJOpOCTEH 1 KOHIEHTpauielo ¢ocdopy icHye
3BOPOTHA 3aJICKHICTh. [IpsiMa 3a1exHiCTh BCTAHOBJICHA MiXK 010Macol0 1 KOHIEHTpaliew dpochopy
TUIBKK Ha TepuTOopii TepHOMIIBCHKOr0 BOZOCXOBHINA, @ B PELITI BUITA/IKIB — 3BOPOTHA.
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ROLE OF BRYOPHYTES IN THE METABOLISM OF NITROGEN

Abstract. The role of bryophytes Amblystegium serpens and Brachythecium mildeanum in
the metabolism of nitrogen in the wells of Carpathian region is analysed. The study of species
composition in wells within the Carpathian Region showed that the bryophytes plants were found
in all studied objects. In particular, Amblystegium serpens was found in wells within the rural area.
Brachythecium mildeanum was found in the wells located at the tehnogenically transformed,
recreational and urban areas.

We studied the adaptation potential for the bryophytes to ammonium compounds and general
principles for binding or withdrawal of glutamine dehydrohenase and glutamine synthetase and its
compounds from the cells. Seasonal changes in enzyme activity for studied mosses were
established. In particular, the trend of a sharp increase in NADH- glutamine dehydrohenase at the
technogenically transformed areas was observed in the autumn. The same trend was observed for
changes at the recreational and urban areas, although the changes are fairly minor. The opposite
situation was for the rural area, where decreased activity of NADH-glutamine dehydrohenase was
observed in autumn and the increased activity was indicated in summer. The activity of NADPH-
glutamine dehydrohenase increased at all investigated areas. GLS activity was higher than GLDH
for the studied mosses, which determines its primacy in the process of ammonia assimilation. The
content of chlorophyll a and b grew at technogenically transformed and recreational areas in
autumn, and the increase for urban and rural territories in June. In urban and rural areas, the
tendency to reduce carotenoids activity in the autumn, and the tendency to decrease in summer and
increase in spring was observed for technogenically transformed and recreational areas. The
growth of feopigment content was observed at the recreational and technogenically transformed
areas in autumn; and, for the urban and rural areas, the feopigment contend in contrary decreased.

Keywords:  bryophytes, ammonium, glutamate dehydrogenase, glutamine synthetase,
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chlorophyll “a” and “b”, carotenoids, feopigments.

INTRODUCTION

Aquatic ecosystems are exposed to intensive influence of anthropogenic factors causing
changes in biota and formation of new biological compounds. The leading role in the functioning
of freshwater ecosystems belongs to phytoplankton, through which photosynthesis energy flows
and fund autochthonous organic matter is generated in water. Together with allochthonous organic
matter, the primary production forms material and energy basis for all subsequent stages of the
production process in aquatic ecosystems, defining the livelihoods for the latter. As a result of
changing environmental conditions in the hydro ecosystem, phytoplankton responds first, and its
structural and functional characteristics are an important element in assessing the degree of
anthropogenic impact [2]. Phytoplankton is also actively involved in the freshwater reservoirs self-
cleaning. Another area of biological analysis for conditions in hydro ecosystems is the study of
physiological and biochemical parameters for both biological groups and individual organisms.
The change of enzymatic activity in plants is largely dependent on high concentrations of reactive
oxygen species (ROS) in photosynthetic tissues that are produced in response to biotic and abiotic
stress factors, including the possible water deficit, salinity, low or high temperature, the effect of
herbicides, heavy metals, radiation, pathogens infection [21].
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MATERIALS AND METHODS

The material for our study were the samples of mosses taken from the wells of Carpathians
during the summer and autumn periods, which territory we conventionally divided according to
the nature of human load into four parts — technogenic, recreational, rural and urban territory [2].
The outskirts of Truskavets are the main objects of Carpathians natural reserve fund, and the wells
located within this territory were identified as the recreation area. The territory of Drohobych and
Stryi districts was identified as rural. Mykolaiv district, where the large enterprise (OJSC
“Mykolaivtsement”) is located, and the city Drohobych (where JSC “SPC — Galicia™ is located)
were identified as the technogenically tranformed area. The cities Boryslav, Drohobych, and Stryi
were identified as the urbanized area. Identification of the species was carried out at the Institute of
Hydrobiology of NAAS of Ukraine.

Protein content in the biomass of bryophytes was determined by Lowry method [15].

To determine the enzyme activity, homogenates from algae biomass (cells separated from the
environment through Synpor No.4 membrane filters) were prepared at 0.005 tris-HCI buffer (pH
7.6) containing 0.002 M of magnesium sulfate and 0.002 M EDTA with the 1: 5 ratio (raw mass:
buffer) in a mechanical homogenizer at 7000 rpm; then homogenates were centrifuged at 5000
rpm for 15 minutes. The resulting slurry was used for further experimental work.

Chlorophyll “a” and “b” content, the total content of carotenoids was determined by
extracting method using spectrophotometry and was calculated by the respective formulas [18].

Glutamine synthetase activity was studied in synthetase reaction. The reaction mixture in
determining the activity of GS by phosphate mathod contained 25 mM of tris-HCI buffer (pH 7.2),
16 mM of sodium glutamate, 6 mM NH,Cl, 6 mM MgSO4, 15 mM ATP and buffer extract in an
amount necessary to form 1-10 mkmol of glutamine for 45 min. at 35 - 37°C. The reaction was
stopped by adding 4.0 ml of 1.8% FeSO, in 0.3 M H,SO, and 0.4 ml 606 % (NH4)¢M07;0,, in 7.5
M H,S0,, and photometered on a spectrophotometer C®-46 at 700 nm against the test solution.
Enzymatic activity is expressed in mmol P,/mg proteinlhin.

Glutamate dehydrogenase activity (EC 1.4.1.2) was found by spectrophotometric method for
oxidation rate of NADH at 340 nm [9] in the reaction mixture, consisting of 0.05 M tris-HCI
buffer (pH 7.2); 0.01 M 2-oxoglutarate; NADH 0.000025 M and 0.2 M (NH,),HPO,. The enzyme
activity is expressed in mkmol NADH/mg protein - min.

Statistical analysis for the data was performed using Statistica 5.5 software and Microsoft
Office Excel 2007.

DISCUSSION

Study of the species composition in water bodies showed that all investigated wells contain
bryophytes plants. In particular, creeping Amblistehium (Amblystegium serpens) was found in the
wells of rural area. Brachythecium mildeanum was found in the wells at technogenic, recreational
and urban areas - (table 1).

Table 1. Species composition of bryophytes found in wells

Type of bryophytes Type of territory
Technogenic | Recreational Urban Rural
Amblystegium serpens - - - +
Brachythecium + + + -
mildeanum
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Water regime of bryophytes has some features caused by their simple anatomical and
morphological structure. Because of the absence of stomata, bryophytes are unable to regulate
transpiration. [22] In accordance with the adaptation to their existence in the certain hydrological
regime, the bryophytes have different accumulation and retention mechanisms. It was found that of
the dead part of moss has a very high hydrolytic acidity, due to which the moss litter is
characterized by considerable absorption capacity and can contain large quantities not only
hydrogen ions but also other elements such as nitrogen compounds necessary for plants [10]. It
was found that the loss of nitrogen in the ecosystem exceeds its income. [13] The high calcium
content combined with high pH is fatal for almost all bryophytes [12].

The main form of nitrogen assimilation into organic compounds is known to be ammonium
ions. Numerous studies have found [16] that the enzymes of glutamate synthetase cycle are
important for the assimilation of ammonium nitrogen into amino acids and proteins of plant cells.
Key enzyme among them is the enzyme glutamine synthetase (EC 6.3.1.2). It was proved [17] that
the glutamine formed with the participation of the enzyme system is one of the important forms of
primary accumulation and transportation for organic nitrogen in the plant. This way of nitrogen
assimilation is universal for all living cells - from bacteria to animals. [14, 23]. Later, glutamine
sysnthetase (GS) synthesizes glutamine by adding ammonium ion to the glutamic acid residue.

The literature data indicate that in the extreme conditions of technogenic ecotopes
qualitative and quantitative changes in the regulation of enzymes lead to changes is isoenzyme
spectra. These changes in enzyme component are considered as one of the most subtle adaptation
mechanisms of plants during the stress effects of different nature. Babenko V. I. and F. Nariychuk
D. [1], indicate the reduced HDH activity in isolated chloroplasts for the actions of low
temperatures during hardening. V. Pahlich [19] observed increased HDH activity for the plants
after SO, fumigation. Thus, a number of stress factors causes increased HDH activity.

The literature contains the evidence of the induction and/or increased HDH synthesis influenced
by endogenous ammonium responsible for the increased enzyme activity under the influence of
unfavorable factors. The results of experiments for excessive concentration of Fe,” and Cr;™ in the
environment lead to the increase of NH," in the vegetative organs tissues. This is accompanied by
inhibition of GS activity - an enzyme that, along with the GTS is a leading agent in primary ammonium
assimilation [4]. Thus, the activation of HDH by the action of phytotoxic concentrations of Fe** and
Cr;" is possibly associated with an increase in ammonia content in the tissues.

In terms of lack for reduced nitrogen in the cell, the genes, which products are involved in the
assimilation of hard assimilable sources of nitrogen, are activated. Then, as the whole plant enzymes are
exposed to external factors not directly but through a change in orientation of the physiological
processes of metabolites and their transport characteristics. GS and HDH regulation and the relative
contribution of these enzymes in the process of ammonium assimilation in various organs during the
growth and development for various nutrition types are studied insufficiently [20].

Knowledge of basic mechanisms regulating the activity of ammonium assimilating
enzymes, implemented in stages during ontogenesis, is possible only after understanding the whole
process of nitrogen assimilation by plants [4].

Among them, the most effective are:

a) glutamate dehydrogenase reaction:

2-Oxoglutarat + NH,;* + NADP — glutamate +NADP* + H,O

b) glutamin synthetase reaction:

NH," + glutamate + ATP — glutamine + ADP + P,

Glutamate dehydrogenase catalyzes the interconversion of a-ketoglutarate and glutamate,
when also takes place mutual transformation of inorganic nitrogen, ammonium and organic o-
amino nitrogen. The reducing agen may be NADH or NADPH [11]. Then after the action of
glutamic acid transaminase, the nitrogen is redistributed, being included in other amino acids. [7]

NADH-HDH is a catabolic enzyme and carries mostly deamination and NADPH-HDH is
anabolic and performs amination [6].
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Table 2 shows the mean values of enzyme activity HDH-NAD (P) H, GDS, chlorophyll a,
chlorophyll b, carotenoids and feopigments in each of studied plants - Amblystegium serpens,
Brachythecium mildeanum in the particular areas.

Table 2. Enzymes activity in bryophytes (Mm+m, n=3)

Indices Type of territory
Technogenic | Recreational | Urban | Rural
June
NADH-glutamate
dehydrogenase mkmol (0.05£0.003)-10 | (0,03£0,002)-10° | (0.15£0.01)-10° | (1.55+0.15)-10°
NADH/mg protein - min
NADPH-glutamate
dehydrogenase, mkmol (0.17£0.02)-10° | (0.0620.002)-10° | (1,02£0,009)-107 |(0,25+0,026)-1073
NADPH/mg protein - min
Glutamine synthetase 1.516+0.010 0.979+0.065 0.642+0.023 0.807+0.026
o-oxoglutamate- 439340124 8.507+0.198 1.453£0.064 | 3.028+0.040
dehydrogenase
Chlorophyll «a» mkg/mg of 3.44+0.23 1.530.13 3.47+0.12 1.62%0.15
dry weight
Chlorophyll «b», ug/mg of 1.2820.12 0.55+0.49 1.25+0.097 0.59+0.52
dry weight
Carotenoids,
mkSPU/me of dry weight 0.88+0.053 0.28+0.019 2.10+0.18 0.3420.029
Fe"plgm‘“x’i;i/ mg of dry 0.67+0.042 0.6120.058 2.55+0.21 2.1120.17
NH," mg N/L 2.75+0.3 3.8+0.22 3.9+0.3 3.60.27
September
NADH-glutamate
dehydrogenase mkmol (0.58+0.43)-107 | (0.05£0.002)-107 |(0,20£0,018)-10° | (1,08+0,079)-10"
NADH/mg protein - min
NADPH-
hlutamatdehidrohenaza, 103 103 403 103
NADPH mmol/mg protein - (0.39£0.023)-10° | (0,07+0,004)-10° | (1.07+0.01)-10 (0,07+0,065)-10
min
Glutamine synthetase 3.03%0.05 2.43+0.07 4.88+0.25 9.76%0.76
o-oxoglutamate- 5.9540.35 11.68+0.48 11.79:0.44 4.93+0.21
dehydrogenase
Chlorophyll "a", pg/mg dry 3.5320.12 1.83+0.16 1.91£0.09 1.02+0.054
weight
Chlorophyll «b», ug/mg of | 5., g 0.54=0.052 0.85+21.54 0.370.033
dry weight
Carotenoids,
mkSPU/me of dry weight 1.0120.080 0.41£0.023 0.48+0.04 0.26+0.015
Fe"plgm‘“x’i;}i/ mg of dry 2.69+0.13 0.95+0.056 1.1520.12 1.60%0.10
NH," mg N/L 2.25+0.2 0.77+0.06 6.840.4 0.7+0.07

Seasonal changes were observed in the study of enzyme activity for mosses. In particular, the
trend a sharp increase in NADH-glutamate dehydrogenase at technogenic territory 10 times from (0.05
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+0.003) - 107 in June to (0.58 £0.43) - 10 was observed in September. The same trend is observed
for changes in the recreational area from (0.03 + 0.002) * 107 in June to (0.05 % 0.002) - 10® in

September and urban - from (0.15 £ 0.01) - 107 in June to (0.20 £0.018) - 10? in September, although
the changes are fairly minor. A somewhat different situation was for the rural area. The decrease in
activity of NADH-glutamate dehydrogenase from (1,55 = 0.15) - 10~ in June to (1.08 £ 0.079) - 107 in
September was observed. The activity of NADPH-glutamate dehydrogenase increased in all studied
areas. In particular, for the technogenic area - from (0.17 £ 0.02) - 107 in June to (0.39 +0.023) - 107 in
September; for recreational area - from (0.06 + 0.002) - 107 to (0.07 + 0.004) - 107 in urban area -
from (1.02 % 0.009) - 10™ to (1.07 + 0.01) * 10”. In the rural area, downward trend in activity from

(0.25 £0.026) - 10” to (0.07 * 0.065) * 10” remained again. The lowest activity of NADPH-glutamate
dehydrogenase was observed in the recreational area, and the largest - in rural area.

The differences in activity of both glutamate dehydrogenases was found on the basis of
studies. For Amblystegium serpens, rather low activity of both glutamate dehydrogenases was
found, that is, most likely due to its low affinity to ammonium ion. The activities of these enzymes
in Brachythecium mildeanum were significantly higher, that is confirmed in this case by the high
content of ammonia in the environment. Scientists state [5] that the maximum glutamine
synthetase activity is at minimum concentration of ammonium, which provides the normal growth
and development of culture. It could be observed in our studies that the activity of this enzyme is
lower in the summer, and increases significantly in the autumn.

It is known that glutamate dehydrogenase is one of the most common enzymes, and it was
not found almost no body, where it would be absent [11]. Kretovych V. L. et al. [6] supposes that
HDH in plants can effectively participate in the ammonium assimilation only at high
concentrations when glutamate synthesis and GS activity are suppressed.

The conducted studies showed the changes in glutamine synthetase activity. In particular, the
activity at the technogenic territory doubled from 1.516 + 0.010 in June to 3.03 £+ 0.05 in
September. The activity grew 2.5 times at the recreational territory - from 0.979 £ 0.065 in June to
2.43 £0.07 in September. In urbonavantazheniy territory glutamine synthetase activity increased 6
times from 0.642 + 0.023 in June to 4,88 % 0.25 during the autumn. The rapid growth in the
activity at rural area from 0.807 = 0.026 to 9,76 = 0.76 is also observed.

Glutamine synthetase catalyzes the key reaction of ammonia assimilation and reaction
product - glutamine, amide or amine groups donor is involved in the synthesis of all major
nitrogenous cell metabolites. Glutamine synthetase (GS) is the main enzyme in nitrogen
metabolism as a reaction catalyzed by this enzyme, on the one hand, is the only donor in glutamine
synthesis, and on the other hand, is a source of glutamine amino groups for the biosynthesis of cell
metabolites [8]. Among the studied mosses GS activity was higher than HDH, which determines
its primacy in the process of ammonia assimilation.

The study of oxoglutamate a-dehydrogenase showed the following changes. In particular, an
increase from 4.393 £ 0.124 in June to 5.95 £ 0.35 in the autumn was observed for the technogenic
area, from 8.507 £ 0.198 to 11.68 + 0.48 - for the recreation area, from 1.453 = 0.064 to 11.79 +
0.44 - for the urban area, and from 3.028 = 0.040 to 4.93 £ 0.21 - for the rural area respectively.

The function of a-oxoglutamate dehydrogenase is to transport ammonia released as a result
of amino acids catabolism. o-ketoglutarate is the major ammonia carrier in the metabolic
pathways. Amino groups of amino acids are ttached to o-ketoglutarate in the transamination
reactions and tolerated.

[I3%2]

In technogenic and recreational areas there was a slight increase in chlorophyll “a™~ from 3.44 +
0.23 mg/mg dry weight to 3.53 + 0.12 mg/mg dry weight and from 1.53 + 0.13 mg/mg dry to 1.83 +
0.16 mg/mg of dry weight during the studied period, respectively. However, chlorophyll «b» content
decreased slightly in September compared to June: from 1,28 + 0.12 mg/mg dry weight to 1,21 £ 0.068
pg/mg dry weight for technogenic area, in the recreational area - from 0.55 + 0.49 mg/mg dry weight to
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0.54 + 0.052 pg/mg dry weight. In urban and agricultural area, the chlorophyll “a” pigment decreased:
from 3,47 £ 0.12 mg/mg dry weight to 1,91 £ 0.09 mg/mg dry weight and from 1,62 + 0.15 mg/mg dry
weight to 1,02 = 0.054 pg/mg of dry mass. The same pattern was observed for chlorophyll «b» from
1.25 £ 0.097 pg/mg of dry weight to 0.85 + 21,54 mg/mg of dry weight and from 0.59 + 0.52 mg/mg
dry weight to 0.37 + 0.033 pg/mg of dry weight.

In urban and agricultural areas, the activity of carotenoids tended to reduce throughout the study
period. Particularly in urban areas this pigment decreased four times from June to September: from 2,10
+ 0.18 mkSPU/mg of dry weight to 0.48 + 0.04 mkSPU/mg of dry weight. In the agricultural area, a
slight decrease in activity of pigment from 0.34 = 0.029 mkSPU/mg of dry weight to 0.26 + 0.015
mkSPU/mg of dry weight was observed. In technogenic and recreational areas, on the contrary, a slight
increase in the pigment activity was observed. In particular, the activity of this pigment increased from
0.88 = 0.053 mkSPU/mg of dry weight to 1.01 mkSPU + 0.080 mg of dry weight from June to
September in the technogenic territory, and in the recreational area - from 0.28 + 0.019 mkSPU/mg of
dry weight to 0.41 + 0.023 mkSPU/mg of dry weight.

Feopigment activity in the technogenic territory in June amounted to 0.67 + 0.042 pg/mg of
dry weight, but the next study period showed that there was a rapid growth four times to the mark
of 2,69 + 0.13 mg/mg of dry weight. In the recreation area, the same growth trend of pigment from
0.61 £ 0.058 pg/mg dry weight to 0.95 = 0.056 pg/mg dry weight was saved. In urban and
agricultural areas, contrary, feopigment activity reduced during the period from 2.55 + 0.21 mg/mg
of dry weight to 1,15 + 0.12 mg/mg of dry weight (twice) and from 2,11 + 0.17 pg/mg of dry
weight to 1,60 + 0.10 mg/mg of dry weight.

CONCLUSIONS

Our studies show that the activity of related enzymes of the body exposed to toxic effect
permit to assess the status of individual units in the metabolic circuits to determine orientation and
metabolic conversion rate in the intermetabolites flow [3]. Maximum activity of glutamine
synthetase and glutamine synthetase was observed at the lowest concentration of ammonium,
which provides the normal growth and development for the mosses Amblystegium serpens and
Brachythecium mildeanum. The activity of these enzymes is less in the summer, and increases
significantly in the autumn.
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AHOTAIIS

POJIb MOXOITIOAIBHUX Y METABOJII3MI HITPOI'EHY

BuBYeHHs BHIOBOTO CKJIaay KPHHHUIb [IpHKapmnaTTs mokas3ajo, 10 B YCIX JOCHIIKYBAaHHX
00’€kTaX HasBHI MOXOMOMIOHI POCIHMHU. 30KpeMa, Yy KOJIOAA3SX arpoHaBaHTAKEHOI TepUTOPii
3HalgeHo AwoOmicrerid, abo AmoOmicreriym moB3yunii (Amblystegium serpens). Y KpHHHIIX
TEeXHOTeHHOTpaHC(OpPMOBaHOI, pekpeamniiHoi Ta ypOaHizoBaHOi TepuTopii — bpaxureniym
cepemniit (Brachythecium mildeanum). Biqomo, 1mo romoBHOIO (OPMOIO aCHMIJIAIII HITPOTEHY B
OpPTraHIYHUX CIIONyKaX € 10HM aMoHito0. JloCHipkeHHS MOKa3yroTh [16], mo B acuMiIsIii
AMOHIHHOTO HITPOTECHY BaXJIMBE MICIC MOCIIAIOTh (PEPMEHTH TIIyTaAMAaTCUHTCTA3HOTO IIHKITY.
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KirouoBoro cepen mux (epMeHTIB € TiIyTaMiHCHHTeTa3a. B yMoBaxX HEIOCTaTHBOI KiJIBKOCTI
BITHOBJICHOTO HITPOTCHY B KIITHHI aKTHBYIOTBCS T€HH, NPOAYKTH SKHX OEpyTb yd9acTb B
ACHMUIAIII Ba)KKO 3aCBOIOBAHMX IDKepen HiTporeHy. PocnwmuHI (pepMEHTH HiAgaroThCs BILTUBY
30BHIIIHIX (QaKTOpiB HE OE3MOCEePEaHbO, a Yepe3 3MiHU CIPSIMOBAHOCTI (Pi3i0JIOTIYHUX MPOIIECIB,
CKJIIagy MeTalodiTiB, i ocobmmBocTed ix TpancmopryBaHHA. Perymamis I'C i1 TAT, i BigHOCHMIA
BHECOK X ()epPMEHTIB B NPOILEC ACHMUIALII aMOHII0 B PI3HHX OpraHax B IpoIeci iX pocTy i
PO3BHTKY 3a PI3HMX THIIIB )XUBJICHHS BUBUCHI HeOCTaTHBO [20].

Hamu pocmimkeHo apanramiiiHuii moTeHIian —MoxomomiOHmx —(Amblystegium  serpens,
Brachythecium mildeanum) 10 criosyk aMoHil0 Ta 3arajibHi NPUHIWIN 3B’S3yBaHHS UM BUBEACHHS
IJIyTaMaTAEeripOreHa3o Ta IITyTaMIiHCHCTETa30l0 HOro CHOJNYK 3 KIITHH. BcraHoBieHO ce30HHI
3MIHM aKTHBHOCTI (h)ePMEHTIB MOXOMNOAIOHUX criocTepiraincs. 30Kpema, NMPOCTeXyBajacs TEHICHIIS
Jo pizkoro 3pocranus HAJIH-rimyramaraerinporenasu Ha TeXHOreHHOTpaHC(OPMOBaHIH TepHTOpil
BOCCHH.. Taka » TEHICHIUS 10 3MiH CIIOCTEpIraeTeCs Ha pekpeaniiiHiii 1 ypOoHaBaHTa)KeHii
TEPUTOPIAX, XOUa 3MIHM JOCHTh He3HauHi. [IpoTnmexxHa curyarmis Oyna Ha arpoHaBaHTAKEHIN
TEpHUTOpii, crocTepiramocss 3MeHIIeHHs akTuBHOCTI HAJIH-rmyramatnmerimporeHasn BoceHH Ta
3poctaHHs BHiTKy. AktuBHICTE HAJI®H-ryTamaTierinporenasu 3pocrajia Ha YCiX JOCHIIKYBaHUX
TEPUTOPISX.

I'myramiHcHHTEeTa3a KaTalizye KIIOUOBY PEakKIlilo acCHMUIALII aMiaky, a MPOAYKT peaxiii —
rIIyTaMiH, JIOHOp amizHOi abo amiHHOI Tpymn, Oepe y4acTh y CHHTE3l yCiX HalBa)kKIMBIIINX
A30TOBMICHHX METa0OINITIB KIITHHU. [IpoBeneHi NOCHiKeHHS TOKa3ajd 3MIHM B aKTHBHOCTI
TIIyTaMiHCHHTETa3u. 30KpeMa, MPOCTEXKYEThCSI 3HAYHE 3pDOCTAHHS aKTUBHOCTI (epMeHTa BOCEHH
Ha ycix JociipKyBaHux Tepuropisx. ['myramincunrerasa (I'C) BBaykaeTbesi TOJIOBHUM (pEPMEHTOM
A30THOTO OOMIHY OCKUJIbKHM peakiis, sika KaTali3yeTbCs JaHUM (EPMEHTOM, 3 OJHIE] CTOPOHH
BBAXXKA€THCS €JUHUM JJOHOPOM CHHTE3Y TIyTaMiHy, a 3 iHIIOI — TIyTaMiH € [HKepesIoM aMiHOTPYIIH
st OiocuHTE3y KITHHHUX MeTabomiTiB [8]. Cepen HoCmiIKyBaHIMX MOXOIOMIOHUX aKTHBHICTh
I'C 6yna Bumoro, Hixk ['/I[', 110 BU3Ha4ae ii HEpBUHHICTB y MpOIIecaX aCHMIIAII] aMiaKy.

OYHKIIISA 0-OKCOTITyTaMaT-IeTiApOTeHas3 ! MOJSrae y TPAHCIIOPTI aMiaKy, IO BHIUIAETHCS Y
pe3ynbpTaTi KaTaboJi3My aMiHOKHCIIOT. 0-KeTOTIyTapaT — HaBaKIMBIIINA NEpEHOCHHUK aMiaKy B
METa0OIIYHUX NUIAXaX. AMIHOTPYIH BiJI aMiHOKHCIIOT NMPHUKPIIUTIOIOTECS 10 O-KETOTIIyTapaTy B
peakuii TpaHCaMiHyBaHHS Ta IIEPEHOCATHCS. JlOCHIKEHHSI TOKa3aIH, 3pOCTaHHs LOT0 )EPMEHTY
Ha yCiX JOCIIKYBaHHX TEPUTOPISIX BOCCHU.

BuMmict xiopodiny «a» Ta «b» 3pocTaB BOCEHM Ha TEXHOT€HHHOTpAaHC(OPMOBaHIH Ta
peKpealiiiHiii TEpUTOpPISX BOCEHH, a Ha ypOOHABaHTA)XEHI Ta arpoHaBaHTAXKEHIH TEPUTOPIIX — Y
YEpBHI.

Ha ypOani3oBaHiii Ta arpapHiii TEpUTOpIAX CcIOCTepiranacsi TEHICHLIS [0 3HIKCHHS
aKTUBHOCTI KapOTHHOIMIB TPOTATOM OCIHHBOTO TIEpioay, Ha TEXHOTEHHOTpaHC(HOpPMOBaHIH Ta
peKpeaniifHiil TepUTOPIAX CrIoCTepiranacs TCHACHIIIS 10 3HIKCHHS BIIITKY Ta 3pOCTaHHS BOCCHHU.

3pocTtaHHA BMICTy (DEOMIrMEHTy CIOCTEpIiraiocss Ha TEXHOTCHHOTPAHC(QOPMOBAHIM Te
peKpeartiiftHiii TepuTOpisX BOCEHH, a Ha YPhOHABAHTAXCHIHN Ta arpoOHaBaHTAXKEHIH criocTepiraiacs
MIPOTHIICIKHA 3aJICKHICTb.

IIpoBeneHi MOCHIIKEHHS CBig4aTh, IO AKTUBHOCTI B3aEMOIIOB’sI3aHUX (EPMEHTIB
OpraHi3My, sIKi MiJJIAFOTECS TOKCUYHOMY BIUIMBY, JO3BOJISIE OLIHIOBATH CTAH OKPEMHX JIaHOK
MeTaboJIYHUX JIAHIIOTIB, BH3HAYaTH CHPSMOBAHICT, OOMIHY pPEYOBHMH Ta IIBHUJKICTb
NepeTBOPEHHS NOTOKY iHTepMeTaboditiB [3]. JocnimkeHo, mo riiyramatierigporenasa 3aiicHIOE
3B’sI3yBaHHs 4M BHUBEJICHHS aMiaky 3 KJITHH, a INyTaMiHCHHTETa3a € JOMOMDKHUAM (PEpMEHTOM y
pasi akTUBaLil MIyTyMaTAETiAPOreHa3HOro NUIIXy (ikcarii amiaky pociIMHaMH.
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METHODS OF FORMALDEHYDE ASSAY IN VACCINES

Abstract. Formaldehyde (FA), the simplest of carbonyl compounds, is found naturally in many
living things. FA is considered as toxigenic or carcinogenic material for both animals and human
beings.

In our review we have characterized the known methods for FA analysis in vaccines in
comparison with the developed by us enzymatic approaches — spectrophotometric and biosensors.
We have reported earlier about the development of simple, highly selective, cost-effective and
sensitive methods for FA assay. These enzymatic and biosensor methods proposed by us were
based on yeast strains Hansenula polymorpha and FA-oxidizing enzymes isolated from these cells.
The developed highly sensitive and selective low-cost methods demonstrate low quantification
limits, good linearity and acceptable accuracy and reproducibility. These analytical methods were
tested on real samples of different human and veterinary bacterial vaccines. A good correlation of
results between the developed methods and the standard chemical methods was demonstrated.

Key words: formaldehyde, biosensor, yeast formaldehyde dehydrogenase, recombinant cells,
enzymatic assay, vaccines

INTRODUCTION

Until the twentieth century, infectious diseases caused by pathogens (or germs) were the
leading cause of death and disability worldwide, and this is still the case in much of the developing
world. The human body has natural defences against these in the form of white blood cells (WBC),
but in many cases pathogens can overwhelm the body before it has a chance to respond, causing
disease and sometimes death. Vaccines work by imitating a specific disease, which prompts the
body to mount a defence (an immune response). If the same pathogens enter the body during this
period, the body can attack them very quickly and the disease will not develop: the person will be
immune. According to the World Health Organization, “the two public health interventions that
have had the greatest impact on the world health are clean water and vaccines” [1].

Immunization has played a central role in radically reducing the incidence of many
dangerous diseases, and some diseases have been wiped out entirely (e.g. smallpox), or are well on
the way to being so (e.g. polio). Vaccines have saved many lives, and will save many more in the
future, as new vaccines are developed giving protection against more diseases. For example,
notified cases of Diphtheria in the UK were 50 804 in 1941 year. After creation in 1942 year of
correspondent vaccine, only 1 post-vaccine case of Diphtheria was registrated in 2014 year [1].

The key ingredient in vaccines is the active ingredient — antigen, isolated from viruses or
bacteria, dissolved in water. A few vaccines in the UK schedule are made using recombinant DNA
technology (Hepatitis B vaccine, HPV vaccine and part of the MenB vaccine) and genetically
modified organisms [1].

Formaldehyde (FA), the simplest of carbonyl compounds, is found naturally in many living
things. FA in high concentrations is ubiquitous in the environment and is commonly found in air,
water, and industrial products. FA has been used in many industries and consumer products as an
antibacterial agent, antiseptic material, fumigant, bactericide, fungicide and insecticide. FA is a
potential mutagen and carcinogen in laboratory animal for its serious toxicological properties [2].
FA is highly irritant to mucous membranes. Also, there were toxic- pathological effects of
different levels of formalin fed to the broiler chicks [3], the same results in female quills [4]. FA is
a potential mutagen and carcinogen in laboratory animal for its serious toxicological properties [2].
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FA is considered as a preservative for human and veterinary drugs and biological materials as
viral vaccines which contain 0.05% formalin as an inactivating agent [5]. FA usually used in the
production of some vaccines to kill unwanted viruses and bacteria that might be found in cultures
used to produce vaccines as well as to inactivate toxins from bacteria and viruses (for example,
poliovirus, Hepatitis B antigen, and diphtheria and tetanus toxins) [1, 5]. It is possible that tiny
traces may remain in the Hepatitis B vaccine (HBVaxPro), one of the Pre-school Booster vaccines
(Repevax), and the Teenage Booster vaccine (Revaxis). However, FA breaks down quickly in
water (and most of the vaccine is water).  The human body produces and uses FA as part of the
process of metabolism. The amount of natural FA in a 2-month-old infant’s blood (around 1.1
milligrams in total) is ten times greater than the amount found in any vaccine. A pear contains
around 50 times more formaldehyde than is found in any vaccine [1].

FA should be added during the vaccine production within permissible limits where
incomplete inactivation by FA was the probable cause of the outbreaks of some diseases as FA
inactivating Venezuelan equine encephalomyelitis vaccines in central America in 1969-1972 [6]
and also vaccines with higher level than the recommended formalin concentration lower
hemagglutination inhibition antibody levels (mean depression in immunity) and induce an
imbalance in estradiol secretion, resulting in degenerative change in ovarian follicles and uterus.
Hence, new H5N1 vaccines with recommended formalin levels are urgently needed where there
were rapid drop in egg production and a high culling rate in hens are associated with using four
avian influenza (Al) inactivated vaccines [7]. Also, the use of therapeutic dose of formalin as a
disinfectant is efficient against many fish infections but their use should be done under strict
regulation to avoid its pathological side effects [9].

During vaccine production, several quality control tests are performed to ensure that vaccines
have been made under optimal circumstances, at the end of vaccine production process many tests
must be done on the bulk product and the final vaccine. Such tests include safety, potency,
sterility, identity as well as residual chemical constituents particularly formaldehyde which is used
as inactivating agent during manufacture. FA is considered as toxigenic or carcinogenic material
for both animals and human beings. Tests have been formulated for each vaccine according to [9-
11] which are generally accepted all over the world.

Brandly et al. showed that 0.025% diluted formalin could destroy the infectivity of Newcastle
disease virus (NDV) [12]. King evaluated different methods for inactivation of NDV and avian
influenza viruses (AIV) [13]. He found that NDV or AIV were inactivated by binary
ethyleneimine (BEI) (0.01M) with no adverse effect on haemagglutinating or hemolytic activities.
The effect of formalin (0.1%) was variable and depressed HI titres of antisera. Soliman et al.
found that binary ethylenimine, used as inactivating agent for NDV, had no effect on the
antigenicity of the virus when used in a concentration of 0.01 or 0.03 M. These results compared
favorably with those obtained when using FA solution as an inactivating agent at concentration of
0.1 or 0.2%, which significantly reduced antigenicity of the haemagglutination titer of 1024 to that
of 32. The widespread use of FA and the reports of adverse effects have created the need for
specific, sensitive and simple method for its determination.

Many instrument-based techniques have been applied for quantitative analysis of FA in
vaccine. A lot of methods for the determination of FA have been reported, which include classical
spectrophotometry [14-19], high-performance liquid chromatography (HPLC) [20-22], gas
chromatography (GC) [21, 22], mass spectrometry (MS), and combination of these methods (GC-
MS), GC-flame ionization detection [23], fluorimetry [23-24], polarography [25] and potable FA
sensors based on spectrometric [26, 27] and electrochemical [28, 29] principles. Various
chromogenic agents, such as chromotropic acid, pararosaniline, 4-amino-3-pentene-2- one
(Fluoral-P), acetylacetone, 4-amino-5-hydrazine-3- mercapto-1,2,4-triazole (AHMT) and 3-
methyl-2- benzothiazolone hydrazone (MBTH) have been used. AHMT-method [30] and MBTH-
method [31] are getting popular due to their higher sensitivity compared to other methods.
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Only a few works can be found where FA is directly determined without any previous
derivatization reaction [23]. In general, derivatization reactions are normally used for the determination
of this compound. A variety of reagents such as 2,4-dinitrophenylhydrazine, chromotropic acid, 3-
methyl-2-benzothiazolone hydrazone, pararosaniline, 2-diphenylacetyl-1,3-indandione-1-hydrozone,
dimedone and lutidine have been employed to chemically modify FA [23].

One of the most important methods for the determination of FA is the lutidine method, which uses
the Hantzsch reaction to derivatize FA to 3,5-diacetyl-1,4-dihydro 2,6-dimethylpyridine, also called 3,5-
diacetyl-1,4-dihydrolutidine (DADHL). This method is relatively simple, rapid and sensitive [23].

Gaseous FA was sampled by derivatization with 0-(2,3,4,5,6-pentafluorobenzyl)
hydroxylamine hydrochloride (PFBHA) adsorbed onto poly (dimethylsiloxane)/divinylbenzene
SPME fibers. The oxime product was analyzed by GC [23].

To achieve the necessary levels of sensitivity, an enrichment step is needed prior to the
chromatographic analysis [32, 33].

Supercritical fluid extraction and solid-phase microextraction are the most commonly used
techniques for extraction of FA [23, 32-34]. Recently, a solvent-minimized sample pretreatment
procedure has gained lots of attentions of extraction and injection in a microsyringe, making it possible
to employ this miniaturized medium for extraction as well as an injection device for the GC. This
methodology is not only fast and inexpensive, but also needs only common laboratory equipment. Due
to the need for small volume of solvent, there is minimal exposure to toxic organic solvents.

An immersed single drop microextraction (SDME) method was successfully developed for the
trace enrichment of FA from DTP and DT vaccines and diphtheria—tetanus antigen [23]. The FA was
derivatized by means of the Hantzsch reaction. The dehydropyridine derivative was extracted into a
microdrop of chloroform that suspended in a 4ml sample solution for a preset time. The microdrop was
then retracted into the microsyringe and injected directly into a gas chromatography—mass spectrometry
(GC-MYS) injection port. Effects of different parameters such as the type of solvent, extraction time,
stirring rate, and temperature were studied and optimized. The limit of detection was 0.22ng/l and
relative standard deviation (RSD) value was 6.2% (n=5). The regression coefficient was satisfactory
(r?=0.992) and linear range was obtained from 1 to 500 ng/l.

As an attractive choice to the classical methods, the electrochemical analytical approaches,
such as ion-selective electrodes, biosensors, polarography, and other voltammetric techniques are
also extensively used for FA assay. The corresponding instruments, being rather simple,
inexpensive, and portable, are attractive for real-time measuring for online and continuous analysis
of real samples, including vaccines.

Thus, the lot of known chemical and physico-chemical methods for FA assay in vaccines are
widely used now. However, these approaches, being highly sensitive and accurate, have a number
of disadvantages. These analytical methods are time-consuming, expensive, require special skills
and show limited capability for real-time measurements. Analysis of literature data suggests that
the further development of novel valid methods of quantitative analysis of FA for clinical
diagnostics and industry is the important task of analytical chemistry. Promising tools for
elaboration of such methods are microbial enzymes, especially, recombinant. We have reported
earlier about the development of simple, highly selective, cost-effective and sensitive methods for
FA assay in vaccine. These enzymatic and biosensor methods proposed by us were based on yeast
strains Hansenula polymorpha and FA-oxidizing enzymes isolated from these cells [35].

The aim of our manuscript is to characterize the known methods for FA analysis in vaccines
in comparison with the developed by us enzymatic approaches.

RESULTS AND DISCUSSION

The strains of H. polymorpha that over-produce formaldehyde dehydrogenase
The cells of the thermotolerant methylotrophic yeast H. polymorpha (Ogatae polymorpha),
as well as FA-oxidizing enzymes isolated from these cells, were employed as the catalytic
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elements in the development of enzymatic methods for FA detection by analytical kits and
biosensors [35]. Recombinant yeast strains originating from NCYC 495 (leul-1) and CBS 4732 H.
polymorpha (leu2-2) that are resistant to elevated concentrations of FA in the medium and over-
produce a thermostable homologous NAD and glutathione dependent formaldehyde
dehydrogenase (FADH) were constructed.

The stable recombinant strains Tf 11-6, originating from /eul-1, have the highest FADH
activity (up to 4.0 U mg™) in CE, being cultivated in a medium with 1% methanol and added FA.
This value is a 4-5 fold increase compared with the parent strain. Tf 11-6 was thus characterized
and chosen as a source of FADH [36, 37].

The simple schemes for isolation of FADH [37, 38] from the corresponding over-producing
yeast cells and chromatographic purification of enzymes on anion-exchange sorbent were
proposed, resulting in electrophoretically homogeneous enzyme preparations.

Enzymatic method for detection of FA

The enzymatic methods and analytical kits for the FA assay were developed based on FADH
[37-40]. In methylotrophic yeasts, FADH catalyzes the oxidation of FA to formic acid under
simultaneous reduction of NAD" to NADH. The proposed enzymatic method is based on the
photometric detection of a colored product, formazan, which is formed from nitrotetrazolium blue
in a reaction coupled with FdDH-catalyzed oxidation of FA in the presence of an artificial
mediator, PMS [37, 39].

NADH + NTB*—> NAD" + Formazan

The enzymatic kit “Formatest” was developed on the base of these reagents. The assay was
performed in conditions of incomplete conversion of the analyte (approximately, 10 %), using a
limited concentration of the enzyme (23 mU/ml) in the reaction mixture. These conditions are
economic and reasonable, because of the high FA content in the tested samples. Under conditions
of complete oxidation of FA (excess of the enzyme), assay sensitivity was determined to be 2.5
puM (in final reaction mixture) or 20 uM in the tested samples.

The analytical parameters of the FADH-based method have been determined in comparison with
enzymatic alcohol oxidase—peroxidase-based method (AOP-method) and several chemical methods
based on the use of Nash’s reagent, 4-amino-3-hydrazino-5-mercapto-1,24-triazole (Purpald),
chromotropic acid and 3-methyl-2-benzothiazolinone hydrazone hydrochloride (MBTH). It was clearly
shown, that AOP-method has the highest sensitivity. The slope of the corresponding calibration curve is
equal 59.3, corresponding to an apparent millimolar extinction of the formed colored product (in mM™*
cm™). Actually, the observed slope value equals the millimolar extinction coefficient (gyyy) multiplied
by conversion factor for the enzymatic reaction (k) (Slope = g,m X k). The value of g,y for the oxidized
TMB is equal 81.7 mM™ cm™ [41], so the conversion coefficient of the analyte for AOP-method at the
used experimental conditions is 72.6 %. For the FADH-based method, conversion factor of the analyte
is 32.9 %, assuming a milimolar extinction for NTB-formazane as 10.2 mM! cm™ at 570 nm in acidic
medium. The linearity of calibration curve for AOP-method is kept even at high optical densities — up
to 0.9 which corresponds to 15 uM FA in final reaction mixture, and the threshold sensitivity of the
method is about 0.8 nmol ml-1. These analytical parameters are the best as compared to four chemical
methods, even with the use of MBTH or Purpald (Tab. 1).

FdDH-based method reveals linearity (at enzymatic conversion above 33 %) at least to 100
puM FA, and its sensitivity is close to Nash’s method (the corresponding slopes are 3.36 and 4.46,
respectively). Compared to AOP-method, sensitivity of FdDH-based-method is 18-fold less, but
the developed FdDH-based method is highly selective, low-cost and rather simple — there are no
pre-treatment steps (derivatization, concentration et al.) for sample’s preparation.

The FdDH-based method was tested on different FA-containing vaccines [44, 45]. As shown
in Table 2, the comparison of FA concentration obtained by the FADH based method and by two
routinely used chemical ones, showed a good correlation between both approaches. Lower levels
of FA in anti-diphtheria vaccines, obtained using the enzymatic method as compared to the
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chemical methods may be due to the inhibitory effect on the enzyme by the Hg-containing
compound, 0.01% merthiolate, a vaccine preservative.

Table 1. Comparison spectrophotometric methods of detection FA

1 . . oqe .
Method /reference Amaxs | & ml\-/{ ]?et.ectlon Linear range,| Stability of Assay. time,
nm | sm limit, pM mM color, h min
o | FADH[39 ] 570 34 7 0.01-0.05 >8 15
= | FADH with .
g diaphorase [39] 500 | 11.0 1.7 till 0.1 21
S | AOX [41] 450| 817 | 075 0.0025- >5 20
0.015%
= | MBTH [42] 670 | 65.0 0.75 0.0025-0.01 >40 30
2]
‘E | Chromotropic acid )
2 | 39, 41] 578 | 15.7 3 0.005-0.05 >24 30
© Purpald [43] 548 | 28.2 1.5 till 0.03 - 20
* - Linear range at full oxidation
Table 2. Comparison of FA assay methods in the different vaccines
Concentration FA, mg/L or **g/L
Vaccine/Method Enzymatic : Chemical
FdDH-based Chro:;(i)(tlroplc MBTH Purpald
Anti-diphtheria *1542.5 36%1.4 31£2.0 36£2,0
Anti-diphtheria and #1741.9 2742.0 29427 B
tetanus
Polio-vaccine "Imovax" 30+3.0 27£2.6 - -
Tetanus 10.2+0.6 9.0+0.2 12.0+0.2 -
Ra.bblt vaccine against 1.26+0.12 0.87+0.15 1,14%0,09 1.29+0,05
viral hemorrhage
Against hepatitis B 0 0 0 0

*- the differences between enzymatic method and chemical approaches are reliable (p<0,07)

FdDH- and cells-based amperometric biosensors for FA-monitoring in vaccines

The recombinant yeast cells Tf 11-6 H. polymorpha and FADH isolated from these cells were used
as biorecognition elements of amperometric biosensors. In the physiological electrontransfer pathway,
electrons are transferred from FA via intermediate G-SH to the active centre of FADH with the
simultaneous reduction of NAD" to NADH. To design an electrontransfer pathway for the immobilised
FdDH as a bioselective element of the sensor, the enzymatically generated NADH has to be re-oxidised
additionally at the electrode surface using a suitable redox mediator. The best mediators for enzyme
biosensors were shown to be positively charged cathodic electrodeposition paints modified with Os-bis-
N,N-(2,2’-bipyridil)-dichloride ([Os(bpy),Cl,]) complexes[46]. At the same time, the polymer layer
served as a matrix for keeping the negatively charged low-molecular cofactors, GSH and NAD", within
the bioactive layer. In cells-based biosensors phenazine methosulfate (free-diffusing redox mediator,
PMYS) exhibited the best electron transfer characteristics [38, 40, 44].
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For construction of the envisaged FA biosensor, it was proposed a sophisticated sensor
architecture with the aim of securely fixing all sensor components in a bioactive layer onto the
transducer surface. Especially, the sensor architecture was designed to prevent any leakage of the low-
molecular and free-diffusing cofactors of the enzyme, thus enabling FA determination without the
addition of the cofactors to the analyte solution [38, 40]. In the optimized biosensor’s construction,
platinised graphite electrode, with 3.05 mm diameter, was used as a transducer and [Os(Me,bpy),ClL]-
modified positively charged cathodic paint / CPOs was found to be the best redox mediator, as well as a
good matrix for enzyme or cells electrodeposition and for holding enzyme’s co-factors, GSH and NAD,
in a bioactive layer. Covering of the bio-layer by a negatively charged Nafion membrane additionally
prevented the leakage of cofactors and enhanced sensor’s stability.

Bioanalytical characteristics of the constructed biosensors were studied in detail: kinetics,
dynamic and linear range, selectivity, and effect of temperature on sensor output (Table 3). For the
enzyme-based biosensor, the maximum current value was 250 * 5.25 pA and the apparent
Michaelis-Menten constant (Kpapp), derived from the FA calibration curves, was 120 + 5.3 mM
with a linear detection range for FA up to 20 mM. For the cell-based biosensor, the maximum
current value was 1.07 = 0.04 pA, and Kypp was 20.1 = 1 mM with a linear detection range for
FA up to 8 mM. The optimal pH-value for the developed biosensors was in the range of 7.6 to 8.3
with an optimal temperature between 45-50 °C [38], due to a higher thermostability of the enzyme
used, and thermotolerance of recombinant yeast cells. The bioanalytical properties of the
developed biosensors were evaluated with the specific aim of improving the long-term operational
stability of the sensor. The novel biosensors demonstrated a good sensitivity, high selectivity to
FA and a good stability. A typical response of the developed /CPOs-NAD+-FdDH-modified
electrodes towards FA. Ky values for FA, obtained by using intact- and permeabilized
recombinant cells-based biosensors, are similar, but I max value for the intact-cell-based sensor is
2-fold higher than for the sensor with permeabilized cells.

Table 3 represent a brief summary of the published results on the developed microbial and
enzyme-based FA biosensors. The amperometric biosensors, enzyme- and cell-based, work at a
very low applied potential, As can be seen from Tables 3 FdDH-based biosensors; have high
storage stability. Such excellent stability is intrinsic for cell-based sensors, too. Both amperometric
FdDH- and cells Tf 11-6 based biosensors are very sensitive to low FA concentrations [35, 40, 44,
47]. FdADH-based biosensors have very important property for FA analysis in real samples — high
selectivity to FA, compared with AOX-and cells-based sensors [38].

Table 3. Comparison of cells-based and enzyme-based FA-sensitive biosensors.

. FdDH-based Cells H. polymorpha Tf 11-6
Characteristics
Mono-enzyme Intact Permeabilized
Applied potential (mV) +200 +200 0 0
Mediator CP58-0Os CP58-Os PMS PMS
Detection limit, mM 0.003 0.003 0.11 0.5
Linear range, mM up to 20.0 0.5-6.0 0.25-8.0 1.0-2.5
Lnax, BA 250
Sensitivity 358 Am>M" | 2,65 uA mM" | 37.5 nA-mM" -
Storage stability (up to 50
% activity), days 3 16 20 7
Reference [40] [40, 44]

DCIP - 2,6- dichlorophenolindophenol; PMS - phenazine methosulfate
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The constructed reagentless amperometric FADH-based biosensor with an architecture FADH-
based sensors (2CPOs—NAD'—FdDH-GSH-Nafion) and cells-based sensors (2CPOs-NAD'-FdDH-
GSH-Nafion) was evaluated to determine FA content in different vaccines: ADT-M (anti-diphtheria
and tetanus), rabbit vaccine against viral hemorrhage, Polio-vaccine Imovax using the multiple standard
addition method. Results of such analysis are presented in Fig. 1 and Table 4. As we can see from fig. 1,
the proposed methods, approved on the real FA-containing samples, are well correlated with the results
of the known chemical methods and FADH-based analytical kit “Formatest” [39].

a; a
1 . ’
1) Rabbit vaccine 75 1) Rabbit vaccine 72
104 n 51:C40.96 M 701, 10; C,41.9 mM 1
A 1.49 pA A=35.7nA
B 1.85 pA/mM 651 B=8.51 nA/mM
81 R=0.99% 2 60-{ R=0.982
- 55
- 7
] < 50 .
< = .
3 - 45+ |5
- 2) Rabbit vaccine e o ;
4 . = 2) Rabbit vaccine
n, 34; 0041.69 M 40 o n 20:C. 42.21mM
A 154 pA . 120G,
2] B 1.24 yA/mM . A= 24.8 1A
R=0.999 30 B=11.8 nA/mM
25 ] R=0.985
A T 5 ; 7 7 20]
T T T T
(FA added), mM 0 1 2 3 4
(FA added), mM
b] b2
45+ 1) ADT:M ) 1 54 Z»AQT-IJ: -~
40l n,06:C1.33mM n, 2.3;C;1.23 m
’ A 284A i A 3.01pA
354 B 1.25uAMM 44 272.2 gg/mm
R=0.993 o 0.
3.0 2
254
< a §§
:1- 204 . -
- 2) ADT-M
57 n, 1.6;C,1.19mM
1.0 A 33pA
B 4.5 pA/mM
05 R=0.999
0.0
T T T T T T : : T T T T T
° ! 2 8 4 5 00 05 10 15 20 25 30
(FA added), mM (FA added), mM
€y
Imovax Polio
%97 n,6;C,0959 mM
A 121pA
254 B 7.55puA/mM
R=0.998
2,04
< 15
3

(FA added), mM

Fig. 1. Calibration curves for standard additions test for FdADH-based sensors (2CPOs—
NAD+-FdDH-GSH-Nafion) (aj;, by, ¢;) and cells-based sensors (2CPOs-NAD*-FdDH-GSH-
Nafion) (a,, b,, ¢,) in analysis of vaccines: a — rabbit vaccine against viral hemorrhage; b —
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polio-vaccine Imovax; ¢ — vaccine ADT-M (anti-diphtheria and tetanus). (A, B — parameters
of linear range, n — dilution, C — concentration).

Table 4. FA content in real samples determined by different methods: chemical (MBTH,
Purpald, Chromotropic acid) and biosensor approaches (FADH-based and recombinant
cells- based sensors)

Formaldehyde concentration, mM

Chemical methods Aml.)erometrlc FdDH.-basefi
biosensor analytical kit
Sample/Method Chromotropic FdDH Cells
- - @ 1)
MBTH Purpald acid based based Formatest
Vaccine
ADT-M 1.02+0.07 | 1.24%0.08 1.19£0.2 1.23+0.07 | 1.33+0.09 0.57+0.09*

(anti-diphtheria
and tetanus)

Rabbit vaccine
against viral 37.88+£3.1 | 43.07+2.41 29.45+4.83 41.29+0.5 | 42.06%0.1 0.04+0.09
hemorrhage

Polio-vaccine

- - 0.89+0.01 0.9620.08 - 1+0.09
Imovax

*- the differences between enzymatic method and chemical approaches are reliable
(p<0,07)

It is clearly seen from the Fig. 1, that interfering effect of real sample components is observed
for all vaccines, but in different extent. The maximal interfering effect is observed for ADT-M,
less - for rabbit vaccine, that follows from the slope values for calibration curves obtained on the
background of real samples in different dilutions: for ADT-M a difference is 72,2 % (4.5 and 1.25
for dilutions 1.6 and 6, respectively), for rabbit vaccine — 32.97 % (1.85 and 1.24 for dilutions 51
and 34, respectively). For all analysed vaccines, a good correlation was observed between the
biosenor’s approaches and chemical methods (if the standard additions method is performed) (see
Table 4). Cells-based biosensor with an architecture 2CPOs-NAD'-Tf 11-6 -GSH-Nafion was
approved on rabbit vaccine. Interfering effect make up — 86.1 % (0.85 and 0.118 for dilutions 10
and 21, respectively (Fig 1).

So, new amperometric biosensors using FdDH isolated from the gene-engineered
methylotrophic yeast H. polymorpha and parental recombinant cells with a high content of FADH
were developed. The best variants of the constructed amperometric FADH- and recombinant cells-
based biosensors and FADH-based method (“Formatest”) were tested in analysis of real samples
of vaccines. A good correlation was observed between the biosenors’ and chemical methods. As
shown in Table 4, the comparison of FA concentration obtained by the FADH-based method and
by two routinely used chemical ones, showed a good correlation between approaches. Lower
levels of FA in anti-diphtheria vaccines, obtained using the enzymatic method as compared to the
chemical methods may be due to the inhibitory effect on the enzyme by the Hg-containing
compound, 0.01% merthiolate, a vaccine preservative.

CONCLUSION

The known instrument-based techniques for analysis of FA in vaccine are laborious, not
enough selective and specific, and are still unavailable at the world market place. To solve this
problem, we have developed novel enzymatic and biosensor approaches for FA assay based on
NAD+- and glutathione- dependent FADH and parental recombinant yeast cells. The developed
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highly sensitive and selective low-cost methods demonstrate low quantification limits, good
linearity and acceptable accuracy and reproducibility. These analytical methods were tested on real
samples of different human and veterinary bacterial vaccines. A good correlation of results
between the developed methods and the standard chemical methods was demonstrated.
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AHOTAIIS

METOIHN AHAJII3Y ®OPMAJIBJAETTAY Y BAKIIMHAX

®opmanbzerig (PA), HalinpocTima 3 KapOOHBMICHHX CIIOJIYK, € 3BUYAHUM METaboJIiTOM

OaratboxX >KMBHX ICTOT. DA po3risgaeTbcs SK TOKCHMKOT€HHAa YM KaHLEPOTeHHA CIIOJIyKa JUIs
TBapuH 1 Jro uHN. OpraHi3M JIOJUHN TPOJYKYE i BUKOPUCTOBYE DA y HEBEIMKUX KUJIBKOCTSX, 5K
MeTabosiT 00MiHy pedoBuH. DA, K NPaBUIO, BAKOPUCTOBYETHCS Y BUPOOHHITBI A€SKUX BaKLUH



146

JUIL 3HEIIKOJDKCHHS HeOaKaHWX BipyciB 1 OakTepii, sKi MOXyTh OyTH B KyJIbTypax, IIO
BUKOPHUCTOBYIOTHCS ISl BUPOOHUIITBA BaKIMH, a TaKOXK JJIS iHAKTHUBAIIi TOKCHHIB OakTepii i
BipyciB. KiTFo4oBHMM iHTpeIieHTOM BaKIMH € aKTHBHA PEYOBHHA — aHTHIEH, BUAUICHUH 3 BipycCiB
gy O6akTepii, a TAKOXK 3 TEHETUIHO MOTU(IKOBAHUX OPTaHi3MiB.

YV mporueci BUpOOHHUIITBA BaKIWH, MPOBOJUTHCSA KiJIbKa TECTIB KOHTPOJIO SKOCTI 3 METOIO
3abe3neueHHs] Toro, mo0 BaKIWHU OyJIM BUTOTOBJICHI 3 SIKICHUX PEAKTHBIB Ta 33 ONTHMAaIbLHUX
YMOB, a y B KiHIIi IpoIiecy — i caMoi BakIMHHU. Taki TECTH NEPEBIPSIFOTh BAKIIMHU Ha OC3MEYHICTh,
e(EKTHBHICTh, CTCPHUJIBHICTh, 1NCHTHYHICTh, a4 TAKOXX Ha 3aJMIIKOBI XIMI4HI KOMIIOHCHTH,
ocobmBo DA, KUl BUKOPUCTOBYETHCS IS IHAKTUBAIIIT areHTa. TecTr po3po0IeHO it KOHTPOIO
KO>KHOI BaKIIMHY BiJITOBIIHO JIO BUMOT CBITOBHX CTAaH/AAPTIB.

Jis anamizy @A y BakiuHAaX Ha JaHWUH 4Yac IIUPOKO BUKOPUCTOBYETHCS 0araTto BiJOMHX
XiMIYHUX 1 (i3UKO-XiMIYHUX MeTomiB. [Ipore, 1i migxomu, OyAaydd i YyTIUBUMH, I TOYHHMH,
MaloTh HU3KY HepmouikiB. Lli aHamiTHYHI MeTOAM MOTPeOYIOTh 3HAYHHX 3aTpaT Yacy, CKIAJHOTO
oOagHaHHSA, CIIEialbHUX HAaBUYOK BHKOHABIIIB aHAJi3y, MalOTh OOMEKEHHS I BUMIPIOBAaHb y
PEXHMMI peaTbHOTO Yacy i 4aCcTO € BHCOKO BApTICHUMHU. AHANI3 JaHUX JITEPATYpH MOKa3ye, 0
MOJaJIbIINKA PO3BUTOK HOBHUX METOMIB KUIbKICHOTO aHamizy DA i KITiHIYHOI IarHOCTUKH Ta
MIPOMHUCIIOBOCTI € Ba)KJIMBUM 3aBIaHHAM aHATITHYHOI XiMmii. [lepCreKTUBHUMHU iHCTpYMEHTaMU
JUTSL pO3POOKH TaKUX METOJIIB € (DepMEHTH MiKpOOPTaHi3MiB, 30KpeMa, peKOMOIHAHTHUX.

VY HamoMy oISl MU OXapakTepu3yBalu BifioMi MeToau aHamizy @A y BakIIMHAX HOPIBHSHO
3 po3po0JeHMMHM HaMH (EPMEHTATUBHMMH  IIJAXOJaMH — CHEKTPOPOTOMETPUYHUM 1
GioceHCOpHMM. MU MOBIJOMIISUIM paHille Npo po3poOKy BiJIHOCHO NMPOCTHUX i BHCOKOYYTIHMBUX
meroniB aHamizy PA. Ili merogu, depmenraruBHi i OloceHcopHi, OasyBaimuch Ha DA-
OKHMCJIIOBAIBHUX (epMeHTax, BHUIUICHHX 3 KITHH MeTuioTpoduux npixmkis Hansenula
polymorpha. Po3pobneHi HaMH METOIU € BHUCOKOCEJIEKTHBHUMHU, CKOHOMIYHO €()EeKTHBHHMH,
IIBUJIKAMH, BOHH JEMOHCTPYIOTh BHCOKY HaIiHHICTB, MPaBIJIBHICTD 1 TOYHICTH pPE3yNbTaTiB.
Onwmcani aHamiTHYHI MeToan Oyim ampoOOBaHI Ha peaqpHHX 3pa3kax pI3HUX OaKTepialbHUX
BakIMH JIOOWHU 1 TBapuH. Hamm mpomeMOHCTpOBaHAa BHCOKa KOPEJAIis PEe3yNbTaTiB MiX
PO3pOOICHUMH i CTAHAAPTHUMH METOIaMH XiMidHOTO aHanmizy @A y BakIMHAX.
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JIMHAMIKA YUCEJBbHOCTI MAJIOI BUIO3YBKHU (CROCIDURA
SUAVEOLENS) HA JIVISHKAX YOPHOMOPCBKOI'O
BIOC®EPHOT'O 3AITIOBITHUKA

AHoTtanisg. Mana 6ino3yoka (Crocidura suaveolens, Pallas, 1811) — ¢oHoBuit BuI ApiOHNX
CCaBIiB BCIX MINSHOK 3allOBiAHMKA, SK JICOCTENOBHX, TaK N NPUMOPCHKHUX. I[lomymsmii
3eMJICPUIIOK MAIOTh 3HAYHI KOJHMBAHHS YHCEIBHOCTI, SKI KOPEIIOIOTh 31 3MIHAMH JCSIKHX
norogHux (QakropiB. 3a pesyabraTamMu 0araTOpi4yHOIO MOHITOPMHTY CTaHy IIOILYJISILIH
BCTAHOBJICHO, 110 JUHaMiKa ducenbHOCTI C. suaveolens mae BH3HAYCHHUN YaCOBUM IHTEpBaJ. 3a
ocranHi 40 pokiB Oynnm BH3HAa4YeHI KOPOTKOYACHMH Ta JABAALNMTHPIYHMH LUKJI KOJMBaHb
yuceabHOCTI. KOpOTKOYAaCHUI UK XapaKTepHUI [T BCIX MpiOHMUX ccaBliB. YacOBUI KPOK IIBOTO
LUKITY CKJIaJla€ y 3eMJIepuioK 2-4 poku. AMILIITYy1a KosuBaHb He nepesunye 0.5-1.2 06aikoBuX
omuHUI. [likM ABaAUATHPIYHOTO NHUKIY BigMmideHi y 3emiepuiiok B 1989 ta 2009 poxax.
MaxkcumanbpHa aMIUTITYJa 3HAYSHb YHCEIBHOCTI B IIbOMY ITUKII Bif 2.2 10 5 00JIIKOBUX OUHHUIIG.

Bucoka OioTomiuHa Ta eKOJIOTIYHA IUIACTHYHICTH IFOTO BHAY BU3HAYa€ IOHEPHY POJb
Majoi OiTO3yOKH B TiAPOTEHHUX CYKIECIAX, MPU SKUX YUCEIBHICTh 3EMIIEPHMKH 3pOCTaE B
JIECSITKH Pa3iB 0e3 3aJIeKHOCTI BiJl MepioAy NHUKITY JHHAMIKA YHUCETHHOCTI IMOITYJIALIII.

Kiaro4oBi coBa: KONMBAHHSA YHCEIBHOCTI, MOTOJHI (aKTOpH, KOPOTKOYACHHUH IIHKII,
JBAILSATUPIYHUN IIUKII, aMILTITYIa KOJTUBAHb.

BCTYII

JpibHi ccaBIli — OCHOBHUII KOMITOHEHT TepiodayHH OYyIb-KOTO HMPHUPOIHOTO KOMILIEKCY.
Ocob6mBocti Oionorii BuAiB 1€l rpymm: - OiOTOMIYHA NPHUYPOUEHICTH, - HEBEJHKA IUIOMIA
IHAMBiyadbHOI MUISHKW, - HE3HAYHAa MPOTSDKHICTH JOOOBUX Ta CE30HHUX  IEPEMIIICHB;
BU3HAYAIOTh 1i I[IHHICTH K OO0'€KTY MOHITOpHHI'Y. baraTtopi4Hiii MOHITOPHHI 3a NPOrpamoro
Jlitronucy npupoy, o npoBoanThess B YopHOMOpCchKOMY OiocepHOMY 3aIllOBiTHHKY, J1a€ 3MOTY
BU3HAYUTHU TPUPOJIHY TUHAMIKY YHCEIBHOCTI APIOHUX CCABIIB Ta 11 3B'A30K i3 Ji€r0 a0iOTUYHUX
¢axropiB. JluHamika 4YHceNbHOCTI ApiOHMX ccaBLiB, 30KpeMa 3EMJIEPHUHOK, € OJHIEI0 3
XapaKTEPUCTHK CTaHY (PayHICTHYHOTO KOMILICKCY.

MICHE JOCJILIKEHb TA METON

JocnijpkeHHsT TPOBOJWIIMCS Ha TEpUTOPii 5 CyXOOUIBHMX JUIIHOK YOpHOMOPCBHKOTO
GiocdepHoro 3aroBigHMKa, HAa OcTpoBi TeHzapiBchbka Koca. Tpu JicocTenoBi AUISHKM 3arlOBiTHUKA
posramoBani Ha apeHax Hmxnporo [lninpa. Tyt npeacrasneHuil mimaHuii jicocten 3 TyOOBHMH,
0Oepe30BUMH, OCHKOBUMH TalikaM¥ (KOJIKaMHM) 3 YarapHUKaMH, 3 BOJIOTUMH ITOHM)KEHHSIMH (carammu) Ta
3 MIMIAHUM CTETIOM, 10 ckiaaae Outein 70% roromi X AistHOK. Ha TBOX NPUMOPCHKUX IIJISTHKAX
3aIIOBIJHMKA TPEICTABICHUH IPUMOPCHKHH CTEIl 3 COJOHISIMU Ta JyTOBUHAMH, OYEPETSHHMH
3apocTAMH Ta nojamu. HusuHHI pparMeHTHn NPUMOPCHKOTO CTEITy YacTO 3aJIMBAIOTHCS SIK COJIOHHMHM
BOJIAMH B HACIIiIOK 3THHO-HAT1HHUX SIBHIII, TAK ¥ TIPICHUMHU 3a paxXyHOK aTMochepHux onafis [15].

BinpmicTe 0i0TOMIB Ha 3aMOBIAHMX OUITHKAX MAlOTh CTPIYKOBY KOH(QITYypamiio, TOMY IS
o0JIiKy 3eMIIepuioK repeBary Oyjo HajaHO METOAy macTko-iiHid [9, 18]. BukopucroByBamucs
METOIH BIAJIOBY, SIKi € 3araJlbHOBM3HAHWUMHM, LIO JO3BOJISIE TPOBOJUTH IOPIBHAJIBHUE aHami3 ixX
pe3ysIbTaTiB 3 IHIIMMH perioHamMu. 3a pe3yJbTaTaMu OOJIiKiB BU3HAYA€THCS BiTHOCHA YHCEIBHICTD
B KimbkocTi ocobuH Ha 100 mactko-mid (oc./100 mactko-mi6). Illopiuni oOcsru 1mMx OOJIKiB
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CKJIQIAIOTh - Ha JlicocTenoBux minsgakax He MeHIn 1000 macTko-ai0, Ha MPUMOPCHKUX MUITHKAX —
e menmm 600 [13].

Mana 6ino3yoka (Crocidura suaveolens, Pallas, 1811. Soricidae, Insectivora) [7, 8] —
MIMPOKO TOMIMPEHUH B PEeTioHi BUA, (QIrypaHT BCiX HasSBHUX 3 MOYaTKy XX CT. BUJAOBUX CIIHCKIB
ccaBIliB miBaHA YKpainum [1, 3, 4, 5, 6, 11]. EBpibioTHICTH, BiTHOCHA CTaOIMBHICTh YHCEIHLHOCTI,
BIJICYTHICTh CTAaTyCy PiAKICHOCTI 0OyMOBWIIM BHOIp I[bOTO BHIY OJHHMM 3 (DOHOBHX MOJEITBHHX
BUJIIB PiOHUX ccaBliB 3amoBinnuka [12, 14, 20, 10].

BIOTOIIYHUI PO3IOLI

Oco6amBocCTi 6I0TONMIYHOrO PO3MOAUTY 3E€MJIEPHIOK Ha 3alOBiAHMX AUISHKAX IOB'A3aHI 3
pI3HOMaHITTSM 0i0TOMIB, IO MpPEJCTaBIICHI B 3allOBITHUKY. B 3amoBigHOMYy JlicocTeny po3momin
MiKpoMamalliif HOCUTh MO3aluHU XapakTep. BoHn HajaloTh nepeBary BoJOruM JyO0OBO-OCHKOBUM
raikaM 3 OYEpeTSHMMHM Ta 4YarapHUKOBHMH 3apOCTSIMH, TalsiBUHAM MDK raidkamu. Y
MPUMOPCHKOMY CTEMy Majli O1I03yOKH TpUMAalOThCS Ha OKpaiHaxX OYepeTsHHX 3apOCTiB, 3apPOCTiB
BHCOKOTO CTEIIOBOTO Pi3HOTPAB s, Ha JIyrOBUHAX [5, 12, 16].

JUHAMIKA YUCEJIBHOCTI

Ha punamiky ducenbHOCTI JApIOHMX CCaBIB BIUIMBAIOTH a0IOTHYHI, Hacamriepes, TMOTOIHI
¢akropu [17]. Y manux 01103y00K Bi/]MiUeH] B HAILIOMY PETIOHI JIBa TUIHN JMHAMIKa: KOPOTKOCTPOKOBA
ta asagustupiyna (puc. 1) [12, 20]. KopoTkocTpokoBa auHaMika Mae 4acoOBHH KpPOK 2-3 POKH.
Awmrutityna konBasb He nepesuiye 0,5 — 1,2 001ikoBUX 0qUHUL. JBausTUPIYHII LMK, SIKUI OyB
Binmivennii y C. suaveolens B Hamomy perioni B 1989, 2009 pokax, Mae aMIuIiTyly KOJIMBaHb BiJ 2,2

JI0 5 00JTIKOBUX ONUHUII. JlecATUpIYHII UK, 110 OYB BIIMIYCHUI HAMH JIISI MUIIOIOIIOHNX CCaBIIiB
[15], y manoi 6i7103y0KH B HaloMy perioHi He OyB BUSIBIICHUI.
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Puc. 1. lunamika unceIbHOCTI MaJIoi 0i103y0KkH Ha AijisiHkax YopHOMOPCHKOTO
3anoBignuka B 1978-2015 pp.
Fig. 1. Dynamics of numbers of C. suaveolens on parts of the Black Sea Biosphere Reserve
in 1978-2015.
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ITopiBHsSHHS TWKIIB auHaMikK 4ucenbHOCTI C. suaveolens 3 NIWHaMIKOIO IMOTOJMHHX
(hakTOpiB IMOKA3aJ0 BIANOBIHICTh TEPIOAMYHOCTI TIKIB YHCEIBHOCTI Oi03y0OK  TEruM
(«M'IKUM») 3UMaM, 3 pigHOI0 cyMoIo Big'emHunX Temnepatyp (CBT) Bix -50° mo -150° nipu cepenne
Oaratopiunomy 3HadeHHi CBT 3a ocrtanni 33 poku -222,3° (puc. 2). 3alleXKHICTh YHUCETBHOCTI
MOTYJISIIIM 3eMJIepUHOK BiI YMOB 3UMIBITI OiJla BiIMiueHa TaKOX 1HITMMH JTOCIITHUKAMH B 1HIITHX
perioHax [2].
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Puc. 2. Junamika noroguux ¢akropis B perioni Ub3 B 1989-2014 pp.
Fig. 2. The dynamics of weather factors in the region BSBR in 1989-2014.

Karactpodiyni mposiBu  abioTmuHux  (akTopiB, HANPUKJIAA  IITOPMOBI  SIBHIIA,
CIIOCTEpIraloThcs He perysipHO Ta 3a ocTaHHi 30 poKiB HE MarOTh BH3HAYEHOI MEPiOJUYHOCTI.
IIpu crpiMkoMy KaTacTpopiyHOMY 3aJIMBaHHI HPUMOpPCHKOMY cTery IlOTiiBCbKOI IUISTHKH
3aroBiHNKa BogaMu TeHIpPIBCHKOI 3aTOKH, iK€ MU criocTepirany B motomy 2007 poky, 3aruHyIu
Maiie BCl Ha3eMHI MELIKaHIi CTENOBOi YaCTHHU AISHKU. [IpOTAroM poKy BiJJHOCHA YHCEIIBHICTD
Mautoi 01103yOKY Ha Wil AUISHIN 3MeHIIuiIacs B 7 pasiB. [licis mpUITUHEHHS 3aTOIUICHHS IT0Yaacs
MOCT TiporeHa CYKIECis, TMoHepaMHu sSKOi cepel APIOHMX CCaBIIB CTad Malli O1I03yOku. Y
HACTYITHI JIBa POKM Ticysg 3aToruieHHs yucenbHicTh C. suaveolens 30impimmiacs B 12 paziB y
nopiBasHHI 3 2007 1 B 4,5 pa3u y NOPiBHAHHI 31 cepeHE OaraTOpiYHAM 3HAYEHHSM.

BUCHOBKHA

B mpupoarmx ymMoBaX B TONYJAMISIX JAPIOHWX CCaBI[iB B perioHi YopHOMOPCHKOTO
3aT0BIIHAKA CTIOCTEPITralOTHCS MEPIOINIHI KOJMBAHHS YHCEIBHOCTI, IO BiAOOpaXKalOTh MUKIIIHY
JMUHAMIKY YHCENBHOCTI TOmyJsnid. KopoTKOCTpOKOBI NHKJIM XapakTepHi Uil BCiX ApiOHUX
CCaBIIiB, MAIOTh YaCOBHH KPOK 2-3 pOKH. AMIUIITYIa KOJIMBAHb B TOMYJIAIISX MaJIol 017103yOKH B
muX nukiax "He nmepesumrye 0,5 — 1,2 00aiKOBUX OAMHMIG. [IBaAISITHPIYHEA UK OYB BiaMideHUH
y C. suaveolens B Hamomy perioni B 1989, 2009 pokax, Mae aMILIiTyy KOJWBaHb Bix 2,2 10 S5
OOJIKOBUX OJMHUIb. [leCATUPIYHUIA UK, SKUW XapaKTepHUU I MUIIOMOAIOHHUX ccaBliB [15], y
MaJyioi 01103yOKH B HalLIOMY perioHi He OyB BUSIBJICHHUH.
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JlnHamika 9UCENbHOCTI APIOHUX CCABINB OTMIOCEPEIKOBAHO TOB'SI3aHa 3 IUKIIYHUMHU 3MiHAMH
JIESTKUX TTOTOMHUX (haKTOPiB: 3 PIYHOIO KUTHKICTIO OMAJiB, iX PO3MOIIOM IO CE30HAX, TPHBAITICTIO
MOPO3HOTO TIepiOAy, HASBHICTIO CHIrOBOro TMOKpUBY, Tomo [15, 19]. TlopiBHSHHS IUKIIB
nuHaMmikn grcenbHocTi C. suaveolens 3 TWHaAMIKOIO TMOTOMHUX (PaKTOPiB MOKA3ajo0 BiIMOBIIHICTH
MEepiOANIHOCTI MiKIB YUCENBHOCTI Oi03yO0OK TemmuM («M'SKHM») 3UMaM, 3 PidHOI0 CYMOIO
Bin'emHuX Temneparyp (CBT) Bix -50° mo -150°.

Bucoxka OioTomiyHa Ta €KOJIOTiYHA IUTACTHYHICTD [[HOTO BUAY BH3HAYAE€ HOTO MOHEPHY POJIb
B MOCT TiPOT€HHHUX CYKIIECIAX MICJIs KaTacTpOo(iyHOrO 3aTOIUICHHS, IiJl YaCc SKHUX YHCEIHHICTH
3eMJIEPUIOK 3pOCTaE B JIECATKH pa3iB 0e3 3aJIeKHOCTI Bijl Mepiojay LUKy JMHAMIKH YUCEIBbHOCTI
MO JISIIIIT.
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ABSTRACT

DYNAMICS OF LESSER WHITE-TOOTHED SHREW (CROCIDURA
SUAVEOLENS) IN AREAS OF THE BLACK SEA BIOSPHERE RESERVE

Small mammals is the main component of a natural complex fauna. These group of species
is characterized by the following biological features such as biotopical distribution, a small area of
individual plots, a small distance of daily and seasonal movements so that they were determined as
an object for monitoring. Long-lasting monitoring according to the program of Chronicles of
Nature at the Black Sea Biosphere Reserve helps to define the natural dynamics of small mammals
and influence of abiotic factors on this parameter.

Since the early twentieth century the lesser white-toothed shrew (Crocidura suaveolens,
Pallas, 1811) has been included in all regional lists of species. This species occupies a wide range
of biotops: at the sandy steppe white-toothed shrew prefers moist oak-aspen nuts with reed and
shrub thickets as well as meadows between the nuts; in the coastal desert it opts for outskirts of
reed thickets and high steppe grasses. This species is not rare. Thus, mentioned features has
allowed us to accept the lesser white-toothed shrew as background species of small mammals for
both a forest-steppe parts and seaside parts of the Reserve.

It has been found that the dynamics of shrews numbers in population significantly varies,
and its fluctuations correlate with changes in certain weather factors. Results of long-term
monitoring of C. suaveolens population numbers has reviled its cyclic character with definite
interval of time. Short cycle fluctuations and twenty years cycle have been identified for the past
40 years. Short-term cycle was typical for all small mammals. Time steps in this cycle for shrews
constituted 2-4 years. The amplitude of fluctuation did not exceed 0.5-1.2 accounting units.
Twenty years cycle-peaks of shrews have been found in 1989 and 2009. The maximum values of
amplitude in this cycle varied from 2.2 to 5 units of account. Ten-year cycles which is a significant
feature of murine has been not discovered for lesser white-toothed shrew.

Research of C. suaveolens numbers dynamics dependence on dynamics of certain weather
factors has defined that it coincided with warm winters, with fluctuations of an annual amount of
negative temperatures (ANT) from -150°C to -50°C.

Catastrophic manifestations of abiotic factors such as storm phenomena are irregular events.
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In february 2007 it has been observed that accidentally rapid flooding of desert steppe part of
Reserve at Potiivka plot by Tendrivsky Bay waters has killed almost all terraneous inhabitants of
the steppe area. During the year, the relatively low number of Crocidura in this region has got
decreased by 7 folds. When the flooding was over the post hydrogenic succession has begone, and
the C. suaveolens were the pioneers small mammals which has been starting this process. For next
two years after flooding C. suaveolens population has got increased in 12 times compared with
2007 and in 4.5 times in comparison with the average long-term data.

To sum up, our researches has revealed that lesser white-toothed shrew could perform the
pioneering role in regenerative successions due to its high biotopical and ecological plasticity, and
its number rises in tenfold independently on the period of cycle dynamics of the population.
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RESULTS OF THE 1ST YEAR OF ULTRASOUND MONITORING OF
BATS (CHIROPTERA, VESPERTILIONIDAE) IN NATIONAL NATURE
PARKS OF THE UKRAINIAN CARPATHIANS

Abstract. During 2015 an ultrasound identification method was used in the Ukrainian
Carpathians to monitor bats in summer habitat types: forests (mainly old-growth forests), glades
and forest meadows, waters. Bat counts were carried out at 4-8 monitoring stations in each of 9
national nature parks. As a result of 230 count nights, 19 bat species were detected out of 24
species known occurring in this region. The most often occurred and dominant species were
Eptesicus nilssonii (100% of parks), Myotis bechsteinii (100%), Myotis brandtii/mystacinus
(100%), Myotis daubentonii (100%), Pipistrellus pipistrellus (85,7%), Barbastella barbastellus
(85,7%). Myotis myotis (71,4%), Myotis nattereri (71,4%), Nyctalus noctula (71,4%), Pipistrellus
nathusii (71,4%), Myotis alcathoe (57,1%), Plecotus auritus (57,1%) belong to the common
occurred species, and Myotis dasycneme (42,9%), Nyctalus leisleri (42,9%), Pipistrellus pygmaeus
(42,9%), Eptesicus serotinus (28,6%), Myotis emarginatus (28,6%) belong to the less occurred
ones. Two species, Vespertilio murinus (14,3%) and Rhinolophus hipposideros (14,3%) were rare.

Key words: bats, Chiroptera, monitoring, ultrasound detectors, Carpathians, Ukraine

INTRODUCTION

There is a number of approaches and methods concerning issues of unifying of bat
monitoring methods, but the question still needs to be addressed [1, 5, 9-18].

Monitoring of bat fauna was started at the territory of 9 national parks of the Ukrainian
Carpathians in summer of 2015. The aim of this study was to clarify the species composition and
quantification of bats populations in selected parks.

One of the purposes of this study was to determine species diversity and quantitative
parameters of bat populations in these parks, in order to determine their importance for
conservation of bats as an important ecosystem component.

METHODS

Investigations were conducted in nine national parks of the Ukrainian Carpathians:
Uzhanskyi, "Skolivski Beskydy", "Zacharovanyi Kray", "Synevyr", "Hutsulshchyna", Carpathian,
Vyzhnytskyi, Verkhovynskyi and Cheremoskyi (Fig.1). Special preliminary training for
employees of scientific departments of the national parks have been organised.

Generally, equipment worked for 230 nights, with a range from 8 (NNP "Synevyr") to 40
ones (NNP "Skolivski Beskydy") in each park during the 2015 field season. Studies were
conducted mainly in forest habitats: primeval and old-growth forests with different tree species
composition and forest edges and banks of forest waters.

Bat calls were recorded automatically using an ultrasonic detector Batcorder (EcoObst
GmbH). During the data analysis the total number of bat species and their call frequencies counted
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per the night. In total, 13,904 files with bat call records (separate series of ultrasonic signals of bat
individuals) received during 230 nights.
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Fig. 1. Location of the national parks of the Carpathian Mountains in Ukraine, where the bat
survey have been curried out: Cheremoskyi, 2. Hutsulshchyna, 3. Verhovynskyi, 4. Carpathian,
5. Zacharovanyi kray, 6. Skolivski Beskydy, 7. Vyzhnytskyi, 8. Uzhanskyi, 9. Synevyr

Relevant guides [2, 3, 4] and the authors personal experience were used to identify the bat
species. Acoustic determination of the species were limited sometimes by overlapping the signals
frequency of close related bat species, such as pair Myotis brandtii and Myotis mystacinus. Similar
problems of identification are known also for pairs Pipistrellus nathusii / Pipistrellus kuhlii and
Plecotus auritus / Plecotus austriacus. However, since the census were conducted in forest
habitats, mostly far from human settlements, where the occurrence Pipistrellus kuhlii and Plecotus
austriacus in the mountains of the investigated region is very unlikely. Therefore we adopted that
Pipistrellus nathusii and Plecotus auritus appeared in our studies.

Detection rate index used for the initial characteristics of bat populations, i.e. the number of
national parks, where the species was noted.

Bat count results in 7 parks have been analyzed in this article. Due to technical malfunctions
of equipment amount of collected material was insufficient for proper analysis in the NNP
"Synevyr”. Counts results in the NNP "Cheremoskyi" were analyzed in other publications.
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RESULTS AND DISCUSSION
In general, bat censuses conducted over 118 nights (53.7%) in the forest habitats with 1596 files
finally. Counts in the glades and clearings were for 42 nights (17.4%), however, the number of recorded
calls was greatest - 7331. On the water banks of ponds for 48 nights (19.8%) and 4884 recorded files. 8

to 15 bat species have been recorded in each national park (except the two above mentioned) (table).

Table. Results of ultrasound survey of bats in the national nature parks in the Ukrainian

Carpathians in 2915
Species National park*
I 1T 111 v \ VI | VII | VIII
Barbastella barbastellus . . . . . .
Eptesicus nilssonii . . . . . . o .
Eptesicus serotinus . .
Mbyotis alcathoe . . . .
Mbyotis bechsteinii . . . . . o .
Mpyotis brandtii/mystacinus . . . . . . .
Mbyotis dasycneme . . . .
Mbyotis daubentonii . . . . . o o
Myotis emarginatus . .
Myotis myotis . . . o .
Myotis nattereri . . . . .
Nyctalus leisleri . . .
Nyctalus noctula . . . o .
Pipistrellus nathusii . . o .
Pipistrellus pipistrellus . . . . . .
Pipistrellus pygmaeus . . .
Plecotus auritus/austriacus . . . .
Rhinolophus hipposideros .
Vespertilio murinus .

I — Verhovynskyi, I — Vyzhnytskyi, III — Hutsulshchyna, IV — Carpathian, V — Zacharovanyi Kray,
VI — Skolivski Beskydy, VII — Uzhanskyi, VIII — Synevyr.

Mbyotis bechsteinii, Myotis brandtii / mystacinus, Myotis daubentonii, Eptesicus nilssonii
were the most frequented bat species, they noted at the territory of all the parks (Figure 2).
Significant incidence of Myotis bechsteinii is quite surprising; generally the species is quite rare in
the Ukrainian Carpathians. The frequency of its registrations may be caused by the fact that much
of the census was carried out in old-growth beech and mixed forests of the Carpathians, which are
typical habitats of the species. A similar situation was with Eptesicus nilssonii, the species of
boreal origin, whose existence was noted in each of investigated park.

Record of Myotis emarginatus, the species of Mediterranean origin, was rather unexpected at the
northeast macroslope of the Carpathians, in particular in national park "Hutsulshchyna." However, this
observation is quite possible, taking into account the facts of single record of this species in
undergrounds of Podillya [19] and at the territory between the Prut and Dnister rivers [20].

Noteworthy observations Myotis alcathoe, which still belongs to the poorly studied bat
species not only in Ukraine but in Europe generally [7, 8]. M.alcathoe was the not numerous
species of bat community in old-growth hardwood forests in the studied areas.

Basing on the analysis of generalized monitoring indicators and frequency detection, there
are the following four groups of bats: 1) a numerous and dominant species - Eptesicus nilssonii
(100%), Myotis bechsteinii (100%), Myotis brandtii/mystacinus (100%), Myotis daubentonii
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(100%), Pipistrellus pipistrellus (85,7), Barbastella barbastellus (85,7%), 2) common species -
Mbyotis myotis (71,4%), Myotis nattereri (71,4%), Nyctalus noctula (71 4%), Pipistrellus nathusii
(71,4%), Myotis alcathoe (57,1%), Plecotus auritus (57,1%), 3) not distributed species - Myotis
dasycneme (42,9%), Nyctalus leisleri (42 9%), Pipistrellus pygmaeus (42,9%), Eptesicus serotinus
(28,6%), Myotis emarginatus (28,6%), 4) rare - Vespertilio murinus (14,3%), Rhinolophus
hipposideros (14 3%). Species of the Plecotus genus may belong to the first group, but because of
their weak ultrasonic signal, its detection frequency can be significantly understated (which is
indirectly confirmed by mist-netting). Similarly, we assume that the actual occurrence frequency
of Rhinolophus hipposideros is much higher than it was found by the detector research.

The analysis of data collected from monitoring sites for 2015 are in good agreement with
previous estimations concerning the bat species in the Ukrainian Carpathians [6].
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Fig. 2. Occuring of bat species in national parks of the Ukrainian Carpathians
Mbec - Myotis bechsteinii, Mbra/mys - Myotis brandtii/mystacinus, Mdau - Myotis daubentonii, Enils -
Eptesicus nilssonii, Ppip - Pipistrellus pipistrellus, Bbar - Barbastella barbastellus, Mmyo - Myotis myotis, Mnat -
Mpyotis nattereri, Nnoc - Nyctalus noctula, Malc - Myotis alcathoe, Pnat - Pipistrellus nathusii, Paur - Plecotus
auritus, Mdas - Myotis dasycneme, Nlei - Nyctalus leisleri, Ppyg - Pipistrellus pygmaeus, Eser - Eptesicus serotinus,
Vmur - Vespertilio murinus, Mema - Myotis emarginatus, Rhip - Rhinolophus hipposideros.

The forest bats community remained mostly studied not enough in the most of national parks
of the Ukrainian Carpathians. Some bat species were registered for the first time for the territory of
some national parks, thereby increasing the level of knowledge about their bat fauna. Valuable
information is collected that can be a scientific basis for effective conservation of old-growth
forests. In particular, bat species, typical representatives of primeval and old-growth forests are
widely found: Barbastella barbastellus (6 national parks), Myotis alcathoe (4 national parks) and
Mpyotis bechsteinii (7 national parks).

CONCLUSIONS

1. The results of ultrasonic bat monitoring in the National Park of the Ukrainian Carpathians:
Uzhanskyi, "Skolivski Beskydy", "Zacharovanyi Kray", "Synevyr", "Hutsulshchyna", Carpathian,
Vyzhnytskyi and Verhovynskyi have been analysed.

2. During the field season 2015 the censuses were conducted during 230 nights, with a range
from 8 to 40 nights in each park. Studies were conducted mainly in forest habitats, primeval and
old-growth forests with different tree species composition, forest edges and banks of waters.

3. 8 to 15 bat species have been found in each national park. Myotis bechsteinii, Myotis

brandtii / mystacinus, Myotis daubentonii, Eptesicus nilssonii were the most occurred species.



157

ACKNOWLEDGEMENT

The project was implemented with financial support from the Frankfurt Zoological Society
(Germany), with the assistance of the Society Protection of Birds (Ukraine).

We are grateful to our colleagues from the Institute of Animal Ecology and Nature Education
(Gonterskirchen, Germany): Olaf Simon, Elena Krannich, Axel Krannich, Mona Weitzel for
training and guidelines for conducting research and analysis of the results, Michael Brombacher,
Oleg Dudkin, Olga Yaremchenko and Olexandr Kyselyuk — for the coordination of the project.

REFERENCES

1. Agnelli P., Martinoli A., Patriarca E., Scaravelli D., Genovesi P. 2006. Guidelines for bat
monitoring: methods for the study and conservation of bats in Italy. Min. Ambiente - Ist.
Naz. Fauna Selvatica, Rome and Ozzano dell’Emilia (Bologna), Italy, 200 pp.

2. Ahlen I, 1981. Field identification of hats and survey methods based on sounds. Myotis,
18-19, 128-136.

3. Ahlen L., 1987. [European bat sounds transformed by ultrasound detectors. 25 species flying
in natural habitats. — Uppsala: Dept, of Wildlife Ecology. Univ. Agr. Sci. (sound cassette).

4. Ahlen I, 1990. Identification of bats in flight. Uppsala: Swedish Society for Conservation of
Nature and Swedish Youth Association for Environmental Studies and Conservation, 50 pp.

5. Ahlen I, Baagée H.J., 1999. Use of ultrasound detectors for bat studies in Europe: experiences
from field identification, surveys, and monitoring. Acta Chiropterologica, 1 (2), 137-150.

6. Bashta A.-T.V., 2009. Bat fauna and distribution (Chiroptera: Vespertilionidae) in the
Ukrainian Carpathians. Scientific bulletin of State Museum of Natural History, 25, 267-
274. (in Ukrainain)

7. Bashta A.-T., Piskorski M., Myslajek R., Tereba A., Kurek K., Sachanowicz R., 2011.
Mpyotis alcathoe in Poland and Ukraine: new data on its status and habitat in Central
Europe. Folia Zoologica, 60(1), 1-4.

8. Bashta A.-T., Pokrytiuk L., Benda P., 2010. Alcathoe's bat Myotis alcathoe — a new bat
species (Chiroptera: Vespertilionidae) in Ukraine. Bectauk 3001011, 44(6), 552.

9. De Wijs W. J. R.,, 1999. Feasibility of monitoring bats on transects with ultrasound
detectors. Trav. sci. Mus. nat. hist. nat. Luxembourg, 31, 95-105.

10.Diez M, Frank R., Pir J. B., 1999. The hat fauna of the ‘Griinewald’ forest in Luxembourg:
a methodology approach. Trav. sci. Mus. nat. hist. Nat, 31, 107-118.

11.Flaquer C., Torre 1., Arrizabalaga A., 2007. Comparison of sampling methods for inventory
of bat communities. Journal of Mammalogy, 88), 526-533.

12.Gjerde L., 1999. Methods and theories of monitoring bats in Norway. Trav. sci. Mus. nat.
hist. nat., 31, 73-86.

13.Gjerde L., Kovacic D., 1999. Bat survey by car transects in Luxembourg. Trav. sci. Mus.
nat. hist. nat. Luxembourg, 31, 87-93.

14.Harbusch C., 1999. Monitoring bats in the Grand-Duchy of Luxembourg. Proceedings of
the 3rd European Bat Detector Workshop. Luxembourg: Travaux Scientifiques du Musée
National D Histoire Naturelle de Luxembourg, 31, 59-79.

15.Kunz T.H., 2003. Censusing bats: challenges, solutions, and sampling biases. In: O’Shea
T.J., Bogan M.A. (Eds), Monitoring trends in bat populations of the United States and
territories: problems and prospects. US Geological Survey, Biological Resources
Discipline, Information and Technology Report, USGS/BRD/ITR 2003-0003, P. 9-17.

16.Masing M., 1999. Experience of bat monitoring with bat detectors in Estonia. Trav. sci.
Mus. nat. hist. nat. Luxembourg, 31, 51-58.

17.Masing M., Lutsar L., Lotman K., 1998., Monitoring bats with bat detectors in Estonia.
Myotis, 36, 167-176.



158

18.Stebbings R., Mansfield H., Fasham M., 2005. Bats. In: Hill D., Fasham M., Tucker G.,
Shewry M., Shaw P. (Eds), Handbook of biodiversity methods: survey, evaluation and
monitoring. Cambridge: Cambridge University Press, P. 433-449.

19.Vargovych R., 1998. Bat wintering in gypsum canes of Nukovyna and Podillya. European
Bat night'98 in Ukraine. Kyiv, 117-123. (in Ukrainain)

20.Tatarynov K.A., 1956. Mammals of the western regions of Ukraine. Kyiv: Publ. of AS
USSR, 188 pp. (in Ukrainain)

AHOTANIA

PE3YJIbTATH 1-I'O POKY MOHITOPUHI'Y PYKOKPHJINX
(CHIROPTERA, VESPERTILIONIDAE) B HIIIl YKPAIHCBKUX KAPIIAT

[potsarom 2015 p. mpoBeneHi NOCIHIIKEHHS KaKaHiB 3 BUKOPHCTaHHSIM YIJIBTPa3BYKOBOT'O
nerextopa Batcorder (EcoObst GmbH) 3 MeToro MOHITOPHHTY (hayHU PYKOKPHIHX Y YOTHPBHOX
TUIax OIlOTOMIB: IpajlicH, CTapoBIPOBI JICH, JICOBI JIykH, Oepern BOJOHM Ha TepHUTOPIl
HaI[IOHAJTLHUX MPUPOIHKX MapkKiB Ykpaincbkux Kapmat. [IpoanaizoBaHi pe3yIbTaTH JOCTIKEHD
3 teputopii HIIIIT: Vxkancekoro, «CkomiBchbki beckumm», «3agapoBanuil kpait», «[ ymynbimuHa»,
Kaprnarcpkoro, BimkHHUIIBKOTO Ta BepXOBHHCHKOTO. 3araioM, MpOTATOM ITOJIbOBOTO ce30Hy 2015
poKy mpmiiaau mparoBanu npotaroM 230 Houed. JlocmimkenHs Oyiau MpoBeIeHI NEpeBaXXHO Y
JicoBux 0ioTOMax: mpajicax i CTApOBIKOBHX JIicax 3 Pi3HUM BHIOBHM CKJIQJIOM JIEPEB, a TAKOXK Ha
JicOBHX rajsiBUHax i Oeperax BomoiiM. 3arasiom otpumani 13 904 ¢aiinm 3 3amucaMu rojocis
Ka)kaHiB (OKPEMHUX Cepiil yIbTPa3ByKOBUX CUI'HANIIB OKPEMUX OCOOHMH KaKaHiB).

VY nicoBux OioTomax oOJIKM PYKOKpWIMX mpoBesaeHi mnpotrsrom 118 noueit (53,7%),
orpumano 1596 daiiniB. OOyikn Ha TalsIBHHAX Ta Y3JiccsiX NpoBeleHI HporsroM 42 Houei
(17,4%), onHak, KibKiCTh 3a(iKCOBAaHMX CHUTHAIIIB TyT HaiOinbmia — 7331. Ha Geperax BonoiiM
npotsirom 48 noued (19,8%) 1 3ammcano 4884 ¢aiiniB. Y KOKHOMY HALlOHAJIBHOMY HapKy
BHUABJIEHO Bijg 8 10 15 BHAIB KakaHiB.

Ha ocHoBi aHamizy y3araJbHEHHX MOKAa3HUKIB MOHITOPHHTY, 1 YacTOTH BHSIBJICHHS, MOXKHA
BUJIUJTMTH TaKi YOTHUPHW TPYNH KakaHiB: 1) myke MOIIMpPEHi 1 TOMiHaHTHI BUIH - Eptesicus nilssonii
(100%), Myotis bechsteinii (100%), Myotis brandtii/mystacinus (100%), Myotis daubentonii (100%),
Pipistrellus pipistrellus (85,7), Barbastella barbastellus (85,7%), 2) nommpeni Bumu - Myotis myotis
(71,4%), Myotis nattereri (71,4%), Nyctalus noctula (71,4%), Pipistrellus nathusii (71,4%), Myotis
alcathoe (57,1%), Plecotus auritus (57,1%), 3) Manonommupeni Buau - Myotis dasycneme (42,9%),
Nyctalus leisleri (42,9%), Pipistrellus pygmaeus (42,9%), Eptesicus serotinus (28,6%), Myotis
emarginatus (28,6%), 4) pinkicui Bumu - Vespertilio murinus (14,3%), Rhinolophus hipposideros
(14,3%). Bumu poay Plecotus, odeBHIHO, HaNCKUTh JO MEPIIOi TPYIH, alie, depe3 X cinadkuit
YABTPa3BYKOBUH CUTHAJI, 4acTOTa BUSBJICHHS MOXKE OyTH iCTOTHO 3aHMIKEHA (IO OINOCEpPEIKOBAHO
HiJTBEPDKEHE PE3yIbTaTaMH1 BiJJIOBIB PYKOKPHIINX MTABYTHHHOIO CITKOIO).

VYrpynoBaHHs KakaHiB y JicaXx OUIBIIOCTI HAIliOHATLHUX NPHPONHUX mMapkiB Kapmart mo
[[bOTO Yacy 3aJMIINIOCSA, B OCHOBHOMY, HOCIIDKEHIMHU HEAOCTaTHRO. YacTHHA BUIB KaXKaHIB IS
TEPUTOPIT NEAKNX HAIllOHAJHHUX TMapKiB Oyja 3apeecTpoBaHa BIEPIIE, MO0 CIPHIIO 301TBIIEHHIO
piBHS 3HaHb NP0 PayHy PYKOKPHIUX TEPUTOPIii HAI[IOHATLHUX TApKiB a00 MPUIIETINX MISTHOK, a
TakoX 3i0paHa IliHHA iHQpOpMAIlis, IO MOXKE CTaTH HAyKOBOIO 0a30i0 Mpo HEOOXiJTHICTH
e(EeKTUBHIIIOr0 30epeKEHHS CTAPOBIKOBUX JIICiB. 30KpeMa, JOCUTH IIMPOKO OYJIM BUSIBIICHI BUIH
XapaKkTepHi MpPEACTaBHUKM MpaNiCiB, cTapux 1 He3arocmojapoBaHux JiciB: Barbastella
barbastellus (y 6 HauioHaNbHUX Tapkax), Myotis alcathoe (y 4 HaunioHaJbHUX mapkax) i Myotis
bechsteinii (y 7 HalllOHaJBbHUX TAapKax).
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JOCHIPKEHHA KOMIIVIEKCHOT'O BIIVIMBY PEHTTEHIBCBKOT'O
OIMPOMIHEHHS TA KO®EIHY HA YACTOTY MYTYBAHHS
Y DROSOPHILA MELANOGASTER

AHoranis. JlocmimpkeHo MOOJUHOKY JIif0 peHTreHiBcbkoro omnpomineHas (PO) (B mosi 774
MKi/kr) Ta komruiekcHuil BB PO Ta xodeiHy B 7031 2,5 MKI/MJ Ha 9acTOTy BHHUKHEHHS
BUJUMHUX MYTaIliid Mo X-XpOMOCOMi Ta JOMiHAaHTHHUX JeTanbHuX Mytamii (JIJIM) y crabinbpHOT
naboparopuoi miuii y'w* Drosophila melanogaster. Tlokasaso, mo SK 3a TOOXMHOKOTO BIUIHBY
PO, Tak i 3a Horo KoMIUIEKCHOT Jii 3 KodeTHOM crocTepiraiacs JOCTOBIPHO BHINA YAaCTOTA IOSIBH
BUJIMMHX MYTaHTIB, HIX B KOHTpoJi. [Ipu 1ibomy kKodein nmiaTpumyBaB NpojaoHroBaHUN eexT aii
paniamii 31 30€pe’KEHHSIM BHMCOKOTO pIBHS MYTYBaHHS /IO II'STOro NoKoiiHHA. [lpu 1pomy
BUSIBJICHA JIOKYyCOCTIELM(DIYHICT MYTalliHHUX NOAIH, OCKUIBKM HaWdacTille alieNibHI Mepexou
criocTepirajucsi B HecTaOLIBHUX JIOKycax white Ta cut. BinmiueHo 3pocranus yacrotu JJIM y
ninii y*w* (ronosso 3a paxyunok PE3) sk 3a BruiuBy PO (y 3,4 pasu MOpIiBHSAHO 3 KOHTPOJIEM), TaK
i xodeina (B 1,7 pasun); ocobnauBo pi3ke 30inbiIeHHs BigOyBanocs npu xkomruiekcHii aii PO Ta
ko¢einy (y 10,4 pas3n).

KurouoBi cioBa: npo3odina, peHTreHIBChKE ONMPOMIiHEHHs, KOo(eiH, 4YacToTa BHIUMHUX
myTamii, JJJIM.

BCTYII

B pesyaprari YopHOOMIBbCHKOI KaTacTpodu 3HauHi TepuTopii YKpaiHum 3a3Hamu
pamioaKTUBHOTO 3a0pyIHEHHS, JKMBa MPHUPOJIA BHSBHIIACS ITiJ] BILUTMBOM OINPOMIHEHHS B MajuX
no3ax. JocmimkenHs edekTiB mii Manux 103 pamiamii 1 XiMiYHUX (QaKTOpiB Ha TeHETHYHI
CTPYKTypH Oi0JOTiYHHUX 00’€KTIB Ta PO3poOKa METOJIB MPOTHO3YBaHHS BiIJAJCHUX HACIIJIKIB
TaKWX BIUTMBIB € OIHIEIO 3 aKTyaJbHHX IpoOsieM cydacHoi Giosorii [26, C. 1 — 19]. OnHum 3
e(eKTiB BIUIMBY pEHTreHiBChkoro ompomiHeHHs (PO) Ha KIITHHY € IHAYKIS TEHETUYHOI
HECTaOUTBLHOCTI, SIKa MOXE 3YMOBIIIOBATH K CTUMYJIAIIIO, TaK i MPUTHIYECHHS KUTTEBO BaXKJIMBHX
¢yHKIIH KITHHA 4u opraHi3my. OTpuMaHO psJ CyNEpewIMBUX JaHMX, SIKI CBiIYaTh SK TIPO
30UIBIICHHS, TaK 1 PO 3MEHILIEHHsSI TPUBAJOCTI XXHUTTS NPH Aii Manux 03 onpomiHeHHs [8, 9],
NpoTe NPUYMHU Takol BapiaOeslbHOCTI LLOTO MOKa3HWKA J0 KiHIA HE 3’sicoBaHi. 3pyYyHOIO TECT-
CHCTEMOIO Uil OOJIKy MyTaliii i BHSBICHHS XapakTepy MyTauidHux 3MiH € Drosophila
melanogaster.

METOIUKA

Matepianom IOCHiMKEHb CIyKHIH: BHCOKOiHOpeama mimis y*w™ 3 mopdomoriummmu
Mapkepamu 1o X-xpomocomi. JIiHis po3BoAWINCE ayTOpeIHO Ta yTPUMYBAJIUCh B TEMHOTI NIPH
23-25°C ma crammapTHOMY mOKHBHOMY cepenoBui, [1]. CHHXpOHI3aIi0 KyIbTypu Ta BigGip
BIPriHHMX CaMOK MpPOBOJIWIM 3TiHO 3araJbHONpUHHATOI Metoauku [15]. OmnpomineHHS
npoBouii Ha anapari PYM-11 6e3 ¢inbrpy. [loTyxuicts no3u ckinanaita 600 P/xB., Hanpyra —
180 B, cuna crpymy — 15-16 MA. Ilpu cymapuiii no3i 774 mKu/kr (30 I'p) yac onpomineHHS
ckianaB — 5 xB. OnpomiHIOBaNIM caMIliB y Bii 3-5 aniB. Kodein BHOCHIN B cepenoBHINE IS
JUYUHKOBOTO 3rojoByBaHHA. Ha kopMm BucamkyBamu mo 10 camok i 10 camiiB, SKUX Micis
TPHOX IHIB BUAQSUIA, & B CEpPENOBHUINE BHOCWIM KodeiH B KOHIeHTpamii 2,5 MKr Ha 1w
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cepenoumia. OOpoOIeHUX XIMIYHMM peareHTOM caMIliB y Bimi 3-5 JAHIB TiggaBaiu
onpoMiHeHHto. Ilicias mporo ix iHAMBIAyalbHO CXpENIyBaJid 3 BIPTiHHUMH caMKaMu 3i
3uemieHuMH X-xpomocomamu C(1)DX,yf/Y. Jlns o6niky HOMIHAHTHHX JICTAIBHAX MYyTalliil
(J1JIM) o6pobiieHrx camIliB CXpenlyBaJid 3 iHTAKTHUMH BipriHHUMHU camkamu jniHii C(1)DX,yf/’Y
y cmiBBigHOmeHHI 3:1. ¥V cBiXHX siilexnankax Ha 3a0apBICHOMY IMOKHBHOMY CEpeIOBHIII
MipaxoByBalld CyMapHY KUIBKICTh BiIKJIQJICHUX S€Ib, a depe3 48 TOMWH — KiIbKICTh SEID, 110
HE pPO3BHHYJHWCS Ta SIS 3 pPaHHIMM Ta Mi3HIMH eMOpioHaJbHUMHM JeTansiMu. Yactory
BUHUKHCHHS JJOMIHAHTHHX JICTAJbHUX MYyTallili BU3HAYAIH 32 CIiBBIHOIICHHSAM KUTBKOCTI SEID
3 paHHIMH Ta MWi3HIMA EMOpPIOHAJbHUMH JICTAISAMH JO 3arajbHOi KIJIBKOCTI 3aIlTiHEHUX
senp [2].

PE3YJIBTATHU JOCIIIXEHb

Hamu npoaHatizoBaHo piBeHb CIOHTAHHOTO MYTYBaHHS, a TakoX BB PO B mosi 774
MKJ/KT, sika BBa)Ka€ThCS MO0 UL Apo30(hiad, Ha MyTaOiIBHICTH JOKYCiB X-XpOMOCOMH Yy
naGopatoproi miuii y'w*. Cepex 11222 npoanai3oBaHHX iHTAKTHHX camiiB BusBieHO 1 yellow-
MyTaHTa 3 aleIbHEM IepexoaoM y'—y', mo Gy10 miaTBepIkeHo TECTOM HA KOMILIEMEHTAILIHO.
YacToTa MYTyBaHHS IPU bOMY CTaHOBWIA 8,9x107, 10 He NEPEBUINYBANO MPUPOIHOTO PiBHS
BMHHKHEHHS MyTal(iii i cBigumno mpo craGimenicts mimii y’w*. iz PO inykysana remermuny
HecTaOUIBHICTh Y NaHOi JiHii. AHaJI3 MOTOMKIB NPOBOJAUBCS MPOTATOM JIBOX IIOKOJiHB; 4acTOTa
BUHUKHECHHS iHIYKOBaHUX MYTaHTIB OyJla BUCOKOIO 5K B F) (1,6x107), Tak i B F, (2,1x107).

Mu npoBenu nociimpkeHss crmibHoi nii PO B mo3i 774 MKi/kr i3 XiMiYHUM peareHTOM
Ko(eTHOM Ha 4YacTOTy BUHHUKHEHHS BUIMNMHX MYTAHTIB y JIiHI1 y*w*. Hamu BCTaHOBICHO BHCOKHiT
TeHOTOKCHYHUH e(peKT o3 2,5 MKr/miu y miHii yzw"4 (BuiT imaro craHoBuBuB 43,65 %).
[IpoBiBIIM TUYWHKOBE 3rOAOBYBAHHSA B 5 pasiB OUIBIIOIO i B 5 pa3iB MEHIIOI0 KOHIICHTPAIISIMHU
Ko(einy, HaMH IMOKa3aHo, 10 JHYWHKOBEe 3romoByBaHs 0,05Mkr kodeiny Ha 1M cepemoBuIna
npuBoAuTh a0 35% 3arubesni, a npu BHeceHHI KodeiHy B KoHUeHTpauwii 12,5 Mkr Ha Imn
crnocrepiranacst 100% neranbHICTh (BUIBOTY iMaro He BiOyBaocs).

B taba. 1 npeacrasneni pesynsraTty o gociimkenHio BBy PO (774 MKi/kr) 1 kodeiny
B KOHLEHTpaLil 2,5 MKI/MJI Ha piBeHb MYTyBaHHS JIOKYCiB X-XpOMOCOMH Y JIaOOpaTOpHOI JiHii
y*w*. AHasi3 MOTOMCTBA IPOBOIMBCS MPOTATOM ITSTH TOKOJiHb. SIK BUIHO 3 gaHuX Tabm 1, B
pesynbTati crinboi i PO i kogeiny, B mepuioMy mokomiHHi yacTota MyTyBaHHs Oyna 3.3x10™,
Cepen 3019 mpoanani3oBaHiX caMIliB BHSBICHO | peBepTaHTa 3a KOIOPOM oueil (W' — w') i 2-x
MYTaHTIB 3 06pizaHuM KpaeM Kpuna (ct' —ct). B apyromy mnoxosminzi cepes 5606 caMitiB MyTaHTiB
BUSIBJICHO HE OyI10.

B F;, F,, Fs5 wacrora myTtyBanHs 30insmminaca Ha nmopsaok. B F; Bussneno 7 mytanrtis: 1
peBepTaHTa 3a KobopoM oueit (W™ — w') i 6 myranTiB 3 06pizaHnM kpaem kpuia (cf*—cf). B Fy
3HaWeHI 2 MyTaHTH XapaKTepHU3yBaJIMCS 3MiHAMH B JIOKyci cuf, a B Fs BusBieHo 1 myrtanTta 3a
TeHOM scute 1 2 — 3a reHOM cut. [Ipu iboMy criocTepiraBesi cut-JoKycocnenpiqyHui MyTareHes.

Jis Toro, mo0 CTBOPWUTH IUJIiICHE YsBICHHS Npo coinbHui BiumB PO 3 kodeinom Ha
MyTaIiiiHi moail y apo30Qilii, MU BHKOPHCTAJIA METOJ[ JOMIHAHTHHUX JICTATBHUX MyTaIliil. Y
bOMY TECTI pe3yJlbTaTH OTPUMYIOTh BXEC Ha II0YaTKOBUX CTalisX OHTOICHE3y IEpLIOTO
NOKOJIIHHA — B Tpoueci emOpioHanbHOro po3sutky. Yacrora [IJIM BusHauaerscs 3a
CITiBB1THOIICHHSIM YHUCJIA S€Ib 3 eMOPIOHATLHOIO 3arMOSIUTIO IO 3arajlbHO1 KUTHKOCTI 3aIlTi THEHUX
g€e1b. Y 1po3o¢iny Ha cTajii eMOpioreHes3y po3pi3HAIOTh paHHIO eMOpioHansHy 3arudens (PE3) ta
mizHio eMOpionanpHy 3armbens (I1E3). Sk Bimomo [12], po3urok sifms TpuBae 22-24 ron.
3arnbens eMOpiOHY MPOTATOM mepmux 9 roa po3BUTKY sims BBaxkaerbes PE3, a mpoTsarom
HACTYITHHUX TOJIUH — MI3HBOIO.
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Taéauusa 1. YacTora nosABM MyTaHTIB y JiHii y* w* Drosophila melanogaster npu Brinsi
Kodeiny Ta kommiekcHii aii PO i kodeiny
Table 1. The frequency of mutants in strain y> w** Drosophila melanogaster under the

influence of caffeine and complex action irradiation and caffeine

2 a4

SIK KOHTPOJIb BUKOPHUCTAHA IHTaKTHA JIHIs Y W

Bun nocainy / | Ilokostinnsg / K-cmsb K- Yacrora t, t Mixk
Experiment Generation npoaHaJ. MYTAaHTIB / NosIBU KOHTP. /|mocJin. /
camuis / Mutants | myranTtiB/ | t,cont. | t,in
Analyzed number | Appearance exper.
males of mutants
number frequency
Kontpoas /
Control 5269 B
Kodein /
Caffeine F, 2020 0,65
Kodein + PO F, 3019 3 33x10" | 7,62
/ Caffeine+ RI F, 5606 — — 0,82 6,25
F; 3289 7 2.1x10° 6,02° | 5,34
E, 2218 2 0.9x10° 433" | 0,73
Fs 2600 3 1.2x 107 512° | 0,56
t mpu p>0,95

. 3 mpexcraBieHUX y Ta0d. 2 TaHUX BUIHO, IO
y i€l JiHil MOKa3HUK 3aranbHOl yactotu BUHHKHEHHS [[JIM cranoBuB 3.97%. Y niHii 1uKOro

tuny Oregon moka3HUK mosiBu JJJIM cTaTHCTHYHO HE BiApi3HABCA BiJ IFOTO 3HAYCHHS JIiHI1 yw*

(t = 0,85) i nopiBHtoBaB 3,74%. YHacnigox mii PO B 1031 774 MKun/kr 3aransauit nokazauk J1JIM
nopisaIoBaB 13,75%; wactora PE3 Gyna nqoctoBipHO Bumoro (12,8%), Hik y KOHTPOII, a TOKa3HUK
[1E3 6yB neznaunuM i cranoBuB 0,95%. OxeprkaHi qaHi CBigYaTh PO T, IO BIUIMB MaJUX 103U
OTIPOMiHEHHS € OCOOJIMBO HEOE3NMeYHNMMM Ha pPAaHHIX eTanax pPO3BUTKY eMOpioHa, SK TiJbKH
3aIyCKAalOThCA TpouecH AudepeHmiarii, OCKUIBKH BeIe OO0 BTPAaTH >KUTTEBHX (QYHKIHA 1
JIETAJIBHOCTI.

Tabauus 2. Yacrora BunukHenHs JJIM ( %), ingykoBanux PO i kodeinom y ainii y2wad
Table 2. The frequency of DLM (%) under the influence RI and caffeine in strain y’w®

Bun nocainy / Yacrora Yacrora Yacrora KOHt';‘ ap It
AAOCIVY T pE3/EED | ME3/LED | JJIM/DLM p-/| b mocL. /1,
Experiment frequenc frequenc frequenc b H exper
q y q y q y control
Oregon / Oregon 3,02 0,72 3.74 0,85 -
Kourpoas /
2. 1.91 97 - -
Control 06 ? 3.9
PO/ RI 12.8 0.95 13.75 9.61°
Kodein / 5.68 1.22 6.9 6.71"
Kodeiun + PO / . 28.12°
Caffeine+RI 36.34 4.77 41.11 42.02

t mpu p>0.95
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Y HaCTyHmHHX €KCIePHMMEHTaX MU AOCHIANIN ciuiipHy fito PO Ta xodeiny Ha 9acTOTy MOSBH
JJIM y minii y*w*. KodeiH BHOCHIN B IIOKHBHE CEPENOBHIIE JUIS 3TOOBYBAHHS IMYHHOK 11 BiKy
repe. OMPOMIHEHHSIM.

Ak BUAHO 13 AaHWX TabJ. 2, KopeiH BUABISIB 3HATHO CIAOMINH YITKOKYIOUHA ePeKT Ha
panHi etann eMmOpioreHe3y npo3odinu mopisHsAHO 3 PO, mpoTe 3yMOBIIOBaB BIBiUi BUIIHA
moka3sHUK 3aranbHoi wactotn [JIM (6,9%) mopiBHAHO 3 KOHTposieM. Take 3pOCTaHHA
BiOyBanocs 3a paxyHOK, TrOJIOBHO, 30umbmeHHs wactotu PE3 (5,68%); dacrora IIE3
3aiMImanacs, Sk i B KOHTpoxii, He3HauHowo (1,22%). OdeBuano, nigBuiieHHs dactotu JJIM
oOymoBieHe THM, IO KodeiH iHridye pemnapanito crnoHTaHHMX Myrauid [21]. Bracaimok
KoMmIulekcHoro BILBY PO 1 xodeiHy cnocrtepiraBcst cuHepriunuilt edexr. Tak, mokazHHUK
cymapHoi yactoty BuHuKHeHHs [IJIM OyB Bucokum i nopiuioBaB 41,11%, npu upomy pizko
3pocrana vactora PE3 (36,34%) i Hesnauno — wactorta IIE3 (4,77%). 3rigHo cy4acHUX
ySBIIEHb, ONMPOMiHEHHS ONOKye BCTyn KiiTHH B mepiox cuHTedy HHK Ta miTto3y i, Takum
YUHOM, JIa€ MOJKIJIMBICTh KJIITHHAM 4YaCTKOBO BIJHOBUTHUCS BiJ pajiamiiHO-1HIYKOBaHHUX
nmomko KeHb [24]. Tlix BmumBoM KodeiHy TpHWBalicTh IUX OJOKIB CKOPOYYETHCS 1 KIITHHH
BCTYNAIOTh B MITO3 3 HEpPEHapOBaHMMH MHOIIKO/DKEHHSAMH, IO NMPU3BOASTH A0 IIiJBHIICHHS
BUxoay nBoHHTKOBUX po3puBiB JHK, abepamiit xpomocom i, BpemTi, 10 3aru6eni KIiTHHA
[13, 16].

OBI'OBOPEHHS PE3YJIBTATIB

Sk ommcano Bumie, aist PO ingykyBajga BUCOKY YacCTOTY MOSBH MYTaHTIB y JiHi{ yzw‘”, K y
mepmoMy, Tak 1 JpyroMy NOKOJiHHI. 3Beprae Ha cebe yBary 30UIBIICHHS IOKa3HUKA
IHIYKOBaHOTO MYTYBaHHS y Apyromy mokoiinHi. B mitepartypi [13, 16] onmcani BUIaaK¥ MOSBH
MYTaHTIB 3 BHCOKOIO YacTOoTO0 came B F, mopiBHAHO 3 KoHTposieM Ta F| i miaTpumanHas cTaHy
HECTaOITFHOCTI MPOTATOM psANy HACTYIHHUX IOKOJIHb Yy BHIIAJKaX CIIOHTAHHOTO Ta XiMiYHOTO
myrareHe3y. Cxoxi pesyibraTH OyjiM OTpUMaHi 1 y BHUIAJKy pajialiifHO-1HIyKOBaHOTO
MyTareHesy B HIypis [6].

[linBuiieHa 4yTIUBICTH TEHETHYHOTO amapary MOTOMKIB ONPOMIHEHHX TBAapuH 1O Hii
HECHPHUATIMBUX IOBKIJUIL BKa3ye Ha Te, L0 ONPOMIHEHHS TBAapUH JETEPMIiHY€ 3MEHIICHHS
cTablIbHOCTI reHOMa iX MOTOMKiB. Haciiaku onmpomiHEHHS reHEepaTHBHHUX TKaHHMH KHBHUX
OpraHi3aMiB MOXYTbh OyTH HEOYEBHUIAHHMMH, OCKUIBKH IX NPOSB 3HAYHO BiJTEPMIHOBAHHH BiX
0e3mocepeIHROT0 BIUIMBY HeCHpHUATAUBOro (¢akropa. Ilicis ompoMiHEHHS B KIITHHAX
BUHUKAE TCHETUYHA HECTAOUIBHICTD, KA MEPEAAETHCS IO CIAJKOBOCTI 1 B MOKOJIHHIX MOXKE
MPU3BOJUTH 0 HOBHX HEOYIKyBaHHX Oi0JMOTIYHUX €(EeKTiB, 30KpeMa, JIeTaTbHUX HACIIiIKIB
[4, 20]. B po6oti bapbep i cniBat. [20] moBimoMs€eThCs, MO AecTabimi3amis TeHOMY BUHHKAE
SK B TIEPIIOMY, TaK 1 IPyroMy MOKOJIHHSIX He3alle)KHO BiJ CTalii criepMaToreHe3y, Ha sKii
CIIEpMAaTO30iM 3a3Hajdud ONpOMiHEGHHS. BuUCOKWI BiICOTOK KIITHH 3 jgedeKkTaMu i
NPOJIOHIOBAHUK TIepioA iXHBOI MOSBM CBIMYMTH, 110 HECTAOLIBHICTH HE € BIINOBIAJIO
Ha npsMe nomkokeHHs JIHK um na myranii B cnenugiynux renax. [Ipudomy, He Mae
3HaueHHs, XTO 3 OaTbKiB 3a3HaB omnpoMmiHeHHA. Haif0inpm #iMOBipHE TMOSICHEHHS —
eHireHeTHYHi 3MIHM B TeHHiN ekcrpecii perynsaTopHux (akTopiB 1 JIaHIIOrOBI peakmii
xpoMocoMHuX nepedynos [20, 23].

Kodein, BBeaeHn y BETUKUX KOHIICHTpAIlisIX (a caMe TaKoio PO3rISIaeThcs HAMH J103a
Ko(einy 2,5 MKr/mMi, OCKiTBKH BOHA 3yMoBiIIoe juime 43,65% BUXKUBAaHHA iMaro), IpUTHIYYE
niro pepmenty ¢docdomiecTepasu, MO0 TPUBOIUTH O BHYTPINTHBOKIITHHHOTO HAKOIIHYCHHS
TAM® [7]. 3B’s3yBaHHSA OCTAHHBOTO 3 PETYIATOPHUMH cyOomuHUIsIMH TNAM®D-3anexHOT
MpoTeiHKIHA3K BeJe N0 aKTUBaIii gJaHoro GepmeHTy, skuil pochopuiaioe 6arato MpoTeiHiB, B
TOMY YHWCIi 1 TUX, SKIi BH3HAYAIOTH BINMOBiAb KIITHHH Ha PETYIATOPHI CUTHAIHM. barato
cyOcTpaTtiB mboro (EpMEHTY € CH3UMaMH KIOYOBUX MeTabosiTHHX mnuisaxiB. Kpim Ttoro,
HAM® npossise i pagionporexkTopHi Bractusocti [21]. MiMoBipHO, B HALIOMY eKCHEPUMEHTI
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M0 JTOCITIIKEHHIO BIUIMBY KOMIUIeKCHOTO BIUTMBY PO Ta kodeiHy Ha 9acTOTy MyTyBaHHS Y
ninii y*w* BigHOCHO HE3BKY gacToTy MyTyBaHHS B F| i BincyTHicTh MyTaHTiB B F, Tex MoxHa
MOSICHUTH IABUIICHHSAM PiBHA KIiTHHHOTO NTAM®. Bimomo [7], mo xodein, kpiM TOTO, 1O
MiABUIIY€E KOHIEHTpaliro TAM® B kIiTHHaX, Ji€ TaKOX 1 AK iHTIOITOp pemapairii, OCKiTbKH
Mae 37JaTHICTh B3aEMOJIATH 3 JIOKaJIbHO NeHaTypoBaHuMH Ainsakamu AHK i npuraigysatu 3-
5 ex3onykieasny aktuBHicTh JJHK-momimepasu 1. [lpuyomy y Manux KOHIEHTpALisX BiH Ji€
K IHTEpKAJIIOIOYMIl areHT, a y BUCOKHMX IHAYKYE peopieHTalito rigpatHoi odononkn JJHK.
OueBuHO, Ti 3MiHH, SKI BUHUKIU B JeHartypoBaHux ninsHkax JHK mig BmuBoMm kodeiny i
paniamii, 3aJUNIAIOTBCS HEpEMapOBaHUMH, HAKOMUYYKTHCA 3 YacoM 1 (PEHOTUIIOBO
HOPOSIBJISIOTECS B HACTYMHHUX IIOKOJIHHSAX, YHM, Ha HAIly JyMKYy, 1 MOXXHa MOSCHHTH
MiJBUICHHS YAaCTOTH MOSIBU MyTaHTiB B F3- Fs .

OCKUIBKM TeHOM OaThKIBCHKOTO OpPraHi3My IOYMHAE CKCIPECYBATHCS HA CTaJil PaHHBOI-
CepeIHbO] TacTPYIH, TO CTa€ 3PO3YMUINM, YOMY y AOCHiAl mo migpaxyHKy dactotu JJIM 3
BHUCOKOIO dYacToTolo ¢ikcyroteess came PE3. Ilpm ompomineHHi imaro 3-meHHOTO BIKYy
criepMaToreHe3 y HUX, sK 1 B TMIUHOK 1] BiKy, 3HAXOQUTHCS HA CTaii CHEPMATOTOHIN - TEPBHHHUX
CIEpMATOINTIB, SKi € 0COOIMBO YYTIUBUMH 10 Pi3HUX BIUIUBIB. PO, Oyay4un CHIBHAM MyTareHOM
3 HEHANPABJICHUM XapaKTepoOM JAii, BUKJIIMKAE MOSIBY MYTaIlilf, YaCTWHA 3 SKUX BUHUKAE B TeHAX,
HEOOXITHUX UISI PO3BUTKY 1 JKHUTTEIISUIBHOCTI. ﬁMOBipHO, 0 Ti TOIIKOKCHHS TCHOMY €
HACTIJIbKU 3HAYHHMMHU, [0 3AJIMIIAIOTHECS HEPEMapoOBAaHMMH 1 MPU3BOIATH O 3arubeini emOpioHa
B)K€ TPOTArOM NEpIIMX rofAuH po3BHUTKY. [llono 3Hmkenns nokasznuka I1E3, To Bimomo [14, 25],
IO B KJIITHHI JIFOTh HE JIUIIE KOHCTUTYTUBHI, aJe 1 inayubenbHi cucteMu pemnapariii. OueBuaHO,
camMe BKJIOUCHHSM I1HIYyIUOCITBHOI CHCTEMH perapaiii 3yMOBJICHE 3MCHIICHHS YaCTOTH Mi3HIX
neraneid. [lopsn 3 MyramisMu, sKi 3a4illalOTh JKUTTEBO BaXIHMBI (QYHKIIT i TPU3BOAATH IO
eMOpioHaIbHOT 3aruberni, B TEHOMi BWHHUKAIOTh 3MiHH, SKi, MOMIIHMBO, 1 3aJIMIIAIOTHCS
HEepeNapoBaHUMH, TPOTE HE IMEPEIIKOKAIOTh PO3BHTKY eMOpiOHA 1 MPOSBIAIOTHCS SK BHINMI
MyTaIii Ha cTaaii iMaro.

BUCHOBKHA

Hocmimpkena ais PO B no3i 774 MKu/kr Ha MyTaOuIbHICTB JIOKYCIB X-XpOMOCOMH Yy JiHil
y*w™. TlokasaHo, m0 BHCOKHH piBEHb MYTYBAHHS CIIOCTEPIraBcs SK B IEPIIOMY, TaK i B
JpyroMy IOKOJIHHAX. 3a KomIuiekcHoro BIMBY PO Ta kogeiHy crocrepiranacs J0CTOBIpHO
BHIIa BUCOKA YacTOTa ITOSIBM MYTaHTIB, HiX B KoHTpoii. Kodein mocmabmosas niro PO, onnak
(MOXIJIMBO, dYepe3 HarpoMajpKeHHsS MeTa0oiTiB 1 iHriOyBaHHA penapaniiHux MpoIeCiB)
HiATPUMYBAaB MPOJIOHTOBaHUH edeKT mil pamiamii 1o m°ATOr0 MOKOMIHHA. BigMmidueHo 3pocTaHHA
gactotd AJIM y minii y’w*™ sk 3a BBy PO (y 3,4 pasu MOpIBHAHO 3 KOHTpONEM), TaK i
ko¢einy (B 1,7 pa3m); ocobmuBo pizke 30iMbIIeHHS BimOyBasocs mpu KoMmiulekcHid mii PO Ta
ko¢einy (y 10,4 pasu).

30inpmenHss nokasHuka JJIM BinOyBanocsi rojlOBHO 3a PaxyHOK 3pOCTaHHS 4YacTOTH
paHHbO1 emOpioHanbHOI 3arubeni. [laHi pe3ysbTaTy CBi4aTh Mpo TE, IO ClIEpMAaTOrOHiaJbHa
HOIYJIALIS 1 CIepMaTonMTH [-ro MOpsAKY € y’Ke UyTIUBUMHM JI0 Jii pI3HOMAHITHUX €K30T€HHUX
YUHHUKIB (i3n4HOI Ta XiMmiuHOi npupoxau. IIpyn npomy 3Ha4Ha YacTHHA IMOLIKOJKEHb F€HOMY
CTaTeBUX KIIITHH € HE3BOPOTHHOIO 1 BeJe J0 3arubeni eMOpioHa BXXE Ha pPaHHIX CTadisx Horo
PO3BHUTKY, B TOH 4ac, K TiIbKM MOYMHAE (QYHKIIOHYBATH OATHKiBCHKHI T€HOM.
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AHOTANIA

STUDY OF THE COMBINED EFFECT OF X-RAYS AND CAFFEINE ON
MUTATION RATE IN DROSOPHILA MELANOGASTER

It is actually to investigate the influence of irradiation in small doses on living organism
because after the Chernobyl accident many areas of Ukraine are under the such influence. In
our work the action of X-rays (RI) (at a dose of 774 uL/kg, low dose for Drosophila) and the
complex influence of RI and caffeine at a dose of 2,5 mg/ml on the frequency of visible
mutations on the X chromosome and dominant lethal mutations in stable laboratory strain y*w*’
of Drosophila melanogaster were investigated. Among the 11222 analyzed intact males of the
yzw“4 strain 1 yellow-allelic mutant was found. The frequency of mutation was 8,9x10” and it
was not higher than the natural mutation rate. RI action induced genetic instability in this strain.
The descendant analysis was conducted for two generations. Under the single exposure of the X-
rays the frequency of visible mutations was higher than in control and amounted to 1,6x10” in
F, and 2,1x107 in F,. So after RI action genetic instability occurs in the cells. Caffeine in 2,5
mg/ml dose exhibited high genotoxic effects in strain y’w*’ (total imago flight was 43.65%).
Caffeine supported a prolonged effect of irradiation while preserving a high level of mutation up
to the fifth generation. So in F; mutation rate was 3.3x10. In F, among 5606 male mutants were
not found. In F;, F4, F5 mutation frequency increased in order, did not differ from this index
obtained by exposure to irradiation and amounted 2.1 x 107 , 0.9 x 10’3, 1.2 x 10" in accordance.
Caffeine also acts as an inhibitor of repair.

Probably the changes that occurred in the DNA under the influence of caffeine and
radiation remain unrepaired, accumulate over time and appear in the following generations. The
locus specificity of mutational events was found because allelic transitions were observed in

unstable loci white and cut the most frequency. To create a total view of the complex influence
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of X-rays and caffeine on mutational events in Drosophila we used the method of dominant
lethal mutations (DLM). In this test the results are received during embryonic development.
DLM rate is determined by the ratio of the number of eggs with embryonic deaths to the total
number of fertilized eggs. Egg development in Drosophila lasts 22-24 hours. Embryo death
during the first 9 hours of egg development is considered as the early embryonic death (EED)
and for the next hours — late (LED). The index of dominant lethal mutations in strain yzw‘”
amounted to 3,97%. Under the influence of irradiation the frequency of DLM increased up to
13,75 % (in 3,4 times compared to the control). Caffeine predetermined twice higher frequency
of DLM (6,9%) compared to the control. Sharp increasing of DLM occurred under the complex
action of X-rays and caffeine (41,11 %). It is marked that the increasing of the DLM frequency
in strain yzw“4 was mainly due to early embryonic death.
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BUKOPHUCTAHHS METOY KIPJITIAHO®OTOTPA®II B OLITHIII
HECTIEOU®TYHUX PEAKIINA AJANITAIIT OPTAHI3MY JIIOIMHA

Amnoranis. B po6oti npencrasneHi pe3ynbratu KipiianpoTorpadii Ha peHTIeHIBChKIH MUTiBLI
TAJBIIIB PYK 8-M MAIi€HTIB i3 3aXBOPIOBaHHAMH KpoBi. CTaH peakmii afanTamii aHaJIi3yBaId 11010
3MiHHM THITYy CBITiHHS Ha KipJliaHorpamax, 3rilHo kputepism [1. Mannena, yepe3 S5 XBHIMH MiCJIA
NPUAHATTS TPHUPOAHOT BOIH, SK TECTy IHIWKalii. B oTpuMaHUX 300pa)KeHHIX aHATI3yBalld
o0iacTi CBITIHHA BIAMOBIIHO OpraHaM i cucTeMaM oprafi3Mmy. KiTbKiCHO OLiHIOBaNIHCS HIMPUHA
KOPOHH CBITIHHS, XapaKTEPUCTUKH SCKPABOCTI 300pakeHHs: MeIiaHy BiTHOCHHH MiHIMaJbHOTO i
MaKCHMaJIbHOTO 3HAa4eHHsI SCKPaBOCTI 1 iX pi3HMIO. 3a3Ha4yeHi 3MiHM €HEPreTHYHOI aKTHBHOCTI
CHCTEM OpraHi3My Hali€HTIB MiCJIs MPUHOMY IPUPOJHOT BOIH CIIBBIIHOCHIIMCS 3 €(EKTHBHICTIO
NPOBEIEHOI HaJaJll CTaHAAapTHOI Tepartii, Uil BU3HAYA€E iX MPOTHOCTUYHY I[IHHICTB.

Kuarouogi ciroBa: kipiiangororpadis, iudpposa 00podka 300paskeHb, peakiii aganramii.

BCTYII

IcHyrodi miarHOCTHMYHI METOIW B MEIHIMHI 3aCHOBaHI Ha 3MiHaX B OpraHi3Mi MOKa3HHKIB
0OMiHYy pEYOBHH, IMYHOJOTIYHMX peakliif, MOpP(OIOTIYHMX, YIBTPA3BYKOBUX HOCIHIIKEHB,
SJIEPHO-MarHiTHOIO PE30HAHCY TKAHHH, SIKi XapaKTepHi JUIsl Ti€l UM 1HIIOT MaToJIoTii. AKTyalbHUM
€ OLiHKa Hecrnenu(iYHUX KOMICHCATOPHMUX peakuii aganTauii opraHiaMy Ha 10 0i0XiMIYHOTO i
CTPYKTYPHOTO piBHI 3MiH B OpraHi3Mi Ha HECTIPUATIUBI ()aKTOPH BHYTPIIIHBOTO YX 30BHILIHBOTO
Cepe/lOBHUINA, 1110 BU3HAYA€ PU3UK BHHUKHEHHS 3aXBOPIOBAHHS a0 3arOCTPEHHS BXKE ICHYHOYOi
narojyorii. Takuil BIUIMB pealli3yeTbcs Ha pIBHI KBAHTOBMX 1 IOJbOBUX Ol0€HEPTETHYHUX
B32€EMOBITHOCHH MIDK OpraHi3MOM 1 pi3HMMH YMHHUKaMH 1 BI3aJI3y€THCSl CBITIHHAM HAaBKOJIO
KIiHITIBOK Y BUCOKOYACTOTHOMY ToJi [1], mo Bizomo sk edekt Kipman [2].

Panime HamMmu Oynu BUSBICHI BiNMOBIAHOCTI MiXK O3HAKaMHU KipJiaHIBCHKOTO CBITIHHS
MABIIB PYK MAIIEHTIB 3 Pi3HOIO MATOJIOTIEI0 1 pe3yJIbTaTaMHU CTAHJIAPTHUX KITIHIKO-TabopaTopHUX
METOJIIB MPH Bi3yaibHi#l omiHIli 3a MeToaukoro 1. Mangena. Ha ocHOBI iX po3po0iieHO METOANYHI
peKoMeHIallii 0 BUKOPUCTAHHIO METONY KipJliaH-IiarHOCTUKH JJISI PaHHBOTO BUSBJICHHS O3HAK
IHTOKCHKaIIii, TaTojorii Ha AOKIiHIYHOMY piBHI [3 — 9]. B ocraHHi pokum HamMu po3pobIeHi
KOMIT'TOTEpPHI METOJM aHalli3y KipJliaHiBCbKOro 300paxkeHHs manbliB pyk [10 — 19]. Busneni
BIJITIOBIJTHOCTI KipJTiaHIBCHKOTO CBITiHHS OioxiMiuHUM mporecam [20 — 22].

Merto10 nocnijpkeHHs OyJ0 BHMBYEHHS MOXKJIMBOCTI BHUKOPHCTaHHS Kipiiangpororpadii 3
KOMIT FOTEPHOI0 00pOOKOI0 300pa)KeHb B OILIHII KOMIICHCATOPHUX peakliil amanrauii opraHizmy
Nali€HTIB Ha NPHUKJIA/I BIUIMBY Ha OPraHi3M IIPUPOIHOI BOIH.

METOM JOCJIUKEHHS

O6cTexunu 8 NalieHTiB 3 XPOHIYHUMH 3aXBOPIOBAaHHSAMH KPOBI (aHeMii, JieiikeMii) MeTojoM
kipaianorpagii Ha npuiani «PEK 1», pozpotnennm YkpHJII Texuosnoriit MammHoOyryBanus [23,
24]. ®ororpadysanu KipiaiaHiBCbKe CBITIHHS NajblLiB PYK MALEHTIB HA PEHTTCHIBCHKIM IUTIBLI 31
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CTaHJAPTHUMHM METOJAaMH TMPOSIBIICHHS Tiepen i depe3 5 XBWIMH michsd npuiHATTS 100 Mt
npupoHoi Boau. [lin gac 3iioMKH 0OCTeXyBaHMI TPUMaB CTaKaHYMK 3 Ti€IO K BOJOIO y APYTiit
pyui.

Jis aHamizy oTpuMaHHMX 300pa)KeHb BHKOPHCTOBYBAJM AiarHOCTHYHI KapTu [I. Manpena,
3TIOHO 3 SKUM € BiIMOBITHICTH MK THIIOM CBIiTIiHHS W eTarmoM (OpMyBaHHS ITaTOJOTil, MiX
CEeKTOpaMH KOPOHHM 1 (YHKIIOHAJFHAM CTaHOM BIANOBIAHWX OpraHiB 3a Tomorpadiero
CHEPreTUYHUX MEPU/IiaHIB MO KUTANCHKIM CUCTEMI, TOTIOBHEHUX JOKTOpoM P. doem.

Y HOpMI KOpOHa CBITIHHSI NPEACTAaBIICHA BHYTPILIHIM KOJIOM, CEPEIHIM - Y BUTIISI LIIIBHO
MPWICTIMX OJWH JO OJHOTO CTPHUMEPIB 1 30BHINIHIM JFOMIHECHCHTHUM - Y BUIJISIII TOHKHX
npomeHiB. I[lpu ¢opmyBanHi martosorii abo peaxiiif 3 BereTo-€HIOKPHHHOIO JUC(YHKIIEID B
KOpPOHI 3'SBISIFOTHCSL BUNAIIHHSA B LUPKYJsUii eHeprii (eHIOKpHMHHUHM Thn cBiTiHHA 3a II.
Mamngenem) (puc. 1, 2).

8

Puc.1. Puc.2.

VY nuHaMimi po3BUTKY KOMIICHCATOPHUX Peakiliii aKTUBI3YEThCA METa00i3M Ha KIITHHHOMY i
TKaHMHHOMY PiBHI, SIKHH Ha KipjiaHorpamax Bi3yali3yeThCsl JAOJAaTKOBUMHU BHKHAAMH CHEprii y
BUTJIS/II TOYKOBUX BUKUAIB eHEprii (iHTokcukaniduuil Tum 3a [1. Manaenem) (puc. 3). 30BHINIHS
IHTOKCHKAIlisl 13 CTEpTICTIO 1 YIIUIBHEHHSM CTPUMEPHOTO IIapy KOPOHM BIiZIOBiJae
nerenepatuBHoMy THny cBitiHHa (I1. Manpen) i BimoOpaxae ¢opMyBaHHS AUCTPOQIYHUX 1
CTPYKTYPHHUX IepeOya0B B KIiTLI (pHC. 4).

Puc. 3. Puc. 4

Metoauka aHamizy 300paskeHb rasopospsgHoro BumpowminioBanHa (I'PB) ckmamamacs 3:
ouudpoBkH (oToMmarepiany LUIIXOM CKaHyBaHHs; BUAUIEHHS oOiacTel CBITIHHS OKpEMHX
MaJbIiB 3 TpyOMM BHOOPOM LEHTPY 3TiTHO 3 T'€OMETPUYHMMH po3Mipamu Tpadapery, SKHH
MOCTABISIETHCS KOMIUIEKTHO 3 MPWIAAOM JUIS peecTpalii BUIIPOMIHIOBAHHS; HAJIaroJHKEHHS
LEHTPY 300pa)KeHHs i porpaMHOro (GopMyBaHHSI OKPEMHX 300pakeHb OJHAKOBOI'O PO3MIpY JUIs
KOXKHOTO TaJjblLisl; NOCEKTOPHOro (OpMyBaHHS NPOQIIB SICKpaBOCTI MiKceniB 300paxeHHs. Ha
0a3i oOpanoi Touku mpoQiap OITUBCI HA JBAa CEKTOPH, HI0 B MOJAIBIIOMY JIO3BOJHUIIO
ckopuctatucs Meronukoro 1. Manaena nmpu aHami3i KapTUHU CBITIHHA. AHaNII3yBaJlWCS CEKTOpa
KOPOHH CBITIHHA HaBKOJO 2, 3, 4 mamnbpliB MpaBoi PyKH, BiANOBIJHI OCHOBHHM PETyIIOIOYNM
cUcTeMaM i opraHam (puc. 5).
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Puc. 5. lIpukiaax nod0ynoBu npo@iio sCKpaBoCTi KOPOHH CBITiHHSA MANbISA PYKH
Pic.5. Example of profile building the brightness of glowing the crown thumb

[MpencraBnennii minxin 3abe3neyyBaB OLIHKY T€OMETPHYHHMX MapaMeTpiB KOPOHH CBITiHHS
B TIEBHOMY CEKTOpi, a TaKOoX aHali3 AWHAMIKH 3MiHH SCKpaBOCTi B cektopi. KinpkicHO
OIIHIOBANHCA XapaKTepUCTUKH scKpaBocTi cBiTiHHA (SIC) sk 1o 300pakeHHS B IUIOMY
(ricrorpama), Tak i A OKpeMHUX CeKTOpiB (moOymoBa MiASHKH MPOdiiro, 0OUNCICHHS MeIiaHu
(Med), miniManpHOTO 1 MakcuMasibHOTO 3HadeHHs SIC B cekTopi, iX pizuauip (Med-Min, Max-
Med). Ynm icToTHIime BHMAagaHHS CBITIHHA B CEKTOpPi (aX JO MOBHOI HOTO BiACYTHOCTI), TUM
Oyrok4e 3HAYSHHS BiTHOIICHHS SCKpaBocCTi 1o 1 (puc. 6). BusHauanacs Takox mUpuHA KOPOHHU
(IIK) cBiTiHHS.
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5 Witz koporer 1
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Puc. 6. Ipukaag ananizy IC cexTopiB KOPOHH CBITiHHSA NAJILIS PYKH
Pic.6. Example of analysis the sectors of crown thumb glowing

OTPUMAHI PE3YJIbTATH TA iX OBI'OBOPEHHSI

Pe3ym>TaT1/I aHai3y KOMII'FOTePHOI Ta MATeMaTHIHOT 0OPOOKH KipJliaHOrpaM MajbLiB pyK
TNalieHTiB Mic/A BXKHBAHHS MPUPOAHOI BOAM TIpejcTaBieHi B Tabmuiax 1, 2. Ix mopismsm 3
KJIHIYHAM Tepe0iroM 3axBOpIOBaHb Ta aHaji3aMu nepudepudHoi KpoBi B aAnHaMini Ha Qowi
CTaH/apTHOI Teparii.

Ta6umng 1. CepenHi NOKa3HNKH IHPHHUA KOPOHH CBITIiHHA OKpeMHX Nalli€HTIB
Table 1. Averages of crown width glow in selected patients

[upuna koponu / Crown width

Jo/ Tlicms / Pizuuisa Pisunns Pizuuisa
Before After MK JOTa | MDK DO Ta | MIiX J0 Ta
micost / micyst / micst /
Difference | Difference | Difference
[Micas npuiiomMy Boau between between between
11 Jo npuifomy Boau / / After receiving before and | before and | before and
Before receiving water water after after after
Pisnuns | PisHuus
Med Me.d— Max- Med Me.d— Max- MaxL; MaxL; Med Med-Min Max-Med
Min Med Min Med . .
Min Min
I 77,2 17,5 | 28,2 | 60,8 9,5 13,5 10,7 4 -16,4 -8 -14,7
J1 56,2 11,5 | 20,2 | 55,8 | 13,8 | 10,2 8,7 -3,6 -0,3 2,3 -10
1T 72,5 152 | 12,8 | 68,7 | 12,3 | 13,8 2.4 1,5 -3,8 -2,9 -1
C 60,7 17 20 63,8 | 12,2 | 13,2 3 1 3,2 -4,8 -6,8
il 70,5 21,2 | 23,8 | 59,7 8,7 18,9 2,6 10,2 -10,8 -12,5 -4.9
b 80,27 | 242 | 29,2 | 683 | 11,7 17 5 53 -11,8 -12,5 -12,2
I'c 66,27 | 39,8 | 40,2 | 76,3 | 14,3 | 21,7 0,3 7,4 10,2 -25.5 -18,5
1B 59,8 57,8 | 458 | 49,5 | 47,8 | 43,5 -12 -4.3 -10,3 -10 -2,3

[licns npwHHATTS Nami€eHTaMH NOPUPOAHOI BOAM Ha KipiiaHOrpaMax TManbliB PyK
CIOCTepiraian HaCTYIHI 3MiHH:

- 3MEHIICHHS TOBIIMHN KOPOHHU y 6 3 8 "o i3 3MeHmeHHsM y HuX (Max-Med) HIK cBiguuts
PO 3MEHIIIEHHS IHTOKCHUKAITIT;

- y mamienta I'c (aHemis 1 Berero-cyAWHHa IWCTOHIS) CIIOCTEpiranucs HaWOimbIe
smenmerus (Med-Min) K — sunagins 1 (Max-Med) IIK — iHTOKCHMKALii, 1[0 BiAIOBiganIo
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30UIBIICHHIO IUPUHU KOPOHH, TOOTO EHEPTeTHKH B OpTaHi3Mi B3araii. BimoMo 3HIKEHHS 3apsamy
EPUTPOIINTIB MpH aHeMii [25], paHime HaMu OyJW BUSABJICHI KipiiaHorpadidHi 3MiHH €HEPTEeTHKH
KpOBI TpH aHeMisX pi3HOI eTiojorii [26 — 28].

Taoauus 2. CepeHi NOKa3HMKH BiTHOIIEHHsI ICKPABOCTeM CBITIHHA OKpeMHUX MALli€EHTIB
Table 2. The average ratio of brightness of individual patients

T Bingnoutenns sickpasocteit ciTinus (BSC) DPlli?f}«Ie I:;?Cg 1;1;; 1;1;[:0{3
JHo Hpnﬁoyy Bou / Before Micns HpI/I?I(?My Boqm / After ik i
receiving water receiving water
. Max- Med- Max- . .
Med Med-Min Med Med Min Med 2i3 5i6
1 2 3 4 5 6 7 8
r 0,86 0,055 0,041 0,137 0,04 0,039 0,096 0,001
i 0,09 0,035 0,041 0,121 0,047 0,038 0,006 0,009
I1 0,087 0,032 0,04 0,105 0,07 0,038 0,008 0,032
C 0,138 0,059 0,154 0,128 0,038 0,072 0,095 0,034
1 0,077 0,021 0,039 0,097 0,069 0,044 0,018 0,025
b 0,069 0,025 0.049 0.094 0.052 0.04 0,024 0,012
I'c 0.118 0,096 0,289 0,107 0,067 0,04 0,193 0,027
1B 0,101 0,056 0,613 0.096 0.055 0.687 0,557 0,632

AHaiti3 TTOKa3HUKIB SICKPAaBOCTI CBITIHHS BHSIBHB HACTYIHY IWHAMIKy Ha KipiiHOTpaMmax
MALI€HTIB MICJIA BXXUBAHHS BOIU:

1. TenaeHmito 10 03HAK JercHeparii 3a OLTBII HU3BKOK MEHIaHOK 1 PIHUISIMH MEIiaH y
namientie [, JI, 1II, b, mo BixmoBimae TIUOOKUM MOPYHICHHSM pEaKIili roMeocTa’y MpH
CHCTEMHHUX 3aXBOPIOBaHHiX KpoBi. Edexkt Bix mnpoBeneHoi tepanii B nopansiiomy OyB
HEJIOCTATHIH 1 KOPOTKOYACHHUH.

2.V nauientku I1 3 anemieto i cynytasoi BCJ] Ha kipiiaHorpami BUSBWIN HOPMaJIbHUN THIT
cBiTiHEA. Edexr Big Teparii O6yB moOpwii Ta CTIHKMIA.

3. V mamientok C. (amemis nerkoro crymeHs i BCJ]) i I'c (xp. mim¢omneiko3 KiIiHIYHO
KOMIIEHCOBaHMI) TIpH HOpManbHiK Memiani SIC nmepeBaxkae pizauig (Max-Med), mo xapakTepHo
JUISl BETEeTaTUBHUX PEAKUiil 3 BUMAJaHHIMHU B KOPOHI, 110 3MEHILYETHCS MICISI IPUUAHSTTS BOAH. Y
UX TAIMEHTOK Ma€ Miclle EHIAOKPUHHO-TOKCUYHHMHA THIT CBITIHHS 3 HOPMaJbHUM CTaHOM
KIITHHHOI ~CHEPreTHKH, 30UIBIICHHSM KOPOHH TICHS eKCIIEpUMEHTY, IO BiANOBiZaio
e(eKTUBHOCTI IPOBEACHOI Haal Tepartii

4. Y nauientku IB (aHemis, craH micis onepanii, iHTOKcUKanist) Ha ¢oni HopmanbHOi SIC
KOPOHHM MaroTh Miclle BUPa)XCHI O3HaKM BHUNAJiHb B KOPOHI 1 IHTOKCHKALil 32 3HAYHOI Pi3HUIIEIO
Mik memianoro SIC B i KpaliHIMM BEIMYUHAMH, SKi 3aJUINAIOTHCS JOCHTH BHUCOKHMH ITiCIIS
NpUHHATTS Boau. Mae Micue eHIOKPMHHO-TOKCHYHHWI THI CBITIHHS 31 3HW)KEHHSM DE3€pBiB
€HEPreTUYHOTO TOMEOCTasy, IPO IO CBITYNUTH By3bKa KOPOHA CBITIHHS. Y TMAIli€HTKHA TPHUBAIHA
gac 30epiraiacs aHeMisl.

B mimomy 3 Tabmmmpe 1 1 2 mae micue HactymHe: y 5 3 8 oci® (62,5%) 3 mO9aTKOBOIO
3HIDKEHOIO SICKPaBICTIO CBITIHHS (IeT€HEPATHBHHMA THIT CBITIHHS) CIIOCTEPIra€ThCs ii MOCHICHHS
(mo 0,094-0,137), i3 pi3HO CHPSIMOBAHOIO NEJIFTOI0 B MHMPHUHI KopoHH. Lle BimoOpaxkae mporecu
MOSIBU TOYOK 1HTOKCHKAIIil, MOKJIMBO BHIAJiHb B KOPOHi, MEHII IHTEHCHUBHOTO, HOPMAJILHOTO
CTPHUMEPHOIO MaJlOHKa B KOPOHI, TOOTO IIOCHWIEHHsS eHepro-iHdopmauiiiHol aKTHBHOCTI B
OpraHi3Mi, III0 Ma€ MO3UTHBHE 3HAYCHHS [T NIepeOiry 3aXBOPIOBAHHSI.

Hwxuye HaBeneHO NMpUKIIAaaM aHali3y KipjliaHorpaMm 3-X HalbliiB IpaBoi pyKH B OKPEMOCTI y
JIeSIKMX MAli€HTIB 3 PI3HUMH 3aXBOPIOBAHHSIMU 1 TUIIAMH KipJIiaHiBCbKOTO CBITIHHSI.



Ilpuknao 1. Ilayieum P.

172

Iupuna koponu / Crown width
PizHus PizHuns i
MDK 0 Ta | MiX 70 Ta 20
Jlo npuiiomy Boau/ [Micns npuitomy mics / mics / TIpTIOMY
.. Ho/ Tlicns/ . . BOJH /
Maneus/ Before receiving Bonu / After Difference | Difference
. A Before After Before
Finger water receiving water between between receivin
before and | before and &
water
after after
Med- | Max- Med- | Max- | Pi3uuns Pisunns .
Med | Min | Med | M® | Min | Med |Max/Min |Max/Min | M4 Med-Min | Max-Med
1 2 3 4 5 6 7 8 9 10 11 12
2-it 72,5 | 12,5 36,5 60 10 8 24 -2 -12,5 -2,5 -28,5
3-it 78,5 | 18,5 30,5 | 66,5 | 11,5 | 15,5 12 4 -12 -7 -15
4-it 80,5 | 21,5 17,5 56 7 17 -4 10 -24,5 -14,5 -0,5
BsIC Med 1o Med-Min o | Max-Med 1o [Med micns Med-Min | Max-Med Tun ceiminns
micus micrest
2-i 0,09593 0,061248 0,039364 0,117862 | 0,039074 0,041647 Endokp-moxc. mun
3-it 0,097407 0,0716 0,030798 0,158567 | 0,032781 | 0,034981 Enooxp-moxc. mun
4-i 0,06687 0,030506 0,061179 0,135367 | 0,050001 0,04756 O3Haku 0ecenepayii

Cnouarky y nauienta 11K HaBkoJsO BCiX manbLiB 3MIHIOETHCS B PI3HHM CTYIIEHEM HPOSIBH,
sk Med-Min, tak i Max-Med. [lepma pizanigs LK BinoOpaskae HasiBHICT BUIIa{iHb B KOPOHi 200
IUITHOK 3 JIIOMiHecIeHIielo cBiTiime ¢ory miiBku. pyra pizaurs LK Biamosimae minsHkam 3
TOYKaMH IHTOKCHKAIii, 3 03HaAKaMH JeTeHeparlii, SKi 3'IBISIOTHCS TPH METa0OIIYHUX TOPYIICHHIX
1 CTpYKTypHHX Iepe0ynoBax B TKaHWHaX. llicms mpuiioMy MiHEpadbHOI BOAM CIHOCTEPIraeThCs
3HaYHe 3MEHIeHHS pizHuIi Max-Med Ha 2-My i 3-My maiblsx (30HH TOBCTOI'O KHUIIEYHHUKA i
HHUPOK), SIKi CIIOYaTKy OyJIM BHCOKHMH, IO BiI3EPKAIIOBANO 3MEHIICHHS IHTOKCHKaIii. Y mux
cekTopax 3Mmenmmiacs Med-Min, ToOTo i BUNIaliHHS B KOPOH.

Ha 4 n. ue#t napameTp He 3MiHUBCS (30Ha crareBoi cdepn). 3MIHM OLIHIOBAaHUX ITApaMeETPiB
KipJIiaHOTpaMU JTO3BOJISIIOTh OI[IHUTHU THII CBITIHHS y JaHOTO MAI[iEHTAa B 3araii, sSIK CHIOKPUHHO-
TOKCHYHHI 3 aKTUBHUMHU peakiisMu amganranii. Ha 2-my 1 3-my manpusx mo BimHomenHto SIC
MEePEBAXKAIOTh IHTCHCHUBHI UISHKA B KOPOHI HaJ OLbIN CBITIMMH, IO PO3LIHIOETHCS, K TOYKH
inTokcukanii. Ha 4 m. Ha T 3uHmwkeHoi SIC € OLIbII CBITMI AUISHKH, IO PO3IIHIOETHCS, 5K
BUTIAIIHHS B OUPKYJALii eHeprii. BUCHOBOK: y mariieHTa 3MilllaHWK THI CBITIHHSA 31 30epeKeHIMHA
peakmisimu anmanrtamnii. [licias mpuiioMy MiHepaJdbHOI BOAM CBITiHHSA OMMKYe IO HOPMAIBHOTO.

Edexr Bix Teparii moO3UTUBHUHN 1 TIPOJIOHTOBAHUH.

Tpuxnao 2. layienm JI.

Iupuna koponu / Crown width Piznuus PisHuus Ho
MiX 710 Ta MiX 10 Ta | mpuiiomMy
. IMics mpuiiomy . micna / Dif- | micna / Dif- | Bomgm /
Manews /| Ao mpuiiomy soau/ Bomm/After receiving Ho/ Hicas / ference ference Before
Finger | Before receiving water water Before After | petween be- | between be- | receiving
fore and after | fore and after | water
Med- | Max- Med- | Max- | Pisuumus | Pisauus . Max-
Med | ‘Min | Med | M| Min | Med |Max/Min|Max/Min| Med Med-Min | peq
1 2 3 4 5 6 7 8 9 10 11 12
2-if 53,5 8,5 20,5 54 8 8 8 0 0,5 -0,5 -12,5
3-i 60 13 10 56,5 | 22,5 15,5 -3 -7 -3,5 9,5 5,5
4-id 55 13 30 57 11 7 17 -4 2 -2 -23
BsIC Med no Med- Max-Med Med micis Me.d- Max-Med Tun ceiminns
Min n0 J10 Min
2-i 0,06218 0,022884 0,029908 0,126931 0,061275 0,032863 Oecenepayis
3-ii 0,111399 0,03886 0,050905 0,125958 0,048639 0,032772 Oezenepayisi
4-i 0,097103 0,042916 0,041511 0,111438 0,033718 0,049184 Odezenepayis
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3a pizanmero Med-Min mIMpHHA KOPOHM y TAIli€HTAa BUIAAIHHSA BifCYyTHI a0o He3HauHi. 3a
pesynbratamu Max-Med 11K iHTeHCHBHICTh KOPOHH 3HaYHA Ha 2 II., SIKa TCIIS MPUHAOMY BOJIM 3HUKIIA,
10 MOXKe OyTH TIOB’SI3aHO 3 IHTOKCHKAIIi€I0 a00 gereHepariero. 3 ananizy BigHomeHHs SJIC — € o3Hakn
nereHepartii. [Ticms mpuifoMy Boam BoHH 3MeHIIHcs. [licis npuitoMy BoH 3a Pi3HMIICIO MeTiaH Ha 3
1. BiI3HAYaeThCS 30UTBIICHHS BHIAiHb 1 iHTOKCHKAILi, 0 € TO3UTHBHOIO PEaKIi€l0 OpraHi3My, i
BiIOMBa€ aKTHBALIIO JE3IHTOKCHKAI[IMHUX CHCTEM Ta BETreTaTWBHOI Peryiilii, y TOpIBHAHHI 3
MOYATKOBHMH O3HAKaM{ JICTCHEPATHBHOTO THITY CBITIHHA (MOHOTOHHICTH pi3HHMIB). Ha 4 m
CIIOCTEPIraeThesl 3MEHILECHHS IHTOKCHKANT 3a pisHuneto Max-Med BinHomeHHs SIC micis BXKUBaHHS
BOJM. BHCHOBOK: y MallieHTa TOKCHKO-JICTCHCPATUBHUI THUI CBITIHHA 31 3HIDKCHUMHU pPeE3cpBaMU
anmarrranii. [Ticys mpuiioMy BOJIU O3HAKH IHTOKCHKAIT 1 ierenepartii 3MeHmvmcs. KitiHigHo eekT Bif
MPOBEJICHOI Tepartii OYB XOPOIIKM, ajie He TPUBAINM, 3arOCTPUIIACS KaP/Ii0JIOTiYHA MAaTOJIOT IS

Ilpuxnao 3. [layienmxa C.

Iupuna koponu / Crown width Pizuuis Pisuuns Tlo
MDX JI0 Ta | MiX 70 Ta M
. . npuiiomy
[Micas mpuitomy e/ e/ BoIH/
Masers/ Jo npuitomy BoaH/ som/After receiving Ho/ Ticns/ Difference |Ditference Before
. Before receiving water Before After between between ..
Finger water receiving
before and |before and
water
after after
Med- Med- | Max- | Pisuuus | Pisauis .
Med Min Max-Med | Med Min Med  [Max / Min | Max / Min Med Med-Min |Max-Med
1 2 3 4 5 6 7 8 9 10 11 12
2-i 55,5 | 27,5 13,5 61 10 14 - 14 4 5,5 - 17,5 0,5
3-it 65 15 20 67,5 | 18,5 15,5 5 -3 2,5 35 -45
4-it 61,5 8,5 26,5 63 8 10 16 2 1,5 -0,5 -16,5
BSIC Med no Med- Max-Med no Med micins Me(.i-Mm Ma).c-Med Tun ceiminms
Min no TicsIs mics
2-if 0,139091 | 0,048181 | 0,241591 0,111578 0,034197 | 0,136907 Endokp.-
MoKCUYHULL
3-it 0,132292 | 0,024697 | 0,139313 0,140955 0,034994 | 0,059046 Endorp.-
moKcuuHuLl
4t 0,144163 | 0,104838 | 0,083381 0,133333 0,046124 | 0,020041 Enoowp.-
MOoKCUMHULL

ITo pi3HOMaHITHUM BiAMIHHOCTSM MeIiaH NIUPUHH KOPOHHW BCiX OOCTEKEHHX TAaJbIIB —
MAalOTh MiCIle O3HAKH K BHIMIAAIHb B KOPOHI CBITIHHS, TaK i IHTOKCHKAIIil, SIKi TCIIS IPUHOMY BOAH
3MEHIIUIIKCS. BiMHOIIEHHS SICKPaBOCTI CBITIHHS - B HOPMi, 3 BHpakeHOI0 pizHHUICI0 Med-Min Ha
4 1. — iHTOKCHKamis, BupaxkeHa Max-Med Ha 2-My 1 3-My majpOsx — BUIAJaHHA B KOPOHI, fAKi
Hicisl MpUHOMY BOJM 3HAYHO 3MEHIIWIIMCS. BUCHOBOK: y mami€HTa eHIOKPUHHO-TOKCHYHUH THII
BUIIPOMIHIOBaHHS 3 HOPMaJIbHUM eHepro-iHgopmauiiiHum romeocrasoM. Ilicis npuitomy Boau
O3HaKM BereTonartii Ta iHTOKCcUKanii 3MeHmwics. KiiHiunuii edexT Bix ctanaapTHoi Teparnii OyB
JNOOpHH 1 TpUBAIIUH.

BUCHOBKH

1. Otpumani pe3ynabraTh OOpoOKM KipiliaHOrpaM NalbLiB PYK JIOAMHU BiINOBIAAIOTH
KJIIIHIYHAM CTaHaM IaLi€HTa.

2. Meron kipmiangororpadii i3 3anponoHOBaHOI0 KOMITIOTEPHOI0 0OPOOKOI0 300paKeHb MOXKE
OyTH BHKOPHCTAHHH, SK CKCMPEC-METOJ OLIHKH PEeaKiiii amanmTauil OpraHi3My JIOAWHH Ta Mae
OPOrHOCTHYHE 3HAYCHHS 111 BU3HAUCHHS PU3UKY BUHUKHEHHS 3aXBOPIOBaHb Ta Mepebiry XBOpoOH.

3. Metop kipmiangortorpadii Moke OyTH BUKOPHCTAaHHUK IS OLIHKA BIUITMBY IPUPOIHUX BOJ
Ha OPTaHi3M JIIOIUHHU.
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ABSTRACT

THE USE OF THE METHOD OF KIRLIAN PHOTOGRAPHY IN THE
EVALUATION OF NONSPECIFIC ADAPTATION REACTIONS
OF THE HUMAN BODY

Relevant is the assessment of non-specific compensatory reactions of the body's adaptation on to
the biochemical and structural level to adverse factors internal or external environment that determines
the risk of a disease or the course of an existing disease. Such influence is implemented at the level of
quantum field and bioenergetic interrelations between them and is visualized in the form of
luminescence in a high frequency field known as the Kirlian effect. The paper presents the results of
kirlian- photo fingers latching on X-ray film 8 patients with blood diseases. The status of adaptive
reactions in them was analyzed according to the change of type of illumination on the photograms,
according to the criteria of P. Mandela in 5 minutes after taking natural water as the test display.
Determined endocrine type glow in disorders of autonomic regulation, with a characteristic loss in the
crown; toxic type at activation of metabolic processes, with characteristic point of the prominences at
the crown, a degenerative type of glow in dystrophic and structural changes in cells and tissues of the
body, increasing the intensity of the illumination and effacement streamer pattern. The obtained images
were scanned to determine the emission regions corresponding to organs and systems of the body.
Quantitatively, the estimated width of the crown of illumination, the characteristics of the image
brightness: the median relations of the minimum and maximum brightness values and their difference.
In 5 out of 8 (62.5 percent) with an initially reduced brightness (degenerative type of illumination) is
increased (up to 0,094-0,137), with different directional delta in the width of the crown. This reflects the
appearance of point of intoxication, losses in the crown, less intensive, normal streamer pattern in the
crown that is positive for the disease. The observed changes in energy activity, the systems of
adaptation of patients after administration of natural waters has been correlated with efficacy in the
future standard treatment, which determines their prognostic value in clinical practice. The examples of
analysis of photograms 3 fingers of the right hand with the localization of sectors of the regulatory
systems and the drainage of the organs of patients with different diseases and types of Kirlian
luminescence. patient with multiple myeloma installed a mixed type of luminescence reactions with the
stored adaptation. After taking natural water glow became close to normal. The effect of the standard
therapy was a positive and prolonged. In a patient with B-cell NHL revealed a toxic-degenerative type
of emission, with reduced reactions of adaptation. After taking the water signs of intoxication and
degeneration diminished, but not disappeared. The effect of treatment was insufficient and of short
duration. The method of kirlianography with the proposed computer image processing can be used as a
rapid method for evaluation of adaptive reactions of the human body and has prognostic value for the
disease, and to establish risk of disease. It can be used to assess the effect of samples of natural waters
on the human body.
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BAKTEPII POLY Lactobacillus, BUILTEHI 31 IILTYHKOBO-
KHIIKOBOI'O TPAKTY KPOJI#, AIK OCHOBA ITPOBIOTUYHOI'O
ITPEITAPATY JJIAA JIKYBAHHSA TA TIPOPIJIAKTUKH
CAJIbMOHEJIbO3HUX IHOEKIIIA

Anortamisi. [IpencraBneni aaHi JOCHiDKCHHHS aHTarOHICTHYHOI aKTHBHOCTI OakTepiii pomy
Lactobacillus, BuniieHnX 31 MUTYHKOBO-KHIIIKOBOTO TPAKTY KPOJIS, A0 HAHOLIBII PO3MOBCIOKEHUX
30yJHHUKIB CAIbMOHEIhO3HUX iH(peKIii. [t moxaneiioi podotu OyB BimiOpanuit mram L.helveticus
13/2, sxuii yTBOpIOBaB HAOLIBLII 30HM 3aTPUMKH POCTY MAaTOTCHHHMX MIKpOOpraHi3miB. BeeneHHs
JIOCJIITHUM TBapHHAM per oS MOJIOKa ()epMEHTOBAHOTO JIOCII/DKYBAaHUM LITAMOM 3 MPOQLIAKTHIHOO
MeToro, 103BouIHI0 30epertu 100% mocititHuX TBapyH NpH 3apaxeHi S. typhimurium ta 90% npu — S.
enteritidis. Takox, TPeACTaBIEH] JaHi II0JI0 MOJIMBOCTI BUKOpUCTaHHs 1uTamy L.helveticus 13/2 3
METOIO JIIKYBaHHS CaJIbMOHEJIO3HMX iH(EKIil 3a IOJEHHOr0 BBEACHHS JOCIIHIM TBapHUHAM per OS
MOJIOKa (pepPMEHTOBAHOIO JIOCII/PKYBaHUM IITaMOM. Bukopucranus wramy L.helveticus 13/2 nns
JKyBaHHS CaJIbMOHENHO3HUX 1H(EKIH H03B0oIIII0 30epert 75% MOCIiTHIX TBAPHH TPH 3apakeHi S.
typhimurium ta 65% nipu — S. enteritidis.

OOrpyHTOBaHO, IO CeJeKIlioHoBaHWH 1mTam L.helveticus 13/2 € TepCIEKTUBHUM IS
BUKOPHUCTAHHS HOTO SK OCHOBH JIIKYBaJLHO-MIPO(IIAKTHIHOTO MPOOIOTHYIHOTO Tpernapary mnpu
CaJIbMOHETbO3HHUX THPEKITISX.

KarouoBgi ciioBa: jikyBaHHS, NpodijakTHKa, CATbMOHENIH03, MOJIOYHOKHUCI OaKTepil

BCTYII

CyuacHa iH(QEKIHHA TATOJOTiI MOJOJHAKA CLTBCHKOTOCTIONAPCHKUX TBApWH, SK CBiTJaTh
pe3yNbTaT JOCIiDKEHb OCTaHHIX POKIiB, TICHO TIOB’sS3aHa 3 POCTOM OMOPTYHICTHYHHX KHITKOBHX
iHOeKmid, 30yIHUKAMH SIKUX € TATOTeHHI Ta YMOBHO-TIATOTeHHI OakTepii. OCHOBHMM OioTONIOM
MAaTOTeHHUX Ta YMOBHO-TIATOTEHHUX MIKPOOPTaHI3MIB, 30KpeMa CaJIbMOHEN, € KHIITKOBHUK
TETUIOKPOBHUX TBapWH. Lli MIKpoOpraHi3aMH MIMPOKO IMPKYIIOIOTh B TOCIOIAPCTBaX, MAalOTh
PI3HOOIYHMI CIIEKTp BIPYJICHTHOCTI, B TOMY 4HCIi aHTHOloTHKOCTIHKOCTI [1, 11]. Bucoka exonoriuna
IUIACTUYHICTh LIMX MIKPOOPraHi3MiB JIO3BOJISIE M TpHMBaJIMii wac 30epiraticsi y pi3HHX 00 €KTax
30BHILIHBOTO cepenoBHIna. Hampukiaa canbMOHENHM y TNpPOAYKTaX XapuyyBaHHS Ta BOJI MOXYTb
BIDKMBATH JICKUJIbKA THKHIB B 3aJISKHOCTI BiJl YMOB (TeMIieparypa, BOJIOTICTb 1 iH.), a y KOpMax s
TBapuH — Micsaisimu [3, 6, 9, 13, 16, 23]. Ilpu 3HayHOMYy OOCIMEHIHHI KOPMIB, 30BHIIIHBEOTO
Cepe/loBHIIa eHTepOOaKTepii MIBU/IIE HDK MpeIcTaBHUKM oOuiratHoi Mikpodutopu (6idinodaxrepii,
MOJIOYHOKHCITi, TIPOITIOHOBOKHCITI OaKTepiii TOIIO) KOJOHI3YIOTh KUIIIKOBHUK HOBOHAPOKEHUX TBAPHH,
BUKJTMKAIOYX XBOPOOH IIUTYHKOBO-KHIITKOBOTO TPAKTY 3 HiapeHHIM CHHIPOMOM.

Kpim Toro, 3rizHo 3BiTiB BeecBiTHBOI opranizarii oxoporu 3710poB’s (BOO3) 30imbIeHHS
BUPOOHHWIITBA TPOAYKII TBAPUHHOTO IIOXO/KCHHS CYNPOBOKYETHCS 3POCTAHHSIM CITAJIaXiB
XapYOBUX TOKCHKOIH(MEKIH, y Tomy uncm y kpaimax CHJ 3aXBOproBaHICTh CalbMOHEIHO30M
JIOJVHM Ta TBapWH 3a ocTaHHi 15 pokiB 3pocna y 7 pasiB. 3a BucHOBKaMu ekcreprtie BOO3
CAJIbMOHENIb0O3HA 1H(EKIlsT He Mae co0i pIBHMX 3a CKJIATHICTIO EMi300JI0Tii, emijeMoJiorii Ta
BaXKicTIO 60poThOH 3 Hero [10, 22].

B nauwmit wac ans nikyBaHHS Ta NPOQUIAKTHKHA CAIbMOHENBO3Y 3aCTOCOBYIOTH KOMIIJIEKCHI
aHTubakTepiajgbHi npenapatd. AHTHOIOTHKY 1 XIMIOTEpaneBTHYHI 3acO0M He 3aBXKAH €PEeKTUBHI,
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OCKIJIbKH, CallbMOHENIM MArOTh CTIMKICTh 0 OaratboxX aHTuOioTHKIB [14, 15]. ¥V 3B’sA3Ky 3 UM
BOO3 =e pekoMeHye BUKOPUCTOBYBATH aHTHOIOTHKH B 60poTHOi 3 maHoM0 iH(ekmiero [12, 21].

[TomupeHHs caTbMOHENBO30HOCIHCTBA Cepex JIOACH 1 TBapWH, BiACYTHICTh TEHICHIII 10
3HIDKEHHST 3aXBOPIOBAHOCTI B OUTBIIOCTI KpaiH CBIiTY, 30UIbIIEHHS KOHTaMiHAIlli CaJlbMOHEIaMU
pi3HEX OO'€KTIB 30BHINIHBOTO CEPEIOBHINA CHOHYKAIOTh MO0 HEOOXiTHICTh IOIIYKYy HOBHX
e(heKTUBHHX 3ac00iB OOPOTHOM i3 3axBoproBaHHAM [20]. OMHUM i3 NUISIXiB BUPIMICHHS TIPOOJIeMU
CalIbMOHENB03Yy € BUKOPUCTaHHs MpobioTukiB. HalwacTime 10 iX ckiiagy BXOJISATH HPEICTaBHUKH
o0JtiraTHOT MIKpOQJIOPH IIUTYHKOBO-KHIIKOBOTO TPAaKTy JIOAMHU 1 TBapuH — OakTepii pomiB
Bifidobacterium ta Lactobacillus, 31aTHUX TIPOSIBISATH aHTAaroHi3M /0 TaTOr€HHUX i YMOBHO-
NaTOTeHHUX MIKpOOPTaHi3MiB Ta KOJIOHI3yBaTH KUIIKOBHK [ 18, 19].

MATEPIAJIM TA METOJUKA JOCJILI’)KEHb

O06’exTamMu ToCTiKeHHS Oynu mTamu O6akTepii poxy Lactobacillus, BUnineHi 3 TUTyHKOBO-
KAIIKOBOTO TPaKTy KpOJIB Ta IiHAGHTH(]iIKOBaHI y maboparopii mpobiotukiB IHCTHTYTY
CUIBCBKOTOCIIONApChKOT MikpoOiosorii Ta arponpomuciioBoro upoonunrsa (ICMAB) HAAH
VYxpainn. MonouHokucii Gaxrepii KyJIbTHBYBAJIM YIPOAOBXK 48 TroJuH Ha arapu3oBaHOMY
rizponizoaHomy Mosoni [7]. Tecr-kynpTypamu ciyryBajgu JBa INTaMH OakTepidi poxay
Salmonella: Salmonella typhimurium Ne 89, orpumanuii 3 UepHiriBcbkoi 007acHOi caHiTapHO-
emigemionoriunoi cranuii, Ta Salmonella enteritidis U1 var. Issatschenko, oTpuMaHuil 3 KOJEKIIi
mTaMiB  MikpoopraHi3miB Jsabopatopii mpoGiotukiB ICMAB. IlatoreHHi MiKpOOpraHi3Mu
KyJIbTUBYBaJH Ha M sico-nentoHHOMY arapi (MIIA) mpm temmeparypi 37°C. JlocmimkeHHS
AHTArOHICTUYHOT AKTUBHOCTI TPOBOIAWIW in Vitro nudy3HuM MetogoMm OmokiB [2]. Iltamu
Gaxrepiii pomy Lactobacillus BBaxkaicss HaMW HEAKTUBHUMH TIPH YTBOPEHHI 30HU 3aTPUMKH
pocty 0-5 mm, Bim 5 mo 10 MM — Mano aktuBHUMH, 11-20 MM —akTUBHUMH, Oinbmie 20 MM —
BHCOKOAKTUBHUMHU. BiJMOBIIHO aHTarOHICTUYHY aKTUBHICTh JAOCHIDKYBAaHUX IITaMIiB OIIHIOBAJIN
SIK «BIJICYTHIO», «CIIA0KY», «ITOMIpHY» Ta «CHUIIbHY».

JocnijpkeHHsT MOXJIMBOCTI BHUKOpHCTaHHS Oakrepiii pony Lactobacillus, BunineHnx 3i
IHITYHKOBO-KHUILIKOBOTO TPAKTy KPOJIs, Ul NPO(]iIaKTHKU calbMOHEIbO3HUX 1H(EKLiH MpoBOIHIH
y BiBapii iadopatopii npobiotukisB ICMAB y nocninax in vivo Ha 6inux 1a00paTOpHUX MUIIAX,
Baroto 10-14 r. TBapuHu Oyiu po3aineHi Ha TPY KOHTPOJIBHI Ta JBi fociiHi rpymny, o 10 romis B
KOKHIH. TBapuHM HEpIIOi TPyNH 3alWINANUCS IHTAKTHHUMH, iM 3rOJOBYBaJIM YIPOIOBX BCHOTO
eKCIIEPUMEHTY JIMIe 3BUYAHWNA parioH. TBapuHW Apyroi Ta TPeThOi KOHTPOJIBHUX TPYII
OTPUMYBIM 3BUYAWHHUN PaIlioOH, a Ha BOCBMY J00Y JOCTiny iM 3amaBayid per oS CyCIeH3ii, 10
Mmictwm  Salmonella typhimurium Ne 89 ta Salmonella enteritidis Y1 var. Issatschenko
BigmosixHo. Koxkna 1no3a Bkimouana He menmre 2,5x10° KYO 6Gakrepiit. TBapuHaM 4eTBepToi Ta
I'SATOI JOCHITHUX TPYI, YHOPOAOBXK TIXKHA, OKPIM 3BHYAHHOTO pAIliOHYy, per oS 3aJaBald
(dbepmentoBane mramoM Lactobacillus helveticus 13/2 3HeXHpEHE MOJIOKO, B 11031, 1110 MICTHJIa HE
menme 1x10° KYO 6axrepiii. Ha BockMy 100y eKCIEpHMEHTY TBApHHAM JOCTIAHHX TPy Gyiu
3ajaHi cycneHsii, mo wmictuinu Salmonella typhimurium Ne 89 (uerBeprtiii rpymi TBapuH) Ta
Salmonella enteritidis Y1 var. Issatschenko (I’sTili Tpymi TBapuH) y THX CaMHX J03axX, IO H
TBapUHaM JIPyroi Ta TPEThOi KOHTPOJBHUX TPYyN. 3a CTaHOM 3/0pOB’S MUILIEH CIIAKYBaIH
ynponoBx 15-tu 1i0, micis BBeneHHs 6akrepiit pony Salmonella.

JlocmipkeHHST MOJKJIMBOCTI BHKOPHCTAaHHSA Oaktepii poxy Lactobacillus, BupineHux 3i
UTYHKOBO-KHIITKOBOTO TPAKTY KPOJISI, JJIs JIKyBaHHS CaJbMOHEIhO3HUX 1H(EKIH MPOBOIWINA Y
BiBapii maboparopii nmpobiotrkie ICMAB y mocminax in vivo Ha Oinux J1abOpaTOPHUX MHIIAX,
Baroro 10-14 r. TapuHu Oynu po3aisieHi HA TPW KOHTPOJBHI Ta ABi MociigHi rpymnu, o 10 romis
B KOXHIH. TBapyuHU Tepioi rpynu 3aIUIIaINCs IHTAKTHAMM, iM 3TOJIOBYBAIH YIPOJOBK BCHOTO
eKCIIEPUMEHTY JIMIe 3BUYAWHUN pamioH. TBapwHaM Jpyroi Ta TpPeThOi KOHTPOJIBHUX TPYIT
3ajaBaiu per os cycnensii, mo mictuiau Salmonella typhimurium Ne 89 ta Salmonella enteritidis
Yl var. Issatschenko Bizmosimno. Koxza mosza Bkmouana se menme 1x10° KYO Gakrepiii.
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TBapuHaMm AOCHIIHUX Tpyn OyiM 3amaHi cycnensii, mo mictunu Salmonella typhimurium Ne 89
(aetBeprTiil Tpymi TBapuH) Ta Salmonella enteritidis U1 var. Issatschenko (1’ ATt TPy TBapHuH) y
THUX CaMUX /103aX, 1110 ¥ TBapuHaM JPYroi Ta TPeThOi KOHTPOJIBHUX I'pyl. TBapuHaM 4eTBEPTOi Ta
I’ SITOT JOCHITHUX TpyM, Yepe3 20 XBUINH ITICIS BBEACHHS CYCIIEH3iH, 110 MiCTHIIN OakTepii poxy
Salmonella ynponosx 15 mib, okpiM 3BHYAiHOTO paIliOHy, per 0S 3amaBaiul (hEpPMEHTOBAHE
mramoM Lactobacillus helveticus 13/2 3HeXUpEHE MOJIOKO, Y 1031, IO MIiCTHIa HE MEHIIE 1x10%
KYO 6akrepiii. 3a craHOM 3J0pOB’sI MHLIEH CIIJIKyBaJIH YIpoaoBxk 15-1u 1io.

PE3YJbTATH JOCJILIXKEHb TA IX OBIOBOPEHHS

VY nonepenHix AOCHDKEHHSX HaMu oTpuMaHo Oinpuie 80-TH i30JTIB MOJIOYHOKHCIMX
OakTepiil 31 IUTYHKOBO-KHMIIKOBOTO TpakTy KpouiiB. st mopanbiioi poboTH ceneKkiioHoBaHO 7
mraMiB. BuioBy HalIe)KHICTh BUAIIEHUX YHCTHX KYJIBTYpP MOJOYHOKHCIMX OaKTepiii BU3HAYAIH
Ha OCHOBI BUBYECHHS MOP(OJIOTIYHUX, KYJIBTYPaJIbHUX Ta (i31070T0-010XIMIYHUX BIaCTHBOCTEH.

OnHiero 3 TOJOBHUX BUMOT TIpU BigOOpi MpOOIOTHYHHMX INTaMiB MIKpOOPTaHi3MIiB € iX
aHTArOHICTUYHA aKTUBHICTH MIOJI0 MATOTEHHUX Ta YMOBHO-TIATOTEHHUX OaKTEPii.

Ha aHTaroHicTHYHy aKTHBHICTH MOJIOYHOKHCIHX OaKTepiil JOCITITHUKHN 3BEPHYIH yBary, Iie
B XX CT., 0COOMMBO B 3B’S3KY 3 X Ji€f0 Ha MiKpO(IIOpYy MUTYHKOBO-KHITKOBOTO TpakTy [17]. Llei
(hakT BUKJIMKAB OCOONMBY 3alliKaBICHICTh B 3B’A3KYy 3 THM, IO JEAKi NPEACTABHUKH JTaHHUX
MIKpPOOPTaHi3MiB 3/IaTHI BHTICHATH OONIraTHy MiKpo¢uopy B IUIYHKOBO-KHIITKOBOMY TPAaKTi
monuHA Ta TBapuH [8]. Pasom 3 TuM, BiIOMO, [0 MpOsIB OIOJIOTIYHHX BJIACTHBOCTEH
MIKpOOPraHi3MiB y TOMY YHMCJIi 1 aHTaroHICTHYHUX, YacTO OOYMOBJICHI JKEPEJIOM iX BUAIJICHHS.
3o0kpema, OararbMa BYEHMMH OyJO JOBEICHO, IO MNPEICTAaBHUKH OJHOTO W TOr0 X BHIY
MIKpOOpraHi3MiB, BUIJICHUX 3 PI3HUX €KOHIIII, TIPOSIBISIIOTH Pi3Hy 0i0JI0TiYHYy aKTHBHICTB[4, 5].

OpHak B JOCTYNHIM HaM JIITEpPaTypi BIACYTHI JaHI BiIHOCHO AHTArOHICTHYHOI aKTHBHOCTI
MOJIOYHOKHCIIMX OAKTepil, BUAUICHUX 3 IITYHKOBO-KHIIIKOBOTO TPAKTY KPOJIiB.

PesynbTaTil MOCHiPKEHHS aHTAroHICTHYHOI aKTHBHOCTI Oakrtepiii pomy Lactobacillus,
BUAUICHUX HAMH 31 IUIYHKOBO-KHIIKOBOTO TPaKTy KpOJiB, A0 CAlbMOHEN  MPEICTaBJICHI B
tabymmi. OTpuMaHi aHi CBigYaTh, M0 BCi ImTaMHu, OKpiM L. casei 5/4, MpOSBISUIA CEpeHIO Ta
CHWIIbHY aHTaroHICTUYHY aKTHBHICTB 10 Salmonella enteritidis U1 var. Issatschenko ta Salmonella
typhimurium Ne 89. Jlnsa monmanpimoi pobotu OyB BimiOpanuit mram L.helveticus 13/2, sxuit
YTBOPIOBAB HaOLIBIIY 30HY 3aTPUMKHU POCTY JOCHIPKYBaHUX TECT-KYJIbTYP.

Tabauns. AHTaroHicTHYHA aKTHBHICTH 6akTepiii poay Lactobacillus, Bupinenux 3
IIJYHKOBO-KUIIKOBOTO TPAKTY KPOJIiB 10 6akTepiii poxy Salmonella (n=5)
Table. Antagonistic activity of bacteria of the genus Lactobacillus, isolated from the digestive
tract rabbits to bacteria of the genus Salmonella (n = 5)

TlocimkyBasi mram / CepenHi 30HU 3aTPUMKH POCTY CaIbMOHEN, MM/ Average area
Tnvestigated strains stun‘te‘d .growth of Salmonella, mm . ‘
Salmonella enteritidis U1 Salmonella typhimurium Ne 89
L.lactis 4/1 14,2+0,2 13,5+0,3
L. casei 5/4 8,0+0,1 9,5+0,3
L.helveticus 13/2 20,5+0,5 18,3+0,3
L.salivarius 16/1 12,3+£0,3 14,3+0,3
L.salivarius 16/3 11,2+0,5 12,5+0,5
L.salivarius 17/2 17,3+£0,3 15,5+0,5
L.salivarius 17/3 15,0+0,5 16,3+£0,6

Ipumitka: p<0,05



180

B nmocmigax in vivo Ha Oinux J1abopaTOpHUX MUIIAX HAMH JOCTIHKEHO MOXKIHUBICTH
BUKOpPHUCTaHHA mTamy L.helveticus 13/2 3 MeTOO NPOQIIAKTHKH CATbMOHEIHO3HUX 1HQEKITIH
(mam.1).
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A) The first group, survival heads B) The second group, survival heads
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Pucynok 1. EdpexkTuBHicTs BUukopuctands mramy L.helveticus 13/2
JIs1 MPOQIIAKTHKY CAJIbMOHEIbLO3HUX iH(ekii (n=10)
Figure 1. Efficiency of strain L.helveticus 13/2 for the prevention
of Salmonella infections (n = 10)
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BcTanoBneHo, M0 yIpoaOBXK MEPIUX S5 Mi0 crocTepekeHHs, 30epeKeHICTh TBAPUH CKTajia
100% B ycix Tpymax, OKpiMm Ipyroi KOHTPOJIBHOI, 1€ 30epekeHicTh cTaHoBmIa 75%. Y nepion 3 6-1
mo 10-Ty 100y cMepTHICTh TBapHH Y IpYTild KOHTPONBHIH rpymi ckiana 50% Tta 65% y Tpertiit. Y
el ke Tepiof] CIOCTEPeKEeHHST 30epeKeHICTh TBAPUH y YETBEPTIH Ta I ATIH JAOCTIIHUAX TPymax
cknama 100%. B3aranom, 3a BeCh TEpMiH CIIOCTEPEIKEHHS y IPYTiil Ta TPETid KOHTPOJIBHUX TPyMax
cMepTHicTh TBapuH csaria 100%, a y AOCHiIHMX Tpymax jmiie y I sTid BoHa cknana 10%. Y
Hepiliii KOHTPOJIBHIN TPYI 32 Yac eKCIePUMEHTY NaJiXk OyB BiJICYTHIH.

Orxe, Oyll0O BCTaHOBIECHO, WIO BHKOpUCTaHHs Imtamy L.helveticus 13/2, 3 Meroro
npodinakTUKu iH(IKYBaHHS CaIbMOHEIBO30M, J03BonmI0 30epertu 100% nociimHuX TBapuH y
rpymi npu 3apaxensi Salmonella typhimurium Ne 89 ta 90% - npu Salmonella enteritidis Y1 var.
Issatschenko.

Hamu Takox y nocmigax in vivo Ha 0611MX 1a00paTOPHUX MHUIIAX BCTAHOBJIEHO MOXKJIMBICTD
3actocyBaHHs mTamy L.helveticus 13/2 npu canbMOHENBO31 3 JIIKYBAILHOIO METOIO (pHC. 2).
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Pucynok 2. EdpexTuBnicts Bukopucranusi mramy L.helveticus 13/2 nas rikyBaHHS
caJIbMOHEeJBO3HUX iHpekuii (n=10)
Figure 2. Efficiency of strain L.helveticus 13/2 for treatment
of Salmonella infections (n = 10)

Tak, mix yac 3apakeHHs1 MuIIel mramoM Salmonella typhimurium Ne 89 y nepmri i’ atb 1i6
CMEPTHICTh TBapHWH y NOCHITHIN TPy 3MeHIWIachk B 5,5 pasiB, a Salmonella enteritidis Y1 var.
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Issatschenko — y 4 pa3u OpiBHSAHO 3 KOHTPOJIFHUMHE IpynaMu. Takoxx, HAaMH OyJo BiIMiueHO, 0
BXKE Ha T’ ATy 100y JIKyBaHHS y JACIKHX MHUIICH JOCHITHUX TPy, Oy BIACYTHI KIiHIYHI O3HAKH
3axBoproBaHHs. [IOpiBHAHO 3 KOHTPOJEM, CYTTEBO 3MEHIIIMIIACS CMEPTHICTh TBAPHH Yy TEpiof 3 6
mo 10-ty nmoOy mikyBaHHA. Y 4UeTBEpTiM MAOCHiAHIA Tpymi 3a [ed Mepiox crocTepiraroch
3MEHIICHHS! CMEPTHOCTI TBapHH y 9 pa3iB, MOPIBHAHO 3 IPYroi0 KOHTPOIBHOIO Tpymoro. Takox,
3a/1aBaHHA MOJIOKa, (HDEPMEHTOBAHOTO JIOCHTIKYBAHMM IIITAMOM MOJIOYHOKHCIIHUX OaKTepii,
BUSIBUJIOCH €(EKTUBHMM Yy IUSATiH AOCHiAHIM Tpymi, Je CMEpTHICTh 3MeHIWIach y 4 pasy,
HOPIBHSHO 3 TPEThOIO KOHTPOJBHOIO rpymnoto. Ilpum BBeneHi 1abopaTOpHUM TBapHHAM JIHMIIC
cycniensiit Gakrepiit poay Salmonella B 103i, mo mictina e menme 1x10° KYO mikpooprauizmis,
CMepTHICTB TBapuH J10 15 nobu ckiana 100%. Y nepuriif KOHTPOJIBbHIN IPyIIi 3a 4ac EKCIIEPUMEHTY
naaix OyB BiJICyTHiH.

Takum unHOM, BuKOpHcTaHHS 1uTamy L.helveticus 13/2 nnst nikyBaHHS CaJIbMOHENbO3Y Y
6inux mabopaTOpHUX MHUIIIEH, N03BOIHIO 30epertu 75% Ta 65% nocmigHuX TBapWH IpH 3apakeHi
Salmonella typhimurium Ne 89 ta Salmonella enteritidis Y1 var. Issatschenko BiamosigHoO.

OTpuMaHuli TO3UTHBHUN e(eKT mpu IJIiKyBaHHI Ta TPOQIIAKTHII CaTbMOHEIHO3Y
71a00paTOPHUX TBapWH, IMOSICHIOETHCS HASBHICTIO y OCHTIHKYBBAHOI'O INTAMy MaIOYHOKHCIIHX
OakTepii aHTArOHICTMYHOI AaKTHBHOCTI JIO 30YyIHHKIB CAJIbMOHENBO3HHX IHQEKIIiH, sKa
norepeHpo Oyna gociimkena in vitro. Kpim Toro, 3 miTepaTypHHX KEpel BiIOMO TIPO aATre3uBHY
AKTHBHICTh MOJIOYHOKHCIHMX OakTepid, sfka Ha Hally AYMKY CIpHUsUla KOJIOHI3amil mramy
L.helveticus 13/2 Ha cnu30Bil 0OOJIOHIN IITYHKOBO-KUIIKOBOTO TPAKTy JOCHTITHUX TBApHUH, IO
MOCITY)KHJIO 3aXUCHUM 0apbepoM Ha HIISIXY IPOHUKHEHHS 30Y/IHUKIB CallbMOHENIBO3HUX 1H(EKIIIH.

BUCHOBKHA

JlocmikeHo aHTAarOHICTHYHY AaKTHBHICTH MOJIOYHOKHCIHMX OakTepil, BHIUIGHHX 3i
NITYHKOBO-KUIIKOBOTO TPAakTy KpouiB, n0 Salmonella typhimurium Ne 89  Ta Salmonella
enteritidis Y1 var. Issatschenko. BcraHOBieHO, 10 HAHOUIBIIY aHTArOHICTHYHY AKTHBHICTb
npossisiB wram L.helveticus 13/2.

VY mocninax in vivo Ha Ounx 1abOpaTOPHUX MUIIAX, HAMH BHSBJICHHUH MO3UTUBHUH edekT 3a
BUKOpPHUCTaHHS wmTamy L.helveticus 13/2 3 IikyBanbHOIO Ta NPOQUIAKTHYHOIO METOI0 110
BiJTHOIICHHIO IO CAJIbMOHEIBO3HUX 1HPEKITIH.
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ABSTRACT

BACTERIA OF THE GENUS Lactobacillus, ISOLATED FROM THE
GASTROINTESTINAL TRACT OF RABBITS, AS THE BASIS OF
PROBIOTIC FOR PREVENTION AND TREATMENT SALMONELLA
INFECTIONS

Presents the results of research of antagonistic activity of bacteria of genus Lactobacillus,
isolated from the gastrointestinal tract of rabbits, to S. fyphimurium Ne 89 and S. enteritidis Chl
var. Issatschenko. The data indicate that all strains showed antagonistic activity to the major
causative agents of salmonellosis. For further research was selected strain L.helveticus 13/2, which
formed the largest area of growth retardation studied test cultures.

Also in vivo experiments in mice investigated the possibility of using the test strain to prevent
salmonella infections. It is found that during the first 5 days of observation, the safety of the
animals was 100% in all test groups. Between 6 to 10 day mortality of the animals in the second
control group was 50% and 65% in the third. At the same time monitoring the safety of the
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animals in the fourth and fifth of the experimental groups was 100%. In general, for the entire
period of observation in the second and third groups of control animals mortality reached 100%
and experimental groups only in the fifth group it was 10%.

Presents the results of the research, in vivo experiments in mice the possibility of applying
strain L.helveticus 13/2 for therapeutic purposes for salmonellosis .

For example, during infection of mouse strain S. typhimurium Ne 89 in the first five days of
animal deaths in the experimental group decreased by 5.5 times, and S. enteritidis Chl var.
Issatschenko - 4 times as compared to the control groups. Also, we observed that already in the
fifth day of treatment, some mice of experimental groups , there were no clinical signs of disease.
Compared with the control animals, significantly decreased mortality in the period from 6th to
10th day of treatment. In the fourth test group in this period there was a reduction of mortality is 9
times as compared with the second control group. Also, using fermented milk of lactic acid
bacteria under study was strain effective in the fifth experimental group, where the mortality rate
has decreased in 4-fold compared with the third control group.

It was found that the use of strain L.helveticus 13/2 for the treatment of salmonellosis in
laboratory mice, allowed to keep 75% and 65% of the test animals when infected S. typhimurium
Ne 89 and S. enteritidis Chl var. Issatschenko, respectively.

The resulting positive effect in the treatment and prevention of salmonellosis, due to the
presence in the test strain of lactic acid bacteria strong antagonistic activity to the pathogens
salmonella infections, which has been previously studied in vitro. In addition, the literature is
known about the adhesion activity of lactic acid bacteria, which we believe contributed to the
colonization of the strain L.helveticus 13/2 on the mucous membrane of the gastrointestinal tract of
experimental animals and has served as a protective barrier to the penetration of pathogens
salmonella infections.
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BIOLOGICAL CHARACTERISTICS AND DETRIMENTAL EFFECTS
OF SOSNOWSKYI'S HOGWEED (Heracleum sosnowskyi)

Abstract. The article describes biological characteristics and chemical composition of
Sosnovskyi’s Hogweed as well as its negative impact and discusses the ways to extradicate the
plant. Back in the 1940's Hogweed was primarily cultivated for agricultural production as silage
plant. In the sixties, it was imported onto the territory of this country in order to increase
production of fodder due to such qualities as ruggedness, resistance to cold, fast growth in the
spring and ability to form a large vegetative mass with a high content of carbohydrates, vitamins
and minerals. However, the presence of furocoumarins in the green mass of plants that goes for
silage, had a negative impact on animals’ health, it also decreased the quality of agricultural
products. The result was complete rejection of its cultivation otherwise it may have led to a quiet
disaster in the areas of its growth due to the significant number of seeds and their fast spread.
Moreover, it was later found that Hogweed was poisonous.

Over the past decades, the plants have become particularly widespread. They represent the
invasive species, which were imported from the Caucasian mountains. All today's problems are
mostly linked with only one species, the “aggressor” of the roadsides and neglected fields —
Sosnowskyi’s Hogweed (Heracleum sosnowskiy).

Key words: Sosnowskyi’s Hogweed (Heracleum sosnowskyi), biological characteristics,
chemical composition, negative and positive consequences, the main ways of weed control:
chemical, agronomic, biological and mechanical.

INTRODUCTION

Hogweed Sosnowski (Heracleum sosnowskyi) is an invasive plant to the Ukraine's flora,
originates from the Caucasus, where its young leaves were used for vegetable soups and borsch. Due to
changes in the socio-economic conditions in the country and reforms in the agricultural sector the
culture which was initially grown as fodder (silage) for animals in the 1950-ies, lost its food and
economic value. Through the presence of furocoumarins that trigger severe dermatitis similar to burns
upon contact with the human skin, Hogweed ceased to be cultivated for more than 30 years.

As it turned out this species can easily penetrate into natural ecosystems. Under these
circumstances, and through the general inertness in society Hogweed left the fields where it had
grown, “migrating” along Ukraine: sides of motorways and field roads, railway lines, it appears on
farmland, uncultivated land, vacant lots, home gardens and suburban areas, forest roadsides, parks,
gardens, granaries, warehouses, settlements, canals, ravines, gullies, flood plains of rivers and
streams. At the same time, significant increase of the areas occupied by Hogweed can be observed
as well as ousting of native species of herbaceous and woody (especially needle pine and spruce)
species of plants.

Capturing new areas, it suppresses other vegetation disrupting the normal functioning of the
local natural ecological system and creating its own ecosystem around itself — unacceptable for the
nature of this or that particular location. In the spring, large and broad leaves of Hogweed bloom
before other plants (grass), shading the soil surface where after the colonization other species do
not grow any longer [11; 13].

The purpose of our study was to examine the ecological characteristics of this invasive plant
species — Hogweed Sosnowski (Heracleum sosnowskyi), to determine its distribution and impact
on the environment.
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BIOLOGICAL CHARACTERISTICS OF HOGWEED SOSNOWSKI

Over the past decades, the plants have become particularly widespread; they represent the
invasive species, which were imported from the Caucasian mountains. All today's problems are
mostly linked with only one species, the “aggressor” of the roadsides and neglected fields —
Hogweed Sosnowski (Heracleum sosnowskiy).[6;11; 15].

In the world flora a genus of Hogweed or Heracleum totals nearly 70 species. In the flora of
Ukraine there grow 5 types. There have been numerous attempts in Ukraine to combat Hogweed
Sosnowski. The areas if its distribution expand rapidly, suppressing the natural biodiversity thus
hindering the development of the economy.

Sosnovskyi’s Hogweed (“bear paw”, “the occupier”) is a perennial plant of the family
Umbelliferae with 2-5 years of development cycle. Since the length of the leaves of Hogweed
often reaches 2 m, sometimes up to 3.5 m, hence, the popular name of “Hercules grass.” In three-
five, rarely two-three years out of the central bud forms a floral escape. After fruiting, the plant
dies completely. It is propagated primarily by seeds. The flower is a cyme, white or green-yellow.
The stem of Sosnowskyi's Hogweed is erect, ribbed, with ridges reaching a height of 3 m, has
large feathery leaves and the stem cavity thickness up to 10 cm Hogweed requires extra light, does
not tolerate shade and cover crops. Sensitive to moisture, in dry conditions, grows slowly [9].

Plant autotrophy — requires fertile soil or the application of organic and mineral fertilizers.
Grows well in fertile easy - and cerebrospinale sandy loam soils with pH 5.5 and 7.0. It is a frost -
and cold-resistant culture (under the snow can withstand temperatures down to -40-50°C), reacts
well to freezing temperatures down to -10°C and heat up to +37°C. Seeds germinate at +1-2°C,
and seedlings emerge in +7-10°C. The Root system of the plants stem, well-developed, but does
not deeply penetrate into soil: the bulk lies in the layer up to 30 cm (individual roots reach depths
of more than 2 m). The leaves are strong: 80-100 cm long and 70 cm wide.

The fruit in Hogweed is cremocarpium, which is divided into two mericarps. A mericarp
consists of two halves, what we actually call seeds. So, one monocarbon plant can produce
between 15 20 /in rare years of powerful individuals can give up to 70 thousand/ of viable seeds.
And this is repeated every year. Another “dangerous” feature of the Hogweed fruit is availability
of their outgrowths or “wings”, which significantly increase their volatility and also contribute to
the active spread. The wind is the chief assistant to capture new territories by Hogweed. That's
why it has taken over many thousands of hectares in various regions of the country.

In the first year of development of seed plants a rosette is formed, but the stem and seeds are
formed only in the second year. Sosnovskyi's hogweed blooms from June to August. The seeds
ripen in July-September and are easily shed [2; 16].

Regarding chemical composition, it is worth noting that the distinguishing feature of plants is the
presence of large amount of sugars, making it a well-ensiled green mass. There is also vegetable
protein, tannin, vitamin C and a large number of trace elements. There have been 15 coumarins
discovered in Hogweed that cause inflammation on the skin, the so-called dermatitis [5; 9].

HARMFUL EFFECTS OF PLANTS AND MEASURES
OF ITS EXTRADICATION

In the fields, gardens and cottages, on the banks of the rivers one can come across Hogweed,
which is very dangerous to humans, especially in the summer during its flowering period. Pollen,
the smell and the juice of this plant can cause allergic reaction with severe consequences.

The main hazardous property of Sosnowskyi's Hogweed is that it is able to cause burns on
human skin. Even a single touch may cause burns of 1-3 degrees. And more than 80% burn of the
body surface may lead to a lethal outcome. In case of accidental touch or skin contact with its juice
the the person does not immediately feel pain, such as, for example, in contact with nettle. But
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after a few hours or even days, itching will start along with redness of the affected areas of the
skin. And the formation of fluid-filled transparent bubbles is observed. This indicates the
occurrence of more severe lesions. In severe burns, the temperature rises accompanied by fever,
appear hard to heal ulcers and upon healing dark spots remain in their place for another 2-3 years.
Burns caused by Hogweed are enhanced by sunlight. But even if the person touches the plant at
night, the next morning blisters will appear when struck by sunlight [10; 17].

High activity of Hogweed in the light is connected with the presence in it a special
photodynamic-active substances — furocoumarins. Most furocoumarins are accumulated in the villi
and leaves. When getting on the human skin, these substances are virtually zero reduce its ability
to protect itself against solar radiation. It should kept in mind that the reaction to the contact with a
plant is individual. If the burn has affected eyes, mouth or other mucous membranes, a doctor
should be consulted as quickly as possible [7; 18].

The second negative feature of this species is the fact that the plant itself is an extremely
active and dangerous weed. An important feature of this weed is that it does not tolerate the
proximity of other weeds and crops, and therefore displaces them, gradually spreading to large
areas, acquiring the character of a natural disaster.

The third component of damage is negative impact on local ecosystems. This species
suppresses other vegetation, disrupts the normal functioning of the local natural ecological system
and creates around itself its own ecosystem unacceptable for nature. At mass reproduction and
distribution Hogweed is able to completely displace other native species [1].

Proper crop rotation, intensive land use is the key to reduction of vegetation and the spread of
Hogweed. Easily multiplied by seeds with their good volatility it simply and quickly spreads along
roads, wood paths and bushes, which explains a significant inhibition of combating it. A variety of
methods are used to reduce the number of species. Among the many methods mechanical method
is worth noting, which includes: trimming of flowers in the period of budding, burning, mowing,
manual, individual way of fighting, the use of black plastic film [3].

Cutting flowers during budding and early flowering plants is the cheapest and most effective
way of combating Hogweed in small areas, but it is also one of the most dangerous — it is easy to
get juice and get strong dermatitis in different parts of the body. When cutting the generative
organs it is important to cut only the buds, flowers or small green, not the developed fruit. The
central umbel should be cut as well as umbel of the first order. Umbels of the second and
subsequent orders (if generated) can be cut at their base. To do so the umbel should be held at the
bottom of the stem by a protective glove and only the flowers should be cut. Personal care rules
should be strictly observed to avoid letting the juice from plants make contact with unprotected
areas of the body as well as even wet clothes.

Burning is a very effective way of destroying the seeds of plants in the period of its maturing. It is
important not to miss the right moment for it — before the full ripening in the central, the biggest umbel.
It should be understood — this method requires maximum care and attention [14; 19].

Mowing is often seen as an effective means of eradication of the Hogweed. However, as it
was experimentally found the repeated mowing of the Hogweed plant even for several years does
not give a significant effect in terms of decreasing the populations of plants. Method of mowing is
effective only to prevent flowering and seed maturation of this species. Repeated mowing can only
be used to create buffer zones, preventing new seeds in the freed territory. If the plant has already
produced buds, then their cutting is overdue. Thus, buds should be cut in early flowering. Cut buds
should be burned off. After all, the generative shoot of Hogweed stem has a large supply of
nutrients, sufficient for the ripening of seeds already in the truncated umbel. It is therefore
important to prevent the flowering of new plants [8].

To destroy the distribution area of Hogweed a biological method can be applied. In which
you need to adhere to scientifically substantiated crop rotations, it is also possible to graze animals
(while the leaves of Hogweed are young and have not accumulated toxic substances). You can use
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geo-cloth that you want to lay on the surface, occupied by cut Hogweed and cover the ground with
grass-mixes adapted to a specific region [12].

Thus, the use of protective carpet ground covering makes it possible to influence germination of
Hogweed, isolating them from sunlight, which ultimately leads to the destruction of seedlings and
cleaning of the territory. Through planting of local species of perennial grasses during a short period
(two to three years) creates a stable plant community that represents the productive soil layer, with
protective carpet not preventing the development of root systems of perennial grasses [8; 20].

Also, the natural breeding of pests can be attributed to the biological methods. As of to date,
there is only one pest — Hogweed moth — the larvae of which penetrate inside the stem moving
inside to blossoms, eating most of the flowers before blooming. Eating the flowers still in buds,
this moth severely reduces seed production of plants [11].

As far as the chemical method is concerned, it is possible to use different types of herbicides
manufactured by the industry: roundup, tornado etc., the best time is at the beginning of the
regrowth of Hogweed plants, and definitely before flowering.

The main requirement of chemical treatment is even distribution of drug on the area
processed [4].

After the first treatment and destruction of vegetative mass on the same territory, it is
necessary to conduct re-treatment for the eradication of the shoots of the Hogweed.

Control is by constant tracking of the correctness of any planned doses of herbicides and
periodic inspection of treated areas to assess the effectiveness of the action on plants of
Heracleum. After 30 and 60 days after treatment, the condition of treated plants is assessed, the
absence or presence of the young shoots of Sosnowskyi's hogweed.

In case of high-quality treatment of the site after 30 days, all the treated plants will die (the
above-ground part will turn yellow and will rapidly decompose). In this period there is a high
probability of occurrence of young plants that germinate from seed scattered above the soil. Such
plants may be destroyed by mechanical means or repeated treatment with herbicides. The results
should be monitored 30 days after second treatment.

Verification of compliance with the doses of herbicides is carried out daily by a specialist
based on comparison of the drugs consumption and the treated area. In case of any deviation the
causes of poor quality of the work are eliminated [12].

CONCLUSIONS

This species is widespread on the territory of this country, especially along the roads and
railways. When capturing new areas it suppresses other vegetation, creating around itself its own
ecosystem, unacceptable for the nature of this or that location.

In general, this species causes more harm to people despite possessing very few insignificant
positive aspects. The main hazardous property of Sosnowskyi's Hogweed is ability to cause burns
to human skin. Ignorance of the biological properties of Sosnowskyi’s Hogweed and harm that it
can inflict on agriculture and the health of the population, may lead to its significant proliferation
with far reaching negative consequences .

To reduce the Hogweed occupied areas it is necessary to apply different methods. Given
Hogweed’s resistance, a set of measures should be undertaken consisting of: chemical, agronomic,
biological and mechanical methods. While carrying out activities directed at Hogweed’s
eradication one needs to remember about safety — have the necessary equipment and clothing to
cover the body in order to avoid any contact with the plant.
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ABSTRACT

BIOJIOTTYHI OCOBJIMBOCTI TA HIKIJIVIMBICTH BOPILIIBHUKA
COCHOBCBKOI'O (Heracleum sosnowskyi)

Bopmisank CocroBcbkoro (Heracleum sosnowskyi) — uyxka ams Ykpainm pociuHa,
noxoauth i3 KaBkazy. Kynbrypy, siky BUpOIIyBadu Ha KOpM (CHIIOC) sl TBapHH y 50-UX pokax
MUHYJIOTO CTOPivUs, ¥ 3B 3Ky 31 3MiHaMHU COIliaIbHO-eKOHOMIYHIX YMOB y KpaiHi Ta pedopMamMu
B arpapHOMY CEKTOpi BTpaTHjia CBOI KOPMOBY 1 TOCHOJApChKy IIHHOCTI. YUepe3 HasBHICTH Y
HbOMY (YPOKYMapHHIB, SIKI BUKJIIMKAIOTh I/l 4YaC KOHTAKTY 31 MIKIPOIO JFOJIMHU BaXKKi I€PMAaTHTH,
CXO0I1 Ha OMiKH, OOPIIIBHHUK IIepecTal KyJIbTHBYBAaTH Bxke noHas 30 poKiB.

3’SICYBaJIOCh, 1110 OOPILIBHUK JIETKO IPOHHMKA€E y NMPUPOJHI EKOCUCTEMH. 3a IMX OOCTaBHMH Ta
yepe3 3arajbHy OE3MisUIbHICTh y CYCIUIbCTBI OOpiiiBHUK COCHOBCBHKOTO 3 IOJIB, Ji€ WOro paHile
BUPOLIYBaH, “Mirpye” YKpalHOIO: BIIOMYMMH CMyraMH aBTOMOOUIBHHMX Ta 3aJII3HUYHUX LUISXIB,
y3014UsIMH  TIOJILOBUX JIOPIT, 3’SBISIETHCS HA CUIBCHKOIOCHONAPCHKHUX YTiUIIX, HEOOpOOIIOBaHMX
3eMJIIX, IYCTUPSAX, NPUCATUOHMX 1 JauyHWX [JUBIHKAaX, OOOYMHAX JICiB, y Tapkax, cajax,
3epHOCXOBHINAX, CKJI/IaX, HACEIIEHNX TMyHKTaX, KaHallax, spax, Oajkax, 3ariaBax pidoK i CTPyMKiB.
BoaHoyac mMOMITHO 3pOCTAlOTh IDIONII, 3aHHATI OOPIIIBHUKOM 1 CIIOCTEpITAETHCSI BUTICHEHHS HUM
MICIIEBUX BHIIB TPaB’ SIHUX 1 JIepeBHUX (OCOOIMBO TOJKOBUX — COCHH 1 SUTMHH) TIOPiJ] POCITUH.

3axOIUIIOI0YM HOBY IUIONLY, BiH MPUTHIYYE IHITY POCIWHHICTH, TOPYIIYyE HOpPMaTbHE
NpUpoJHe (YHKIIOHYBaHHS MICIEBUX EKOJIOTIYHMX CHCTEM 1 CTBOPIOE HAaBKOJIO ceOe BlacHy
€KOCUCTEMY, HENPUHHATHY A HNPUPOAM TOI YW iHIIOI MicneBocTi. Benmuki i MIMPOKi JHMCTKH
OOpIIiBHUKA PO3IYCKAIOTHCSI HABECHI paHillle 3a iHIII POCIMHM (TpaBH), 3aTIHIOIOYM MOBEPXHIO
IPYHTY, Ha SIKiH Iicist HOro 3aceseHHs POCIMHY IHIINX BUIB OLIbIIE HE POCTYTh.

Pin BopmiBuuk a6o Heracleum y cBiToBiii ¢utopi Hanivye maibke 70 BuaiB. Y ¢uopi Ykpainu
ix pocre 5 BuaiB. B YkpaiHi, ckiagarTh pi3Hi mianu 60poThOu 3 OopiriBHHKOM COCHOBCBHKOTO.
ITnomi Oyp’siHa TIBHUAKO 3pOCTalOTh, NMPHUTHIYYIOUHM TPUPOTHE OIOPI3HOMAHITTS Ta TalbMYIOYH
PO3BUTOK TrocmojapcTBa. 3rigHO JaHUX JACMapTaMeHTy eKOJIOTii Ta TPHPOJHUX pecypciB
JIbBiBCBbKOT 00acHOT aaMiHiCTpaIii TUTOII, 3aHATI OOPIIIBHUKOM y 00acTi cTaHOBIATH Ha 2014
p. 1056 rta i 3pocratorh mopoky Oimpm HikK Ha 100 Ta. HaiiGinmpme ix 3o0cepemkeHO Yy
Kapmnarcekomy perioni (TypkiBcrkomy, CkomiBcbkomy, Ctapocambipchkomy, JIporoOuiiskomy)
Ta PanexiBcbkoMy paiioHax.

3arajom OOpIIIBHUK 3aBJa€ IIKOIM JIIOJMHI, aJle € JesKi 1 HO3UTHBHI CTOPOHU OOpIIiBHUKA,
Ta 3a3BUYail ix qyxe Mayo. OCHOBHA LIKiJUIMBa BJIACTHUBICTH OopiiiBHUKa COCHOBCHKOTO IOJISTAE
B TOMY, [IO0 BiH 3JaTHHI BHKIMKATH OIIKMA HAa IOKipi JroauHU. He3HaHHS Oi0JOTIYHUX
ocoOymBocTel OopruiBHUKa COCHOBCHKOTO Ta LIKOAHM, SIKOi BiH MOXE 3aBJAaTH SIK CLIBCBKOMY
rOCII0/IapCTBY, TaK i 3J0pOB’ 10 HACEJICHHS, TPU3BOAUTH J0 3HAYHOTO MOIIUPEHHS. TOMY HE3HaHHS
OionoriyHnx ocoOnuBocTel OopuriBHHKa COCHOBCHKOTO Ta IIKOJH, SKOI BIH MOXE 3aBIATH SK
CIITbCHKOMY TOCITOJIAPCTBY, TaK i 370POB’ 10 HACEIICHHIO, IMPU3BOIUTH JI0 3HAYHOTO TIOITUPEHHS ITi€T
KyJIbTYpH pEerioHaMu KpaiHH.

[[To6 3MeHmHTH TEepUTOpii, e 3HAXOIUTHCSA OOPIIIBHUK TOTPIOHO 3aCTOCOBYBAaTH pi3HI
MeTonyd. ToMy BpaxoBYIOUHM CTIHKICTh OOpIIIBHUKAa BHKOPHUCTOBYIOTH KOMIUIEKC 3aXOiB, IO
CKIIQIAEThCS 3 TAKUX METOMIB: XiMiuHull, acpomexuiunuil, oionoeiunuu ta mexaniynuu. Ilig dac
BUKOHaHHS POOIT NMPOTH MOUIMPEHHsS OOpPILIIBHHKA MOTPIOHO mam’sTaTH NMpO TEXHIKy Oe3neKH:
YHUKATH OyJb-SKOTO KOHTAKTy HE3aXHIIEHOIO Tija 3 POCIMHOIO, MaTH HEOOXi/IHE OCHAILICHHS Ta
CIELOJIT.
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BIIJINB IIJIBHOCTI HIOCTAHOBKHY TBAPUH HA OCOBJIABOCTI
®OPMYBAHHS, ETOJIOTTYHUX YNHHUKIB TA
BIOXIMIYHUX IOKA3HHUKIB KPOBI TEJISIT HA IIIJICUCI
BOJIMHCBKOI M’SICHOI IIOPOJIH

AHoTanisg. B pe3ynbTari TOCHIIKCHb M0 BUBHYCHHIO BIUTUBY HIUILHOCTI YTPUMAHHS TEISAT
BOJIMHCBKOT M’SICHOT IIOPOJIY HA €TOJIOTIYHI peakiii Ta 610XiMiuHI MOKa3HUKU KPOBI BCTAHOBIICHO ,
1110 TTOBEIHKOBI peaKiii TeJsAT Ha MiICOCi y BCl CE30HHU POKY, 31 30LIBIIEHHSM IuToNIi Ha 1 roJoBy
Ha 0,2 M’, CYNpOBOIKYIOThCS IMiJBMIICHHSAM iX KOpMOBOi aktuBHOCTi (Ha 1,1 %) Ha dowi
30UTBIICHAS] TPUBAJIOCTI TiJICHCAaHHS HUMH KOPIB-MaTepiB 1 3pOCTaHHSI PYXOBOI aKTHUBHOCTI.
JloBeeHo, 1o MEHIa MTBHICTh YTPUMaHHS TeJAT Ha mijgcoci (1,2 MZ/FOH.)

JloBeseHo, 110 MEHIIA IMITBHICTh YTPUMaHHS TeNnsAT Ha mincoci (1,2 MZ/FOII.) y BECHSHUH
MepioJ] IpHU MEHIII CKyITYEeHOCTI BCTAHOBJICHO TEHICHIIIO 1100 3HIKEHHS KiJTIbKOCTI aJIbOyMiHIB
Ta 6eTa-rI00yIiHIB, a TAKOXK 3POCTAHHIO KiTBKOCTI anb(da- Ta raMMa-TiI00yIIiHIB, MEHIIUN PiBEHb
CKYITYCHOCTI CIIPHUSAB 3pOCTAHHIO Y CHPOBATII KPOBi BMICTY anbOymiHiB Ha 4,3 % (p<0,01), ramma-
moOyniHiB — Ha 2,8 % (p<0,05), a Takox 3HMKEHHIO anb(a- Ta OeTa-riI00yIiHIB BiIOBITHO HA
2,5 % 1a 4,6 % (p<0,01) NOpPIiBHAHO 3 MOKa3HUKAMU KOHTPOJIGHOI TPYIH TBAPHH

KuarouoBi cioBa: eleMEHTH TEXHOJOTl BHPOOHHMITBA SUIOBHYMHH TENsATa HA IiJCHCI
BOJIMHCBKOI M’SICHOI mopomu (BM), 3MMOBO — CTIiMJIOBE YTpUMAaHHs, TUIOBI NPUMINICHHS Ha
MIMOOKIW i ICTHIIL, IITBHICTh IOCTAHOBKY, ETOJOTTYHI YUHHHUKH, 010XIMIYHI TOKa3HUKH KPOBI.

BCTYII

Arpapuuii korekc BomuHi Mae cBoi ocoommBocTi. B obmacTi HapaxoByetbes 1054,8 Tuc ra
¢/t yrigs, B ToMy uuca 381,3 THc.ra CIHOKOCIB 1 MACOBHI, MPHU IIbOMY PO30PAHICTh 3eMelb
ckragae 64%. IlpupomHo-KIiMAaTHYHI yMOBH O0JACcTi CHPHUATAMBI INOJAO PO3BUTKY M SICHOTO
cKoTapcTBa (TIOMIPHUH 1 BOJIOTHH KITIMAT, HAsBHICTh HEOOXIMHMX KOPMOBHX YTigh 1 MPHUPOIHUX
nacosu) [10,11,12].

OmHuM i3 BaXJIMBHMX €JEMEHTIB BUPOOHMUTBA € INUIBHICTh YTPUMaHHS TBapuH B
TBapUHHUIIBKUX TPUMIIIEHHAX Ta HOro BIUIMB Ha (OpPMYyBaHHS ETOJOTIYHUX YHMHHHKIB 1
010XIMIYHMX MOKA3HHUKIB KpOBi. SIKi, B CyKYyITHOCTI 3 IHIIMMH CKJIaOBUMH YaCTHHAMM TEXHOJIOTIl
BUPOOHMITBA HAIOTh 3MOTY 3a0e3NeuduTH KOM(OPTHE YTPUMaHHsA XynoOu npu QopmyBaHHI
TEXHOJIOTIYHUX CTATEBOBIKOBUX IPYH Ta AAlOThb MOJIMBICHTH TBapMHaM €(EKTHBHO NPOSBUTH
MOTEHIIIHHI 3a1aTKu TeHotuny [7,9].

Meroro HammMXx AOCTIPKEHb OyJ0 BHUBYCHHS BIUIMBY NIUIBHOCTI TOCTAHOBKHM TBapWUH Ha
0co0uBOCTI (hOPMYBAHHS, €TOJOTIYHUX Ta OIOXIMIYHMX TMOKAa3HUKIB KPOBI TEJSIT Ha ITiJICUCI
BOJIMHCHKOI M’ ICHOT TTOPO/IH.

METOIUKA

Jlnst mpoBeeHHST OCIiKeHb Oyino copMOBaHO JBI TPYNMH TBAapHH BOJWHCHKOT M SICHOT
nopoyu, 1-a - 60 i 2-a - 80 rouis.

JlocmipKkeHHAME  TIepe0adeHo BUPOIIYBaHHS TEST Ha IIACOCI, pa3oM 3 MaTepsiMH, 32 YMOB
0e3MpuB’ I3HOTO CIOCO0Y YTPUMAaHHS B TUIOBHX NMPHUMIIICHHAX, i3 3a0e3IeYeHHsIM PiBHS TOMIBII B
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Mmexax 800—850 r/moby cepenHp01060BOTO MPUPOCTy. JlOCATHEHHS KUBOI MacH B KiHI xociixy 220-
230 xr. [Tpumimmenns 3a mpoekToM po3paxosani Ha 180 romis. TpuBanicTs gocmimkens 150 qHiB.

Binbip kpoBi ans MOCHTiTKEHb MPOBOAMBCS 3 IMiIXBOCTOBOI BeHW. BioXiMiuHI MOKa3HUKH
KpOBi (3aranpHUM OijoK Ta Horo (pakiii) BU3HAYAIHCH 32 3arabHONPHAHATHMH METOIUKAMH.
ErtomoriuHi 1oCiIKEHHsI MPOBOIWIMCH IIUIIXOM MPOBEIEHHS XPOHOMETPaxy [2].

JocmimkeHHsT KITPKOCTI KOPMIB MPOBOJMIOCH MUIIXOM 3BaXKYBaHHA /IO PO37adi KOPMIB Ta
3aITUIIKIB MiC)IA NoinaHHs . JKuBa Maca BU3HAYAIACH IUIIXOM HIOMICSIYHOTO 3Ba)KyBaHHS [8].

Erosoriuni nocnimkenns nposoawmch CT30B «3opsi» Kosenbecbkoro paiiony BonmHebkoi
obnacti [1]. JlabopaTopHi JMoCHiPKEeHHS NpoBoAwianch Ha 06a3i KoBenbcbkoi MikpaiOHHOT
nabopatopii BerepuHapHoi Meanmai [3,6,9].

Tadoauus 1. Cxema mocJrigkeHb
Table 1. Scheme of studies

. ITnoma
Bik “Kupa maca IOt
. . . . . npumMimeHHs /Area
Tpynn KinpKicTb | HmiTOCIIIHAX | ITiATOCTITHIX c—
. MiICUCHUX
teapun/ | oo TBapHH, TBApHI, K| Marepi, TEJST Vrpumanns / | Toxisis /
roin./ mic./ Ageof | Live weight | 2/ S . .
Groups of m*/ronosy / | Maintenance Feeding
animals Number of test of rooBy/m dai
animals | animals,mont | experimental | thers, m% | <2y
h animals, kg | head calves, m”/
head
1 rpyna Pexumunii
(KOHTpO- 60 3 102 5,0 1,2 migcuc +
k. Tese | et
MIPUMIIICHHS, PIBH
. TOMIBMI Ha
2 rpyma Ha IITHOOKIH J—
in- HigCTHIILI

(z[c;c;;m 80 3 101 4,5 1,0 bl 1§ 800-850 r
TIPUPOCTY
JKUBOI Macu

PE3YJbTATH JOCJILIXKEHb TA IX OBITOBOPEHHS

Cepen YMHHUKIB, IO BINIMBAIOTh Ha TMPOAYKTHBHICTH TBApWUH € IOBEIIHKA TBApHH, KA

3aNeKUATh BiA PO3MIpIB Ta IMITBHOCTI IOCTAaHOBKM Trpyn. ETtomoriumi

CIIOCTCPCIKCHHA

MPOBOAWIH B 3MMOBHUH Micig (opMyBaHHS TPyl Ta BECHSIHHH 1 MiTHIH mepioau.

Tabauus 2.1loBegiHka nigCHCHUX TeJST B 3MMOBUI nepion
Table 2.The behavior of dairy calves in winter

I'pynu/Groups
Enemenrtu noseninku / Elements of behavior 1 xoHTpoJBHA/CcONtrol 1 xoHTposBHA/CONtrOl

XB % XB %

Tpusaxicts mincocy / Duration of dairy calves 42 3 45 3,1
CnoxuBanHs kopMiB / Feed intake 292 20,3 275 19,1
Biamoumrox / Rest Jlexaun/ Lying 366 25,4 340 23,6
Crostan/ Standing 184 12,8 174 12,1

Bopomiii / Watering 15 1,0 10 0,7
3iTkaenns 3a kopmu / Fight for food 5 0,3 7 0,5
[epemimenns / Moving 106 7,3 152 10,5
I[amri / Others 430 29,9 437 30,4
Yeporo / All 1440 100 1440 100
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[Ipu mpoBeneHHI XpOHOMETpPaKy B 3MMOBHI IEpiof] KOPMOBA peakilis TBApWH Oyia pPi3HOIO,
HaWIOBIIE CIIOKMBAJIM KOPM TBAPHHH 3 KOHTPOJBHOI rpynu Ha 17 xB, abo Ha 1,2 %, HaiimoBImit
Tepiosl BiqIOYMHKY OyB y meprii rpyri Ha 36 XB a0o Ha 2,5 % Ta MEeHIIe CrIocTepiranocs 3iTKHEHb Ha
2 xB 1 mepemimieHs Ha 46 xB, abo 3,2 % Ta ccanm kKopiB MeHIIe Ha 3 xB a6o Ha 0,1 %, HIX y AoCTiaHII
rpymi. TakuM 9MHOM 3MEHIIEHHS TOCTaHOBYO] wiomi Ha 1 rosoBy Ha 0,2 M2, Ta 30UIBIIEHHS [TOTOJIIB I
y rpymi Ha 20 TOJIB 3YMOBJIOE 3HIDKEHHS KOPMOBOI aKTMBHOCTI TBapWH Ha (OHI 301TBIICHHS
TPUBAJIOCTI IiICHCAHHS HUMH KOPiB-MaTePiB, IPH IIbOMY 3POCTAE PyXOBa aKTUBHICTh MOJIOTHSKY.

Taoauusa 3.IloBeaiHka NiACUCHUX TeJAT Y BECHSIHMIi nepion
Table 3.Suckling behavior of calves in the spring

I'pymn/Groups
Enementn noseninku/ Elements of behavior 1 xoHTpOsBHA/control | 1 KoHTpOJBHA/CONtrol

XB % XB %
Tpusaxicts mincocy / Duration of dairy calves 24 1,7 26 1,8
CnoxuBanHs kopMiB / Feed intake 396 27,5 380 26,4
BigmounHox / Jlexxaun/ Lying 422 29,3 405 28,1
Rest Crostun/ Standing 92 6,4 125 8,7
Bopomiii / Watering 32 2,2 30 2,1
3iTkaenns 3a kopmu / Fight for food 3 0,2 4 0,3
[lepemimenns / Moving 27 1,9 38 2,6
Trmri / Others 444 30,8 432 30.0
Veworo / All 1440 100 1440 100

Ilin wac mpoBemeHHS XPOHOMETPAXy ETOJIOTIYHUX CIOCTEPEKEHb Yy BECHSHUH Tmepiof
KOPMOBA peaKiis TBapuH Oyia pi3HOI0, HalJOBIIE 3a YaCOM CIIOKHBAIXA KOpMH Ha 16 xB abo Ha
1,1 %, Ta Ha 17 xB a60 Ha 1,2 % BiANOYUBAIHM B KOHTPOJLHIN Tpymi. ¥ HUX OYyJI0 MEHIIIE 3iTKHEHb
Ha 1 xB i mepemimnienp Ha 11 xB, a6o Ha 0,1 1 0,7 % BigNMOBiAHO, a ccayli KOPiB MeHIIIEe Ha 2 XB 200
Ha 0,1 %, HDK y HOCIIHIH Tpymi.

Iopsin 3 BUBUCHHSIM MOBEIIHKU TEJSAT B MiJCHCHUU MEpioj] BUPOUIYBaHHS OyIIO MPOBEACHO
010XiMiYHE JOCIKCHHS KPOBI 32 HABEJACHUMH HIKYC TIOKa3HUKAMHU.

BaxnuBuMm  (i3i070TIYHUM ITOKa3HUKOM OOMIHY pEYOBMH B OpraHi3Mi TBapMH BMiCT
3arajJbHOrO Oika CHpPOBaTKM KpOBi Ta ioro Qpaxuiid. J{ocmipKyrouu BMICT 3arajbHOro Oiika
CHPOBATKH KpPOBi BIpOTigHOI PI3HUII MK MMOKa3sHUKAMH JOCIHIAHAX TPy Ta KOHTPOJEM HE
BCTaHOBJICHO (puc. 1).

r/n 60+
551
50
45
40+ i 1 . f
4 micsiii (3MMOBHI TIEPi0) 6 micsiiB (BeCHsIHU mepion)
B KontpoasHa Hocmimaa

Puc. 1. BmicT 3araibHoro 0ijika y cupoBaTili KpoBi TeJIAT B 3MMOBHIi Ta BeCHSIHUI mepioa n=5
Fig. 1. Total protein content in blood serum of calves in the winter and spring period n=5
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V TenaAT mochigHOiI TPYNMH TMia 9ac BECHSHOTO TEpioAy BiKy, BCTAHOBJICHO 3MiHH BMICTY
3arajJbHOr0 OiTka CHpPOBAaTKM KpoBi. Tak, y TeNmAT MepIioi OOCHiAHOI TPyNd BCTAHOBIEHO
TEHCHINIO J0 3HWKEHHS BMICTY 3arajbHOTO Oiika CHUpOBaTKH KpoBi. HaTomicTb, 30inmbIIeHMIA
piBeHb OOMIHHOI €Heprii B pamioHaX TEIAT 6-MiCSYHOTO BiKY JIPYroi JAOCHIIHOI TPYIH, CIIPHUSIB

3pocTtaHHIO Horo Ha 12,3 % (p<0,001) mopiBHAHO 3 KOHTPOIBHOIO TPYTIOIO.

AHami3yroun JaHi O1IKOBOTO CHEKTPY CHUPOBAaTKH KpPOBI TBapHWH IOCIITHUX TPynH y Bimi 4
MicsIi (3UMOBHU TEpioa) CHil BIAMITUTH MiABUIICHUNA BMICT anb(a- Ta OeTa-rIOOLTIHIB.
BiporigHoi pi3HHLI MiX MOKa3HUKaMH JOCIITHUX I'PYIl Ta KOHTPOJIEM HE BCTAHOBIICHO.

Ta6unug 5.BiaKkoBHii cIeKTP CHPOBATKH KPOBI TeJSIT y 3MMOBH Ta BeCHSIHMI1

nepiogu M=m, n:

=5

Table 5.Protein spectrum of blood serum of calves in winter and spring, M+m, n=5

IToxasuuku/ Indexes

I'pymn/Groups

1 xoHTpONBHA/CONtrol

| 1 koHTpoJBHA/CcONtrol

Bik, 4 micsmiB (3uMoBwmii epion) /Age, 4 months (winter period)

AnpOyminu, % 42,8+0,8 42.5+1,0
ImoOyninm: o,% 16,020,7 15,2+0,6
B, % 17,0+0,6 17,8+0,8
Y, % 24,2+0,7 24,5+0,6
A/l 0,75+0,01 0,74+0,01
Bik, 6 micsriB (BecHsHHIA nepion) /Age,6 months (spring period)
AnpOyminu, % 43,1+0,8 47,4+0,7%*
ImoGyninm: a,% 14,6+0,4 12,1£0,3%**
B, % 15,9+0,5 11,3+0,4 %%
v, % 26,4+0,8 29,2+0,7*
AT 0,7620,01 0,90+0,02:%*

Mpumirka: *— p<0,05; **— p<0,01; ***— p<0,001 MOpiBHAHO 3 TBAPHHAMH KOHTPOJIBHOI TPYIH Y
1K 1 HACTYITHUX TaOJUIISX.

V Tenar y BeCHsIHUM mepiof1,6-Mic. BiKy, MPHU MEHIIIA CKYIMTYEHHOCTI BCTAHOBJICHO TEHICHIIIIO
1010 3HM)KEHHS KiJIBKOCTI albOyMiHIB Ta O6eTa-TI00YyIIiHIB, a TAKOXK 3pOCTaHHIO KiJIBKOCTI alib(a-
Ta raMMa-Ta00ymiHiB (Tabu. 5). 3 6-MicSIHOTO BiKY JOCTIAHOI IPYITH PiBEHb CKYIMYEHOCTI CIIPHUSB
3pOCTaHHIO Yy CHUpPOBATLi KpoOBi BMicTy anbOyminiB Ha 4,3 % (p<0,01), ramma-rnoOymiHiB — Ha
2,8 % (p<0,05), a Takox 3HMW)KEHHIO ajb(da- Ta Oera-ryIoOYNiHIB BimoBinHO Ha 2,5 % Ta 4,6 %
(p<0,01) nopiBHAHO 3 MOKa3HUKAMHU KOHTPOJIGHOI TPYIH TBapHH.

Jnst xapakTepucTHKH 0OMiHY OlfIKa B OpraHi3Mi TBapHH 3alporoHOBaHUl OLIKOBUH 1HIEKC —
BiZIHOLICHHS ajabOyMiHIB 10 100y IiHIB — A/[" 00’ €KTUBHO BHpaXkae CTYIIHb BUKOPHCTaHHS a30Ty
(uuM BiH BUIIMH, TUM eQEKTUBHilEe NpoTikae OutkoBud oOMiH). llell moxasHuMK y TensT 4-
MiCSYHOTO BiKy KoiuBaBcs B Mexax 0,74-0,75. Tlo 3akiHdeHH] AOCTiAY, y TEIAT TOCTiTHOI TpyIn
BCTaHOBJICHO 3pocTaHHA Ha 21,6 % (p<0,01) mopiBHAHO 3 KOHTPOJIEM.

BUCHOBKH

1. YcraHOBIIEHO, 110 TTOBETIHKOBI PEaKIIii TEJSAT Ha IMiICOCi Y BCi CE30HM POKY, 31 30UTBIICHHSIM TLTOIT
Ha 1 rosoBy Ha 0,2 M2, CYNPOBOKYIOTECS TTIBHIIIEHHSIM iX KOPMOBOiI akTuBHOCTI (Ha 1,1 %) Ha ¢oHi
30UIBIICHHS] TPUBAJIOCTI IT1JICHCAHHS HIMH KOPIB-MaTepiB 1 3pOCTaHHS PyXOBOT aKTHBHOCTI.

2. JIoBezieHO, 1110 MEHIIIA MIUTBHICTh YTPUMAaHHS TeaT Ha mincoci (1,2 Mz/ron.) Yy BECHSHHU Tepiof
NOpYU MEHINIA CKYMYEHOCTI BCTAHOBJICHO TEHACHIIIIO M0N0 3HIKCHHS KUIBKOCTI albOyMiHIB Ta
Oera-rno0yIliHIB, a TaKOX 3POCTaHHIO KIJIBKOCTI aib(a- Ta raMMa-rioOyiiHiB, MEHIIMH piBEHb
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CKYITYCHOCTI CIIPHUSAB 3pOCTAHHIO Y CHPOBATIIi KPOBi BMICTY anbOymiHiB Ha 4,3 % (p<0,01), ramma-
rioOymiHiB — Ha 2,8 % (p<0,05), a Takox 3HMKEHHIO anb(da- Ta OeTa-rI00yNiHIB BiANOBITHO Ha
2,5 % ta 4,6 % (p<0,01) mopiBHAHO 3 TOKa3HWKaMHU KOHTPOJIEHOI TPYIIH TBAPHH.
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ABSTRACT

INFLUENCE OF THE DENSITY OF PRODUCTION ANIMALS ON
PECULIARITIES OF FORMATION, ETHOLOGICAL FACTORS AND
BIOCHEMICAL PARAMETERS OF BLOOD OF CALVES AT PDSI VOLYN
MEAT BREED

The agricultural complex of Volyn region has its own characteristics. The region has 1054,8
thousand hectares of agricultural land, including of 381.3 thousand hectares of hayfields and
pastures, while the plowed land is 64%.Climatic conditions in the region favourable for the
development of meat pastoralism (moderate and humid climate, the availability of the necessary
pastures and natural pastures). One of the important elements of production is the stocking density
of animals in animal houses and its effect on the formation of the ethological factors and
biochemical parameters of blood. Which, in conjunction with other components of production
technology enable to provide a comfortable livestock in the formation of the technological age-sex
groups and give opportunities animals effectively to show the makings of a potential genotype

When holding timekeeping in winter feeding response of the animals was different, longer
consumed the food animals from the control group for 17 minutes, or 1.2 %, the longest period of stay
was in the first group at 36 min or 2.5% and less were observed collisions for 2 min and displacements
at 46 min., or 3.2%, and sucked cows less than 3 min, or 0.1%, than in the experimental group. Thus
reducing the installation space for 1 head 0.2 m2, and increase the number in the group of 20 heads
causes a decrease in feeding activity of the animals on the background of increasing duration pasianna
their cows mothers, this increases the motor activity of the young.

During the study of ethological observations in the spring, feeding response of the animals
was different, longer time consumed feed for 16 min or 1.1 %, and 17 min or 1.2 percent, rested in
the control group. They had fewer collisions in 1 min and move on 11 minutes, or 0.1 and 0.7 %,
respectively, while sucking cows less than 2 min, or 0.1%, than in the experimental group.

As aresult of studies on Vivienne the influence of the density of the contents of the calves of
Volyn meat breed in ethological reactions and biochemical blood parameters established that the
behavioral responses of suckling calves in all seasons of the year, with an increase in the area per 1
head 0.2 m* accompanied by an increase in their feeding activity (by 1.1%), with increased
duration pasianna their cows mothers and growth physical activity. It is proved that the lower
density of the contents of suckling calves (1.2 m*/head.)

It is proved that the lower density of the contents of suckling calves (1.2 m*/head.) in the
spring, with less crowding set the trend concerning the reduction in the number of albumins and
beta-globulins and increase in the number of alpha - and gamma-globulins, and lower levels of
crowding contributed to the increase in the serum concentrations of albumins and 4.3 % (p<0.01),
gamma-globulin — 2.8 % (p<0.05) and decrease of alpha - and beta-globulins, respectively, 2.5%
and 4.6 % (p<0.01) compared with the control group of animals

Key words: elements of the production of beef calves on Volyn meat breed (WM), winter
stabling, typical for deep pastic, density setting, ethological factors, biochemical parameters of
blood.
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MOPIBHSIJIBHUM AHAJII3 CUHAHTPOITHOI ®JIOPHU YKPAIHHU TA
TEXHOT'EHHHUX EKOTOIIIB HA ITPUKJIAI BIIBAJIIB
O30KEPUTOBHUJOBYTKY B M. BOPUCJIABI

Amnoranis. [IpoBeneHo NOPIBHAIBHUIN aHATI3 CHHAHTPOITHUX BUIIB y Quiopi YkpaiHnu Ta y
(dbnopi BimBalliB 030KepUTOBHIOOYTKY B M. BopuciaBi, siki BUHHKIH B PE3yJIbTaTi PO3POOKH
pomoBuIIa 030KepHUTY. JIOCHIKEHO TaKCOHOMIUHY CTPYKTYPY CHHAHTPOIMHOI  QuiopH.
BcTanoBneHo mepeBaxkarodi pOAWHH CHHAHTPOITHOI (JIOPU B Mekax YKpaiHM Ta Ha TepUTOPIi
BiJjBaJIiB. BU3HAYEHO CIiBBIHOIICHHS CHHAHTPOITHUX BHJIB anmoQ)iTHOI i alBEHTHBHOI (ppaKIliil.
3’5COBaHO PO3MOMLT AJBCHTHBHUX BHUIIB 32 4YacOM IMOIIUPEHHS, IMOXO/PKCHHSM 1 CTyNECHEM
Harypamizaii. J[js omiHKM MacmTabiB 1 HACHIAKIB CHHAHTPOIMI3AMii (JIOPH BH3HAYCHO IHICKCH
cuHaHTpomizauii ¢uopu, anodituzanii, anrpomnodiruzanii, apxeodiTuzauii, MoaepHizaii,
KeHodiTH3alii. 3aiiicHeHOo rpajianio TpaHcHOPMOBAHUX TEPUTOPIH BiABaTIB 030KEPUTOBUIO0YTKY
3a A.M. AlOpamoBoto Ta b.M. MipkinuM. 3a 1iero kiacudikalieo TEpUTOpis HAJIEKHUTH JIO
CepeIHbOCHHAHTPOIII30BAaHNX, JI¢ Y9aCTh CHHAHTPOITHUX BUAIB Y (hiTomeH03aXx cTaHOBHUTH 35 %.

KurouoBi ciaoBa: cuHaHTpomizamis ¢JopH, aJBEHTHBHI BHIH, apxeodiTH, KeHO)ITH,
anodiTtu, eBarodiTu, remianodiTy, HEMOCTIHHI armoQiTH, TAKCOHOMIYHA CTPYKTYpa, BiIBaJIH.

BCTYII

Ha cydacHomy eTami B3aeMOJii JIOJACHKOTO CYCIJILCTBA 1 MPHPOIN TPUBAE IHTEHCHUBHUH
AQHTPOIIOTEHHWH BIUIMB HA BCI KOMIIOHCHTH HAaBKOJHIIHHOTO MPHUPOJHOTO CEPEIOBHIIA.
HacnigkoM 1bOTO BIUIMBY € CYTTEBI 3MIiHH Y CTPYKTypi JaHmadTiB, BHUIAOBOMY pPO3MAITTi
POCIMHHOTO i TBAPUHHOTO CBITY, 3a0pyIHEHHI BOJHUX 00’ €KTIiB, IPYHTIB, IOBiTps [1]. BunukaioTts
HOBI €KOTOMH, SKi HE CXOXi Ha mpuponHi. [IpukiIagoM € BigBamu O30KEPUTOBHUAOOYTKY B M.
Bopucnagi, 1110 BUHUKIN BHACIIZIOK PO3POOKH 030KEPUTOBOTO POJIOBHIIA.

ExcTpemaibHi 3HaYCHHS MapaMEeTPiB HABKOJIHIITHBOTO CEPEIOBUINA TCXHOTCHHUX CKOTOIIIB €
JIMITYIOYMMH JUISl TIOLIMPEHHS 30HAIBHUX (ITOLEHO3iB, TOMY IX HIilly 3aliMalOTh CHHAHTPOITHI
yrpynoBanHs [17]. MacmrabHICTh IIbOTO HPOLECY NPHU3BOAUTH A0 YITKO BHPAXECHUX 3MIH Yy
CTPYKTYpi TpupoaHOi (GIOpH B3araji Ta pErioHAJLHOI 30KpeMa: 3MCHIICHHS PIi3HOMAHITTS
ABTOXTOHHHX BHUIIB POCJIMH Ta MOCHICHHS y4acTi aJ[BEHTHBHUX, 301IHCHHS CKJIAJy POCIHMHHUX
yrpynoBaHb, 3aMiHH JIOMIHYIOYHX THUITIB POCIMHHOCTI HOXiTHUMH [9].

[HTeHCHBHE OCBOEHHS MPUPOAHHMX JAHAMAPTIB 1 3MEHIICHHS TEPUTOPii TPUPOTHOL
POCIMHHOCTI 3a3BUYAl CYNMPOBOJKYETHCS OYPXJIMBHUM PO3BHTKOM MPOIECIB CHHAHTPOITI3aIlii Ta
3HUKHEHHSAM PIiAKICHUX BHIIB pociauH. CHHaHTpOMi3alis CyNPOBOKYEThCS 301MHEHHAM
abopureHHoi (hJIOpH, CTUPAHHAM PETIOHATBLHUX PHC, CIPOINCHHSAM 1 yHI(iKaIlie€o pOCIMHHOTO
MTOKPHBY, BTPATOIO TeHODOH Y, 3HIKEHHSIM O10JI0TiI9HOT IPOAYKTHBHOCTI €KOCHCTEM [2].

METO/IM TOCJIJUKEHHS

O06’ekTamMu JOCTiKEHb Oy yrpymoBaHHsS, MO cHOpMyBaluCh HAa TEPHUTOPIi BiIBaliB
030KepHUTOBUAO0YTKY B M. bopucnagi. [TonboBi AociKkeHHsT HA TepUTOPii 007acTi 3MIHCHIOBAIN
TPaJULiHHAM MapIIPyTHAM METOJIOM Yy TO€THAHHI 31 CTAI[iOHAPHUMH IOCIIHKCHHSIMH B TICBHUX
00’exTax. BukoprcToByBaIMCh KaMepallbHi METOAN — 00poOKa repbapHOro MaTepiaay Ta METOIU
MATEMAaTHYHOI CTAaTHCTHUKH. 3a pe3yJibTaTaMH OMHUCIB ()ITOLEHO31B, BHKOHAHHMX Y XOIl ILHX
JOCIIIIKEHB, OyJI0 MpoaHai3oBaHO CHHAHTPONHY (pakuito diopu. InenTudikariro BUIIB pOCIUH
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MIPOBOVIIN 32 BU3HAYHUKOM pociuH (OnpeaenuTens..., 1987). JlaTuHChKi Ha3BU BHIIIB TOJIaHi 3a
“OnpenenureneM BBICIIUX pacTeHud Ykpawnsl” (Omnpenenurtenp..., 1987) 3 ypaxyBaHHsAM “A
nomenclature checklist” (Mosyakin, Fedoronchuk, 1999) ta “Angiosperm Phylogeny Group”
(2009) [6, 22, 20]. CunanTpoITHI BUIU BUSABISUH 3a ipatieio B.B. TIpoTtomonosoi Ta “Exodioporo
Vkpainn” [15, 4, 5, 7, 18]. Knacudikarmito CHHaHTpOITHUX eleMeHTiB BUKOHaHO 3a J. Kornas 3
ypaxyBaHHsIM nonoBHeHb B.B. IIpotomnomnosoi [21, 15].

PE3YJIbTATH JOCIIIKEHb TA OBI'OBOPEHHSA

BoprcnaBcrke pomoBHIE 030KEPUTY — BENHWKE POJOBHUINE O30KEPHTY, IO PO3TAIIOBAaHE B
Mexax Micta bopucias JIbBiBchKO1 00macti. Pogosuie po3pobisersest 3 1855p. Came B 1iboMy
pomi mignpuemerts PobepT JloMc 3miiCHUB PO3BIAKY O30KEPHUTY Ta PO3MOYaB HOro BHIOOYTOK,
kUi TpuBaB 70 1997 p.

Bigxoau, siki yTBOPIOBAJIMCE ITICIISI BUIOOYTKY O30KEPUTY BiACHUIAIMCH Y MOHWKCHI TUISTHKU
y 3armutaBi notiuka Kpymenpauis. Yepe3 XaoTHYHE BiJCHIIAHHS TOPOAM BOPOAOBXK 150-TH POKIB,
chopmyBaBcsi HepiBHMH ropOucTuii penbed Ha rtwomi 20 ra. 3a  MIKpOpenbeHUMH
OCOOJMBOCTSIMH Ha BiJ[BANaX BUAUISIOTBCS CXHIIM Pi3HOI KPYTU3HH Ta CKCIO3UIlI, IUIAKOPH,
YJIOrOBUHH, 3anaJvHu, kKaHasu [19].

TakcoHOMIYHa  CTPYKTypa BHJOBOTO  CKJIQJy CHHAHTPOMHOI  (JIopH  BiJBaliB
030KepHUTOBUA00YTKY M. BopucrnaBa BimoOpakae ymMOBH (OpMYBaHHS POCIMHHOTO TOKPHUBY B
JIOCITIPKYBaHUX €KOoTomax. BoHa Bka3dye Ha OCOOJIMBOCTI BHYTPINIHBOI OynoBum ¥ cruenmdidni
0COOJIMBOCTI (hiTOLIEHO31B, € OJHUM 3 OCHOBHUX SIKICHMX TIOKa3HHUKIB.

40
35
30 1
25
20

s

CUHAHTpPOMHA CUHAHTpPOMNHA
dnopa sipgBanis dnopa YKpainm

B Asteraceae & Fabaceae B Poaceae & Poly gonaceae

0l Apiaceae G Plantaginaceae & Brassicaceae & Lamiaceae

Puc. 1 IlepeBaxkarodi poaiMHU CHHAHTPONHOI JIOpH YKpaiHu Ta BiABAIIB
030KepUTOBHI00YTKY
Fig. 1. Dominating synanthropic flora families in Ukraine and at the ozokerite mining dumps

AHaji3 BHIIOBOTO CIEKTPY CHHAHTPOMHOI (hIOpW BiIBalliB IMOKa3aB MEpEeBaYKaHHS TaKHUX
ponuH (%): Asteraceae — 36, Fabaceae — 14, Poaceae — 8, Polygonaceae — 6, Apiaceae — 6,
Plantaginaceae — 6. SIxmo MoOpiBHIOBATH 13 POJAUHHUM CIIEKTPOM CHHAHTPOTIB YKpaiHU 3arajiom,
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TO TEpeBaXaHHS POAWMH B TOPSIKY 3MCHIICHHS iX POl BHUIIIsAAae Tak: Asteraceae — 15 %,
Brassicaceae — 8,8%, Poaceae — 8,4%, Fabaceae — 6,3%, Lamiaceae — 5,5%, Apiaceae — 4,6%
[15]. Otxe, cmimbHUM miisi 000X CHHAHTPOMHHMX (JIOP € BeMWKa KiIbKICTh BUIIB 3 POIUH
Asteraceae, Fabaceae Wi Poaceae. XapakTepHOIO OCOOJIHMBICTIO CHHAHTPONHOI (uiopn Ykpainu €
3HaYyHa KUTBKICTh BHIIB pOoJuH Brassicaceae Ta Lamiaceae, Mo He TpUTaMaHHO Uil Quopu
BiZJBaJIiB 030KepHTOBHI00YTKY. HaTOMiCTh, Ha BimBamax 3pocTae pojb y MpoIecax 3apOCTaHHS
CUHAHTPOIHUX BUMAIB 3 poauH Polygonaceae ta Plantaginaceae. Takox Ha BifBajax € pOJIUHH
CHHAHTpONHOI (¢uiopH, sIKI TpeACTaBIeHI OXHMUM BHIOM — Egquisetaceae, Ranunculaceae,
Geraniaceae, Resedaceae.

CHHAHTPOIHI BUIU 3a MOXO/PKCHHSIM MOIUISIOTH HAa aJBCHTUBHI BUIU (AaHTpOMO(ITH) W
anogitu. O0JIACTh MOXOKCHHS aJIBCHTUBHUX BUJIIB JICKUTH 11032 ME)KaMU YKpaiHH, a IXHs MOsBa
y }Jopi npsMO YK ONOCEPEeAKOBAHO 3aJIKHUTh BiJ MISUIBHOCTI JIIOJUHU. ATIO(ITH — 11e abOpHUreHH]
BUJH, SIKI POCTYTh Ha aHTPOIOT€HHO MOPYIICHNX eKoTomax [16].

Amoditn 3a cTymeHeM afanTariii 10 aHTPOIIOTCHHUX YMHHUKIB MOIUIAIOTECS Ha TPU TPYIH:
eBaroQiTH — MICIIEBi BU/H, SKi TIOBHICTIO a00 YaCTKOBO MEPEHIIITH T0 aHTPOITOTEHHUX E€KOCHUCTEM;
remianoiTi — aKTUBHO MOIIHUPIOIOTHCS B HAITIBIPUPOIHUX a00 TpaHC(HOPMOBAHUX €KOCHCTEMAX,
aie 30epiraroTh CTalli MO3WII] Y MPUPOJHUX E€KOCHCTEMAax; CIIOHTAHEO(ITH — B aHTPOIOTCHHUX
€KOCHCTEMaX SIKIIO i TPATUIIIOTHCS, TO BHITAAKOBO.

AHTponogiTy 3a yacoM 3aHECEHHs NOAUIIOTH Ha apxeodith — 3aHeceHi B YkpaiHy g0 XV
CT., KeHO(iTH — noTpanuiu 10 Ykpainu 3 XV o XX cr [8].

Cepen BunineHux 50 CHHAHTPOIIHMX BHJIB BiJBaNiB 030KEPUTOBHIOOYTKY anogiTiB
HapaxoByeTbes 41 (82%), antponodiriB — 9 BuaiB (18%). CniBBigHOmEHHST cyMu ano@iTiB Ta
aHTpONOQiTIB € BAKJIMBOI O3HAKOIO NPH aHali3l CTyNeHs CcHHaHTpomizauii ¢uopu Tta s
JOCTIKYBaHMX €KOTOIIB CTaHOBHUTH 4,6:1. Ha BimMiHy Big IIMX TEXHOT€HHUX CKOTOIIB, IS
VYkpainu Take CIiBBiIHOMIEHHS CTaHOBUTH 1:1,3, Ha KopucTh aHTponoditiB. Ile cBimIUTH MpoO TE,
0 CHHAHTpOMIHA (yropa BifBaliB chopMyBaiach Iij BILIMBOM abOpUTeHHOI (IopH, a ChOTOIHI
nporiecy anodiTu3arlii 3HaYHO NIEPEeBAKAIOTh HaJ MporiecaMu afaBeHTH3alii. ®akTuano ¢uiopa, ska
(dopMyeThcsI Ha TEpPHUTOpii BigBaJiB 030KEPUTOBHUAOOYTKY BiAPI3HAETHCA BiJ NPUPOIHOL
30HAJIBHOI.

B esanoditn Bremianoditn O cnoHTtaHeoditn a =]

Puc. 2 Anogitu Ha BigBajsax 030KepUTOBHIO0YTKY
Fig. 2. Apophytes at the ozokerite mining dumps
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Cepen amodiTiB 3a CTyIeHEM aJariTamii 10 aHTPOIIOTEHHO MOPYIICHUX YMOB IIEPEBAXKAIOThH
esaroditu — 22 Buam, abo 53,7%. lle, nanpuxnan, Urtica dioica L., Polygonum aviculare L.,
Plantago major L., P. media L., Melilotus albus Medik, M. officinalis Pall., Medicago lupulina
L., Trifolium repens L., Daucus carota L., Arctium lappa L., Artemisia vulgaris L., Eupatorium
cannabinum L. Ta iH.

Hpyry nosuiito 3aiiMatoTs remiamoditn — 15 Bunis, abo 36,6%. Lle, nanpuknan, Achillea
millefolium L., Chenopodium glaucum L., Lotus corniculatus L., Vicis cracca L., Pastinaca
sylvestris Mill., Crepis biennis L., Senecio jacobaea L., Tussilago farfara L., Stachys palustris L.,
Pimpinella saxifraga L., Plantago lanceolata L.

CnoHTaneodiTiB HapaxoByeThcs 4 Buau, abo 9,7%. Jlo Hux Hanexarts Geranium pretense L.,
Odontites vulgaris Moench., Tanacetum vulgare L., Poa compressa L.

ITo reputopii Ykpainu Buay anoditHOI (pakiii CHHAHTPOITHOT (UIOPH PO3MOIUISIOTHCS TaK:
esaroditu — 32,8%, remianoditu — 37,6%, contaneoditu — 29,6%.

OTtxe, cepex amodiTHO! (paxiii CHHAHTpOMHOI (JIOPH BiABAJIB 030KEPUTOBUAOOYTKY
OUTBIITICTH CTAHOBJIATH €BaO(MIiTH — TUTIOBI CHHAHTPOIIH, SIKi POCTYTh B aHTPOIIOTEHHO 3MIHEHHX
€KOTONAaX, € MOHEPHUMH DPOCIMHAMH, IO POCTYTh HA MOYATKOBUX CYKIECIHHUX cTamigx. s
TepuTopii YKpaiHu cepes; anodiTiB HE3HAYHO MEPEBAKAIOTh reMianmo(iTH — BUAH 3 aKTHBHOIO
CTpAaTeTi€l0 TOIMMPEHHsT B HAMIBOPHPOIHUX ab0 TpaHC(HOPMOBAHHX E€KOCHCTEMax Ta CTAIUMHU
MO3UIISIMU Y IPUPOAHUX (iTOLIEHO3aX.

Amnaiiz antponoditiB Ha TepuTopii BiZBaJiB 030KEPUTOBUIO0YTKY, 32 4ACOM 3aHECCHHS,
CBIZUMTH NPO HE3HAUHY IepeBary KeHodiTiB (BHAM, 110 norpamwin a0 Ykpainu 3 XV po XX
cT.) — 55,6%. o Hux nHanexarb Chenopodium rubrum L., Erigeron canadensis L., Stenactis
annua Nees, Reseda lutea L., Mentha longifolia (L.) Huds. ApxeodirtiB (Buau, IO 3aHECCHI B
VYkpainy no XV crt.) nemo menme — 44,4%. Ile taki Bunu — Urtica urens L., Cichorium intybus
L., Lactuca serriola L., Sonchus arvensis L. 1llo » mo cuHaHTpomHOI (¢opu YKpaiHu, TaKOXK
nepeBakaloTh KeHO(ITH, ane 3 OUTBIIO Pi3HMIEI0 HIX Ha BimBamax — 67,8%. ApxeoditiB —
32,3%.

CroisibHUM JUTsI ABOX CHHAHTPOMHHUX (UIOp, MO aHTpomnodiTHIN Gpakiii, € ToMiHyBaHHS
enexo(iTiB — BUAIB, SKi HATYpaJIi3yBaJUCs B TOBHICTIO TPaHC(POPMOBAHHUX €KOTOIAX.

Jns ouinky macmtaGiB 1 HAcHiIKIB CHHAHTpOMI3alil (UIOPH BHUKOPUCTOBYIOTH METOIMKY
noJbChKOro jgociinnuka b. SikoBsika, sika BKa3ye Ha BIJICOTKOBY y4acTb aHTpoHo®iTiB y ¢iopi
neBHOro periony. Ilpu kinbKicHOMY aHalli3i CHHAHTPOITHMX BHJIIB BUKOPHCTOBYIOTHCSI HACTYIIHI
MOKa3HUKH:

1) inmexc cuHaHTpomizamii (po3Mip BIUIMBY JIIOAWMHM), IO BHPAXa€TbCd B 3arajibHIH
KITBKOCTI JIpeBHIX iMMirpantiB (apxeoditi) i HOBHMX NpHUOYJIBLIB, SKI HPUCTOCYBAIHCS B
MPUPOJHUX, HAMIBOPUPOMHUX 1 B 3MIHEHHX JIOAMHOIO MICIE3POCTAaHHSIX — PULT, CMITTEBHX
3BAJIMINAX TOIIO;

2) ingexc anodiTuzarii — BiqHOMEHHS ano(diTiB 10 3arajJbHOTO YUCIIA BUIIB;

3) iHmexc aHTpomnodiTm3arlii — BiIHOIICHHS AABEHTHUBHUX POCIMH IO 3arajlbHOTO YHCIIa
BHIIIB;

4) iHmexc apxeodiTu3alii — BiIHOMICHHS apXeoQiTiB 0 3araJIbHOTO YKCIIa BHIIB;

5) inekc keHO(DiTH3aIIT — BiTHOIICHHS KCHO(ITIB 10 3arajibHOrO YKCIIa BUJIIB;

6) iHaekc MoaepHizaii Gropu, TOOTO BiTHOMICHHS KUTBKOCTI KEHOMITIB 10 BCIX IMMITPaHTIB
(metadgiTiB) [8].

AHaJti3 KiUTBKICHUX TIOKA3HUKIB aHTPOIIOTCHHUX 3MiH 3aCBiIYMB, IO 1HACKC CHUHAHTPOII3aIlil
JUISL BiJJBAJIIB 030KCPUTOBUAO0YTKY CTaHOBUTH 35%, a uis Bciei Ykpainu — 24,9%. Lle cBiguuTh
Ipo 3HaYHY TpaHC(POPMOBaHICTh TEPUTOPIi BiJBAIIIB Ta AaHTPOIIOTEHHIH THCK Ha BiTOOIOTY.
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Tadauus 1. KinbkicHi mokazHUKH aHTPONMOreHHHUX 3MiH y (Jiopi BigBagiB
030KepuTOBHI00YTKY M. Bopuciasa
Table 1. Quantitative indicators of anthropogenic changes in the flora of ozokerite mining

dumps in Boryslav

ITokazauk dopmyna 3HadeHHs A | 3HAYSHHS IS
CUHAHTPOIHOI | CMHAHTPOITHOL
¢opu ¢nopu
BigBaJIiB Ykpainu
IS Ap+ Ar + Kn 35% 24,9%
Ab +dp +dr +&n
IAp Ap 28,7% 10,6%
IAp = x® 100
P=4b £t Ap + Ar L Kn %
IAn Ar + En 6,3% 14,3%
IAn = x® 100
" T Ab + Ap + Ar + Kn "
IM Kn 55,5% 67,8%
‘n. — 9 9
IM ot Kn # 100%
IAr Ar 2,8% 4,6%
I4r T Ab + Ap + Ar + Kn X 100%
IKn Kn 3,5% 9,7%
n = v Ap + ar + K < 100

Mpumitka: Ab — aGopurenni Bumu, Ap — amoditu, Ar — apxeoditu, Kn — xenodirtu, IS — ingexc
cuHanTpormizauii, [An — ingekc anrpomizauii, [Ap — ingekc anodituzauii, [IKn — ingexc kenodituzaumii, [Ar —
ingexc apxeodirnzauii, IM — inaexc MoaepHizarii.

Innexc anTpomizamii BKa3zye Ha poJib 1HBa3iil aJBEHTHBHUX pOciuH. [Haekc amodituzamii
BitoOpaxkae  ydacTb  a0OpPHI€HHMX BHJAIB B  POCIMHHOMY TOKPHMBI  aHTPOIIOTEHHO
TpancopmoBaHoro exoromny [3]. CiBBiZHOMIEHHS X JBOX IMOKAa3HUKIB JOBOJHTH, SIKi TIPOICCH
MepeBakaloTh Ha JOCHiDKyBaHil Teputopii. IHmekc amodituzamii mepeBakae Haja 1HIEKCOM
anTpomizamnii (BimmoBigHO 28,7% 1 6,3%), 10 BiIMIHHO BiJ CHHAHTPOMHOI (JOpH B Mexax
VYkpainu, ne iHAeKc aHTpomi3allii nmepeBakae Hax iHAekcoM amodituzamnii BiamosigHo (14,3% i
10,6%).

Ianexc apxeoditmzamii mokazye ydacTe BHIOIB 3 BHCOKHM CTYNEHEM HaTypamizamii —
apxeoditis [10]. DoHOBMI NOKa3HUK VISl IOCHTIPKYBaHOI TepuTOpii — 2,8%, a B Mexax YKpaiHnu —
4,6%.

[Noka3HukM iHIEKCIB MOJEpHi3aLii Ta KeHo(iTH3aLil Bi1oOpaxaloTh IHTEHCUBHICTb 1HBA3iH B
nanui yac [16]. @oHOBHI iHICKC MOJCpHI3allil B MEkaxX BiBaliB JOCUTh BUCOKUH — 55,5%. Jlns
VYkpainu neil nokasHuk me BUMHA — 67,8%, 10 CBIAYMTH NPO NEpEBaKaHHS B POCIMHHOMY
MOKPUBI AJBCHTUBHUX BHUIIB, SKi 3HAXOMAATh BiUJIbHI CKOJOTIYHI HIlli B MEXaX TEXHOI'CHHUX
€KOTOTIIB.

3a rpaparicro TpaHcHOpPMOBaHHMX TEPUTOPiH, 3milicHeHOIO A.M. AOpamoBoro Ta b.M.
MipkiHEM TEpUTOpPis BigBaNiB  O30KEPUTOBHAOOYTKY B M. bopucmaBi HaleXWuTs 10
CepeIHbOCHHAHTPOIII30BAaHNX TEPHUTOPid, I ydYacThb CHHAHTPONHHMX BHIIB Yy (QiToreno3ax
ctaHoBUTH 35 % [13].



202

BUCHOBKUA

OnmHUM i3 TOJIOBHUX HACIHIIKIB TOCHJICHHS aHTPOTIOTEHHOTO BIUIMBY HAa JOBKIUIA €
CHHAHTPOMI3aIlisI POCIMHHOTO TOKPUBY BHACHIIZOK YTBOPEHHS PI3HOMAHITHUX MOPYIICHUX
3eMeJb, 30KpeMa TEXHOTEHHHUX €KOTOIIIB, TAKUX SK BiJBaJIM 030KEPUTOBHIO0YTKY. MacmTabHiCTh
IIBOTO TPOLIECY MPH3BOIUTH J0 YiTKO BHPAXKEHUX 3MiH y CTPYKTYpi MPUPOIHOI (IIopH B3arami Ta
perioHa bHOI 30KpeMa, IO BHSBISETHCS y BTPAaTI HUMH CHEOU(IYHAX pPHC — 3MEHIICHHS
PI3HOMAHITTS aBTOXTOHHHUX BHUIIB POCIWH Ta TIOCUJICHHS YYacTi aIBEHTUBHUX, 301 THEHHS CKIIATy
POCIMHHUX yTPYNOBaHb.

BcraHoBneHo, 10 4acTKa CHHAHTPOITHUX BUAIB Y (IIOpi BiBaJIiB 030KEPUTOBHIOOYTKY y M.
Bopuciasi nocuth 3HaYHA i CTaHOBUTH 35% BiJl 3arajbHOT KUTBKOCTI BH/IIB.

OcCHOBHa KUIBKICTh CHHAHTPOIIHWX BHUJIB CKOHIICHTPOBaHA y 6 poaumHax — Asteraceae,
Fabaceae, Poaceae, Polygonaceae, Apiaceae, Plantaginaceae.

Amnani3 cuHaHTponHoi ¢pakuii ¢opu 3acBiTuMB KUIbKICHY nepesary anogitiB (82%) Hajg
aaTrporoditamu (18%). YV amoditHii ¢pakmii BUKIIOUHY OUIBIIICTH CTAHOBIATH €BarodiTH —
53,7%, 1m0 Bizmpi3HsE AOCHIIHKYBaHY CHHAaHTPOIIHY (DJIOPY BiJi CHHAHTPOIHOI (hi1opu Beiel YKpaiHu
(eBammoditie — 32,8%). Cepen anTpomo(iTiB 3a 4acoMm 3aHECEHHS apxeo(iTh Ta KeHOPiTH y
CHHAHTPONHIA (IIOpi BiIBaJiB MPENCTAaBICHI CXOXXHMH BiJCOTKOBMMHU 3HadeHHAMHU (44,4% Ta
55,6%), Mo CBIAYUTH PO TOMIpHUI NPOIEC MPOHUKHEHHA AJABCHTUBHUX BHUAIB HA TEPUTOPIIO
OCITIKEHHS.

JITEPATYPA

—_—

Bbypna P.W., 1991.ArTpomnorennas Tpanchopmanus ¢hiaopsr, 75 — 92

2. TopuakoBckmit ILIJI., 1999. AmdxrpomoreHHa TpaHcopmariiss 1  BiTHOBJICHHS
MPOAYKTHUBHOCTI TyIHHX (piTo1eH03iB, 124 — 136

3. Tpuropa .M., Conomaxa B.A., 2005. PocnunHicTe YKpainu (€KOJIOT0-IICHOTUYHUH,
¢nopuctuuHuii Ta reorpadivynmii Hapuc), 357 — 364

4. Jinyx S.IL., Bypna P.1., 3uman C.M., 2004. Exodnopa Ykpaiunu, 2, 480

5. Hinyx SLIL., Tlmrora I1.T., Ilporononosa B.B., 2000. Exodnopa Ykpainu, 1, 284

6. Hobpouaesa /.H., Koros M.U., IIpoxynun FO.H. u ap., 1999. Onpenenurens BbICIINX
pacTteHuil Ykpaussl, 548

7. Imeiaceka A.IL., Himyx S.I1., Bypna P.1., Kopotuenko I.A., 2007. Exodnopa Ykpainum, 5,
584

8. Komyn JI., Ky3pmimmuna 1., 2016. Cunantponna ¢iopa BomuHcbkoi o06macti: MoHoTpadis,
36 -44

9. Komyn JI1.O., Ky3pmimmua 1.1, 2016. Cunantpomizariss ¢mopu BonmHCEKOi 007acTi.
Biomoriunmii Bicuuk MJIITY, 1, 416 — 427

10. Kpamapenp B.O., Conmomaxa B.A., Conomaxa T./., 2011. Cunanrpomizauist ¢uopu
HalioHAJIBHOTO npupoaHoro mnapky “CkomiBebki beckman”. Haykosuii Bicumk HIITY
VYkpainuy, 21, 68 — 74

11. Kyzsapin O.T., 2012. IlopiBHsuibHUMI aHami3 ¢uiopu BYriabHUX BiaBaiiB JIbBiBChKO-
BousmHCBKOTO TipHUYONIPOMHUCIIOBOTO perioHy. bionoriuni cryaii, 6, 189 — 198

12. Mapenuyk 10.A., 2009. AnsenTuBHBIN 31meMeHT Giopsl [lentpamsHoro IlpenkaBkasbsi.
Venexu CoBpeMeHHOTO ecTecBO3HaHus, 3, 50 — 51

13. Mupkun b.M., Haymoa JLI., Comomemi A.W., 2001. CoBpemeHHas Hayka o
pactutensHOCTH, 78 — 126

14. TIporonomosa B.B., 1988. Harypamnizamis aqBeHTUBHUX POCITHH YKpaiHu. YKp. O0TaH.
XKypH., 4, 10 — 15

15. TIportononosa B.B., 1991.Cunantponnas ¢opa YKpauHsl ¥ IyTH ee pa3Butus, 10 — 23,

75 -90



203

16. TIporomnomosa B.B., IlleBepa M.B., 2012. ®iToinBa3ii. AHami3 OCHOBHHX KiacH(ikarli,
cxeMm i Mmozeneii. [IpombitiienHas 6oTanika, 12, 88— 95

17. Conomaxa B.A., KoctmmeoB O.B., Hlemsar-Coconko HO.P., 1992. CunantpomHa
pociuHHICTh YKpainu, 6 — 10

18. ®engoponuyk M.M., [inyx S.II. ta in., 2002. Exodnopa Ykpainau, 3, 496

19. aitrnep M.H., Kyuamanna H.T'., 2009. Jlesiki acriekts GOpPMyBaHHS POCTHHHOTO ITOKPHBY
Ha BizBanax bopucnaBcbkoro o3okepuroBoro ponosuma. CydacHi npobiemu
30aJ1aHCOBAHOTO MPUPOIOKOpUCTYBaHH: Marep. IV-i Hayk.-npakT. kKoH}., 211 — 212

20. Angiosperm Phylogeny Group, 2009. An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plants: APG III (PDF). Botanical
Journal of the Linnean Society, 161 (2), 105-121

21. Korna$ J., 1968. A geographical-historical classification of synantropic plants. Mater.
Zakl. Fitisoc. Stos. UW., 25, 33 —41

22. Mosyakin S.L., Fedoronchuk M.M., 1999. Vascular Plants of Ukraine. A nomenclature
checklist, 345

ABSTRACT

COMPARATIVE ANALYSIS FOR THE SYNANTHROPIC FLORA IN
UKRAINE AND AT TECHNOGENIC ECOTOPES USING THE
EXAMPLE OF OZOKERITE MINING DUMPS IN BORYSLAV

At present interaction between human society and nature is accompanied with intensive
anthropogenic impact on all environmental components. New ecotopes, which are not similar to
the natural, are arising. Ozokerite mining dumps in Borislav are one of such examples.

One of the main consequences of the human impact on the environment is synanthropization of
vegetation. The scale of this process leads to distinct changes in the natural flora structure in
general and, in particular, regional flora, reducing the diversity of indigenous plant species and
increased participation of alien species, depletion of plant communities, replacing the dominant
vegetation types with derivative.

Taxonomic structure of species composition for synanthropic flora at the ozokerite mine
dumps in Boryslav reflects the vegetation conditions in these ecotypes. It points to the peculiarities
of the internal structure and specific features of the plant communities and is major quality
indicator.

Analysis of the species range for synanthropic flora at the mine dumps showed the prevalence
for the folowing families (%): Asteraceae — 36, Fabaceae — 14, Poaceae — 8, Polygonaceae — 6,
Apiaceae — 6, Plantaginaceae — 6.

Taxonomic structure for synanthropic species regarding their response to human impact is
divided into apophytes (native species wholly or partly moved to anthropogenic habitat) and
anthropophytes (adventitious species).

Apophytes are divided by the degree of adaptation to anthropogenic factors into evapophytes,
which are native species completely or partially switched to man-made ecosystems;
hemiapophytes, which are actively distributed in semi or transformed ecosystems, but retain the
stable position in natural ecosystems; and inconstant apophytes in anthropogenic ecosystems if
they appear accidentally.

There are 41 apophytes (82%), 9 antropophytes (18%) among the 50 selected synanthropic
species within the ozokeryte mine dumps. Among apophytes, 22 species or 53.7% of inconstant
apophytes are prevailing by the degree of adaptation to anthropogenically disturbed conditions.
These are, for example, Urtica dioica L., Polygonum aviculare L., Plantago major L., P. media L.,
Melilotus albus Medik, M. officinalis Pall.
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Hemiapophytes posess the second place — 15 species or 36.6%. These are, for example,
Achillea millefolium L., Chenopodium glaucum L., Lotus corniculatus L., Vicis cracca L.,
Pastinaca sylvestris Mill., Crepis biennis L. there are 4 species, or 9.7% of spontaneophytes. These
type includes Geranium pretense L., Odontites vulgaris Moench., Tanacetum vulgare L., Poa
compressa L.

The ratio for the sum of apophytes and anthropophytes is an important characteristic for the
analysis of the synanthropization flora degree, and it is 4.6:1 for the studied territory. It indicates
that synanthropic flora within the studied territory is formed under the influence of native flora,
and now apophysation processes prevail over the adventysation processes.
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FORMATION OF COMPETITIVE ENVIRONMENT AND
COMPETITION DEVELOPMENT IN TOURIST AND RECREATION
AREA OF TRUSKAVETS

Absract. This paper examines features of formation of the competitive environment and
development of competition in the tourist and recreational sector of Truskavets. Authors identified
that various factors of organizational, economic and legal origin that have contributed to the
development of the sector. The factors have been divided on two groups, such as intensifying and
weakening. The paper also examines the level of competition on the examined market segment of
Truskavets. There are deterrent circumstances and various barriers that impede, limit, and
sometimes even impossible competition in the national economy of Ukraine. Thus, the study
shows that the competitive environment of the tourism sector as a whole is developed enough in
Truskavets, mainly due to increased number of business entities and more active use of various
competition methods. Despite a moderate intensity of competition, the market of health-improving
services and tourism is developing itensively.

Keywords: tourist and recreation industry, Truskavets resort, factors of competitive
environment formation, evaluation of the development of the competition level.

INTRODUCTION

Competition is an essential feature of the market that might develop in conditions of a competitive
environment. Formation of the competitive environment is necessary for the functioning of the market
as it is an important task to achieve competitiveness of a country. Providing high competitive status of
the national economy in terms of a new global model of international division of labor forces the
creation of the national competitive environment and encourages greater innovation potential,
accelerates the pace of scientific and technological achievements.

Formation of competitive environment in national economy is a complex process connected
with reforms in various spheres, such as tourism, the institutional core of which is the tourist and
recreation complex.

Resort industry in is one of the most high-margin and dynamically developing in today's
global economy. For many countries, they are a constantly growing source of income that attracts
millions of tourists and helps to develop areas of infrastructure and create jobs. Effective
development of Ukraine's resort and recreational potential can not only satisfy the full needs of the
population in recreational services but also bring real economic benefits.

Truskavets resort can be considered as a benchmark model of resort and recreation areas, a
place of refinement and dissemination of new technologies in the resort industry. It is a place of
introduction of an effective treatment, rehabilitation and recovery of the population, rational use of
recreational resources and implementation of conservation measures, what is a significant
competitive advantage not only on national, but also on international level.

Competition is a prerequisite for the effective functioning and developing of tourist and recreation
industry because it leads to gain of competitive advantages and develops products and services.

A lot of scholars from Ukraine and abroad studied competitive environment in various
sectors of the economy.

According to specialists, tourist and recreation industry of Ukraine is defined as the one with
the most developed competitive environment [8, 20], but of very low competitiveness [19], while
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some researchers say that internal competition is weak [13] or tough enough [6, 10]. Along with
other problems, tourist and recreation industry in Ukraine remains insufficiently studied.
Questions concerning features of the formation and development of the competition on the
Ukrainian market are comparatively poor studied. It is important to create a better environment
enabling the operation of businesses in the resort and recreational areas in order to improve their
competitiveness and industry in general.

METHODOLOGY

While studying a competitive environment and competition development in the tourist and
recreational sector of Truskavets authors use general scientific methods such as observation,
comparison, analysis and synthesis, induction and deduction.

Using the historical method made it possible to explore the formation of a competitive
environment in examined area. A comprehensive analysis of the features of competition was
conducted using applied statistics and mathematical methods.

Authors used the results of opinion poll (health resorts, boarding houses, hotels, private
sector accommodation) for the purpose of qualitative assessment of the intensity of competition in
the tourist and recreational sector of Truskavets. Results of the study were presented using
graphical and tabular methods.

The two-limits-assessment scale was used to evaluate the degree of competition on the
market. Results showed three types of markets: [17]

- with a high concentration of business entities (HHI> 1800, CR-4> 80%);

- with a moderate concentration of economic entities (1000 <HHI <1800, 45% <CR-4 80%);

- with a weak concentration of economic entities (HHI <1000, CR-4 <45%).

HHI - Herfindahl-Hirschman Index, which calculates the concentration of the market by
summing the squares of the percentage market shares held by the respective firms.

HHI =S>+S;+S;+.+8=X¢8, ()
where S; — percentage market share of a firm.

CR - level of concentration in the industry :
N TR SE N O 2)
2 A ’

CR

JI — sales on the market, UAH.

RESEARCH OUTCOMES

The competitive environment can be seen as a well-organized system of interrelated elements
that have their own structure and organization [22] or a set of factors that create the conditions for
successful competition, which is the main element of the market economy. V. Martsyn [15]
believes that a competitive environment is developed through a set of individual components and,
above all, the competitiveness of the market.

Since the declaration of Ukraine’s independence, the following factors have contributed to
the competitive environment in tourist and recreation industry:

= organizational measures: implementation of the State Program of de-monopolization of
the economy, adoption of several laws and decrees of the President towards the development of
the competitive environment and the protection of competition.

= economic reforms (deregulation, privatization, de-monopolization, commercialization, etc.).

As a result upper-mentioned events the country has changed and conditions for competition
in the tourist and recreational services were created. Among them
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* legalization of private ownership, what is a necessary condition for the existence of
competition;

« formation of a large number of companies, what was a prerequisite for competition.

Creation of enterprises of various legal forms and organizational structure was carried out in
two directions:

1) reforming existing organizational structures or associations [21];

2) creating new businesses.

In particular, the number of hotels in Lviv region tends to increase (in 2000 - 2015 the
number increased almost in 5 times). [12] The number of new businesses in the recreational sector
of Truskavets during the same period (2000-2015) increased by 31% (Table 1), which is also a
favorable factor for the formation of a competitive environment and competition.

Table 1. Number of hotels and specialized accommodation
facilities in Truskavets, 2011- 2015

Year | Hotels | Similar accommodation Specialized Total
facilities accommodation facilities
2000 2 - 40 42
2011 17 4 29 50
2012 17 3 24 44
2013 23 7 25 55
2014 25 5 24 54
2015 27 5 23 55

Source: composed by the author using data of Lviv regional office of statistics [18]

Institutional basis for tourism and recreation industry consists of the hotels, sanatorium
institutions, sanitary and wellness centers, recreation and resort institutions and other
accommodation facilities. Hotels share the biggest part of the market among others (see Picture 1).

Despite the general growth trend in the number of accommodation facilities, the dynamics of
changes in the structure of above-mentioned establishments is not unambiguous. In particular, the
number of hotels in the examined period increased by 13.5 times and the number of health-
improving facilities decreased by 42.5%. Services of temporary accommodation in Truskavets are
actively provided by local people, renting their homes, thereby entering a competitive relationship.

B hotels

B sanatoriums

villas

B resort hotels

Pic.1. Structure of health-improving facilities in Truskavets, 2015

Besides that, it is important to note that the companies of the tourism sector tend to compete
for client services, not only for accommodation, food, services, but for health-improving treatment
as well, due to the balneological specialization of the resort. An increasing number of tourist sector
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institutions demonstrates the increasing competition between them, and intensive development of
the competitive environment.

¢ Businesses in Truskavets are not limited to the domestic market, and act beyond the limits
of the national market introducing new forms of cooperation, increasing influence of competition
on their activities (see Figure 2).

@thouzand
persons

Pic.2. Dynamics of foreign visitors of health-improving facilities, 2010 — 2015 [8].

As can be seen from Picture 2, the number of foreign visitors in 2010 - 2013 increased 1.8 times,
but during the last 2 years decreased by 68.2%, what has happened mainly due to the political situation
in the country. In 2105 health-improving institutions rendered services for foreign citizens from 35
countries, among them Moldova, Azerbaijan, Belarus, Russia and Uzbekistan.

* Management methods have changed. Cost accounting, which puts companies in equal
conditions on market relations, have become the main method of management. Despite the fact
that there are 940 business entities (legal entities as of 10" Jan 2016) registered in Truskavets in
various fields of economic activity, health-improving and resort services are the main economic
activity of the town. In particular, the volume of services provided in Truskavets for 1* quarter of
2015 by various accommodation facilities businesses and catering services met the amount of
UAH 275.4 million, what is 32.7% of all services. 11801 UAH of services sold per person puts
Truskavets on the 2™ place in the Lviv region after the Morshyn resort [23].

¢ Relations between business entities have changed. Now, main business activities are
focused on the needs of a buyer. Businesses have become more competitive as to attract a buyer,
using different methods to compete actively. This trend leads to the growing desire of tourists to
get quality treatments, individualization of a rest, increasing requirements for health-improving
activities and reducing the length of stay. [20] At the same time the competition with recreational
activities abroad have increased [13].

Using more methods of competition promotes competition. In particular, the use of
instruments of the price competition has a decisive influence on the volume and profitability of
sales, and on the profitability of a business. Therefore manipulating the price, companies increase
or decrease the pressure of competition. If several companies of similar type in the strategic
industry are offering lower prices in order to increase sales, the competitors have to implement
countermeasures. Such actions mean increased competition. By non-price methods of competition,
health-improving institutions promote the creation of new services and improve their quality.

The fact, how soon competitors implement countermeasures, also significantly affects the
intensity of competition. It depends on the effectiveness of the countermeasures used by a
competitor. The greater impact of the measures, which company uses to implement competitive
strategies and to obtain competitive advantages, makes more likely that such activities can be used
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over by competitors. Under these conditions, competition increases. If competitors react slowly to
the actions of a company, the intensity of competition weakens.

¢ Expansion of the tourist business on rural areas, expanding the strategic area of the
competitive environment, increasing number of competitors. For example, Truskavets competitors
are tourist and recreational zone of Modrychi and Skhidnytsia villages.

Since the adoption of the Law of Ukraine "About special economic zone of tourist and
recreational type "Health Resort Truskavets" " were registered 25 investment projects estimated of
$96.9 million. Since the beginning of functioning of the special economic zone 01.11.2011,
investment counted $117.1 million, $26.5 million of which were foreign investing in infrastructure
objects of private ownership. Among them health services and tourism attracted $90,630.7
thousand to implement 11 projects (Truskavetskurort JSC, Truskavetsinvest LLC, Sanatorii
Karpaty LLC, Dnipro-Beskyd JSC, International Clinic of Rehabilitation LLC, Kyiv mobile
mechanized column-2 JSC, Volyn agro-trading house) [8].

Authors used the two-limit scale to assess the competition in the examined market segment
Truskavets. Herfindahl-Hirschman Index (HHI) was slightly lower than 1000, and the ratio of market
concentration - 1.5% lower than 45%, so the intensity of competition is moderate. It should be noted
that the calculation takes into account only hotels and similar accommodation facilities. It should be
believed that this indicator would be even lower if the amount of accommodation facilities provided by
the private sector had been used in calculations, what means a higher level of competition intensity. It is
impossible to calculate the volume of temporary accommodation services for tourist and resort
vacationers provided illegally by local residents in private houses, flats, etc., without taxation. Along
with that, tourists and vacationers that use such illegal services have access to recreational resources of
the resort, therapeutic mineral water and therapeutic procedures.

Results of the opinion poll of sanatorium sphere and private sector about the impact of
competition on their activities show that the intensity of competition is moderate (26.7% of respondents
believe that feel the impact of competition moderate action by different actors) (Table 2).

Table 2. Estimated influence of the competition on examined
health-improving facilities in Truskavets, % of questioned

Competition level Competitors
Types of facilities | Low | Moderate | Hight | Very high
Sanatoriums and - 84,5 15,5 - Similar type facilities
resort hotels 12,4 23,4 - - Other accommodation facilities
26,9 17,3 - - Private sector facilities
Average estimate 13,1 41,7 5,17 - Total
Hotels and villas 10,5 36,8 26,3 20,4 Similar type facilities
10,5 9,8 394 11,7 Other accommodation facilities
10,5 3,2 394 31,5 Private sector facilities
Average estimate 10,5 16,6 35,0 21,2 Total
Private sector - 54,6 18,2 16,7 Sanatoriums and resort hotels
facilities 42,5 - 12,5 - Other accommodation facilities
36,4 11,2 - 22,4 Private sector facilities
Average estimate 26,3 21,9 10,2 13,0 Total
Average estimate 16,6 26,7 16,8 11,4 All respondents

Research and daily practice of management in Ukraine show that there are certain
aggravating circumstances and various barriers that complicate, limit, and sometimes even
impossible competition in the national economy. A considerable part of them consists of unsolved
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problems in limiting monopolies, ensuring adequate state protection of fair competition in
business. The main factors that impact competition are the following: imperfect tax policy [1],
which provides unjustified benefits to certain businesses and emerging industries and an immature
system of tax management of the market [2].

Competition increases proportionally to the profits from successful strategic decisions. The
higher is the potential return, the greater is the likelihood that other companies will operate using
the same strategy in order to receive this high income. The analysis of the financial performance of
temporary accommodation and catering services in Truskavets has a negative trend: the amount of
loss increased by 4,4 times during 2012 - 2014 years [23].

Negative factors that impact competition are inadequate and ineffective management of
sanatorium and resort institutions [1, 5], including improper subordination, which often leads to a
distortion of their market strategy and excludes them from real competition.

DISCUSSION OF THE RESULTS

The aim of further studies is to find effective mechanisms of formation of the competitive
environment in the tourist and recreational sector of Truskavets that encourage businesses in this
sector to improve service quality and level, and contribute to the development of the resort. From
this point of view, an important research strategy is to define methods of gaining and retaining
competitive advantages to enhance the competitive status of the tourist sector of the resort both on
national and international levels, and developing competitive strategies of improving the
competitiveness of tourist and recreation industry.

CONCLUSIONS

The competitive environment is a set of conditions and factors for successful competition. Its
development is associated with a large number of counterparties. The absence of competition suggests
monopolized environment, and as a result - weakening of market economy. Competitive environment
of the tourist sector of Truskavets is influenced by a number of government measures of organizational,
economic and legal character of both national and regional importance. Factors that influence
competitive environment can be divided on intensifying and weakening. Intensifying factors are the
following: de-monopolization and privatization, government measures to protect competition and
competitive environment, the formation of a large number of companies of various legal and
organizational forms, active application of competition tools. The weakening factors include: decline in
the numer of sanatoriums (health facilities), inadequate and ineffective management of the health-
improving facilities and low profitability as a consequence, the government tax policy.

Thus, this study shows that the competitive environment of the tourist sector of Truskavets is
developed. Despite a moderate intensity of competition, health-improving and tourist market is is
actively developing (even though a lot of problems appear) and is improving in terms of the
requirements of a modern market economy.
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AHOTANIA

®OPMYBAHHSI KOHKYPEHTHOI'O CEPEJOBUIIA TA PO3BUTOK
KOHKYPEHIII Y TYPUCTUYHO-PEKPEAHIMHOMY CEKTOPI
KYPOPTY TPYCKABEILb

Kypopromnonic Tpyckaseup Moxke OyTH BH3HAHMM MOJEIUIIO I CyYacHMX KypopTiB Ta
pekpeatiiiHux 30H. TypucTHYHO-peKkpealiiiiHa ramys3b 34aTHa e(eKTHBHO (DYHKIIOHYBaTH 1 pO3BHMBa-
THCS TUIBKM B YMOBaX KOHKYPEHTHOTI'O CEPE/IOBHILA, OCKUIBKH CaMe HasBHICTh aKTUBHOI KOHKYpEHIIT
3My1ye Oi3Hec Ha0yBaTH KOHKYPEHTHHUX IIEpeBar i pO3BUBATH BJIACHI IIPOJIYKTH 1 ITOCIIYTH.

3 MOMEHTY IMpOTrOJIOIICHHS HE3AIC)KHOCTI YKpaiHM KOHKYpPEHTHE CepeloBHIIa B cdepi
TypuU3My Ta iHXycTpii BIAMOYMHKY pPO3BHBAETHCS 32 IMATPUMKH  YPSIOBHX  3aXOJiB
OpraHizaliifHOro, €eKOHOMIYHOTO i IIPAaBOBOTO XapakTepy SAK HaliOHAJHHOTO, TaK 1 PETiOHATBHOTO
3Ha4YeHHA. B pe3ynprari MUX KPOKIB BigOyMMCS TEBHI 3MiHH, IO MOCIYAWIO OCHOBOIO JIJIS
CTBOPEHHS CIIPUATIMBHUX YMOB JUIA PO3BUTKY KOHKYpPEHII] y cepi TYpUCTHYHHX 1 peKpeamiiHux
mocayr. Jlo Takux 3MiH MOXHA BiJHECTH JIeTajli3allif0 MPUBATHOI BIIACHOCTI; TOSBY BEIUKOI
KIJTBKOCTI MIANPUEMCTB Pi3HUX (OPM BIACHOCTI; MOXKJIMBICTb JOCTYIy Ha 30BHIIIHI PHUHKH;
BIPOBAJKCHHS! HOBUX (OpM CHIBNpamni Ta iX BIUIMB Ha KOHKYPCHIIIO; HOBI METOJAM BEAEHHS
Oi3Hecy 1 3B'SI3KIB MiX Oi3HecoM, sIKi CIpSIMOBaHI Ha 3aJOBOJICHHS IOTPEO CIOXHBAUiB;
PO3UIUPEHHS TYPUCTHYHOTO Oi3HECY B CUIBCHKIH MICIICBOCTI.

3MiHM B KypOpTHO-pekpeauiiHiii 3oHi M.TpyckaBus miATBEp/PKEHI pe3yJbTaTaMu
nociimkenns. Y nepion 3 2000 no 2015 poky KijbKicTh HOBHX HiIIPHUEMCTB 3pociia Ha 31%.
HesBakarounm Ha 3arajibHy TEHICHIIII0O 3POCTaHHS KiTBKOCTI TOTEiB Ta 3aco0iB PO3MIICHHS,
3MIiHH B CTPYKTYpi yCTAaHOB HE € TAKIMH OYECBHIHUMHU. 30KpeMa, KiJIbKICTh TOTEINIB 3a IeH mepiof
30uThImMBCs B 13,5 pasiB, a KUIBKICTh 03I0pOBYUX 3akiaaiB (caHaTopii) 3MeHmmiIacs Ha 42,5%.
KimpkicTs iHO3eMHEX BiaBimyBadiB B 2010 - 2013 poxwu 3pocina B 1,8 pasu, ajie IpoTATOM OCTaHHIX
2-x pokiB 3HU3MIAcS Ha 68,2% , 1m0 BigOymocs 3/1e01IBIIOT0 Yepe3 TMONMITHIHY CUTYaIlilo B KpaiHi.
O6c¢sr nociryr, HamaHuX npoTsroM 1 kBaprary 2015 poky B roTeisix, iHIIMX 3aco0ax po3MilIeHHS
Ta 3aKJIaZlax I'POMaJICKOro XapuyBaHHS, ckiaB 32,7% yciei cpepu mocayr wmicra. CyO'extn
HiANPUEMHHULBKOT TISUIBHOCTI CTNH O1IbII KOHKYPEHTOCIIPOMOXKHUMH 3 METOIO 3aJTy4eHHs HOBUX
cnoxxuBayiB. OCHOBHUMH KOHKypeHTamMHu TpycKaBLs € TYPHUCTHYHO-PEKpEalliiiHi 30HH CMT.
Cxiguuus Ta c.Mogapuui. 3akon Ykpaiu "lIpo crenianbHy €KOHOMIYHY 30HY TYPHCTCHKO-
pexpeaniiinoro Tumy "Kypopromoiic Tpyckaseip"" € 0COOMHMBUM OpraHi3alliiHUM i eKOHOMIYHUM
(haxkTopoM y opMyBaHHI KOHKYPEHTHOTO cepelloBHINa ¥ chepi Typu3My i BIATIOUNHKY.

Ianexc Tepdinmansa-Tipmmana y T0CTiHKEHOMY CETMEHTI PUHKY U TyPHUCTHYHO-PEKpealtiiHol
30HM TpYCKaBIsl BHU3HAYAEThCS SIK TIOMIpHHHA. Pe3yibTaTé ONMUTYBaHHS TPOMAICHKOI TYMKH ISt
CaHATOPHO-KYPOPTHHX YCTaHOB, a TAKOX 3aKJaiB PO3MIIIEHHS IPHUBATHOTO CEKTOPY IiATBEPHKYIOTh
HaBeJICHI y CTaTTi pe3ynbTaTh. Tak, 26,7% pecroHICHTIB BiTIyBalOTh BIUIMB KOHKYPEHIIi1 HOMipHOT 1ii
3 OOKy pi3HHX CyO'€KkTiB. MaloTh MicClle CTpUMYIOWi OOCTaBUHM 1 PI3HOMAHITHI TEPEIIKOIM, IO
3aBa)<aroTh, 0OMEXYIOTb, & 1HOZII HaBITh YHEMOXJIMBIIIOIOTH KOHKYPEHLIIO Y it cepi.

TakuM 4YMHOM, JIOCHIPKEHHS TIOKa3ye, MO0 KOHKYPEHTHE CEpeJOBHIIE TYypUCTUYHO-
pexpeauiifHoro cexropy B TpyckaBli € B LUIOMY JOBOJI po3BUHEHHM. He3Baxkaroun Ha momipHy
IHTEHCHBHICTh KOHKYPEHIIi1, PUHOK 03J0POBYMX HOCIYT 1 TYPU3MY IHTEHCHUBHO PO3BHBAETHCSL.
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TEACHING OF ECOLOGICAL CULTURE OF PUPILS IN PRIMARY
SCHOOL THROUGH TECHNOLOGY HEALTH SAFETY

Abstract. Creating a learning environment, aimed at improving pupils involves the
introduction of means continuous to full development, strengthening and preserving their health.

Now to describe the nature of therapeutic effects on the human body uses the terms
interchangeably, "ekotherapy" and, "nature therapy", but their use in an educational context is
given little attention. Given the urgency of the above, stop in more detail on the definition "nature
therapy". The natural environment (water, air, sun, cold, forest noises) for a long time used
different people for healing and prevention of disease. Nature therapy in our understanding - is,
first of all, a healthy effect on the human body by means of nature. The powerful effect nature
therapy - restoring health through contact with nature — is not only a significant improvement in
physical and mental state, but also in enhancing the intellectual abilities of the child.

Keywords: nature therapy, technology, ekotherapy, physical health, the natural environment,
ecological culture, body care.

INTRODUCTION

Ecological culture - the culture of all human activities are somehow related to the knowledge,
development and transformation of nature; consists of knowledge and understanding of
environmental regulations, realization of the necessary of fulfillment, a sense of civic
responsibility for the destiny of nature, environmental protection and the development of direct
participation in their conduct [14].

Today, environmental education is considered as a unique tool maintenance and development
of human life extension of the human community. Its top target is to not only understanding the
latest scientific and environmental developments and achievements, but also the need to form a
new ecological thinking, which can synthesize scientific knowledge and ethical attitude to the
environment. Environmental education aims to promote the comprehensive development of
personality, improve professionalism, to be a powerful specialist in the development of spiritual
culture of the Ukrainian people [8].

This, the target of environmental education is the people armed with knowledge in the natural
and social sciences, highlighting the features of the interaction between society and nature,
develop the ability to understand and evaluate specific actions and situations.

So school aims to educate a person that strives for continuous self-development, self-
improvement, to realize their potential, able to understand and answer for their actions and more.
However, as the results of psychological, pedagogical and medico-sociological research, any
social and educational reforms will not be effective unless the pupils are not healthy, developed,
not consciously choose healthy lifestyles.

One of the top functions of education at the present stage of our society is to preserve and
promote the health of pupils.

The main reasons for the deterioration of the health of younger pupils is not only the result
of prolonged adverse effects of socio-economic factors, but also educational:

- Intensification of the educational process (continuous improvement and increased pace of
training load).

- Failure to comply with basic hygiene requirements for the organization of educational
process in primary school.
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- Lack of training of primary school teachers on health of younger pupils.
- Mass illiteracy of parents on maintaining the health of children of primary school [2].

METHODS

The leading purpose of environmental education is now not only understanding the latest
scientific and environmental developments and achievements, and the need to form a new
ecological thinking, which can make a synthesis of scientific knowledge and aesthetic of the
environment, the need to "learn to live" the realities of modern society today [8].

An important place in the system of continuous environmental education belongs to the primary
school. However, the features of the positive impact of various natural objects in the primary school
children studied superficially, and most of this area remained out due care professionals. Instead, the
need for such research has assumed relevance, primarily due to significant increase of attention of
modern researchers to study such a phenomenon as a positive effect of natural objects in mental and
physical condition of children, which we called " nature therapy " [8].

Creating a learning environment, aimed at improving pupils involves the introduction of
nature products conducive to its full development, strengthening and preserving their health.

Now to describe the nature of therapeutic effects on the human body uses the terms
interchangeably, "eko therapy" and, "nature therapy", but their use in an educational context is
given little attention. Given the urgency of the above, stop in more detail on the "nature therapy".

The natural environment (water, air, sun, cold, forest noises, etc.) for a long time used
different people for healing and prevention of disease. Nature therapy - a totality of folk
knowledges, techniques and methods of use of natural therapeutic factors for the prevention and
treatment of diseases, to support and strengthen health. Nature therapy in our understanding - is,
first of all, a healthy effect on the human body by means of nature. The powerful effect nature
therapy - restoring health through contact with nature - is not only a significant improvement in
physical and mental state, but also in enhancing the intellectual abilities of the child [15].

Types nature therapy we consider as a means of personal information protection junior pupils,
within which is the implementation of health targets of the educational process of primary school.

DISCUSSION OF RESULTS

Modern society is reaching a high level of technological development, ignores the laws of
nature, changing accents and defining directions of interaction with nature, which usually leads to
negative consequences. The ecological crisis is the result of negligent attitude to nature and its
belief in its own power, reduce cultural and spiritual level, human incompetence and lack of
professionalism in dealing with national and international issues and so on. However, despite the
worsening ecological situation is now not enough attention to the use of natural objects in the
educational process primary school to prevent and improve mental and physical health of pupils.

The technology natural therapeutic systems include forming value attitude to nature,
knowledge and skills, enabling teachers to use mean nature therapy s in the formation of
ecological culture of children of primary school.
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AHOTAIIS

®OPMYBAHHSA EKOJIOTTYHOI KYJITYPA MOJOAIIOIO
IKOJISIPA YEPE3 3/10POB’SI3BEPEXKYBAJIbHI TEXHOJIOT'IT

OCHOBHUM 3aBJaHHSAM ITOYATKOBOI IIKOJIM HAa CyYaCHOMY €Talli PO3BHUTKY CYCIILIBCTBA €
BUXOBaTH OCOOWCTICTh, sIKa IparHe IO IOCTIHHOTO CaMOPO3BHUTKY, CaMOBIOCKOHAJICHHS,
peamizanii BnacHoro moteHmiany. [IpoTe, sIK MOKa3yrOTh pe3ylbTaTH IICHXOJIOTO-IIEAarOTi9HUX 1
MEIKO-COITIONOTIYHUX JTOCIIIKEeHb, OY/Ib-sIKi COIiadbHI i OCBITHI pe)opMU HE OYAYTh Ti€EBUMH,
JIOTIOKH Y49HI He OYAyTh 30pOBHUMH, PO3BUHEHUMH, HE 00epPYyTh CB1IOMO 370POBHUii CIIOCIO JKUTTS.

CydacHe CyCHUIBCTBO, NOCSTHYBIIM BHUCOKOTO TEXHOJOTIYHOTO PIiBHS PO3BUTKY, HEXTYE
3aKOHAMH TPUPOJIY, 3MIHIOIOYHM aKICHTH 1 BH3HAYAIOUM HANPSIMHU B3a€EMOJII 3 MPHUPOJIOIO, IO
JIOCUTh YAaCTO NPHU3BOJUTH JO HETATHMBHUX HEBIBOPOTHHX HachiikiB. EkonoriyHa kpusa €
pe3yIbTaToOM HeA0ANIOr0 CTABJICHHS JIFOIMHH JI0 IIPUPOJIH, 11 IEPEKOHAHOCTI Y BIACHIH MOTYTHOCTI
. Ilpuponmotepamniss — 1ie, B MepIIy Yepry, O3JOPOBYMI BIUIMB HA OPraHi3M JIOJHWHU 3aco0amu
TPUPOJIH.

[oryxuuit edexkr npupomoTepamii — BIiIHOBICHHS 3I0pPOB'S dYepe3 CIIKYBaHHA 3
MPUPOAOIO — MOJITAE HE TUTBKY B 3HAYHOMY IOJIMIIIEHH] (pi3MYHOTO Ta ICUXIYHOTO CTaHy, ajie i y
MiABUIICHHI IHTENEKTya bHUX 3Ai0HOCTeH mutnHU. CydacHa JIOIWHA, OCOOIMBO Ta, SIKA JKHUBE y
BEIMKUX MICTaX, AABHO 3aMiHMJIA TPHUPOJIHE CEPEAOBHINE HA INTYYHE, BiJTOPOAWBIINCH Bij
IpUpoar, 3a0yBIIN TIPO Te, IO caMa € ii YaCTHHOIO 1 3aJIeKHUTh BiJl HEl, IK JepeBa 3alie)KaTh Bij
IPYHTY 1 COHsiYHOTO cBiTia. JIiKyBaHHS ‘IKMBOIO MHPUPOAOI0”, HA NYMKY BYCHHUX, BKIOYAE
NPOTYJISIHKM B MapKy, CaJiBHALTBO W IHII BHIAM BIAMOYMHKY Ha mpupoxi. IlepeOyBanHs Ha
HPUPOJI, SK JOBOAATH BUCHI, BKpail HEOOX1AHE JUIsl PO3ILIUPEHHS KUTTEBOTO IIPOCTOPY, piznyHOrO
PO3BUTKY, OTPHMAaHHS CKOJIOTIYHMX 3HAHb, 3aps/Kae MO3UTHBHUMHU eMmolisMu. [lpupoma e
Half0araTIuM CEepeIOBHUILIEM ISl PO3BUTKY CCHCOPHUX CHCTEM IUTHHH (CIyXy, 30py, HIOXY,
CMaKy, IOTHUKY).

VYce Bume3a3HadeHe CBIAYUTH PO HATraJdbHY MOTPEOy HATTOBHUTH 3MICT IIOYAaTKOBOI OCBITH
TypboTOI0 TIpo 3m0poB's mitedd. lle mepenbadae 3ampoBa/pKEHHS CHCTEMH IEaroTidyHuX,
MEIUYHUX, COIIaTbHUX 3aX0/IiB, CIIPSIMOBAHUX HA BITHOBJICHHS, KOPEKIIO CTaHIB, 0COOMCTICHOTO
Ta COIIaJIFHOTO CTAaTyCy JITEH.
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THROUGH ECOLOGICAL EDUCATION TO THE ECOLOGICAL
CULTURE

Abstract. The article is devoted to a wide range of contemporary problems in ecological
education. Educational and educative problems space, namely the formation of ecological culture
in the system of secondary education in Ukraine are the center of research. The evolution of
ecological education in Ukraine and its condition at the present stage, its components, goals,
priorities and prospects were studied. Phases in forming of ecological culture that foresees
complex effect on the sphere of consciousness: cognitive, affective, and practical, were analyzed.
It was established that the ecological education should include general scientific, moral, aesthetic
and practical aspects. Different forms and methods of educational activities that contribute the
formation of ecological culture the most were presented. The holistic ecological-educational model
and key directions of development ecological education were formulated. Priority trends in
development of teacher as the founder of personality with deep ecological knowledge and high
ecological culture were defined.

Keywords: Secondary Education, Ukraine, ecological culture, concept of ecological
education, ecological and educational model, methods of educational work.

INTRODUCTION

The society is undergoing fast and fundamental changes in its structure and industries. The
roots of change many lie in new interactions of human and nature. Until mid-twentieth century, a
technocratic optimism dominated when that the power of the man is limitless. At the end of this
century, have other representations arisen — ecological pessimism, when it seemed that the
ecological disaster is inevitable. But there is a third, modern way — ecological parity with the
environment, which is based on environmental education and culture [13; 14; 18].

Organization of ecological education is dictated by comprehensive nature of environmental
problems and transition of society from consumer use of resource potential to the modern concept
of sustainable development, based on the principles of interaction between society and nature, and
which provides the harmonization of economic and social development and environmental
protection. Understanding their nature, degree of danger and ways of implementation of education
provisions for sustainability is the most topical matters requiring interpretation [2; 8; 16; 19; 21].

The beginning of the XXI century appointed the finding new prospects for the development
of the modern school and environmental education. Ecological problems and implementation of
sustainable development concept are the meaningful “pillars” for integration of ecological
knowledge into the system of the general secondary education in modern school. Standard content
of school environmental education is based on principles established by the State national program
“Education”, the Concept of 12-year school and the Concept of environmental education in
Ukraine. Given this, the standard included knowledge and skill ensuring sequence for the
formation of ecological culture personality [7; 17; 20]. The Conception of Environmental
Education of Ukraine specified ‘The main goal of environmental education is the formation of
ecological culture for individuals and society as a whole; the skills, basic environmental
knowledge, ecological thinking and consciousness, based on treating nature as universal, unique
value. Environmental education on the one hand, should be independent element in the system of
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general education, and on the other hand, to play an integrative role in the whole system of
education” [1].

Nowadays preschool, comprehensive and after-school educational establishments are aimed
to form environmental knowledge, to implement ecological upbringing school youth, to develop
ecological culture [15]. The objective of the study is to summarize the situation of ecological
education in the modern comprehensive school; to analyze different forms and methods of learning
best facilitating the assimilation of knowledge and skills of disciple the study of ecology, and to
identify priority trends for the teacher as the founder of personality with deep environmental
knowledge and high ecological culture.

RESULTS

Research of mutual influence for social and natural in human life permits to talk about
specific manifestations of culture at the ecological sense. It is reproduced in contemporary of
philosophy of ecology in the concept of “Ecological culture”. Ecological culture is defined as the
form of culture, as a person's ability to feel life of the world, to adapt it for himself, to harmonize
own needs and to structure the environment [10].

Ecological culture depends on many factors, among which environmental education is one of
the major. Ecological education is a continuous upbringing, training, self-education and personal
development aimed at fostering norms of moral behavior, the duties and responsibilities related to
the environment and to obtain special knowledge and practical skills in protecting the
environment, rational management of natural resources, and environmental security. In the process
of ecological education, environmental knowledge, skills that are the basis forming ecological
consciousness and thinking person are assimilated. The latter are the basis for ecological
worldview and of ecological culture (Fig. 1).

Ecological ™

culture

Ecological worldview \\

Ecological thinking AN

Ecological consciousness

/ Ecological knowledge \‘\

Fig. 1 Stages of ecological culture formation

Ecological culture is a functional basis for human existence. It is characterized by new deep
environmental knowledge about the natural and social environment, the presence of philosophical
value orientations regarding the nature, of ecological thinking and responsible attitude to nature
and their own health, obtaining skills and experience of solving environmental problems at the
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local and global levels, direct participation in ecological work, the prediction of a possible
negative consequences as a result of the natural conversion due to the human activity [6].

The unity of environmental education, consciousness, thinking, worldview and culture
involves their sequential interdependent development. Each of the above components occupies the
assigned “ecological niche”, and the process of its forming can be considered as a purposeful
given the current implementation of educational and cultural problems.

The goal of ecological culture can be realized by means of resolving the triune task:
educational - formation of knowledge system about the modern environmental problems and their
solutions; upbringing - forming motives, needs and skills for environmentally directed behaviors
and healthy lifestyle activities; developmental — developing the system of intellectual and practical
skills to study, evaluate and improve the environment, the development of active environmental
protection [11; 12; 15].

Concept of ecological education in Ukraine, which was adopted by in 2001, defines
ecological education as a continuous education and development, aimed at forming ecological
culture, ecological responsibility for every inhabitant of the planet for its state and development.
According to this concept, a training course “Ecology” is introduced in class 11 in upper
secondary school in 2011. Nowadays ecology in a comprehensive school based on teaching the
lessons on topics of corresponding natural disciplines, ecologozation of individual topics in the
educational process and at the initial stage of formation in continuous environmental education
[20].

Ecological education in modern secondary school is conditionally divided into three stages.
The first stage is studying parts of nature, seasonal changes and their causes, of general concepts
about using natural resources in 1-4 grades. At this age, it is important to teach children to think
ecologically competently. It is the main task of the teacher, awareness of the negative impact of
human activities on the environment and dangers to humans from contaminated environment. In
practice, the academic course “Ecological alphabet” must be introduced. At the second stage,
schoolchildren of 5-9 grades get fragmented ecological knowledge (unstructured), studying
science, botany, zoology, human anatomy, chemistry, physics, geography. In that age period,
optional courses on ecology, history of its development, the current state of natural systems and
their protection are important. However, this is not enough. The questions about the continuous
course “Foundations of environmental knowledge”, “Nature Conservancy”, or “Ecological Ethics”
should be introduced in secondary school as permanent educational subjects that should be started
from grade 5, when is formed a conscious relationship to the environment [12]. The third stage is
the positioning of “Ecology” itself in 10-11 grades as a separate discipline, aimed at generalization
in environmental knowledge and skills obtained during the study of natural sciences of secondary
and older school.

Modern school is trying to form ecological culture of schoolchildren through not only
traditional teaching technologies but also tries to use innovative technologies, which stimulates
independent search for new knowledge and develops a personality emotionally. Methodical work
of creative teachers is aimed to develop new types of lessons that differ from planned, for which
the different types of cognitive activity and schoolchildren transition to the active search, and
practical thinking. The effectiveness of unconventional lessons is based on the use of new
methods, namely, project, problem, search, research teaching that forms the ability to make
rational decisions on activity in the environment, to predict consequences and to involve social and
cultural environment.

In the process of ecological culture formation in secondary school, it is important to apply
basic and additional forms of teaching [3]. Recent widespread use in educational activities have
gained the following additional organizational forms of teaching: ecological projects, ecological
action and flash mobs, ecological excursions, eco-picnics, eco-quests, ecological paths and
conferences [5].
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Ecological projects. The application of project activity is aimed at the formation of
experience, independent and collective search of new knowledge and use them in real conditions,
finding their professional orientation in the schoolchildren.

Ecological action is an effective form of ecological education. These measures form the
proactive position of the child, and they must be performed at school starting from the first grade.

Ecological flash mob is a way to attract attention of society to the problem of ecological
culture by applying music and dance performances with elements of the choreography and of
acting.

Ecological excursions. During the tour, schoolchildren learn to observe, analyze, draw
conclusions and generalizations concerning the nature objects of and phenomena.

Contests, tournaments and competitions. Intellectual competition in the educational space of
Ukraine is directed to encourage schoolchildren to study certain subjects. This is an opportunity
for the schoolchildren to demonstrate opportunities to find their calling (mission).

Trainings is an interesting process of both self-discovery and discovering others; intercourse;
effective form of mastering knowledge; a tool of formation abilities and skills; a form of
experience extensions [9]. The training creates the informal, relaxed atmosphere of communication
that opens the before a group of people many of options for development and solution on the
problem, for which they were gathered. It is important to choose the most expedient topics for
environmental training, in which content the contradiction is laid down. “Waste Disposal — a
problem or opportunity?” [4].

Ecological conference is a periodic gathering of schoolchildren and teachers to exchange
information on particular topics, discussion and solution for the specific environmental problems
and issues approaching the learning activity to the scientific forms.

Eco-quest is a form of learning allowing the schoolchildren to apply theoretical knowledge in
practice. It involves the passage of a route, where schoolchildren should decide various problems,
overcome a difficulty and relax by ecological games during the stops. Performing tasks allows
schoolchildren to seek solutions for ecological problems, to learn how to determine threats to the
environment, and to apply ecological knowledge.

Eco-picnic is informal communication and training, which demonstrates how to make
outdoor recreation secure to environment.

Ecological paths are the basis of environmental education and ecological culture of
schoolchildren and determine the formation of environmentally literate human behavior towards
the environment.

The content of ecological culture largely depends on the actual attitude of society to the
nature of the material conditions and human needs.

CONCLUSIONS

The importance of ecological knowledge in formation of environmental culture of
schoolchildren is underestimated. It is evidenced by: the lack of proper status for environmental
education at school; imperfection of programs and textbooks; the complexity of new programs; the
lack of proper teachers preparation, as well as the proper educational and methodological support,
including teaching aids for teachers on methods of teaching in modern schools using new forms
and methods of active learning activities.

The traditional education is unable to form environmental competence in schoolchildren, and
only recounts the problems not aiming to address them. It does not allow understanding the
systemic view of the world, as most subjects are taught isolated; it is not aimed at the study and
practical solving of local problems.

The main trend of environmental education is its integration into the formal system of general
education.
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It is not about the fact that teaching of each discipline shall be permeated by ecological ideas,
it is about the study of the environmental issues in separate educational courses, which have and
establish the close connection between all subjects. Unfortunately, environmental education in
Ukraine is not yet on the proper level.

The main strategic directions for the development of ecological education are to reform
general ecological education; upbringing generation with the new ecological culture, new
ecological outlook, based on the principles of humanism and the ecologization of thinking.

The main ways for reforming education are creation of the atmosphere for promoting
education, concern for the enhancement of intellectual and spiritual potential of the nation;
provision for the development of education using modern technology and scientific and
methodological advances; the preparation of teaching staff on the modern professional level.
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AHOTANIA

J10O EKOJIOTTYHOI KYJbTYPU YEPE3 EKOJIOTTYHY OCBITY

Exonoriuni npoGiieMu Ta peaiizaliiss KOHLEIIIT CTaloro po3BUTKY BHCTYNAIOTh 3MICTOBHUMH
“cTepHSAMH” IHTErpallii eKOJIOTIYHUX 3HaHb Y CUCTEMY 3arajibHOI CepeHbOl OCBITH CyYacHOI LIKOJIH.
CraTTst NpUCBSYCHA IIMPOKOMY KOJTy POOJIEM Cy4acHOT €KOJIOTTYHOT OCBITH. Y LEHTPI JOCIiIKEHHS —
HpoOJIEeMH OCBITHHO-BMXOBHOTO MPOCTOpPY, a came (OpMyBaHHS EKOJIOTIYHOI KyJBTYpH B CHCTEMI
cepenHboi ocBiTH YKpainu. J[OCTiIPKEHO €BOJIOLII0 CKOJIOTIYHOI OCBITH B YKpaiHi Ta 1{ CTaH Ha
Cy4JacHOMY eTarTi, 1l KOMIIOHEHTH, IIiJTi, IPIOPUTETH, TIEPCTIEKTHUBH PO3BUTKY. [lepimii — BuBYeHHS B 1-
4 knacax CKIaJ0BUX YaCTHH MPHUPOJM, CE30HHMX 3MiH 1 iX IMPUYMH, 3arajbHUX MHOHATH IIPO
BUKOPHCTaHHS TPHPOAHUX pecypciB. pyruii etam — ygHi 5-9 KimaciB OTPEMYIOTh €KOJIOTIYHI 3HAHHS
(bparmMeHTapHO (HECHICTEMAaTH30BAHO), BUBYAIOYH MPHUPOJO3HABCTBO, OOTAHIKY, 300JI0TiI0, aHATOMIIO
JFONMHY, XiMito, ¢i3uky, reorpadito. Tperiit — B 10-11 xmacax “Exomoris” mo3wmitioHye cebe sk
CaMOCTilfHa HaBYalbHA AWCIMILIIHA, CIIPIMOBAaHA HA y3arajJbHEHHS B YYHIB HAOyTHX EKOJIOTIYHHX
3HaHb, YMiHb 1 HABUYOK, 3J00yTHX MPOTSATOM BHMBUCHHS BCIX NMPUPOJHMYMX JUCLMIUIIH CEpeHBO] 1
crapuoi mkonu. [IpoananizoBaHo eTarHicTh y (JOpMyBaHHI €KOJIOTTYHOT KyJIbTYPH OCOOUCTOCTI, SIKUH
nependayae KOMIUIEKCHHI BIUTMB Ha c(epy CBIZIOMOCTI: KOTHITHBHY, a(eKTUBHY, TisUIbHY. Y Ipoleci
€KOJIOTIYHOT OCBITH 3aCBOIOIOTHCSI EKOJIOTIYHI 3HAHHS, YMIHHS, SKi € OCHOBOIO (popMyBaHHS
€KOJIOTIYHOT CBiOMOCTI 1 MMCHeHHs JoguHU. OCTaHHI BHCTYNAIOTh MIAIPYHTSIM CTAHOBJICHHS
€KOJIOTIYHOTO CBITOIVISIYy Ta EKOJIOTIYHOI KYJNBTYypH. CJIHICTH EKOJIOTTYHOI OCBITH, CBIJOMOCTI,
MIICIICHHS CBITOTJIAAY Ta KYJIBTYpH Iependadae ix mociiTOBHINA B3a€EMOIIOB’ I3aHMH PO3BUTOK. KoskeH
13 Ha3BaHMX KOMIIOHEHTIB 3aliMa€ BiflBeAICHY HOMY “‘€KOJIOTIYHY HilTy”, a iporiec GopMyBaHHSI MOKHA
BB@KATH LUJICCIIPSIMOBAHIM 32 YMOBH IIOTOYHOI peajli3ariii OCBITHIX 1 BHXOBHHX EKOKYJIbTYPHHX
3aBmaHb. BcTaHOBIEHO, IIO €KOJIOTiYHA OCBiTAa TIOBMHHA BKJIIOYATH 3arajbHOHAYKOBI, MOpATBHO-
€CTeTHYHI 1 IPaKTHIHI acTieKTH. HaBemeHo pizHi popMH 1 METOAM HABYAITLHOT pOOOTH, SIKi HalOIbIIIe
CIPUATHMYTH (POPMYBAHHIO €KOJIOTiUHOI KyabTypr. OCTaHHIM YacoM IIMPOKOTO 3aCTOCYBaHHS Y
HAaBYAIbHO-BUXOBHIN NIsITBHOCTI HAOY/M Taki JOJATKOBI OpraHizamiiidi (GopMy HaBYaHHS: €KOJOTIUHI
MPOSKTH, EKOJIOTIUHI aKIli Ta (pIernmoOu, eKOJIOriuHI eKCKYpCii, CKOMIKHIKH, CKOKBECTH, SKOJIOTIUHi
cTexuHH Ta KoH(epeHwii. CdopMyab0BaHO LUTICHY €KOJIOT0-OCBITHIO MOJIENb Ta OCHOBHI HalpsiMH
PO3BHUTKY E€KOJIOTIYHOI OCBITH. BHineHO TpiopuTeTHI TeHIEHLl PO3BUTKY BUMTENS, SIK (yHAATOpa
0COOHCTOCTI 3 TIMOOKAMH CKOJIOTIYHMMH 3HAHHSAMU Ta BHCOKOK) CKOJIOTIYHOK KYJIBTYPOIO.
OCHOBHOIO TECHZICHIIEI0 €KOJIOTIYHOI OCBITH € i iHTerpamis B oQiLiifHy cucTeMy 3arajbHOi OCBITH.
IneTbes He IO Te, 0 BUKJIAIAHHS KOXKHOI JUCIIWITTIHU Mae OyTH TIPOHU3aHE SKOJIOTIYHIMU 11esIMH, a
Tpo Te, MO0 PO3TILIIATH SKOJIOTIUHI MATaHHS B OKPEMUX KypcaX, sKi MalOTh BCTAHOBITIOBATH TiCHHMA
3B’S130K MK yCiMa HABYAJIbHUMH TIPEIMETAMHU.

l'onoBHI cTpaTeriuHi HampsMH PO3BHUTKY EKOJOTIYHOI OCBITH: pedopMyBaHHS 3araibHOL
€KOJIOTIYHOI OCBITH; BHXOBAaHHS IIOKOJIHHA 3 HOBOIO EKOJIOTIYHOIO KYyJIBTYpOIO, HOBHM
€KOJIOTIYHUM CBITOIJISIOM, SIKMM TIPYHTYETbCS Ha MpPHUHIOMIAX TyMaHi3My Ta eKoJorizauii
MUCIICHHS.
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FORMS OF SUPPORT FOR THE FOSTER FAMILIES
ON THE ACTIONS TAKEN BY TEAM FOR THE ORGANIZATION
OF THE FOSTER CARE SYSTEM BY SOCIAL WELFARE
CENTRE IN RZESZOW

Abstract. The article is about the role which the coordinator of family foster care and social
workers plays in foster families that operate in Rzeszow. After legislative changes, which began in
2012, many things have changed in the organization and functioning of the institutions which
organize family foster care. In the year 2012 coordinators of family foster care started working
with foster families. This article shows the legal basis and the duties of the coordinators, which are
included in the Act on family support and foster care system. This article also gives a better
understanding of the structure of the foster families that live in Rzeszow. Non-statutory activities
that are being undertaken by people who work for foster care in Rzeszow were also pointed out.

Key words: coordinator, foster families, foster care, families, Rzeszow

INTRODUCTION

The preamble to the Convention on the Rights of the Child on November 20, 1989 includes
the statement that family as the basic cell of society and the natural environment for the growth
and benefit of all its members and particularly children, should be afforded the necessary
protection and assistance so that it can fully assume its responsibilities within the community.
Recognizing that the child, for the full and harmonious development of his or her personality,
should grow up in a family environment, in an atmosphere of happiness, love and understanding
[DzU 2013, poz. 677]. Accordingly, the main subject of social policy should be a family and its
needs, which are to determine the scope of the programs and forms of action for the reintegration
of family environment.

Active actions carried out by family assistance centers should be targeted at multi-band
support the child and the family, and to support families in all their functions. The law on family
support and foster care system of 9 June 2011 [DzU 2015, poz. 332] gives the possibility of
building a new system of family support educationally inefficient at different stages of its
operation, from the problems of care and education need temporary support in a situation in which
the child was placed in foster care. Family assistance centers take a lot of activities are posed
procedures, regulations, which are to serve childcare and education [Tyszka, 1984: 135].

Familial forms of alternative care are the subject of my considerations, because it is a form of
child care for abandoned, orphaned, a child who has repeatedly been spurned, unwanted. Foster
parents, taking a child into care, they should create a warm, full of home care, so that children feel
safe in it and always eager to him returned, and gained memories from childhood were valuable to
them. A difficult environment in which the child grew up, full of disappointments, failures means
that foster parents should have a big understanding, patience, assertiveness towards the child, they
must put a lot effort to counteract the aggressive child's inappropriate behavior. Hence, it is
necessary to draw the attention of parents to concentrate on the child's emotions, communication,
showing that he is loved, accepted, often in spite of deficits and disability.
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THE SYSTEM OF FAMILY SUPPORT ON THE BASIS OF THE ACT OF
SUPPORTING FAMILY AND FOSTER CARE SYSTEM

The law on family support and foster care system requires the district to organize child care,
for children deprived it from generation family, by placing it in the family or institutional foster
care.

A large role in the actions taken to improve the functioning of the family after the placing a
child in a foster care will have the cooperation of a social worker, family’s assistant and the
coordinator of family foster care. The roles of these professionals overlap; thanks to the joint
efforts good cooperation among the employees will be able to complement each other, and take
care of the needs of both, the child and the family.

The Municipal Social Assistance Centre in Rzeszow in March 2012 created the Team for the
Organization for the Foster Care System, which carries out tasks resulting from the above-
mentioned statute [Biuletyn Informacji Publicznej, 2011]. The basic task of the team is promoting
foster care in the local community; conducting recruitment, qualification and training of candidates
for the implementation of foster care forms. The team is providing counseling and therapies for
people having custody of foster family and their children, but also for children placed in foster
care. Furthermore, there is support provided by psychologists. In addition, an important task seems
to be support groups for foster parents and families. The crucial is to organize help or volunteer
support involving the learning support pupils placed in family forms of alternative care,
conducting socio-therapeutic groups for the children placed in foster care for children and their
foster parents. Another task of the organizer of family foster care is a collaboration with the local
community, a social welfare center, a partnership with the courts and their subsidiary bodies,
educational institutions, entities medicines, as well as churches and social organizations.

An important task of the organizer of the family foster care is to assess the merits of a further
stay of the child in the foster care. Currently, in the city, in family foster care are placed 145
children. In this case, there are seven families where children under three years old are placed,
which should be assessed every three months. Likewise, 109 cases are children under eighteen
years old, that have to be examined every six months.

Team for the organization of foster care, carrying out statutory tasks, provides guidance to
foster families, which aims to preserve and strengthen their competence and to counteract the
phenomenon of burnout, organizes workshops and group training [Cyrych, 2017]. The subject of
training has adjusted to those reported by the foster parents and the needs of the most common
concerns and the difficulties encountered in the performance of their duties. Among the important
tasks that the legislature requires on the organizer of the family foster care, is reported to the
adoption agency, information about the children with the regulated legal situation, in order to
search adoptive families for them, and to bring an action on the award of maintenance for the child
who is in foster care. In addition, the act requires the preparation of a foster family or conducting
family home child for adoption of a child to foster care; keeping a register of qualified candidates
to serve as a foster professional or non-professional to keep the family home of the child and those
already serving as a foster family or family of professional children's home [Janowski, 1984: 94].
Another task of the organizer is to prepare an opinion on the merits of a further stay of the child in
foster care, and then to transfer it to the competent court. After that, drafting evaluation foster
family or conducting family home child, in consultation with the family assistant, social worker
[DzU 2015, poz. 332, art. 128—131]. Furthermore, the organizer should keep the register of issuing
opinions, and issued certificates of qualification and cooperate with the team for the benefits in
terms of proper use of the financial assistance granted and changes in the family and the child.
During working with the foster family, it is important to be aware of many law aspects, like the
ability to make a diagnosis of the needs of individual family members, create the necessary maps
institutions providing support in a very broad sense, and so psychological, legal, medical, or social
speech therapy [Muszynska, 1976: 49].
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Upon request, a family foster has assigned a coordinator of family foster care [DzU 2015,
poz. 332, art. 77 ust. 1-2]. The coordinators of family foster care provide assistance to foster
families and orphanages leading family in the tasks arising out of foster care. They also prepare, in
cooperation with the assistance of the family, and the family does not support assistant - social
worker and appropriate foster family or conducting family home child plan to help the child. To
theirs responsibilities include likewise assistance to foster families and leading family orphanages
in connection with mutual contact. Moreover, they provide access to specialist help for children,
including psychological re-education and rehabilitation, provide support for an adult alumni of
foster care forms [Kusio, 1998: 56].

FAMILIES COVERED BY THE SUPPORT OF THE ORGANIZER OF
FAMILY FOSTER CARE IN RZESZOW

During making an environmental diagnosis of foster families operating in Rzeszow,
important is to take a look on the number and types of foster families, the number of children
placed in these families, the age of the children and the reasons for their placement in foster care.

The information given by the Team for the Organization of the Foster Care System by Social
Welfare Centre in Rzeszéw presents data of which is due, that on the 31* of December 2015, in
Rzesz6w functioned 113 foster families, including 74 families related, 32 non-professional and 7
unions, along with one specialist and one serving as a family emergency. In total, in all of these
families were placed 145 children. The collected data show that in families of related was placed
89 children in families nonprofessional 42, and the professional 14.

Analysis of the reports shows that the majority of foster families has custody of one child (up
to 88 cases). Only in five families were placed three kids, in only one family - five kids, and two
kids in nineteen families. Among the children alone growing up in foster care, 12 has a sibling that
is placed in residential institutions or other foster families, a group of children remains under the
care of the biological parents, and some had already become independent.

Important in the care of the child is age, which determines the selection of appropriate
educational methods, requires parents the right attitude and knowledge of the developmental stages
of children. The largest group of children placed in foster care is from 7 to 17 years: between the
ages of 7 to 13 years is 44 children, ranging in age from 14 to 17 years - 53 children. The smallest
group is with children from birth to 3 years of age — 7 children.

The reasons for placing children in foster care in Rzeszow the most often were: the addiction
of parents (45 children); helplessness in matters of care and education (32 children), half-
orphanhood (19 children) and orphanhood (11 children); disability and long-term illness of parents
(17 children); parent stays abroad the country (3 kids) and underage mothers (1 child). For other
reasons than those listed were placed 18 children.

IMPLEMENTATION OF LEGISLATIVE ACTIVITIES CARRIED
OUT BY THE TEAM FOR THE ORGANIZATION OF FOSTER
CARE SYSTEM

Team for the Organization of the Foster Care System performs tasks resulting from the act of
supporting family and foster care system by taking a number of actions for children placed in
foster care and to foster family. An important task of the team is the qualification of candidates to
serve as a professional foster family, non-professional foster family or to manage a family
orphanage [Ostojski, 2005: 167-171]. Eligibility requires an in-depth pedagogical and
psychological diagnosis in terms of creating the right environment for family life for the adopted
child, the motivation to act as a foster family and parental competence. Developed by the team
qualification procedure consists of two stages and its aims to identify how and to whom the
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candidates will be able to help best. Pedagogical research is carried out at the place of residence of
the family. During this the housing situation, assets, and family health are analysed [Jarosz, 2003:
16-17]. Workers gather the necessary documentation. Determined are the funds that the family
has, where the candidates work, what is the structure of expenditures, how they spend their free
time. An important seems to be to collect information on the ideas of potential foster parents for
the child's upbringing.

The next step is psychological research, consisting of standardized tests. Tests take place on
three, possibly four meetings with a psychologist. This phase is followed by a meeting of all
persons conducting the qualification of the family. The team decides whether a diagnosis of
pedagogical and psychological are compatible and whether the candidates have the appropriate
abilities and motivation to act as a foster family. The diagnosis takes about a month. Regardless of
the results, whether positive or negative opinion of the candidates, the employees of the Group are
being presented with its contents. If as a result of the research team qualifying recognizes that the
family has the appropriate predisposition, the candidates are referred to training.

The training is conducted in accordance with the "Program of training candidates to carry out
foster care” which has been prepared by the Team and approved by the Minister of Labor and
Social Policy for a period of five years [Decision DSR-I-5121-19-1-TU/12z 18.04.2012]. The
basic part of the training includes 60 hours of teaching. It is 50 hours of theory and 10 hours of
practice. The aim of the training is to provide knowledge of pedagogy, developmental psychology,
educational, social and legal basis of care. The program includes topics regarding the custody,
upbringing of a child abandoned in need of support and help from the adults, but also a disabled
child or placed under the provisions of the procedure in cases involving minors. The scope of the
training program includes elements of family law and issues of children's rights, the role and
functions of the family in education, psychological and social aspects of development of the child
brought up beyond the natural family. Particular attention is paid to the specific nature and purpose
of the temporary nature of foster care, as well as the recognition of the individual needs of the
child and developing his interest, to compensate for delays and deficits in learning and
development, including those resulting from negligence in the natural family. Additionally, the
program covers issues necessary for candidates to serve as director of care and educational
institution with a family and to act as a family emergency. Activities for candidates are carried out
in the framework of group meetings and individual consultations. Training leads to employees of
the organization of foster care and the Center for Counseling and Crisis Intervention Specialist
Social Welfare Centre in the form of lectures, discussions (brainstorming, games, discussions),
workshops and workshop exercises based on their own experiences of the participants. The
practical part of the training involves reviewing the educational experiences of families who are
custodians replacement. Meetings with the established foster families are held both in their place
of residence, as well as at the Centre. In addition, candidates have the possibility to take part in a
meeting of a support group for foster parents, where they share their expectations, concerns and
are willing to benefit from the knowledge and experience of foster parents perform this function.
After the training, candidates receive a certificate of completion of training and qualification
certificate.

Placing a child in a qualified foster family does not stop the whole process and does not
indicate leave a foster family itself. Foster families from the area of Rzeszow, in which children
are placed are covered by the support and help from both coordinators, family foster care, as well
as psychologists and teacher team. Foster parents have the opportunity to take advantage of the
many offered forms of support, which include: support group, support volunteers, training for
already existing foster families. In addition, children placed in foster care and children's own
parents have the possibility to participate in social therapy groups and youth groups.

The support group is one form of aid, which is targeted to people with similar experiences,
struggling with similar problems. It allows mutual support of foster families through contact with
other families, raising awareness and improving parenting skills, helps foster cares in their
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problems related to child care and integrates the environment of foster families. Support group for
foster parents in the Municipal Social Assistance Centre in Rzeszé6w has been operating since
2009. Within the group are held: group classes, meetings, training, workshops and refresher
trainings of skills of care and parenting, consultations and individual counseling. Participants
during regular classes have the opportunity to exchange experiences and comments, assistance and
support, which can be used in solving difficult problems related to the functioning of the family.
Objectives of support groups in Rzeszéw include: creating a safe environment to share their
experiences and feelings, allowing networking with other foster families and to creating a space to
talk about the difficulties, problems and finding solutions.

The subject of training for already existing foster families is selected for the needs of that
report to parents during meetings with the staff of the Centre. The trainings are aimed at improving
the competence of care and education of parents and broaden their knowledge of the child and its
development.

Another form of support is offered to organize the help of volunteers. Volunteering in the
group has been operating since 2010. Volunteers are recruited from among the students of
universities in Rzeszéw. The information is placed on the websites of the Centre. The volunteers
are mostly students of pedagogical and sociological, in some cases, these people were workers.
The duties of volunteers are: supporting children and young people from forms of family foster
care with learning, developing their knowledge and skills, presenting patterns — study well =
helping others, developing interpersonal skills, as well as for the students experience in working
with others.

The Team for the Organization of the Foster Care System offers foster families with
comprehensive legal counseling, psychological and pedagogical, provided by both, pedagogue and
team’s psychologists, as well as by legal counsel and psychologists from the Center for
Counseling and Crisis Intervention Specialist Social Welfare Centre in Rzeszéw. Counselling aims
to preserve and strengthen the powers of foster parents, and in the case of professional families -
counteracting the phenomenon of burnout.

Employees of its own initiative, undertook to conduct a socio-therapeutic groups for the
children of foster families and the children's own foster parents. Groups are functioning from
2012. Socio-therapeutic classes based on a authorial program developed by the persons leading
groups adapted to the individual needs of the group, previously diagnosed during individual
consultations with children and parents. Classes incorporate the three types of objectives:
developmental, educational, therapeutic. These objectives are closely associated with the age of
the participants. The classes aim to satisfy their basic needs, develop individual interests and
undertake important for a particular age group issues (development goals). Participants are
acquiring knowledge about themselves and about other people (for educational purposes).
Moreover, the classes help to rebound emotional tensions and provide corrective experiences,
opposed to the content of the experience traumatic. It is achieved with the help of carefully
selected exercises, games - in the organization of such situations, which provide child new
experiences opposed to traumatic experiences and will train and test under secure conditions the
new ways of behavior (therapeutic targets). The classes are shaping attitudes of respect, acceptance
and tolerance towards peers, acquiring skills associated with assertive behavior, develop the skills
needed for the proper functioning of the group, acquiring skills needed to cope with stress. They
also contribute to the development of new forms of leisure and modify the existing negative habits.
Sociotherapeutic classes are organized by the employees of the group, and carried out in closed
groups of 8 to 10 people. The participants of the course are children and adolescents in age
between 8-14 years. Leading youth work, the employees of the Centre took into account the fact
that many young people find it difficult to establish and maintain positive relationships with
others, joining the group, showing understanding and constructive coping with problems and
conflicts. Disturbances in the functioning of young people reveal themselves in relationships with
peers and adults in the relationship with oneself. One of the forms of assistance to children
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manifesting this kind of difficulties is a group of social therapy. Participation in the activities of
the group is developing the ability to cope with emotional problems associated with behavior,
social contacts, and mental health problems related to the development process. Taking into
account the needs of young people, employees of the Organization for foster care for the first time
formed and led a youth group in February 2016. The group consisted of twelve members and had
a group meetings every day for one week during the winter. Each meeting lasted for three hours.

Members of the group are young people from classes I-III of junior-high school, struggling with
the difficulties of adolescence, seeking acceptance and self-identity. Participation in the classes
was voluntary, each participant had a consent signed by the supervisor. The group's objective was
to build a sense of security, allowing expression of emotion, increase in the sense of acceptance
and self-acceptance group, increase awareness of their own emotions, improving methods and
forms of communication with parents, guardians, peers.

The team is taking many steps to integrate environmental foster families. For this purpose
team organizes meetings for families and children with Santa Clause, since 2013. Employees are
looking for sponsors in Rzeszéw and thanks to their generosity and good will, the children are
receiving gifts. Also a picnic organized on May 30 last year on the occasion of Foster Care was a
way to integrate families. The event was attended by approximately 150 people. The participants
of the picnic had an occasion to spend time with children during sports games, competitions and
performances of invited guests.

CONCLUSIONS

The demand for foster parents is increasing. In Rzesz6w very few candidates report, and from
year to year, unfortunately, this number decreases. It seems difficult to determine why it is like
this. On the one hand it can be a fear that people cannot deal with a child who were in a special
situation, on the other hand it can be a lack of motivation or predisposition to act as a responsible
function. Often, the mere fact of educating an own child is not enough to cope with so requiring
challenge as it is with a foster child.

By making an analysis carried out by the team activities for foster families the priority should
be the promotion of foster care in the city in order to attract candidates for foster families, their
qualification and the creation of foster care forms. An important task of the group is also preparing
further specialized training aimed at improving the qualifications. Necessary is also to preserve
and strengthen the educational and care competencies of already existing foster families, in
addition to further support the organization of psychological, pedagogical and legal for parents.
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STRESZCZENIE

FORMY WSPARCIA DLA RODZIN ZASTEPCZYCH W ZAKRESIE
DZIAELAN PODEJMOWANYCH PRZEZ ZESPOL DO SPRAW
ORGANIZACJI SYSTEMU OPIEKI FOSTER OD MIEJSKIEGO
OSRODKA POMOCY SPOLECZNEJ W RZESZOWIE

Preambuia Konwencji o prawach dziecka z dnia 20 listopada 1989 r. zawiera stwierdzenie, ze
rodzina jako podstawowa komdrka spoleczenstwa oraz naturalne $rodowisko rozwoju i dobra
wszystkich jej cztonkéw, a w szczegdlnosci dzieci, powinna by¢ otoczona niezbe¢dng ochrong oraz
wsparciem, aby mogta w pelnym zakresie wypelnia¢ swoje obowiazki w spoteczenstwie, uznajac,
ze dziecko dla pelnego i harmonijnego rozwoju swojej osobowosci powinno wychowywac si¢ w
Srodowisku rodzinnym, w atmosferze szczeScia, mito$ci i zrozumienia. Zgodnie z powyzszym,
gléwnym podmiotem polityki spotecznej powinna by¢ rodzina i jej potrzeby, ktére majg
wyznaczaé zakres programéw i form dziatania na rzecz reintegracji sSrodowiska rodzinnego.

Zapotrzebowanie na rodzicow zastgpczych jest coraz wigksze. W Rzeszowie zgtasza si¢
bardzo mato kandydatéw, a z roku na rok, niestety, ta liczba maleje. Trudnym wydaje si¢
okreslenie, z czego to wynika. Z jednej strony moze to by¢ obawa przed tym, Zze mogg sobie nie
poradzi¢ z dzieckiem, ktére znalazto si¢ w szczegblnej sytuacji, z drugiej strony moze to by¢ brak
odpowiedniej motywacji czy predyspozycji do petnienia tak odpowiedzialnej funkcji.
Niejednokrotnie sam fakt wychowania wlasnego dziecka nie jest wystarczajacy do tego, by
podotaé tak wymagajacemu wyzwaniu, jakim jest piecza zastgpcza.

Dokonujac analizy realizowanych przez Zesp6t dziatan na rzecz rodzin zastgpczych,
za priorytetowe nalezy uzna¢ promowanie rodzicielstwa zastgpczego na terenie miasta w celu
pozyskiwania kandydatéw do petnienia funkcji rodzin zastepczych, ich kwalifikowanie i tworzenie
rodzinnych form pieczy zastepczej. Waznym zadaniem Zespotu jest rOwniez przygotowywanie
kolejnych specjalistycznych szkolen majacych na celu podnoszenie kwalifikacji. a takze
zachowanie i wzmocnienie kompetencji opiekunczo-wychowawczych juz funkcjonujacych rodzin
zastepczych, ponadto organizacja dalszego wsparcia psychologicznego, pedagogicznego i
prawnego dla rodzicow.

Ustawa o wspieraniu rodziny i systemie pieczy zastgpczej zobowigzuje powiat do
zorganizowania opieki nad dzieckiem, pozbawionym jej ze strony rodziny generacyjnej, poprzez
umieszczenie go w rodzinnej czy instytucjonalnej pieczy zastgpcze;.
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Duza role w procesie podejmowanych dziatan na rzecz poprawy funkcjonowania rodziny po
umieszeniu dziecka w pieczy, bedzie miata wspolpraca pracownika socjalnego, asystenta rodziny i
koordynatora rodzinnej pieczy zastepczej. Role tych specjalistow zachodza na siebie; dzieki
wspOlnym dziataniom, dobrej wspdtpracy pracownicy beda mogli si¢ uzupetnia¢ i zadbaé o
potrzeby zaréwno dziecka, jak i rodziny.

W Migejskim Osrodku Pomocy Spotecznej w Rzeszowie w marcu 2012 roku zostal powotany
Zesp6t do Spraw Organizacji Pieczy Zastgpczej, ktdry realizuje zadania wynikajace z wymienionej
wyzej ustawy. Podstawowe zadania Zespotu to promowanie rodzicielstwa zastgpczego w srodowisku
lokalnym; prowadzenie naboru, kwalifikowanie i szkolenie kandydatéw do prowadzenia rodzinnych
form pieczy zast¢pczej; prowadzenie poradnictwa i terapii dla oséb sprawujacych rodzinng piecze
zastepcza i ich dzieci oraz dzieci umieszczonych w pieczy zastgpczej, zapewnienie pomocy ze strony
psychologéw, pedagogdéw. Ponadto waznym zadaniem wydaje si¢ prowadzenie grup wsparcia dla
rodzicéw zastepczych oraz organizowanie rodzin pomocowych czy wsparcia wolontariuszy
polegajacego na pomocy w nauce wychowankom umieszczonym w rodzinnych formach pieczy
zastepczej, prowadzenie grup socjoterapeutycznych dla wychowankéw umieszczanych w pieczy
zastepczej i dla dzieci whasnych rodzicéw zastepczych. Kolejne zadania organizatora rodzinnej pieczy
zastepczej to wspOlpraca ze Srodowiskiem lokalnym, o$rodkiem pomocy spofecznej, sadami i ich
organami pomocniczymi, instytucjami o§wiatowymi, podmiotami leczniczymi, a takze ko$ciotami i
organizacjami spolecznymi.



