ISSN 2450 - 8640

ACTA CARPATHICA
25, 26

Rzeszé6w — Drohobycz, 2016



Redaktorzy: Jan Gasior
Svitlana Voloshanska
Vasyl Lopushniak
Bernadeta Alvarez
Weronika Janowska-Kurdziel
Dorota Grabek-Lejko
Grygoriy Konyk
Grygoriy Sedito
Vasyl Stachiv
Vitalii Fil
Mariia Fedoriak
Volodymyr Nikorych
Nataliia Hoivanovych

Projekt oktadki: Piotr Wistocki

Wydawca: Katedra Gleboznawstwa, Chemii Srodowiska i Hydrologii
Wydzial Biologiczno-Rolniczy Uniwersytetu Rzeszowskiego

ul. M. Cwiklinskiej 2

35-601 Rzeszow

Polska

wspdlnie z: Wydzial Biologii i Nauk Przyrodniczych Uniwersytetu
Pedagogicznego w Drohobyczu

ul. T. Szewczenka 23

82-100 Drohobycz

Ukraina

ISSN 2450-8640
ISBN 978-617-7401-49-9

Sktad, tamanie, druk i oprawa: PP «Posvit», ul. I. Mazepy, 5
82-100 Drohobycz

Naktad 100 egz.



CONTENS/3MICT

Stepan Behey, Taras Martsinko, Vasyl Stakhiv

Energy efficiency of shortly rotary fodder crop rotation in dependence on
the methods of the main soil cultivation and fertilization system in the
conditions of Precarpathians .................coiiiiiiiiiiiiiiiii
Eneprernuna e(exTHBHICTP KOPOTKOPOTAIIIHHOT KOPMOBOi CiBO3MIHH
3aJIe)KHO BiJl CHOCOOIB OCHOBHOTO OOpOOITKY IPYHTY Ta CHUCTEM
yIOOPEHHS B YMOBAX [IePeAKAPTIATTS . .vuvveeeineeneeiiaeeieeeeeeeeieeane

Jan Ggsior, Stanistaw Wilasniewski, Andrij Hamor, Marcin Bartman
Procesy glebowe na poétnocnym stoku Cergowej jako wskazniki
geomorfologicznych procesow stokowych w Beskidzie Niskim ................
Soil processes on the northern slope of Cergowa as indicators of
geomorphological slope processes in the Beskid Niski ........................

Andriy Dziubajlo, Viktor Senkiv

The effect of cultivation technology elements on the formation of the
soybeans symbiotic potential ............coviiiiiiiiiiiiii
BrnnuB  eneMeHTIB  TEXHONOTii  BHpOLIYBaHHS Ha  (OpPMYBaHHA
CUMOIOTUIHOTO TTIOTECHIIIAITY COT «vuvtennteenteenneeenneenneeenneennneanneennneans

Jan Ggsior, Bernardeta Alwarez, Jozef Simcik, Adrian Folta

Alluvial soils in old river bed of Wistok river between Rzeszéw and
LanCUL ..o
Gleby aluwialne w starorzeczu Wistoka miedzy Rzeszowem i1 Lafcutem ..

Bacunw Jlonywnaxk, Hamania Beza

Bionorizamis cucteMu ymoOpeHHsI SUMEHIO SPOTO B 3aXiHOMY JIiCOCTEITy
A4 0 1 1 (N
Biology of the fertilizer system of spring barley in western forest steppe of
UKIQINE ..ottt e e e

Galyna Panakhyd, Grygorii Konyk

Grassland yield depending on how to improve the long-term forbs-cereal
0017216 [0 1
VYpokaifHICTh  TPaBOCTOIB  3aJIEKHO  BIJ  CHOCOOIB  TOMIMIICHHS
JIOBFOTPUBATINX PI3HOTPABHO-3TAKOBHX JIYK ...veneentententaneneneaneanennennns

Nataliia Hoivanovych, Yaroslava Pavlyshak, Vira Kavchak
Antioxidant properties of some medicinal plants in Skole district ...........
AHTHOKCHIIAHTHI BJIACTHBOCTI AESKUX JIKAPCBKUX pOciIrH CKOJIBCHKOTO

11

13

21

23

32

33
38

39

44

45

53

55



Svitlana Monastyrska, Rozaliya Stetsyk, Nadiia Korenovska

Seed productivity of Anemone nemorosa L. in the conditions of Subcarpathia

HacinneBa NpoOayKTHBHICTE POCIUH Anemona nemorosa L. B ymoBax
L1 (5] 0101 1021 )1 - 1 4 - N

Yaroslava Pavlishak, Nataliia Hoivanovych, Vira Kavchak

The current state of etheroids populations in the flora of the Precarpathians
(DrohobyCh diStriCt) ...vuueeee e
CyuacHmii cran  momynsuiid edpemepoiniB y ¢aopi Ilepenkapmnarrs
(@18070) We1a) 70002509707 017 (0) < ) J

Vasylyna Fedyshyn, Oksana Kvasnii

Development of effective mechanism of state management by training
enterprises of Pricarpathy ...........ccooiiiiiiiiiii
Po3pobka  epekTHBHOrO  MeXaHi3My  JI€pP)KaBHOTO  YHPaBIiHHS
TYPUCTUIHUMH TIATPHEMCTBAMU [IPUKAPIIATTS ..vevieeiiiiiieeeenene,

Sviatoslav Farafonov, Vasyl Stakhiv

Analysis of ethological factors impact on some blood biochemical parameters
of heifer replacements Volyn beef breed under different density of their
allocation IN thE DYTE .....voieii e
BuBUYeHHs BIUIMBY €TOJOTIYHUX YMHHUKIB Ha ACsIKi 010XIMIYHI TOKA3HUKH
KPOBI PEMOHTHOTO MOJIOJHSKY TEJHIb BOJUHCHKOI M’ SCHOI TOPOIHM 3a
Pi3HOT IIUIBHOCTI TOCTAHOBKU B TIPUMIIIEHHI .. cvvveneineeniinineieeneenenaeen,

Halyna Klepach, Andriy Yanyshyn

Microbiota of edaphotopes of the tailings dam of the pjsc Stebnitske
mining and chemical enterprise “Polimineral” .........................cooa.
Mixkpob6iora enadoroniB xBocrocxoBuiia [TAT CTeOHUIBKOTO TipHUYO-
XIMIYHOTO TATPUEMCTBA “TIOMIMIHEPATT” ..ttt

Olena Barabash
Bioindication estimation of urban ecosystems pollution in Kyiv .............
bioinnukariiina orinka 3a0pyaHeHHs1 ypOaHi30BaHUX eKocucTeM M. KnueBa

63

70

71

75

77

83

85

91

93

103

105
112



Stepan Behey', Taras Martsinko’, Vasyl Stakhiv

'Agriculture Institute of the Carpathian Region of Agrarian Sciences National Academy of
Drohobych

*Drohobych Ivan Franko State Pedagogical University, Department of Biology and Natural
Sciences

e-mail: inagrokarpat@gmail.com

ENERGY EFFICIENCY OF SHORTLY ROTARY FODDER CROP
ROTATION IN DEPENDENCE ON THE METHODS OF THE
MAIN SOIL CULTIVATION AND FERTILIZATION SYSTEM
IN THE CONDITIONS OF PRECARPATHIANS

Abstract. A large number of material, technical and labor resources is used for growing
crops annually. Getting better and stable yields requires an increase of non-renewable energy. In
the conditions of growing deficit of energy resources it is required to develop such agricultural
technologies that would ensure the creation of optimal conditions for growing crops that is to
ensure maximum usage of photosynthetic active radiation by agrocoenosis, and, correspondingly,
to reduce energy consumption of production. Analysis of the consumed and accumulated energy
makes it possible to evaluate all agricultural processes from energy point of view and to
determine the effectiveness of technologies of growing crops.

Determination of energy efficiency of crops growing in the shortly rotary fodder crop
rotation of Precarpathians in dependence on the methods of the main soil cultivation and
fertilization system was carried out on an experimental basis of the Agriculture Institute of the
Carpathian region (Precarpathian Zone) during 2011 — 2015 in a field long term research on sod-
podzolic surface gley soil in shortly rotary crop rotation.

Keywords: energy evaluation, energy efficiency, soil cultivation, crop rotation, fertilization
system.

INTRODUCTION

One of the most important agricultural problems is providing with highly productive,
stable, ecologically secure production of agriculture produce in the modern conditions of
agricultural production [1, 8, 10, 12, 13, 14, 19, 24].

Precarpathians is a physically geographical region situated between south — western border
of Russka Platform (Podilska Hill) and north — eastern slopes of the Ukrainian Carpathians
(Fig. 1).

In zonal respect Precarpathians is a lower belt (zone) of the Carpathians, which is
characterized by typical for this zone meadow and forest, partly meadow and steppe landscape
with the alternation in the direction of the Carpathians stretch of wooden watersheds with sod-
podzolic gley soils and meadow depressions (valleys and basins) with meadow gley podzolic soil
[11,17, 18,25, 28].

Precarpathians is an area characterized by low environmental soil sustainability, caused by
their adverse water and physical, agrochemical characteristics, intensive anthropogenic load.
Therefore, the introduction of agricultural systems that can provide with stability of agricultural
landscapes with priority of biologization means together with effective soil protective systems of
the basic cultivation is an important concern of agricultural practice [2, 3, 5, 7, 12, 19, 21].

In conditions of economy globalization for an objective assessment of individual elements
and farming systems as a whole, determination of their energy efficiency acquires the most
significant importance [6, 15, 16, 20, 22, 23].
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Modern bioenergy evaluation methodology is based on comparing the energy accumulated
in a crop with total expenses of production [4, 9, 15, 26, 27].
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Pic 1. Nature and geographical regions of Precarpathians

There has been conducted a calculation of expenses of labor resources, petrol,
fertilization, agricultural machinery manufacture, crop cultivation and harvest according to
technological maps, energy accumulation for that part of the crop that is used during energy
evaluation of the proposed by us elements of technologies directed to improvement of water and
physical indices of soil and plants nourishment which directly influence the crop capacity. The
difference and efficiency of energy consumption have been calculated on this basis. Energy
equivalent of crop, which was defined as the ratio of energy accumulated in the crop to the
energy spent on its getting, was taken as the main indicator of energy evaluation.

The aim of the investigation is to determine the energy efficiency of crops growing in the
shortly rotary fodder crop rotation of Precarpathians in dependence on the methods of the main
soil cultivation and fertilization system.

MATERIALS AND METHODS

The research was carried out on an experimental basis of the Agriculture Institute of the
Carpathian region (Precarpathian Zone) during 2011 — 2015 in a field long-term research on sod-
podzolic surface gley soil in shortly rotary crop rotation.

Crop alternation scheme in the shortly rotary fodder crop rotation corresponds to the zonal
conditions of Precarpathians: red clover — winter wheat + after harvest white mustard — corn for
silage - oats, annual ryegrass with red clover sowing.

Crop cultivation technology: for winter wheat - tillage to a depth of 20 - to 22- cm, tillage
to a depth of 20 - to 22- cm + underneath arable soil layer loosening at 12- to 14- cm depths; for
perennial grasses — soil fissuring, other operations that are generally accepted in the
Precarpathian conditions.
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Fertilization system: mineral — priority use of industrial agrochemicals with the applying
of NogPs4K;, on 1 hectare of crop rotation area and the use of pesticides to protect crops from
pests; biologically mineral — tillaging of nonmarket part of a crop ( straw), use of after harvest
for green manure and applying of mineral fertilizers (NsoP4K;oo on 1 hectare of crop rotation
area); organic — 10 tons of manure applying on 1 hectare of crop rotation area, tillage of
nonmarket part of a crop ( straw), use of after harvest for green manure, microbiological agents
(planryz, diazofit, phosphorus mobilizer FMB-32-3), applying of raw mineral fertilizers —
P Ky on 1 hectare of crop rotation area.

RESULTS AND DISCUSSION

Energy analysis of the proposed elements of technology shows that technological
processes are mostly effective (Table. 1). The most energy consuming growing is growing of
winter wheat for grain (energy equivalent 3.26-4.03) and corn for silage (energy equivalent
5.23-6.68) among the crop rotation. Significantly higher energy equivalent has been observed
while growing annual grasses with red clover sowing — 7.66-10.40 and the most energy
economical one is growing of perennial grasses (10.09-10.93).

Table 1. Energy evaluation of crop growing in the shortly rotary field fodder crop rotation
in dependence on the methods of the main soil cultivation

Energy consumption
Fertilization Energy lc. MJ
Cultivation system equivalent | fodder | digestibl
units e protein
Winter wheat
mineral 3,26 506 4261
tillage to a depth of 20 - t0 22-cm | Clologically 3,64 439 4777
mineral
organic 3,92 408 4435
tillage to a depth of 20 - to 22- cm + bi(I)III;n?zlll 3,29 493 4166
soil fissuring Detcatly 3,73 427 4666
mineral
organic 4,03 395 4323
tillage to a depth of 20 - to 22- cm + mineral 3,35 482 4084
underneath arable soil layer loosening | biologically
at 12- to 14- cm depths + soil mineral 375 426 4634
fissuring organic 4,03 396 4307
Corn for silage
tillage to a depth of 20 - to 22- cm mineral 5,23 374 7287
biologically | ¢ 408 7966
mineral
organic 6,49 300 5865
tillage to a depth of 20 - to 22- cm + mineral 5,26 374 7405
soil fissuring blol(?glcally 471 418 8097
mineral
organic 6,44 302 5875




tillage to a depth of 20 - to 22- cm + mineral 5,41 360 7035
underneath arable soil layer loosening | biologically
at 12- to 14- cm depths + soil mineral 3,03 394 7T
fissuring organic 6,68 295 5721
Annual grasses + red clover
tillage to a depth of 20 - to 22- cm mineral 7,99 198 1965
biologically | 4 198 1958
mineral
organic 10,40 197 1953
tillage to a depth of 20 - to 22- cm + mineral 7,93 198 1963
soil fissuring blolgglcally 7.66 199 1968
mineral
organic 10,10 199 1966
tillage to a depth of 20 - to 22- cm + mineral 7,88 197 1957
underneath arable soil layer loosening | biologically 775 197 1948
at 12- to 14- cm depths + soil mineral ’
fissuring organic 10,19 199 1968
Perennial grasses
tillage to a depth of 20 - to 22- cm mineral 10,19 190 1878
biologically | 19 191 1892
mineral
organic 10,28 189 1868
tillage to a depth of 20 - to 22- cm + mineral 10,44 185 1830
soil fissuring blol(?glcally 10,20 189 1872
mineral
organic 10,93 177 1749
tillage to a depth of 20 - to 22- cm + mineral 10,47 184 1823
underneath arable soil layer loosening | biologically
at 12- to 14- cm depths + soil mineral 10,13 191 1887
fissuring organic 10,52 184 1822

Production is considered to be ineffective if the energy equivalent is less than two.
Efficiency is low if the energy equivalent is from two to four, efficiency is average if the energy
equivalent is from four to six, efficiency is high if the energy equivalent is from six to eight, and
efficiency is very high if the energy equivalent is more than eight [2, 6]. Thus, winter wheat
growing is characterized by low efficiency while it is average on the variants of underneath
arable soil layer loosening if fertilized with the organic fertilization system, growing corn for
silage is characterized by an average efficiency, growing annual grasses with red clover sowing is
characterized by high efficiency while it is very high if fertilized with the organic fertilization
system, perennial grasses growing is characterized by very high efficiency. In all crops of crop
rotation higher energy equivalent and lower energy consumption of 1 centner of fodder units and
digestible protein have been marked on the variants where tillage with underneath arable soil
layer loosening was carried out.

As a whole, for the crop rotation period (Table 2) higher energy efficiency coefficient
(EEC) was obtained on the variants where tillage with underneath arable soil layer loosening was
carried out and it was 6.03 - 7.52 while on the variants with usual tillage it was 5,95-7,38, and as
for fertilization systems, the organic fertilization system turned out to be the most effective one.



Table 2. Energy efficiency of shortly rotary fodder crop rotation in dependence on the
methods of the main soil cultivation and fertilization system (in average for 2011 — 2015)

Energy
e Total yield, tha’! MJ-ha™! consumption lc,
o Fertilization
Cultivation - EEC MJ
y fodder | digestible . fodder | digestible
. . spent | obtained . .
units protein units protein
mineral 82,9 6,73 26758 | 159172 | 595 | 323 3976
tillage toa | biologically | 3 7| 596 | 23706 | 141199 | 596 | 322 | 4045
depth of 20 mineral
- t0 22- cm organic 69,1 5,47 17903 | 132175 | 7,38 | 259 3273
mineral 83,8 6,79 26836 | 160929 | 6,31 | 320 3952
tilage toa | biologically | 3 3| 507 | 93784 | 140799 | 592 | 324 | 4052
depth of 20 mineral
-to 22-cm
+ soil organic 70,2 5,59 17982 | 134191 | 7,46 | 256 3217
fissuring
tillage to a mineral 85,6 6,92 26846 | 163738 | 6,08 314 3879
depth of 20 | biologically | o5 ¢ | 597 | 23705 | 143471 | 603 | 315 | 3986
-to 22- cm mineral
+
underneath
arable soil
layer
loosening | organic | 05 | 557 | 17992 | 135260 | 7.52 | 256 | 3230
at 12- to
14-cm
depths +
soil
fissuring
CONCLUSIONS

The growing of winter wheat for grain and corn for silage are the most energy-consuming
among crops of crop rotation and growing of perennial grasses is characterized by very high
energy efficiency, whereas in all crops of crop rotation, higher energy equivalent and lower
energy consumption of 1 centner of fodder units and digestible protein have been marked on the
variants where tillage with underneath arable soil layer loosening was carried out.

Carrying out of tillage for winter wheat to a depth of 20- to 22- cm with underneath arable
soil layer loosening at 12- to 14- cm depths increases the efficiency of energy consumption in
the shortly rotary crop rotation of Precarpathians, while energy consumption of 1 centner of
fodder units is lower by 4.9% during mineral fertilization system, by 3.1 % during biologically
mineral one and by 3.0 during organic fertilization system, and digestible protein by 4.3, 3.1 and
3.0 % correspondingly.

Higher energy efficiency coefficient (EEC) (for the crop rotation period as a whole) has
been obtained on the variants where tillage with underneath arable soil layer loosening was
carried out and it was 6.03 — 7.52 while on the variants with usual tillage it was 5,95-7,38; and
higher energy efficiency ratio among fertilization systems has been obtained with the organic
fertilization system — 7.38-7.52.
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AHOTANIA

EHEPTETUYHA E®EKTUBHICTh KOPOTKOPOTAIIIMHOI
KOPMOBOI CIBO3MIHH 3AJIE’KHO BIJI CIHIOCOBIB OCHOBHOI'O
OBPOBITKY IPYHTY TA CUCTEM YJIOBPEHHSI B YMOBAX
INEPEJAKAPIIATTA

Ha BupomIyBaHHS CILTBCBKOIOCIOJAPCHKUX KyJIbTYp MIOPIYHO BHUKOPHCTOBYETHCS BEIIMKA
KITBKICTh MaTepialIbHO-TEXHIYHUX 1 TPYIAOBHX PECypCiB, a OTKE 1 aHTPOIIOTEHHOi EHEprii.
OtpuMaHHs BUIMX Ta CTAJMX BPOXKAiB BUMarac 30UIBIICHHS BUTPAT HEIOHOBIIOBAHOI eHeprii. B
yYMOBax 3poCTaro4oro JediluuTy EHEepreTMYHMX pecypciB  HEoOXifHa po3poOKa  TaKuX
arpoTeXHPOJIOTiH, ski 6 3abe3rmeyyBany CTBOPEHHS ONTHMAJIBHHMX HapaMeTpiB Ul BHPOILYyBaHHS
KyJIBTYPHUX PpOCIHMH, TOOTO, 3a0e3neyyBaid MaKCUMaJlbHE BHKOPUCTAHHS arporeHO30M
(DOTOCHHTETHYHO aKTHUBHOI pajialii, i BiJIIOBIHO, 3MEHIITYBIM €HEPrOEMHICTh MPOXYKILil. AHai3
BUTpayeHOl 1 HaKoNM4YeHOl eHeprii Jae 3MOry OLIHHTH BCl CUIbCHKOIOCIONApPCHKI MpolecH 3
E€HEePreTUIHOT TOUKH 30Dy 1 BU3HAYUTH €()eKTHBHICTh TEXHOJIOTIH BUPOIIYBaHHS KYJIBTYP.

BrHaueHHs eHepreTHYHOI e(EeKTHBHOCTI BHUPOIYBAaHHA KYJIBTYp B KOPOTKOPOTAIliHHIM
KOpMOBIH ciBo3MmiHi [lepenkapnarTsi 3aJIeKHO BiJl CIOCOOIB OCHOBHOTO OOpPOOITKY TPYHTY Ta CHCTEM
yIoOpeHHs MPOBOAMIOCS HA eKCIIEpUMEHTANbHIN 6a31 [HCTHTYTY CiTbchKOTO rocnomapeTBa Kapmar-
cekoro periony HAAH (3ona ITlepenxapmarts) mpotsrom 2011-2015 pp. B MOJIBOBOMY CTaIlio-
HapHOMY JIOCTiJIi B KOPOTKOPOTAIIIMHINA CIBO3MIiHI Ha JIEPHOBO-III30JMCTOMY TTOBEPXHEBO-OTJICEH-
HOMy IpyHTi. CXeMa 4epryBaHHS KyJbTYp Y KOPOTKOPOTALiiHiii KOPMOBIi CiBO3MIHI BiAIOBiga€e
30HAJILHUM yMoBaM [lepekapniaTTsi: KOHIOIIMHA JIy9Ha — 03MMa IMIIEeHHI + MICISDKHUBHI (Tipuuis
6ina) — KyKypy/3a Ha CHIIOC — OBEC, paiirpac OJJHOPIYHHMIA 3 ITiJICIBOM KOHIOIINHH JIy4YHOI.

TexHouorist BUpOILYBaHHS KyJIbTYp: IiJ] 03UMY IILICHUILIO — opaHka Ha 20-22 cM, opaHka
Ha 20-22 cM + po3myllyBaHHS IZIOPHOTO wapy IpyHTY Ha 12-14 cM, mig GararopiuHi TpaBu —
IIUTFOBaHHS, 1HIII OTeparii 3araTbHONPUHHATI 111 yMoB [lepenkapnarts.

Cuctema ynoOpeHHs: MiHepallbHa — MPIOPUTETHE BUKOPUCTAHHS TIPOMHUCIIOBHX arpoXiMiKariB 3
BHeceHHsM Ha 1 Ta ciBo3MiHHOT Tromti NogPs4K/,9, Ta IHTEHCHBHAM 3aCTOCYBAHHIM TIECTHITUIIB JUIS
3aXKCTy TOCIBIB BiJ IIKI[UIMBUX OPraHi3MiB: 0i0JOr0o- MiHEpalbHa — IPHOPIOBAHHSA HETOBApPHOI
YaCTHUHH YPOXKaro (COJIOMa), BUKOPHCTaHHS MICISKHUBHMX Ha CHIEPATH 1 BHECEHHS MiHEPAITBHUX
nobpuB (Ha 1 ra ciBo3minHOI Twionti NsoP4oKigo); opranidna — Baecenns 10 T Ha 1 ra ciBO3MiHHOI
IUIOLLI THOIO, NPHOPIOBAHHS HETOBAPHOI YaCTUHHU YPOXKato (COJoMa), BUKOPHCTAHHS HICISDKHUBHUX
Ha cUIepaTu, MIKpoOionoriyHuX rpenaparis (IaHpus, aiazodit, pochopomobinizarop PMB-32-3),
BHECCHHSI CHPUX MiHEpaJIbHUX H00puB — P»,Ky), Ha 1 ra ciBO3MIHHOI ILTOMTI.

Cepen KyibTyp CiBO3MIHM HalOIJbII €HEPro3aTpaTHUMH € BUPOLIYBaHHS 03MMOI HIIECHUII
Ha 3€pHO Ta KYKYpPYA3H Ha CHJIOC, TOHI 5K BUPOILIYBAaHHS OJHOPIYHMX TPaB XapaKTEPHU3YEThCS
BHCOKOIO, a 0araTopiyHHUX TPaB JIy’Ke BUCOKOIO €HEPreTUYHOIO €()EKTHBHICTIO.

IIpoBeneHHsT OpaHKH il 03UMY IMIIeHUII0 Ha 20-22 ¢M 3 po3MyITyBaHHIM ITiIOPHOTO IIapy
IpyHTy Ha 12-14 cM migBuiye e(heKTHBHICTH €HEpro3aTpaT B KOPOTKOPOTALiWHIA CiBO3MiHI
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[epenkaprartsi, Ipu BOMY €HEPrOEMHICTh 1 1] KOPMOBHMX OAMHMIB € HWXKYOI0 Ha 4,9 % npu
MiHepasbHill cucteMi ynoopenns, Ha 3,1 % npu Gionoro-minepanbHiit Ta 3,0 npu opraniuHii, a
nepeTpaBHoOro nporeiny 4,3, 3,1 ta 3,0 % BiAmOBIAHO.

Bummii koedimieHT eHepreTndHoi e(heKTUBHOCTI (B IJIOMY 3a CiBO3MiHY) OTPHMAaHO Ha
BapiaHTax A€ MPOBOJIWIIACSA OpaHKa 3 PO3MYLIyBaHHAM IiOPHOTO MIapy IPYHTY 1 BiH CTaHOBHB
6,03 — 7,52, Toxi K Ha BapiaHTax 3i 3BHUAHOIO OpaHKow 5,95-7,38, a i3 cucreM ynoOpeHHS —
opraniuna — 7,38-7,52.

Kuiio4uoBi cjioBa: eHepreTHvHa OIliHKA, €HEPreTUYHAa e(PEeKTUBHICTh, CIBO3MIiHA, CHCTEMa
yInoOpeHHS.
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PROCESY GLEBOWE NA POENOCNYM STOKU CERGOWEJ JAKO
WSKAZNIKI GEOMORFOLOGICZNYCH PROCESOW STOKOWYCH
W BESKIDZIE NISKIM

Abstrakt. Najbardziej pospolite w rzezbie terenu powierzchnie nachylone podlegaja
procesom morfotworczym degradacyjnym i agradacyjnym, ktérych intensywnos$¢ wiaze si¢ z
nachyleniem powierzchni i ksztaltem stoku oraz rodzajem tworzywa glebowego i jego
odporno$cia na procesy erozji i denudacji. Procesy pedogeniczne modyfikowane sa wigc przez
procesy morfotworcze na stoku. W pracy przedstawiono budowe morfologiczna gleb pétnocnego
stoku Cergowej wytworzonych z fliszu karpackiego w nawigzaniu do polozenia w rzezbie terenu.
Opisano dynamike podstawowych elementéw morfologicznych gleb w czterech lokalizacjach
transektu i ich wybrane wiasciwosci fizyczne. We wszystkich profilach dominowat proces
brunatnienia, a wystepujace epi- i endopoziomy kwalifikujg te gleby do czarnoziemdéw, przy
czym troficzno$¢ tych gleb jest bardzo zréznicowana.

Stowa kluczowe: profil geomorfologiczny, troficzno$¢ siedliska, wody Srodpokrywowe

WSTEP

W gérach niskich o niewielkim wertykalnym zréznicowaniu warunkéw klimatycznych
relatywnie wigkszego znaczenia w ksztalttowaniu procesu glebowego nabieraja wlasciwos$ci
litologiczne skat podloza i cechy zwietrzeliny skalnej (skaly macierzystej), podlegajace
zréznicowanym w poszczegdlnych czeSciach stoku procesom morfotwdrczym [2,15]. Gorski
klimat w Beskidzie Niskim wykazuje dwudzielno$¢. Na pétnocnych stokach powyzej
600m n.p.m. wystepuje pietro umiarkowanie chtodne ze $rednig roczng temperaturg powietrza
ponizej 6,0°C (od 15,6 do 16,9°C w lipcu i od -5,2 do -10,6°C w styczniu), przy rocznej sumie
opadéw powyzej 1150mm i dlugosci okresu wegetacyjnego 195-200 dni. Na nizszych
wysokosciach jest cieplej i jest mniejsza ilos¢ opadow.

W obrebie przekroju geomorfologicznego badanego stoku od kulminacji szczytowej —
681m n.p.m. do doliny Jasionki — 400 m n.p.m. odstonigto 4 profile glebowe. W gérnej czesci stoku i
przy nachyleniu powierzchni powyzej 25° procesy denudacyjne pozwalaja jedynie na wytworzenie
pomig¢dzy odlamkami skal podloza ptatéw préchnicy typu mor, pozbawionej ro§linnosci zielnej i
rozwdj buczyny karpackiej. W $rodkowej czesci stoku (przy nachyleniu ponizej 10° utrzymuje si¢
duzej miazszosci zwietrzelina o uziarnieniu gliny ci¢zkiej, z ktorej wytworzyly si¢ gleby brunatne
uzytkowane rolniczo o réznym stopniu morfologicznego wyksztatcenia i r6znej troficznosci. W dolnej
czesci stoku okoto 55 metréw powyzej wspdtczesnego lustra wody w rzece Jasionka deluwia stokowe
zazgbiajg si¢ z osadami aluwialnymi.

METODYKA

W czasie prac terenowych w obrgbie pdtnocnego stoku Cergowej wzdluz transektu, od
kulminacji szczytowej (681m n.p.m.) po koryto cieku Jasiotka (380m n.p.m.), o dlugosci okoto
2000 metréw opisano charakterystyczne elementy jego rzezby. W wybranych lokalizacjach odstonigto
cztery profile glebowe, opisano ich budow¢ morfologiczng i pobrano proby glebowe o naruszonej i
nienaruszonej strukturze do badan laboratoryjnych, ktére przeprowadzono w laboratorium Katedry
Gleboznawstwa, Chemii Srodowiska i Hydrologii na Wydziale Biologiczno-Rolniczym Uniwersytetu
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w Rzeszowie [5]. Sklad granulometryczny oznaczono metoda sedymentacyjng Casagrande’a w
modyfikacji Proszynskiego, zawarto§¢ wegla organicznego oznaczono metoda Tiurina. Na podstawie
zawartosci wegla organicznego w poszczegdlnych poziomach genetycznych obiczono zawarto$¢
wegla organicznego w pedonie glebowym na powierzchni 1m”. W glebie o nienaruszonej strukturze
oznaczono wilgotno$¢ aktualng oraz zawarto$¢ wody higroskopijnej i dostgpnej dla ro$lin metoda
wagowa. Ponadto oznaczono gegsto$¢ wlasciwg gleby metoda piknometryczng stosujac 5Sg nawazki
gleby i piknometr o pojemnosci 50 cm’, natomiast gesto$é objetosciowa oznaczono metoda wagowa
w cylindrach Kopeckiego o objetosci 100cm’. Na podstawie oznaczen gestosci whasciwej i gestosci
gleby obliczono porowato$¢ ogélng gleby.

WYNIKI BADAN

Profil geomorfologiczny stoku. Omawiany transekt na poinocnym stok Cergowej
charakteryzuje si¢ zlozong budowa morfologiczna. Najwyzsza jego czg$¢ od kulminacji
szczytowej — 681m n.p.m. do okoto 560m n.p.m. jest skalista i stroma o $rednim nachyleniu 28°
(lokalnie przekracza 50°) i zbudowana z zalegajacych pod matym katem warstw fliszowych,
zapadajacych w kierunku potudniowym i poro$niety buczyna karpacka (rys.1).
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Rys.1 Lokalizacja profil glebowych w obrebie pélnocnego stoku Cergowej
Fig.1 Location of the soil profile within the northern slope of Cergowa

Odpadajace zwietrzate fragmenty skal osuwajg si¢ 1 gromadzg ponizej. Pomiedzy
warstwami skal masywnych wystepuja liczne wolne przestrzenie i jaskinie. W nielicznych
zaglebieniach skalnych tej strefy gromadzi si¢ materiat organiczny

Ponizej 560m n.p.m. nachylenie stoku stopniowo staje si¢ tagodnieje i jest on uzytkowany
rolniczo z rézng intensywno$cig. W pasie na wysokosci od 560 do 520m n.p.m. powierzchnia
stoku ma $rednie nachylenie 16°, jest nieregularna i ksztattowana przez zatrzymane odpadajgce
odtamki odrywane z cz¢sci podszczytowej i procesy soliflukcyjne i sufozyjne z suchymi misami
i lejami oraz towarzyszacymi im stozkami naptlywowymi, a takze licznymi formami sptukiwania
linijnego. Okresowo prowadzony byt tu wypas, a obecnie ta czg$¢ stoku samoczynnie
przeksztalca si¢ w teren porolny. Sptywy i zmywy powierzchniowe intensywnie eroduja i
denuduja te czg$¢ stoku tworzac sie¢ ptytkich weigé powierzchniowych.
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W strefie od 520 do 460m n. p. m. $rednie nachylenie stoku wynosi 8°, jest on obecnie
zadarniony, a w jego rzezbie wystepuja wyraznie zaznaczone szerokie tarasy uprawowe, sie¢
drég dojazdowych do pdl i pryzmy kamieni zbieranych w celu ulatwienia uprawy gleby.
Okresowe cieki tworzg bruzdy i wawozy szybko odprowadzajace wody powierzchniowe.
W ostatnim czasie niektére pola zostaty regularnie zalesione sosng i modrzewiem.

W dolnej czgéci péinocnego stoku Cergowej w strefie na wysokosci od 460 do
420 m n.p.m. nachylenie wynosi okoto 7°, jego wyréwnana powierzchnia wykorzystywana jest
rolniczo, przy czy przewazaja trwale uzytki zielone, a grunty orne stanowig okoto 30%. Na
wysokosci okoto 420m n.p.m. péinocny stok Cergowej taczy si¢ charakterystycznym uskokiem z
doling Jasionki przebiegajacej ze wschodu na zachdd.

Ponizej tego progu ptaski teren stanowi stary taras rzecznej akumulacji zazebiajacy si¢
z deluwiami. Wystepuja tu zabudowania gospodarcze i inna infrastruktura techniczna oraz
intensywne uprawy rolnicze i ogrodnicze.

Budowa morfologiczna gleb w trnasekcie. Gleby omawianego transektu na péinocnym stoku
Cergowej (profile 1-4) wytworzone ze zwietrzeliny fliszowej maja stabo wyksztalcone
morfologicznie poziomy genetyczne i wykazuja duze réznice budowy nawigzujace do polozenia w
rzezbie terenu. Wszystkie sa glgbokie o zr6znicowanym uziarnieniu w obrebie profili (tab. 1). W
profilu gleby najwyzej potozonej — 551m odtamki skalne (szkielet glebowy) stanowi 10-15% udzial.
W nizej odstonigtym profilu 2 (505m n.p.m.), w terenie o mniejszym nachyleniu, szkielet odtamkéw
skalnych stanowil okoto 50% tworzywa glebowego w warstwie do glebokosci 33cm, a ponizej okoto
30%, przy czym odtamki skalne byly ostrokrawedziste. W profilu 3 (na wysoko$ci 436m n.p.m.) w
poziomie ornym Ap gleby szkielet stanowil okoto 10%, za$ ponizej okoto 30-35% i byt
ostrokrawedzisty. W profilu tej gleby na glebokosci 60—70cm pojawialy si¢ nieciagte, migkkie, silnie
zwietrzate, lite skaly podloza (piaskowiec/itowiec). W najnizej potozonej glebie na wysokosci 400m
n.p.m. (profil 4) dobrze obtoczona frakcja szkieletowa wystepowata nielicznie 5—10%,w stropie gleby
do glebokosci 55cm. Rozktad frakcji szkieletowych w profilach nawiazuje do proceséw stokowych i
wigze si¢ rowniez z dzialalnosciag ludzka. Obrywajace si¢ z podszczytowej skalistej czgsci stoku
odlamki skalne przemieszczaja si¢ gwaltownie w dét i zatrzymuja gléwnie w tagodniejszej czesci
stoku, w pasie na wysokosci 460-520 m n.p.m. (profil 2), gdzie dochodzi do wyraznej kumulacja
frakcji szkieletowej w powierzchniowej czesci gleby. Redukcja zawarto$ci szkieletu w poziomie Ap,
w czesci stoku intensywnie uzytkowanej rolniczo 420-460m n.p.m. (profil 3) wigze si¢ z usuwaniem
odlamkoéw skalnych utrudniajagcych uprawe roli. Uziarnienie cze$ci ziemistych gleb transektu byto
dos¢ cigzkie i nawigzywato do polozenia w rzeZzbie terenu (tab.1). W czesci podszczytowej stoku
(profil 11 2) w terenie o wigkszym nachyleniu, sptyw wod powierzchniowych silniej przemieszczat
frakcje itu (¢ < 0,002mm), co prowadzito do spiaszczenia pozioméw powierzchniowych gleb w tej
czesci stoku [9]. W poziomach powierzchniowych gleb tych profili wystgpowata glina zwykta
natomiast w skale macierzystej glina ilasta (profil 2) i it zwykty (profil 1). Ponadto w glebie profilu 2
poszczegblne poziomy solum zawieraly szczeg6lnie duzo frakeji piasku (¢ 1,0 — 0,05mm) od 33 do
50%. W glebie dolnej czesci stoku (profil 3) w terenie sprzyjajacym akumulacji deluwiéw tylko
w poziomie Ap wystgpowata glina ilasta ponizej za$§ utwér itowy zwykty. W profilu odstonigtym
obrebie doliny Jasiotki na starym tarasie (profil 4) byla najwigksza zmiennos¢ uziarnienia wynikajaca
7z zazebiania si¢ deluwiow z aluwiami.

Z potozeniem gleb na stoku i ich uziarnieniem wigza si¢ warunki wodno-powietrzne decydujace
o hydromorfizmie i procesach oglejenia. Pomimo dobrego odptywu woéd powierzchniowych
wszystkie gleby transektu byly silnie wilgotne, z wyrazne widocznymi symptomami procesow
glejowych. W glebie najwyzej polozonej w rzezbie terenu (profil 1) w dwudzielnym poziomie skaty
macierzystej, w jej stropie wystepowalo stabo zaznaczone oglejenie plamiste, za§ w spagu catkowite z
poziomymi kanalikami catkowicie wypetnionymi woda.

W profilu gleby nizej potozonej (profil 2) w poziomie Bh/C(g) i C(g) wystgpowaly liczne
zacieki pionowe i zwigzane z bocznym srédpokrywowym przemieszczaniem roztworu wodnego.
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W dolnej czedci transektu (profil 3) gleby wykazywaly symptomy oglejenia marmurkwatego
(warstwowego) od glebokosci 31cm, nawigzujacego do tektoniki (struktury) skat fliszowych.

Tabela 1. Sklad granulometryczny czeSci ziemistych gleb w transekcie péinocnego stoku
Cergowej w zaleznosci od poloZenia na stoku
Table 1. Granulometric composition of the soil in the transect of the northern Cergowa
slope depending on the location on the slope

Nr Wysokos¢ Poziom Miagzszosé¢ | Udziat frakcji granulometrycznych (%) Gatunek
n.p.m. poziomu | 1- |0,1- |0,05-|0,02- | 0,006- | <0,002
prof-| iy [EEMEYEEY | Ty 0.1 |0,05]0.02 | 0,006 | 0,002 gleby
s A 0-24 |24 8 | 10| 14 | 19 | 25 glina
zwykta
ABbr 2430 | 15| 6 11 15 13 40 | glina ilasta
551 Bbr/C 30-57 16| 5 8 17 23 31 | glina ilasta
Cl(g) 57-79 |13 | 4 7 14 16 46 it zwykty
C2g 79-100 | 16| 6 7 16 14 41 it zwykty
2 A 013 |45| 5 [ 10| 15 | 7 18 glina
zwykta
ABbr 13-33 29| 7 13 11 11 29 | glina ilasta
505 Bbr/C 3349 34| 9 10 8 9 30 | glina ilasta
Bh/C(g) 49-66 | 28| 5 13 18 29 | glina ilasta
C(g) 66-100 |23 | 4 9 16 14 34 | glina ilasta
3. Ap 0-13 24| 8 11 12 9 36 | glina ilasta
Bbr 13-31 | 13| 8 5 14 12 48 it zwykty
436 Bbr/C (g) 31-44 | 14| 5 4 14 10 53 it zwykty
Cl(g) 44- 67 (17| 3 6 11 10 53 it zwykty
C2g 67-100 | 15| S 7 19 8 46 it zwykty
4. Ap 0-18 6| 2 | 32| 20 17 23 pyt ilasty
ABbr 18-51 16| 8 17 13 12 34 | glina ilasta
400 BbrC 51-58 | 13| 5 21 13 8 40 it pylasty
BhbrC(g) 58-69 213 6 31 6 52 it pylasty
Cg 69-100 |20 | 13 | 24 | 20 7 16 pyt ilasty

W czgéciach gleby wytworzonych ze zwietrzelin skal o uziarnieniu itéw wystepowaty
warunki redukcyjne i oglejenie, za§ w obrebie zwietrzelin piaskowcé4w zasadnicza barwa gleby
[11]. Gleba w dolinie Jasionki (profil 4) od glebokosci S1cm wykazywata oglejenie plamiste
zwigzane z ilastym uziarnieniem, natomiast ponizej 69 cm oglejenie catkowite.

Zawarto$¢ wegla organicznego w glebach omawianego transektu nawiazuje wyraznie do
wyniesienia nad poziom morza, co wigze si¢ nie tyle z warunkami klimatycznymi i morfologia
stoku, co sposobem uzytkowania i troficznos$cig gleb. Ze skalistej stromej czg¢sci podszczytowej
transektu zwietrzaly material mineralny odpada w dét, a w nielicznych zagtebieniach gromadza
si¢ fragmenty materiatéw organicznych (ektopréchnicy) przeksztatcajace si¢ w prochnice typu
mull/moder. Rozpuszczalne zwigzki organiczne przemieszczaja si¢ z wodami opadowymi i
Srodpokrywowymi do gleb funkcjonujacych w nizszych czgéciach stoku [3]. Duza zawarto$¢
wegla organicznego (tab. 2) w poziomach préchnicznych i pedonach gleb transektu, wyzej
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potozonych (profile 1 i 2) wiaze si¢ ze sposobem ich uzytkowania. Polozone nieatrakcyjnie na
stosunkowo stromym stoku i z dala od zabudowan byly naturalnym siedliskiem leSnym badz
okazjonalnie wykorzystywane rolniczo jako trwale uzytki zielone, co sprzyjalo wytworzeniu
duzej naturalnej troficznosci siedliska i kumulacji materii organicznej. Gleby potozone w
warunkach bardziej sprzyjajacych gospodarowaniu rolniczemu i intensywnie wykorzystywane w
systemie ornym (profile 3 i 4) zatracily znaczna cz¢$¢ wegla glebowej materii organicznej, co
doprowadzilo do znacznej redukcji zasobéw materii organicznej w ich pedonach glebowych —
odpowiednio do 5,99 i 8,63 kgC-m’2

Tabela 2. Zawartos¢ wegla organicznego w poszczegdlnych poziomach genetycznych gleb i
pedonach transektu w zaleznoS$ci od poloZenia na stoku
Table 2. Content of organic carbon in in different soil levels and transects depending on
location on the slope

Nr profilu Poziom genetyczny Corg (%) kgC-m-2  w pedonie

1. A 2,28
ABbr 1,47

Bbr/C 0,72 10,26
Cl(g) 0,21
C2g 0,17
2. A 2,37
ABbr 1,23

Bbr/C 0,96 15,29
Bh/C(g) 1,42
C(g) 0,72
3. Ap 1,50
Bbr 0,49

Bbr/C (g) 0,31 5,99
Cl (g) 0,21
C2g 0,13
4. Ap 1,41
ABbr 0,36

BbrC 0,42 8,63
BhbrC(g) 1,77
C2g 0,11

Funkcjonalne fizyczne wlasciwosci gleb péinocnego transektu stoku Cergowej. Gestos¢
fazy stalej (wlasciwa) gleb transektu jako podstawowa cecha wynikajagca ze sktadu
mineralogicznego tworzywa glebowego miescita si¢ w przedziale od 2,500 do 2,717gdm™ i nie
wykazywala wyraznej zaleznoéci od potozenia na stoku (tab.3). W obrebie transektu na ogét
zwigkszata si¢ w poziomach nizej zalegajacych w poréwnaniu do poziomu powierzchniowego, w
ktérym byta najmniejsza i wynosita od 2,500 gldm™ (profile 1 i 4) do 2,605 gldm™ (profil 3).

Zageszczenie tworzywa glebowego (gesto$¢ objetoSciowa) jako miara zbitosci/pulchno$ci
wplywa zasadniczo na funkcjonowanie gleb i ro§linnosci. W obrebie transektu zageszczenie (ukiad
gleby) bylo silnie zréznicowane. W poziomach powierzchniowych gleb goérnej czgsci transektu
(profile 1 i 2) wystgpowat uktad pulchny, w dolnej czesci transektu za$ uklad normalnie porowaty
(profil 4) i stabo zbity (profil 3). W poziomach genetycznych nizej zalegajacych zageszczenie dos¢
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regularnie zwigkszalo si¢ osiggaja w skale macierzystej przewaznie uklad zbity. Obliczona
porowatos$¢ ogdlna gleb w poszczegdlnych lokalizacjach i poziomach genetycznych wykazywata
znaczne zroznicowanie. W dolnej czesci profili byta na poziomie 40-45%, natomiast w poziomach
powierzchniowych gleb byta wigksza i nawigzywata do systemu uzytkowania gleb. W poziomach
powierzchniowych gornej czesci stoku w profilu 2 byla najwigksza — 66%, mniejsza w profili 1 —
61,2%, natomiast w dolnej czesci stoku w profilach 3 i 4 wynosita odpowiednio 49,4 i 49,6%.

Rozktad chwilowej zawarto$ci wody w profilach transektu (tab.3) nie zalezat wyraznie od
polozenia w rzezbie terenu. W poziomach powierzchniowych gleb transektu zawartos¢ wody
dostepnej przekraczata 21% w profilach 1 i 2, natomiast w dolnej cze¢sci stoku w profilach 3 i 4
wynosita odpowiednio 16,5 i 17,9%. W poziomach nizej zalegajacych byta mniejsza od 10,0 do
18,6% 1 nawigzywata do uziarnienia i zawarto$ci wegla organicznego. Zawarto$¢ wody
higroskopijnej w glebach transektu byla mato zréznicowana i w poszczegdlnych poziomach
genetycznych wynosita okoto 2%.

Tabela 3. Funkcjonalne fizyczne wlasciwosci gleb w poszczegolnych poziomach
genetycznych profili péinocnego stoku Cergowej
Table 3. Functional physical properties of soils in different genetic horizons of the northern
Cergowa slope

. Gestose 2 o ‘s . ,,
Nr Poziom objeto- Gegft(.)sc Porowatos$¢ Zawarto$¢ wody Wilgotno$¢
) gene- . wlasciwa ogoblna (%) aktualna
profilu tyczny seovd (%) T — (%)
(glem -3) dostepnej | higroskopijnej
1. A 0,971 2,500 61,2 22,5 2,04 24,5
ABbr 1,214 2.640 54,0 18,6 2,38 21,0
Bbr/C 1,382 2,701 48,8 16,2 2,31 18,5
Cl(g) 1,448 2,673 45,8 15,6 1,98 17,5
C2g 1,485 2,577 42,4 14,8 2,35 17,2
2. A 0,858 2,525 66,0 21,7 1,78 23,5
ABbr 1,462 2,577 433 10,0 1,61 11,6
Bbr/C 1,529 2,590 41,0 11,6 2,11 13,7
Bh/C (g) 1,475 2,688 45,1 13,3 2,21 15,5
C(g 1,428 2,645 46,0 17,3 1,96 19,2
3. Ap 1,318 2,605 49,4 16,5 1,46 18,0
Bbr 1,598 2,717 41,2 11,0 1,66 12,7
Bbr/C (g) | 1,443 2,604 44,6 15,2 2,47 17,6
Cl1 (g) 1,599 2,688 40,5 11,5 2,02 13,5
C2g 1,530 2,602 41,2 13,8 2,45 16,2
4. Ap 1,260 2,500 49,6 17,9 1,67 19,6
ABbr 1,333 2,659 49,9 12,4 1,45 13,8
BbrC 1,521 2,650 42,6 13,3 2,20 15,5
BhbrC (g) | 1,488 2,645 43,7 14,4 2,34 16,7
C2g 1,576 2,673 41,0 14,9 2,08 17,0
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DYSKUSJA WYNIKOW

Cecha charakterystyczng procesu glebowego w terenie gérskim jest dynamika i cykliczno$é
proceséw wietrzenia oraz kriogenicznego transportu zwietrzelin i tworzywa glebowego
nawiazujacych do profilu geomorfologicznego stoku. Stopniowa planacja powierzchni
nachylonej zmierza do wytworzenia dynamicznego zréwnowazenia proceséw morfotworczych i
osiagnigcia topostabilnosci stoku, co warunkuje zréwnowazony proces pedogenezy. Drugim
czynnikiem decydujacym o funkcjonowaniu gleb w goérach jest klimat, ktéry w obrebie Beskidu
Niskiego w matym stopniu wykazuje strefowos$¢. Jednak na péinocnych stokach gér w tym
regionie temperatura powietrza jest wyraznie mniejsza w poréwnaniu do innych wystaw, a opady
sa wigksze [17]. Istotnym jest rdwniez osadnictwo neolityczne, ktére zapoczatkowato cykl
przemian (zwigzanych z wypalaniem, karczowaniem, wypasem, uprawag roli itp.) zwtaszcza
w regionach gdzie warto$¢ i przydatno$¢ rolnicza gleb byty najwigksze [22].

W warunkach siedliskowych najwyzszej (szczytowej) cze¢sci omawianego stoku - stromej i
skalistej, dominujg procesy morfogenezy ograniczajace pedogenezg¢ i formowanie si¢ gleby.
W strefie tej lite skaly podloza podlegaja intensywnemu wietrzeniu fizycznemu, (zluszczaniu,
osuwaniu, obrywaniu), a zwietrzelina deponowana jest ponizej w tagodniejszej (wklestej) czesci
stoku. W nielicznych sprzyjajacych miejscach (zagtebienia, pdtki) gromadzi si¢ opad roslinny
tworzacy organiczny poziom surowinowy pozbawiony zwietrzelinowego materiatu mineralnego.
Wystepuja tu gleby inicjalne (Litosol).

Ponizej w tagodniejszej czeSci stoku procesy degradacyjne i agradacyjne uzyskaty
wzglednie trwalg réwnowagg, co ostabito role czynnikéw morfotwdrczych w formowaniu gleb.
W pasie od 520-560m n.p.m. (profil 1) uwidacznia si¢ proces deponowania pewnej czgsci
mineralnej zwietrzeliny z degradowanych czesci stoku oraz ciemno zabarwionych substancji
koloidalnych z dekompozycji materii organicznej dostarczanych ze sptywem wod
powierzchniowych i §rédpokrywowych [1]. Material ten miesza si¢ ze zwietrzeling in situ i
w duzej czesci jest przemieszczany do nizszej czesci stoku [4,8,12]. Tworzywo glebowe (na tej
wysokosci) i warunki siedliskowe w tym potozeniu umozliwiaja wytworzenie powierzchniowego
poziomu A i ABh typowego dla gleb brunatnych gérskich [6, 20] o migzszosci 30cm (mollic).

W strefie na wysokosci 460-520m n.p.m. w starasowanej uprawa cz¢sci stoku (profil 2),
morfotwdrcze procesy agradacyjne przewazaja nad degradacyjnymi. Uksztattowane tu gleby
maja nadbudowywany profil glebowy, a solum gleby w tym profilu sigga 66cm. Wytworzone
poziomy A i B (z podpoziomami) sg typowe dla gleb brunatnych [7,10,18,21]. W pedonie
poziomu powierzchniowego typu mollic wystepuje najwigcej wegla materii organicznej w calym
transekcie - ponad 15 kgC'm®, w wyniku wzbogacania przez naptyw woéd $rédpokrywowych
przemieszczajacych si¢ nad trudno przepuszczalnym podtozem skalnym [19].

W dolnej czescei stoku (profil 3) o nachyleniu okoto 7°, w pasie transektu od 420 do 460m
n.p.m., dominujg procesy agradacyjne tworzace tzw. glebopokrywy stokowe, w ktérych zachodzi
proces brunatnienia. Jednak podczas badaniach terenowych w profilach gleb transektu nie
zidentyfikowano linii nieciggtosci litomorfogenicznych zwigzanych z przeksztalceniami
mrozowymi, badz przeksztalcen pedogenicznych [13,14]. Pod wzglgdem uziarnienia gleby w tej
czesci transektu naleza do najci¢zszych (it zwykly) z poziomem powierzchniowym mollic

Ponizej 420m n.p.m. (profil 4) deluwia stokowe zazgbiajg si¢ z osadani rzecznymi tworzac
poligenetyczng litologicznie skale¢ macierzyst3 w odmiennych warunkach hydrologicznych i
mikroklimacie. Wystgpuje w ich profilach warstwowanie nawigzujace do sktadu granulometrycznego.

W glebach stokowych wystepuja ponadto specyficzne warunki wodne, nawiazujace do
szybkosci infiltracji wod opadowych w glebopokrywach i wystegpowania nieprzepuszczalnych
skat podtoza. Wymuszaja one boczny ruch roztworu, uruchamiajg procesy sufozyjne i wywotuja
w glebszych poziomach nasilenie proceséw glejowych.

Budowa morfologiczna wszystkich gleb transektu (z poziomami mollic i cambic) pozwala
na zaliczenie ich do czarnozieméw. Jednak ich wilasciwodci i przydatnos¢ do uzytkowania
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rolniczego jest bardzo rézna i wigze si¢ nie tyle z nachyleniem stoku, co raczej z potozeniem
w rzezbie terenu [16].

WNIOSKI

1. Spiaszczenie w poziomach powierzchniowych gleb stokowych i zglinienie pozioméw nizej
zalegajacych wynika ze zmywania powierzchniowego i transportu srédpokrywowego frakcji ilastej.

2. Krazenie $rédpokrywowe roztwordw poza efektami morfotwérczymi (leje i misy
sufozyjne, jaskinie, stozki naptywowe, bruzdki i bruzdy sptukiwania linijnego, wawozy)
przemieszcza wegiel materii organicznej. W glebach wyzej potozonych (profile 2 i 1) zawartos¢
Cog wynosi odpowiednio 15,29 i 10,26kgC-m™, za§ w nizszych potozeniach (profile 4 i 3) jest
mniejsza i wynosi odpowiednio 8,63 i 5,99kgC-m™.

3. Boczny ruch wody w glebach na stoku przyczynia si¢ do wywotania oddolnego
oglejenia niezaleznie od polozenia w rzezbie terenu.

4. W obrebie podszczytowej (fagodnej) czg¢sci pdtnocnego stoku Cergowej funkcjonuja
czarnoziemy o silnie zr6znicowanej budowie i wlasciwosciach.
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STRESZCZENIE

SOIL PROCESSES ON THE NORTHERN SLOPE OF CERGOWA AS
INDICATORS OF GEOMORPHOLOGICAL SLOPE PROCESSES IN
THE BESKID NISKI

Gravity common in nature triggers the process of leveling the surface inequality, the
intensity of which refers to its component parallel to the inclined surface. This means that parts
of the slope with a higher inclination are more exposed to denudation compared to less inclined
ones. On the long and irregular surfaces of the slopes, locally defined morphological forms of
degradation or aggravation are created. The process of erosion, transport of soil material along
the slope and its accumulation does not affect the process of pedogenesis. In addition, the lateral
movement of the aqueous solution, sometimes associated with the shallow deposition of solid
substrate rocks, specifically affects the shaping of the soil process within the slope. In the study
of the soil morphology relationship with different positions in the slope, the soil transect was
described in five positions (at the top and four profiles) on the northern slope of Cergowa. Under
the habitat conditions of the top part of the discussed slope (steep and rocky), morphogenesis
processes dominate limiting pedogenesis and soil formation. In this zone, the solid rocks are
subjected to intense physical ventilation and the residual soil is deposited below the concave part
of the slope. In the few favorable places, there is a plant-origin precipitate forming an organic
litter level devoid of residual mineral material. Below, in the milder part of the slope, degradation
and aggravation processes have achieved relatively stable equilibrium, which has weakened the
role of morphogenic factors during the soil formation. Sanding at the surface levels of sloping
soils and loaming the lower levels is due the surface washing and the interior transport of the clay
fraction. Interior cycling of solutions, besides the morphogenic effects, moves the carbon of
organic matter. In higher soils (profiles 2 and 1), the Cog content is 15.29 and 10.26 kgC-m~,
respectively, while in lower positions (profiles 4 and 3), these values are lower, respectively 8.63
and 5.99 kgC-m™. The lateral motion of water in the sloping soils contributes to gleying of the
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soil, regardless of the location in the relief. The morphological structure of all soil transects (with
mollic and cambic levels) allows them to be included in the chernozems. However, their
properties and usefulness for agricultural use are very different and are associated not so much
with the slope inclination, but rather with the location in the relief of the terrain.

Key words: geomorphological profile, trophy character of habitat, interior water
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THE EFFECT OF CULTIVATION TECHNOLOGY ELEMENTS
ON THE FORMATION OF THE SOYBEANS SYMBIOTIC POTENTIAL

Abstract. The influence of the mineral nutrition level and soybean seeds inoculation by
granular preparations of Bradyrhizobum japonicum (strains M 8, M 10 and 634 b) on the process
of rhizodium formation on the root system of soybean plants has been analyzed. The dynamics
of soybean symbiotic potential depending on these factors is investigated. As it was found, the
number and weight of tubers on soy roots was different both in the vegetation phases and on sites
fertilized and non-fertilized by mineral fertilizers. The seeds inoculation with Bradyrhizobium
Jjaponicum preparations provided the best effect in the soy cultivation on unfertilized and
fertilized areas with phosphoric-potassium fertilizers PgKgp.

Keywords: rhizodium strains M 8, M 10 and 634 b, symbiotic potential, seed inoculation,
total number of tubers, number of active tubers.

INTRODUCTION

Soy belongs to the strategic crops of World Cultivation. It is used in the manufacture of
more than 1000 different food, medical, fodder and industrial products [23].

In the food market, the consumer value of soybean seeds is determined by the high content
of protein (30-55%), fat (13-26%), carbohydrates (20-32%) in seeds. Ash contains a lot of
potassium, phosphorus, as well as vitamins (A, By, C, B,, E, K, D; ,D;, PP). According to the
amino acid composition, soy protein is the most closely related to human protein. Soybeans
contain almost all essential for humans and animals nutrients. High protein content and its
extremely valuable balance in terms of amino acid composition make soy an excellent substitute
for animal products in human nutrition. Soy is used for making sauces, milk, cheese, chopsticks,
egg powder substitutes, confectionery, sausages, canned food, etc. It is used as a dietary food
containing anti-sclerotic substances. The peculiarity of the soy chemical composition is the
content of phosphatides — lecithin and nelfalum, necessary for feeding nerve tissue.

Soy as a bean culture plays a huge role in the mobilization of biological nitrogen [1, 9, 16, 21,
22, 6]. In order to enhance the process of nitrogen fixation in agricultural practice, inoculation of
soybean seeds using specific bulbous bacteria — Rhizobium japonicum [7, 13, 12, 11] - is an important
additional reserve for increasing the yield of this crop [5, 8, 10]. This is evidenced by the numerous
studies carried out both in the conditions of different soy cultivation regions of our country and abroad
[20,21,22,23,14,16,17,2,3,4,7,11, 15,18, 19, 24, 25,9, 6, 5].

Thus, summing up the above, it should be noted that to obtain high and stable soybean
yields, it is necessary to carry out seeds inoculation and to input corresponding dosages of
nitrogen, phosphorus and potassium fertilizers taking it into account. The study of the nitrogen
fixation productivity, depending on the inoculation of soybean seeds with different strains of
tuberous bacteria Rhizobium japonicum on the background of the mineral fertilizers introduction,
was the motivation for our study.

MATERIALS AND METHODS

Experiments were carried out on typical Ukrainian western forest steppes of dark gray
podzolized gluey weakly washed soils of the Peremyshlyany state sorts trial station of the Lviv
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Regional State Plant Expertise Center (Peremyshlyany, Lviv oblast). To characterize their
morpho-genetic features, we give a description for a typical section of the experimental plot:

Non-humus-eluvial horizon, dark gray, slightly podzolen — 31 cm, light loamy, clumped
structure, slightly compressed horizon, light SiO, inlay, plant roots all over the horizon, transition
to the next horizon is distinct;

Hi — the humus-illuvial horizon, gray-brown, loose-buckthorn 31-53 cm, lush-haired-ragged
structure, more densely-sealed SiO, interspersion, subtle plant roots, transition to the lower horizon is
distinct;

Igl — Mllubial horizon, yellowish brown, densified, 53-91 cm prismatic structure, medium
loamy, iron oxide insertion, gradual transition;

Pi (gl) — transitional to the rock horizon, brown-colored, 91-130 cm thick, large lobed-
prismatic structure, slightly illive, brownish spots, moist, gradual transition;

P (gl) — soil-forming rock — a clay loam, a pale color, a deep-lying structure, without
carbonate, medium loamy with ocher spots.

The granulometric composition of the soil at the experimental site is a large dusty-light-
sand, in the upper layer (0-20 cm) contains 27,6-29,5% of clay (a sum of particles <0,01 mm)
and 61,1-62,8% of the large dust. The sludge content is 12.5-14.5%.

Field two-factor experiment was carried out according to the scheme:

Factor A, rhizodium strains: Factor B, nutrition background:

1. Control (without inoculation). 1. Control - without fertilizers.
2. Strain M 8. 2. P60K60-
3. Strain M 10. 3. N30P60K60.

4. Strain 634 0.

The experiment replication is four-time, the placement of variants is systematic in two tiers.
The accounting area of the experimental plot is 25 m?, the total area is 43.5 m>.

The number and weight of tubers, total and with hemoglobin, the total and active symbiotic
potential were determined by the method of G.S.Posypanov [23].

During soybean cultivation on the experimental site, common agrotechnics for this zone
were used.

DISCUSSION

Plant production chemicalization significantly increases productivity in this area of human
activity. However, the production of mineral fertilizers is associated with high energy
consumption, and the coefficient of their active substance use remains low. Therefore, alternative
systems of agriculture, including agriculture biologization, are increasingly used in the world.

Soy as a bean culture can satisfy a certain part of the need for nitrogen by fixing it from the
air through symbiosis with rhizodium bacteria. To increase the effectiveness for this process,
granular microbial preparations are becoming increasingly popular. Therefore, there is an urgent
need to study their effect in different soil-climatic conditions. This is especially the case in
regions where soy has just started to be introduced.

The effectiveness of various strains of Bradyrhizobium japonicum bacteria in the conditions
of the western forest-steppe can be judged from the data of table 1.

The soybean seeds inoculation before sowing with Bradyrhizobium japonicum has a positive
effect on increasing its yield. This is especially noticeable on fertilized variants. If on a control without
mineral fertilizers and without inoculation, the yield of soybean seeds for 3 years of research
amounted to an average of 1.19 thal, then with inoculation of seeds — 1.33-1.37 t-ha’l, which is
11.8-15.1% more. Against the background of phosphoric-potash fertilizers, this difference between the
yield of soybeans grown from untreated and processed seeds was even more significant — on average
in the three years, 0.17 - 0.24 tha™ or 13.3 - 17.8%. In our opinion, this is due to the fact that, on the
background of phosphorus-potassium fertilizers, soy plants grew and developed well, therefore fully
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provided bulbous bacteria with nutrients and the number of tubers grew on them. At the same time,
their nitrogen-fixing activity also increased, and hence better provision of soybeans with biological
nitrogen, which contributed to increasing its yield.

Table 1. Effect of seeds inoculation by Bradyrhizobium japonicum strains on the soybean
seeds yield (t-ha - average for 3 years)

Fertilizer (B) Bulb bacteria strain (A) Average |Difference
without M8 M 10 634 6
inoculation
Without fertilizer 1.19 1.33 1.34 1.37 1.31 -

PsoKeo 1.35 1.53 1.54 1.59 1.50 0.19

N30PsoKso 1.55 1.68 1.70 1.72 1.66 0.35
Average 1.36 1.51 1.53 1.56
Difference 0.15 0.17 0.20

LSDgos A—0.04th”, B-0.03th’, AB-0.06th'

After addition of nitrogen fertilizers to soya, seed yield increased, however, the share of
created biological nitrogen decreased sharply. If the share of biological nitrogen in soybean yield
was 11.8-15.1% on variants non-fertilized with mineral fertilizers with seeds treatment with
strains of tuber bacteria, then it increased to 13.3-17.8% on the background of phosphoric-
potassium fertilizers, and it decreased to 8,6-11,2% for full mineral fertilizers N3,P¢Kgo. The
reason for this was the antagonism between nitrogen and the tuber bacteria activity.

Regarding strains, a strain of 634 b was the most active in the western forest-steppe. In variants
where the seed was cultivated by this strain, the increase in soybean yield was the highest and it was
0.13-0.34 tha” depending on the level of plants mineral nutrition, which is 7.2-26.9% higher,
compared to the variants without seed treatment with Bradyrhizobium japonicum preparations. A
slightly lower yield was provided by pre-sowing seed treatment with M8 and M 10 strains.

The influence of the studied elements of cultivation technology can be judged from the data
given in Fig. 1.

Others Mineral
13% fertilizers

Seeds
inoculation
199%

Fig. 1. Proportion of mineral fertilizers influence and seeds inoculation
on the increase of soybean yield
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The greatest influence on the yield of soybean seeds was made under the basic cultivation
of phosphate-potash fertilizers at the rate of PgKgy (68%), seed inoculation accounted for 19%
and others — 13%.

The contribution of individual elements of the structure to the general level of soybean
seeds yield under the influence of the nutrition background can be judged from the data in the
table 2.

Table 2. Structure elements of the soybean seeds yield depending on the nutrition
background and inoculation by the rhizobium strains (average for 2004 - 2006)

Fertilizers Strain Beansona | Number of Height of Mass of 1000
plant, (pcs.) | seeds in beans | attachment for the seeds, (g)
(pcs.) low bean (cm)
. without 16.9 1.8 8.1 175.3
8 g treatment
k= = M8 17.1 1.9 9.5 177.8
z 3 M 10 17.3 2.0 9.7 176.6
634 0 17.3 2.0 9.9 177.9
without 19.6 2.1 115 179.4
S treatment
M M 8 222 2.1 11.9 179.9
- M 10 22.5 2.0 11.7 180.0
634 6 22.7 2.1 12.2 181.2
2 without 23.0 2.0 10.3 184.5
S treatment
;:io’ M3 234 2.0 11.1 186.8
z M 10 23.4 2.0 11.7 189.1
634 0 23.4 2.0 11.6 192.8

By the number of beans per plant, the best nutrition backgrounds were with the addition of
PeoKgo (19.6 versus 16.9) and N3,PeKey (23.0 versus 16.9 on control 1 19.6 on the background
(PeoKeo) if seed inoculation against the background of non-fertilizers contributed to an increase in
the number of tubers compared with the control at 0.2-0.4 pcs, on the background PgKg, and
N3oPsoKgp respectively 2.6 — 3.1 and 0.4 pcs.

The number of seeds in a bean on the nutrition background compared with the control does
not change significantly.

The height of the lower bean attachment with the improvement of nutrition background
increases and in better variants, it exceeds 10 cm.

Under the influence of the nutrition background, a similar relationship was observed for a
mass of 1000 seeds. It was the highest in terms of introduction full mineral fertilizers and
significantly higher — in variants of paired nutrition elements combinations.

The correlation between the soybean seeds yield and the elements of its structure can be
judged from the data of pair correlations (Fig. 2).

According to the pair correlation analysis, close, positive and reliable relationship at 55%
levels of significance between the level of yield and the number of beans per plant (r = 0.93), the
height of attachment of the lower bean (r = 0.77) weighing 1000 seeds (r = 0.90) were found.

The pair correlations coefficients and the regression equation, by which the level of soybean
seeds yield can be determined, have a fairly high range of reliable action within the sample — 87,
60 and 81% respectively.



27

Since the pair correlations coefficients are sufficiently high, we determine the coefficient of
the multiplicity correlation and construct a correlation matrix (Table. 3).

Table 3. Correlation matrix for dependencies between structure elements of the soybean seeds
yield (experiment with fertilization and soybean seeds inoculation - average for 3 years)

Index Beansona | Number of Height of Mass of Yield

plant seeds in attachment for the 1000 (tha™)
(pcs) beans (pcs) low bean (cm) seeds (g)

Beans on a plant, pcs. -0.60 0.94 0.83 0.93

Number of seeds in 0.60 051 084 | 073

beans, pcs.

Height of attachment 0.94 051 075 083

for the low bean

Mass of 1000 seeds 0.83 -0.84 0.75 0.95

Yield 0.93 -0.73 0.83 0.95

Negative and a strong relationship between the yield of soybean seeds and the number of seeds
in the bean (-0.73) wass found between the yield of soybean seeds and the already determined
elements of the structure of the crop — the number of beans per plant (g), the height of attachment of
the lower bean (g) and the weight of 1000 seeds (g, respectively, 0.93, 0.77 and 0.90).

Reliable ties with the following features are identified between the structure elements: the
height of the lower beans attachment and the number of beans per plant, (g = 0.94), the height of
attachment of the bean and the weight of 1000 seeds, etc., negative and close - between the
number of seeds in the bean and the mass of 1000 seeds (r = -0.84).

The soybean seeds inoculation by Bradyrhizobium japonicum also influenced the quality of
the yield, in particular the content of raw protein and raw fat in soybean seeds.

Particularly noticeable difference is detected between the content of crude protein in
soybean seeds grown from treated and untreated biological preparations of seeds on the mineral
fertilizers background (Table. 4).

Table 4. Effect of seeds inoculation by Bradyrhizobium japonicum on the content of
raw protein in soybean seeds (% - average for 3 years)

Fertilizer (B) Bulb bacteria strain (A)
. withoqt M8 M 10 6346 Average |Difference
inoculation
Without fertilizer 32.8 33.8 33.5 34.2 33.6 -
PsoKeo 34.0 34.5 34.2 35.2 34.5 0.9
N30Ps0Keo 36.9 36.6 37.1 37.6 37.1 35
Average 34.6 35.0 34.9 35.7
Difference - 0.4 0.4 1.1

Compared with non-fertilized control, significant increases in the content of raw protein in
soybean seeds were on the background of mineral fertilizers PggKgo and N3oPgoKgo, 0.9 and 3.5%
respectively.

All investigated of tuber bacteria strains contributed to a significant increase in the content
of raw protein — an increase of 0.4 to 1.1%; the best strain for seeds inoculation was 634 6 (the
content of raw protein in this variant grew by 1.1%). Two other tuber bacteria strains M 8 and
M 10 provided virtually the same increase in crude protein — 0.4%.
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Mineral fertilizers (88%) and seed inoculation (7%), their interaction with 2% and others
(3% had the oreatest inflnence on the content of raw nrotein in sovhean seeds (Fio. 7).

Interaction Other Mineral fertilizers

20/ o ° 880/0

Seeds |noculat|on

HI

HHHI”

Fig. 2. Proportion of mineral fertilizers influence and seeds inoculation on the increase
of aw protein in soybean seeds

This influenced positively on the collection of crude protein per area unit table 5.

Table 5. Effect of fertilization and seeds inoculation by Bradyrhizobium japonicum strains
on the collection of raw protein from soybean seeds (t-ha™ - average for 3 years)

Fertilizer (B) Bulb bacteria strain (A)

. w1thoqt M3 M 10 6346 Average | Difference
inoculation

Without fertilizer 0.39 0.45 0.45 0.47 0.46 -

PsoKeo 0.46 0.53 0.53 0.56 0.54 0.08

N30Ps0Kseo 0.57 0.62 0.63 0.65 0.63 0.17

Average 0.47 0.53 0.54 0.56

Difference - 0.06 0.07 0.09
HIP 05 A-0.11tha’, B-0.10tha”’, AB-0.20tha’

More increase in the collection of crude protein in soybean seeds was on the mineral
fertilizers background PgKgy and N3oPgoKgo - 0.08 and 0.17 tha’ respectively.

The soybean seeds inoculation by the tuber bacteria strains contributed to an increase in the
collection of raw protein by 0,06-0,09 t-ha, the best was the strain 634 b.

The content of raw fats in the seed and its collection of soy varied less dynamically (tab. 6).

There was a significant decrease in the oil content in soybean seeds in all other variants of
mineral fertilizers. The increase in the yield of oil in these variants is associated with an increase
in the yield of soy depending on the mineral fertilizers.

The growth of oil content in the seeds was noted in the variants of pre-sowing soybean
seeds inoculation as a control without fertilizers, and with the introduction of mineral fertilizers,
which contributed to an increase in its collection in these variants and per unit area. Thus, if the
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collection of raw oil from seeds did not exceed 0.28 tha” for the control (without fertilizer),
thenincreased to 0.31 t-ha™', or 0.03 t-ha', which is 10, 7% with the introduction of PeoKepo.

Table 6. Effect of fertilization and seeds inoculation by Bradyrhizobium japonicum strains
on the raw fats content and collection from the soybean seeds (average for 2004 - 2006)

Fertilizer (B) Bulb bacteria strain (A)
. withoqt M3 M 10 6346 Average |Difference
inoculation
Raw fat content (%)
Without fertilizer 21.6 21.7 21.7 22.4 21.9 -
PsoKeo 20.8 21.0 21.0 21.2 21.0 -0.8
N30Ps0Keo 20.2 20.1 20.0 19.6 20.0 -1.9
Average 20.9 21.0 20.9 21.1
Difference - 0.10 0.10 0.20
Collection of raw fat (t~ha'1)
Without fertilizer 0.25 0.29 0.29 0.31 0.28 -
PeoKeo 0.28 0.32 0.32 0.33 0.31 0.03
N30Ps0Keo 0.31 0.34 0.34 0.34 0.33 0.05
Average 0.28 0.31 0.32 0.33
Difference - 0.03 0.04 0.05
LSDyos A -0,08 tha’, B-0,07 tha', AB-0,14 tha'

The addition of nitrogen fertilizers in the amount of Nj, against the background of
phosphoric-potassium fertilizers (PgKgo) increased the collection of raw oil to 0.33 tha! or
0.05 tha™! compared to the control (without fertilizers), which is 17.8%.

CONCLUSIONS

1. The seeds inoculation with Bradyrhizobium japonicum preparations provided the best
effect in the soy cultivation on unfertilized and fertilized areas with phosphoric-potassium
fertilizers PgpKep.

2. The best rhizobium strain for of soybean seeds inoculation is a strain of 634 6.
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AHOTANIA

BILIUB EJIEMEHTIB TEXHOJIOT'II BUPOIIIYBAHHS HA
®OPMYBAHHS CUMBIOTUYHOI'O TOTEHIIAJTY CO1

Ximizallis pOCIMHHHULTBA CYTTEBO IiABUINYE MPOAYKTUBHICTH Mparli B Wil cdepi AisIIBHOCTI
moauan. OHaK BUPOOHWIITBO MiHEpAILHUX JOOPWB ITOB’s3aHE 3 BHCOKHMMH CHEPTOBUTPATAMH, a
KOe(iliEHT BUKOPUCTAHHA X MIFOY0i PEUOBHMHM 3aJIMINAETHCS HU3BKUM. ToMy, B CBITi Bce Oinbie
BUKOPDHCTOBYIOTBCS ~ QJIbTCPHATHBHI CHCTEMH 3eMiiepoOCTBa, B TOMYy uHcii — OioJsorizamis
3eMIIepoOCTBa.

Cost six 6000Ba KyNbTypa 3/aTHa INEBHY YacTHUHY IOTPEeOM B a30Ti 33/I0BOJBHATH HIIIXOM
¢ikcyBaHHA HOro 3 TMOBITPS 3a JOINOMOrol0 cuMOio3y 3 OyibOoukoBuMH OaktepismMu. [l
HiJBUILCHHST €EKTUBHOCTI IIHOTO IPOIECY Bce OUIBLIOro IOLIMPEHHsS HAaOyBAIOTh IpaHyJIbOBaHI
MIKpoOHI npenapatu. ToMy BHHHMKae HaranbHa 1OTpeOa BUBYMTH IX JiI0 B PI3HMX IPYHTOBO-
KITMaTHYHUX yMoBaxX. OcoOMMBO 1€ TOTPIOHO 3pOOMTH B perioHax, Nie COs TUTbKK Todaia
BIIPOBAKyBaTHCSL.

IHOKYMAWis HaciHHA coi mepen ciBOOio mpemapatamut Bradyrhizobium japonicum TO3UTHBHO
BIUTMBA€E Ha MiABUINECHHS ii BpokatHOCTi. OcoONMBO 16 TOMITHO Ha yA0OpeHHX BapiaHTax. SIKmo Ha
KOHTpOJIi 0e3 MiHepalbHUX MOOpWB 1 0e3 1HOKYJAIii YpOXKalHICTh HACiHHSA coi 3a 3 pOKH
JIOCITIDKEHHS CKJiajia B cepeqHpoMy 1,19 ra’ , TO 3 IHOKyJIsii€to Hacinas — 1,33-1,37 T~ra'1, IO Ha
11,8-15,1% 6inbre. Ha ¢oni dochopHo-KamiHuX 10OpUB 1t PI3HULS MK YPOXKaeM Coi, BUPOILIEHOT
3 HeoOpoOieHoro i oOpobieHoro HaciHHA Oyna 1€ BaroMillloOl0 — B CEPEIHbOMY 33 TPU POKH
0,17-0,24 Tra’ a6o 13,3 — 17,8 %. Ha HAIly AYMKY, ¢ TIOSICHFOETECS TUM, 10 Ha (poHi (ocopHO-
KaJIHHUX JOOpUB pOCIMHM coi JOOpe pPOCIM 1 pPO3BUBAINCS, TOMY HOBHICTIO 3a0e3nedyBalid
Oy1p004KOBI OaKTepii MOKUBHUMH PEUOBHHAMH 1 KUIBKICTH Oy/IbOOUYOK Ha HUX 3pocTaia. [Ipu npomy
3pocTana i ix a3oT(ikcyroda aKTHBHICTH, a 3BiJICH Kpaile 3a0e3leueHHs POCIHH Ol 0loJOoTiTHIM
a30TOM, M0 CIIPUSUIO TTiIBUIIIEHHIO i1 BPOXKAWHOCTI.

3 BHECEHHsIM TIJI COI0 a30THUX JOOpHB, BPOXKAWHICTH HACIHHS 3pOCTajia, OJHAK YacTKa
YTBOPEHOTO O10JIOTIYHOTO a30Ty PI3KO CKOpoTWiacs. SIKIO Ha HEYJOOpeHHWX MiHepaTbHUMH
JoOpUBaMH BapiaHTax 3 00pOOKOI0 HACIHHS ITaMaMy OyJIL00UKOBHX OakTepiid yacTka 6i0JI0TiHHOTO
a30Ty B yposkai coi cranosuna 11,8-15,1 %, To Ha ¢oHi hochopHO-KamiiHIX JOOPUB BOHA 3pOCia 10
13,3-17,8 %, a noBaux MiHepansHuX 100puB N3oPgoKg) BoHa 3HM3MITACS 10 8,6-11,2 %. [Ipuunnoro
1IbOT0 OyB aHTaroHi3M MiX a30TOM 1 aKTUBHICTIO OyJILOOYKOBUX OaKTEpiid.

omo mramiB, TO HAWOULIBII aKTUBHUM B yMoBax JlicocTemy 3axiJIHOrO BHSBUBCS IITaM
634 6. Y BapiaHTax, Je HaciHHsA 0OpoOJISUIOCS MM INTaMOM IpPHpICT ypoxkaiiHOcTi coi OyB
HAMBHIIUM 1 CTAHOBHB 3JIC)KHO Bifl piBHS MiHEpalIbHOTO sxuBJieHH: pociuH 0,13-0,34 T~ra'l, i (e}
Ha 7,2-26,9 % Oinpme, moOpiBHAHO 3 BapiaHTaMH 0e3 OOpoOKM HACiHHS mpenapaTamMu
Bradyrhizobium japonicum. Jlemo HIWKYMHA TIPUPICT ypokaro 3abe3medyBasia IMEpeArociBHA
00po0Oka HacinHs mrtamMamMu M 8 1 M 10.

Haii6inpmuii BIUTMB Ha BPOXKAHICTh HACIHHS COi MaJIo BHECEHHS ITiJ] OCHOBHHI 00pOOITOK
thochopro-KamiitHEX 100pHUB 3 po3paxyHKY PeKeo (68 %), Ha IHOKYIAMII0O HACIHHS MPHITaIAo
19 % i iami — 13 %.

3a KUIBbKICTIO 600iB Ha OJHIM POCIHHI KpaluMu (OHAMH JKUBJIEHHS Oyiu 3 BHeceHHsIM PgoKeo
(19,6 wt. mpotu 16,9) i N3pPgKeo (23,0 wt. mporu 16,9 Ha kontpomi 1 19,6 Ha doni (PsKs)), sikimo
IHOKYJIALs HaciHHs Ha (oHi 6e3 HoOpHB cripHsiia 30UIBIICHHIO KUTBKOCTI OyJIb00YOK MOPIBHAHO 3
koHTposeM Ha 0,2-0,4 mrt., Ha onax PgnKygy 1 N3gPeoKgo BimmosinHo Ha 2,6-3,1 1 0,4 mt.

Knrouoei cnoea: mram Rhizodium M 8, M 10 1 634 b, cuMOiOTHYHHI IOTEHI[a,
IHOKYJISILiS HACIHHS, 3arajibHa KUIbKICTh OYJIbO, KIIbKICTh aKTUBHUX OYIIBO.
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ALLUVIAL SOILS IN OLD RIVER BED OF WISLOK RIVER
BETWEEN RZESZOW AND EANCUT

Abstrakt. In the area of Rzeszéw Wislok cymes in the region of Pradolina Podkarpacka
and begins its low-lying course, often changes river bed, what conducive to accumulate alluvia
and from wide terras accumulation. The aim of research was recognize structure occurring soils
and estimate their agricultural value.

Disclosed 11 profiles alluvial soils in tested area in four section of valley placed in. Pobitno,
Zaleze, Krasne, Krzemienica. Characterized their morphological structure, from genetic horizon
were taken 55 soil samples to the laboratory research. Estimated granulometric composition
(Casagrande method), soil reaction, hydrolytic acidity and sum of exchangeable cations. Counted
exchange capacity, organic ¢ content and content of soluble form phosphorus, potassium and
magnesium. The study indicates, that alluvial and deluvial sediments were repeatedly mixed and
soils made of them belong to Fluvisols: proper, brown or humus. They are rich in available form
component, their utility value depends on water-air relation, connected with location in relief.

Stowa kluczowe: profil geomorfologiczny, troficzno$¢ siedliska, wody $rédpokrywowe

INTRODUCTION

As the Wistok river flows onto the Podkarpacka marginal stream valley in Rzeszéw region, it
starts its lowland course. The relative slope of its bottom on the distance of approx. 60 km from
Rzeszyw to its inflow into San river is 0,456%o, thus favouring the alluvial deposits. The Tertiary
material, eroded in mountainous and piedmont river course, has mixed here with slope wash deposits
of Miocene period, sorted by waters of thawing glacier, and with oldest Pleistocene deposits [1,3,5]. In
the newer sediments the soil surface within Podkarpacka marginal stream valley underwent dynamic
changes as a result of overlapping erosion and accumulation processes, related to high water levels,
thus causing multiple changes in courses of main rivers [7,10,16,17]. In these rivers the content of
heavy metals in general is not a hazard [6,12,13,15].

The purpose of this research work was to determine the soil structure and soil-forming
process in old bed of Wistok river in selected cross-sections, as well as determine their
agricultural usefulness in conjunction with the altitude situation.

METHODS

Our on-site research covered soils in the old river bed valley in Pobitno, Zal¢ze, Krasne and
Krzemienica villages (in 2, 3, 3 and 3 profiles, respectively) in four cross sections. Their location in
the features of the terrain and its morphological structure have been described in determined
representing profiles and 55 soil samples were taken from defined genetic levels for laboratory testing.
The paper presents soil characteristics within the old river bed valley in Zal¢ze village. The following
determinations were carried out on this sample material: grain-size distribution with the Casagrande
method as modified by Prészynski, pH reaction in 1 M KCI with the potentiometric method,
hydrolytic acidity and the sum of exchangeable bases with the Kappen method, organic C
determination with the Tiurin method, bio-available forms of phosphorus and potassium with the
Egner method and that of magnesium with the Schachtsachabel’s method.
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RESULTS AND DISCUSSION

On-site observations and analyses of topographic maps show that Podkarpacka marginal stream
valley in discussed region has flat character with baseline depressions reaching several meters. Poorly
developed surface relief reduces the speeds of surface water flows and is conducive to sedimentation
of alluvial material, thus leading to its filling and to further reduction of flow speeds. Strong, network
development of old beds of Wistok river between Rzeszéw and Lancut indicates multiple change of
its course in more modern times. The most recent large change of river course [16] that occurred in
early eighteen century caused a serious (almost-three-times) shortening of Wistok bed course length
downstream of Rzeszow to 61,3 km, thus increasing three times the bed slope to 0,410%o. The old bed
of Wistok river between Rzeszéw and Lancut features a high number of meanders, which reflects well
its development index (the ratio of bed length between two points to the straight-line distance between
them) of 1.5 on average, and exceeds the value of 3 in some places [3,8,9]. Such locally differentiated
old river bed development affects the sedimentation conditions of alluvia [2,4,11,14] and determines
grain-size distribution within the valley (tab. 1).

Table 1. Grain-size distribution of soils in Zaleze

No. of Horizon Depth Content % fraction [mm]
profile [cm] 1,0-0.1 0,1-0,02 <0,02
Ap 0-25 13 57 30
B 25-40 14 53 83
1 C1 40-55 18 41 33
C2 55-125 22 50 28
C3 125-150 23 50 27
Ao 0-1 - - -
A 1-10 8 22 70
C1 10-42 7 23 70
2 C2 42-75 7 29 64
C3 75-100 4 42 54
C4G 100-123 10 15 75
C5G 123-150 0 6 94
A 0-23 12 47 41
C1 23-72 4 43 53
3 C2 72-98 1 54 45
C3 98-121 11 68 21
c4 121-150 29 56 15

The hydrolytic acidity is the lowest at 1,37 mmol(+)-100" g of soil. The total of basic
cations sorbed in the sorption complex of this soil ranges in individuals horizons form 7,7 in Ap
to 13,2 mmol(+)-100™" g of soil in C1 horizon and, consequently, its sorption capacity is also low
as it ranges from 9,7 to 15,4 mmol(+)- 100™" g of soil.

The content of organic carbon was low with 0,98% in organic mineral horizon. Total mass
of organic C in soil mass on 1 m’ surface area was 6,1 kg. The content of bio-available
phosphorus and potassium was in medium range in Ap horizon, and low in lower zones (tab. 3).
The bio-available magnesium was found depleted from the top layer to the depth of 55 cm; below
this depth its content was at average values.

There was no clear profile stratification in the exposed profile on the old river-built,
accumulation terrace (at the distance of approx. 2200m from the present Wistok river bed and
14 meters above water surface). Only the share of sand fraction increased slightly at lower level. The
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soil reaction in this profile assumes values from 4,4 to 4,6 pH in 1 M KCl, except the C1 horizon
where it was 6,7 pH at the depth of 40 - 55 cm (tab. 2). Also, in this zone the degree of sorption
complex saturation with bases is the highest the entire profile, i.e. 90%, and the hydrolytic acidity is
the lowest at 1,37 mmol(+)- 100" g of soil. The total of basic cations sorbed in the sorption complex of
this soil ranges in individuals horizons form 7,7 in Ap to 13,2 mmol(+)- 100" g of soil in C1 horizon
and, consequently, its sorption capacity is also low as it ranges from 9,7 to 154 mmol(+)- 100" g of
soil.

The content of organic carbon was low with 0,98% in organic mineral horizon. Total mass
of organic C in soil mass on 1 m’ surface area was 6,1 kg. The content of bio-available
phosphorus and potassium was in medium range in Ap horizon, and low in lower zones (tab. 3).
The bio-available magnesium was found depleted from the top layer to the depth of 55 cm; below
this depth its content was at average values.

Table 2. Selected morphological, physical and chemical characteristics of soils in Zaleze

No. of | Genetic |, o éng:; "lfl Hhl | S2 T3 V4 H
profile | horizons ’ ’ - (%) |H20| KCl
kg'm-2 mmol (+)-100-1 g of soil
Ap 0,98 4,61 7,7 12,3 62,6 5 43
B 0,62 3,61 11,8 15,4 76,6 54 | 4,6
1 Cl 0,28 6,0 1,37 13,2 14,6 90,4 6,8 6,7
C2 0,28 2,86 6,8 9,7 70,1 5,5 4.4
C3 0,15 3,24 8,1 11,3 71,7 54| 473
A 3,00 8,99 249 33,9 73,5 5,0 | 4,0
Cl 1,32 6,36 25,9 32,3 80,2 5,5 42
) C2 1,50 18.0 6,73 13,0 19,7 66,0 5,3 42
C3 0,36 ’ 2,74 16,2 18,9 85,7 59 | 4,7
C4 0,43 2,24 33,3 35,5 93,8 6,7 5,5
C5 1,57 2,37 50,0 52,4 95,4 7,4 6,1
Ap 0,87 4,61 13,9 18,5 75,1 5,5 43
Cl 0,6 1,62 17,2 18,8 91,5 6,6 5,8
3 C2 0,45 7,5 1,87 13,9 15,8 88,0 6,8 5,7
C3 0,30 1,62 10,0 11,6 86,2 7,1 5,9
C4 0,22 1,24 8,0 9,2 87,0 7,2 6,1

1Hh - Hydrolytic acidity

2S - Capasity exchangeable cations

3T - Total cation exchangeable capacity
4V - Base cation saturation

Table 3. The content of availability forms of nutrients in different levels of
genetic madness in Zaleze

No. of profile Genetic Availability
horizons P205 | K20 | MgO
mg-100-1 g of soil

1 Ap 8,01 16,28 3,8

B 3,18 10,85 4,1

Cl 3,29 5,86 4,2

C2 7,01 8,76 13,0

C3 5,21 10,07 16,0
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2 A 2,51 22,85 39,7
Cl 0,08 17,62 36,5
C2 4,04 14,65 30,0
C3 0,82 12,33 27,3
C4 0,61 17,49 35,4
C5 0,19 20,40 42,1
3 Ap 2,33 14,01 20,9
Cl 0,20 10,98 27,1
C2 0,15 8,30 24,4
C3 1,90 7,26 16,6
C4 2,11 5,79 12,4

This soil belonged to river alluvial brown soils (Fluvic Cambisol) with brown colour level
well developed morphologically. Similar grain-size distribution and chemical properties in river
alluvial brown soils were described by Dobrzanski and Nipanicz [4] and Gasior et al. [7].

Systematic fertilisation and maintaining high agricultural standards permits obtaining good
results in crop production on these soils.

The exposed profile (2) in forest site (at a distance of about 1050 meters from the current
bed of Wistok river and 2 meters above the current water level) contained powdery clay in all its
thickness. A strong colouration found from the depth of 102 cm was caused by upward glaying
effects in consequence of continued excessive moistening and over 70% share of the fraction
with 0 <0,02 mm. The reaction at surface level of this soil was strongly acidic - pH = 4,0, with
its value raising at lower levels to 6,1 pH at 123-150 cm. The soil was rich with organic matter,
both at surface horizon (A - 3,00% Corg), and at C5 horizon — 1,57% C-org. High share of
organic carbon in native rock at the depth of 123-150 cm was related to deposition of quite thick
alluvia in humus level of formerly functioning soil, or to sedimentation of organic deposits. This
soil has beeb classifield as humus alluvial soil (Endofluvic Phaecozem). Organic C content in soil
mass on 1 m’® surface area was 18,0 kg. Within this profile the hydrolytic acidity showed large
differences. It was 8.99 mmol(+)-100™ g of soil in humus horizon(A), ranged from 6.36 to
6.73 mmol(+)- 100" g soil at the depth of 10-75 cm, and reached approx. 2,5 mmol(+)- 100" g of
soil below that level. Large quantities of easily soluble basic cations, exchange-bound to sorption
complex, were found present in this soil. In the profile floor they reach 50 mmol(+)- 100" g of
soil, thus indicating a high share of easily soluble salts containing basic cations, even at relatively
high contents of organic mass. Similarly high capacity of the sorption complex was determined
by Wondrausz (17) in deposits of San river valley and Piszczek (10) in the alluvial soils of
Wistoka river. Alluvia of this soil profile are significantly depleted form bio-available forms of
phosphorus, but contain high contents of bio-available forms of potassium and magnesium.

The third profile was located approx. 50 meters from the modern/current river bed at the altitude
of 198 m above sea level, 2 meters above water level. At the surface horizon of this soil a powder clay
formation was found located on the powdery clay, with underlying regular dust. The sand content in
defined horizons was low (up to 12%) except C3 horizon — at 121-150 cm, where it was 29%. Well
visible stratification of native rock existed in this profile. The share of organic carbon was low, from
0,22% at the depth of 121-150 to 0,87% at A horizon. The total mass of organic carbon in the soil of
this profile was 7,5kg-m’. It had very acidic reaction in A horizon and slightly acid in lower lying
zones. It was affected by their hydrolytic acidity. The sum of exchange-sorbed basic cations was
related to the share and type of colloidal organic and mineral substances. In defined sublevels of native
rock the sorption complex saturation with bases exhibited low differentiation (from 86,2 to 91,5%),
whereas in humus horizon it was reduced to do 75,1% due to top-down acidification. The share of bio-
available forms of magnesium in the native rock of this soil was high, that of bio-available potassium
was medium, and that phosphorus was low. The surface horizon on the other hand was rich in
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phosphorus and potassium — a consequence of anthropogenic introduction of those elements. In this
soil the level of enrichment was not morphologically developed, but the share of organic carbon, quite
high sorptive capacity and, first of all, high level of sorption complex saturation with basic cations
indicate that the discussed proper alluvial soil (Haplic Fluvisol) transforms slowly into its brown
alluvial soil form.

This soil does not represent any high agricultural usability. Even high doses of fertilization
and high contents of bio-available forms of nutrients are not able to raise their usability.

10.

CONCLUSIONS

Alluvial soils in old bed of Wistok river downstream of Rzeszéw were formed from
many times relocated alluvia and delluvia.

The cross section of the valley was characterized by varied grain-size distribution. While
zonality of profiles was observed in parts adjacent to old river bed and fractions with
00 < 0,02 mm dominated, the dust fraction dominated in the area of old accumulation
terraces.

The dynamics of soil-forming processes depended on the distance from river bed.
Proper alluvial soils were common in the youngest terrace. Brown alluvial soils were
found on old, accumulation terraces (that turn to dry-ground forests), located more than
10 meters from water level. Humus alluvial soils occur independently of their position
in terrain structure.

The agricultural value of soils formed of alluvial deposits depends rather on the advancement
of soil-forming process then on the content of bio-available forms of nutrients.
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STRESZCZENIE

GLEBY ALUWIALNE W STARORZECZU WISLOKA MIEDZY
RZESZOWEM I LANCUTEM

W rejonie Rzeszowa Wistok wplywajac na teren Pradoliny Podkarpackiej rozpoczyna swdj bieg
nizinny. Spadek wzgledny jego dna - na odcinku okoto 60 km od Rzeszowa do ujscia do Sanu wynosi
0,456%0, co sprzyja odkladaniu aluwiéw. Trzeciorzedowy material erodowany w gérskim i
podgérskim odcinku rzeki miesza si¢ tu z osadami deluwialnymi okresu miocenskiego,
przesortowanymi przez wody topniejacego lodowca i najstarszymi osadami plejstocenskimi.
W osadach nowozytnych w wyniku nakfadajacych si¢ proceséw erozyjnych i akumulacyjnych,
zwigzanych z wysokimi stanami wdd, powierzchnia gleb w obrgbie Pradoliny Podkarpackiej byla
dynamicznie zmieniana, co prowadzito nawet do wielokrotnej zmiany przebiegu gtdwnych rzek.

Badaniami terenowymi objeto gleby w dolinie starorzecza w czterech poprzecznych
przekrojach, w miejscowosciach Pobitno (2 profile), Zateze (3 profile), Krasne (3 profile),
Krzemienica (3 profile). Opisano ich polozenie w rzezbie terenu oraz budowe morfologiczna
w wyznaczonych reprezentatywnych profilach i pobrano 55 préb glebowych z wydzielonych
pozioméw genetycznych do badan laboratoryjnych.

W artykule przedstawiono charakterystyke gleb w obrgbie doliny starorzecza
w miejscowosci Zaleze. Z obserwacji terenowych i analizy map topograficznych wynika, ze
Pradolina Podkarpacka w omawianym rejonie ma charakter ptaski, przy deniwelacjach
siggajacych kilku metréw. Stabe urzeZbienie powierzchni ogranicza predko$é przeptywédw wod
powierzchniowych i sprzyja sedymentacji materiatu aluwialnego, co prowadzi do jej wypetnienia
i dalszego zmniejszenia predkos$ci przepltywow.

Silna rozbudowa sieci starorzecza Wistoka miedzy Rzeszowem i Lancutem wskazuje na
wielokrotng zmian¢ jego przebiegu w czasach nowozytnych. Migdzy Rzeszowem i Lancutem
starorzecza Wistoka cechuje si¢ duza liczba zakoli i meandréw, co dobrze odzwierciedla
wspodtczynnik jego rozwinigcia (stosunek dlugosci koryta migdzy dwoma punktami do odlegtosci
miedzy nimi.) wynoszacy $rednio 1,5, a w niektérych miejscach przekraczajacy warto$¢ 3.
Zrbéznicowane lokalnie rozwinigcie koryta starorzecza oddzialywuje na warunki sedymentacji
aluwiéw i decyduje o rozkladzie uziarnienia w obrebie doliny.

Keywords: geomorphology profile, trophicity of the habitat, ground waters
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BIOJIOTT3ALIIA CUCTEMM YIOBPEHHA AYMEHIO SIPOI'O
B 3AXIJTHOMY JIICOCTEITY YKPAITHH

AHoTauis. IIpeacraBieHo pe3yabTaTH AOCHIIKEHb BIUIMBY MO3aKOPEHEBUX ITiPKUBJICHD
JOOpMBaMH OPraHIYHOT'O MOXOJUKEHHS SYMEHIO SIpOTo SIK eJlieMeHTy Oiojorizamii TexHoJorii Ha
pi3HUX (hOHAX MiHEPAILHOTO KUBJICHHS Ha IIOKa3HMKU BHCOTH POCIHMH Ta MacH 3€peH 3 OJHOT0
Kojioca B ymoBax 3axigHoro Jlicoctermy Ykpainu. BcraHoBieHO, 1110 BHECEHHS 03aKOPEHEBO
nobpuBa @pest AxBa 3a0e3neyye HaHICTOTHILIE MiABHIIEHHS NapaMeTpiB BUCOTH DPOCIHH.
Hatiumuii mokasHuk 3a BHeceHHs q00OpuBa orpuMaHo (oni NysPysKys, ne cranosus 84,1 cm i
3pocTaB BiTHOCHO BapiaHTy 6e3 00poOku Ha 2,0 cM. B pe3ynbTaTi KOMIUIEKCHOTO 3aCTOCYBaHHS
MiHEpAILHUX NTOOPUB Ta IMO3aKOPEHEBUX ITi/HKUBIICHb AOOPHBAMH OPTaHIYHOTO IMOXOKEHHS
MiBUIIYETHCS Maca 3€peH 3 OAHOro Koisioca. IIpoBeneHHS MO3aKOPEHEBUX MiIKUBICHbD
JIOOpUBaMU OPTaHIYHOTO IMMOXOHKEHHS CIIPHSUIIO 3pOCTaHHIO MacH 3€peH MOPIBHAHO 3 BapiaHTaMHU
6e3 00po6ku Ha 0,01 — 0,04 .

Keywords: mineral fertilizers, fertilizers of organic origin, dark gray podzolic soil, spring
barley, plant height, mass of grains.

BCTYII

SuMminb ApoBUIl € OMHIEIO 3 HAHBUMOTIMBIIINX 3€PHOBUX KYJIBTYp IO PIiBHSA POIIOYOCTI
pyaTy [3, 10, 12]. Came cuctema ynoOpeHHS € BarOMHM YMHHUKOM BIUTUBY Ha (OPMYBaHHS
BHCOKOI HOT0 MPOAYKTHUBHOCTI [5, 7, 14].

Ha cydacHomy etami rocTpo nocrae muraHHS €()EeKTHBHOTO BHKOPUCTAHHS 10OpuB [18,
19, 20]. Amxe, BiOMO, IIO 3aJIE)KHO BiJl IPYHTOBO-KJIIMaTH4YHUX YMOB, CTYIIHb 3aCBOEHHS
a30THUX A00puB ckinanae 35 — 50%, pochoprux — 20%, kanidHuX — 25 — 60%. TakuMm YuHOM,
6mm3pko 50% BHeceHMX M0OpUB HE MalOTh €(QEKTUBHOCTI JUIs BHUPOILIYBAaHOI KyJbTYpH Ta
SBJISIIOTBCSL  JDKEPEJIOM  3a0pyAHEHHsS HABKOJHMIIHBOTO TNPHPOAHOrO  cepepoBuma [1].
BpaxoByroun 1ned acrekT, 3aBJaHHSIM TEXHOJOTIH BHpPOILYBaHHA KYJNbTYp € HE TUIBKH
BCTAHOBHUTH 30aJJaHCOBaHI HOPMH JTOOPUB Ta CTPOKH iX BHECEHHS, ajie # ONTUMI3yBaTH MPOLIECH
MOTJTMHAHHS Ta 3aCBOEHHSI MIOXUBHUX PEUOBUH pocimHamu [13, 15, 21].

3acTocyBaHHs MPUHAOMIB MO3aKOPEHEBUX ITi/HKUBJICHb 3a JOCTATHBOTO PiBHSI OCHOBHOTO
MiHEpAILHOTO YAOOpeHHs 3a0e3redye OTPUMAaHHsS BHCOKHX 1 CTaOUIBHHX YpOXKaiB 3€pHOBHX
KynbTyp [6, 9]. BHeceHHs m0OOpWB T03aKOPEHEBO, TAaKOX, 3HWXKYE HETATUBHUU BILIMB
HECHPUATIMBHAX YMOB BEreTalifHOTo Nepioay Ha picT 1 po3BUTOK pociuH [15].

BHacniok 3acTocyBaHHS I03aKOPEHEBHMX Mi/PKUBJICHb B KPUTHYHI NEpIOAM POCTy Ta
PO3BHUTKY POCIIMH IOCWJIIOETHCS IX MEXaHI3M 3aCBOEHHS €JIEMEHTIB MiHEpaJIbHOTO XKHMBJICHHS 3
rpyHTy. Takum 4YHMHOM, POCIMHH Kpaile 3a0e3le4eHi MOKUBHUMH PEYOBHHAMH BIPOJIOBXK
BEreTallil, 1110 MO3UTHUBHO [I03HAYAETHCS Ha MPOAYKTUBHOCTI [2, 11].

B ymoBax iHTeHcuikamii TeXHOJIOTii BHPOILIYBAaHHS SYMEHIO SIPOTO, JIe¢ BaroMme Mmicue
3aiiMalOTh BHCOKI HOPMH MiHEpaJIbHHX IOOpPWB BaXKIMBO 3HM3WTH X HETAaTUBHUI BIUIMB Ha
arpoeKOCHCTEMY 1 CHpsMyBaTH 3axoau B Oik exosorizamii [4]. OgHUM i3 acmekTiB JaHOTO
MUTaHHS € 3aCTOCYBaHHS JOOPHB MO3aKOPEHEBO, IO MOTPeOye JOAATKOBOTO BUBYCHHS B yMOBAaX
Jlicocteny Ykpainu.

VY 3B’s3Ky 3 MM, 3aBIAHHSAM HAIIUX JOCHTIIKEHb OYJIO BCTAHOBHUTH BIUIUB TI03aKOPEHEBUX
MiPKUBIIEHb STIMEHIO SPOT0 JOOpPHBAMH OPTaHIYHOTO TOXOJDKEHHs, SK eleMeHTa OioJiorizarrii
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TexHouorii Ha (oHI MiHepaJbHUX JOOPHB Ha ()OPMYBAaHHS BHCOTH POCIHMH Ta Macy 3epeH 3
OJTHOTO KoJloca B yMoBax 3axinHoro Jlicocreny YkpaiHu.

METOIUKA

3 METOI0 BUBUCHHS 3a3HAYCHOI'0 MUTaHHs, B yMOBAaX JIOCIIAHOTO 10Jis Kadeapu arpoximii
Ta IpyHTO3HaBcTBa JIBBIBCHKOTO HAILlIOHAILHOTO arpapHOr0 YHIBEPCUTETY HPOBOIMINCS
TpupiuHi jocnijpkenHs. Cxema Jjocmigy Bkiaroyasna jasa dakropu: ¢daktop A mnependayas
BHECEHHS JIECSITH BapiaHTIB HOPM MiHepajbHUX 100puB: 1. 6e3 1oOpHB (KOHTPOIIB)

- NisPisKs
- N3oPi5K;s
- NusPisKys
- N3oP30K30
- NusP30Kso
- NeoP30K30
- NysPysKas
- NgoP4sKas

10. NeoPsoKeo

¢axTop B — nozakopeHeBe MiJKUBIIEHHS 10OpUBAMU OPraHIYHOTO MOXO/KEHHS Ha (OHI
MiHepaJbHUX J00puB, TakuMu sk: Deprirpeitn Pomiap, 'ymiding + dymssitan Ilmoc, Ppes-
AKBa, KOHTPOJIb.

MinepanpHi 100prBa BHOCHIN ¥ (opMi amiaunoi cenitpu (34% 1. p.) Ta HiTpoaMopOCKH
(15 : 15 : 15) mig xynprEBamiro. Ilo3akopeHeBi MiIHKUBICHHS 3IMCHIOBANIHM 3TiAHO 3
pEKOMEH TalliIMA BUPOOHHUKIB:

1) @eprirpeiin Poumiap, 1,1 n/ra — y dpa3y MOBHOTO KYIIiHHSA,

2) I'ymiding, 100 r/ra — y a3y KymiiHHA, MOJOYHO-BOCKOBOi CTHIIIOCTi, DympBiTan
ITmoc, 150 r/ra — mpanopiieBoro JucTa,

3) ®dpes-AxkBa, 2,0 n/ra — y a3y KyLniiHHS, BUXOLy B TPYOKY, HparopleBoro JMCTa.

VY ximMiuHOMY cKJIaji 10OpWB OPraHiYHOIO IOXOJPKCHHS HasiBHA OpraHiyHa peyoBHHA Ta
Mmikpoenementu. [loopuBo «®Deprirpeitn @omiap» — cremnianbHe JOOPUBO ISl TO3aKOPSHEBOTO
JKMBJICHHSI 3€PHOBHX TEXHIYHUX 1 KOPMOBHX KyJNbTyp. B #ioro ckiaai HasiBHI aMiHOKHCIIOTH
POCIIMHHOTO MOXOJKEHHS, a30T, MIKPOEJIEMEHTH.

I'ymiding mictuth y cBoeMy CKiami coili TyMiHOBUX i (yiabBOKHCIOT.. KoMruiekcHo
BIUIUBA€ HA POCIMHY SIK aHTHCTPECAHT 1 CTUMYJISITOP POCTy. 3aCTOCOBYETHCS y MOENHAHHI 3
dynpBiTangom [Tiroc.

«Dpess AxBa» — KOHIEHTPOBAaHHMI pPO3YMH TyMIHOBUX PEYOBHH, Ma€ MOCHIICHI
AHTHUOKCHUJIAaHTHI IMYHOMOJYJbOBaHi, MOTYXHI JETOKCHKAIIHI BIACTUBOCTi. MICTUTh aKTHBHY
Mikpoduiopy i Habip MiKpOeTeMeHTiB.

Jocunin 3aknazany Ha TEMHO-CIpOMY OMiji3ojieHOMY IpyHTi. 3abesnedenicts 0 — 20 cm
IPYHTY JYXHOTIIPDOJII30BaHUM a30TOM cCKianae 99, pyxomumu croiykamu Qocdopy — 88,
OOMIHHMMH criorykamu Kaiito — 103 MI/Kr IpyHTy, peakuisi IpyHTOBOTO PO3YMHY OJM3bKa IO
HelTpansHOi — pH 6,5, BmicT rymycy cepenHiit — 2,34 %.

O 001NN b W

PE3YJbTATH JOCJIIKEHD TA IX OBITOBOPEHHSI

Ha pict i po3BHTOK pOCIMH BaroMHMii BIUIMBAIOTh TEXHOJIOTIYHI (hakTOpH, 30Kpema,
3acrocyBanHs n00puB [8, 16, 17]. Tak, B pe3ynbraTi NPOBEICHHS HAIIUX OCIIIKCHb
BCTAHOBJIEHO NO3WTHBHUH BIUIMB 3aCTOCYBaHHS MIiHEpaJbHUX JOOpPHB Ta I03aKOPEHEBUX
HiJUKMBJIEHb JOOPUBAMH OPraHIYHOTO IOXO/DKEHHS NOCIBIB SYMEHIO Sporo Ha (opMyBaHHS
BHCOTH HOTO cTeb0cTOor0 (Tad. 1).
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Taéuung 1. 3MiHa MOKAa3HUKIB BUCOTH POCJIHH STYMEHIO IPOr0 il BINIMBOM HOPM
MiHepaJbHHX JO0OPUB TA M03aKOPEHEeBHX MiI’KNBJIeHb, cepeqHe 3a 2013 — 2015, (cm)
Table 1. Changes in the height of plants of spring barley vine under influence norms of
mineral fertilizers and foliar nutrition, average for 2013-2015, (cm)

®Deprirpeitn T'ymiding +
bes 06podin douiap ®dynpBitan [Lmoc Dpes Axsa
o B o E o E
Qon < = 5 < = G < = =3 s I =3
JKUBIICHHSI 5 E = SE| 5&| 5 & 5 2 = 52
ts) 5] = g 3] 2.9 g 5] ‘2, \© g 5] ‘2, \©
B & = =& | = a 2 2 = o 2 2 SHp
= (ST Qo Qo
=2 B © = 0O
(o) \\e] \\e]
1. Kowpor 786 | - | 792 | 06 | 794 | 08 | 795 | 09
(6e3 nobpuB)
6. NysP30Ksp 81,0 2,4 82,1 1,1 82,5 1,5 82,2 1,2
7. NeoP30K30 81,5 29 82,7 1,2 83,1 1,6 83,0 1,5
8. NysP4sKys 82,1 3,5 83,4 1,3 83,9 1,8 84,1 2,0
9. NgoPssKys 81,0 2,4 81,8 0,8 81,9 0,9 82,4 1,4
10. NgoPsoKso 80,7 2,1 81,2 0,5 81,2 0,6 81,8 1,1
HIP s A-13,B-10,AB-1,5

HaliHnx4anii MoKa3HUK BUCOTH POCIWH OTPUMAHO Ha BapiaHTi 0€3 BHECEHHS MiHEpaIbHHUX
nobpuB — 78,6 cm. Ha ¢oni minepamsHux mo0puB NysP3oKsp Ta NgoP3gKsg mpupoctu Bucotn
pocimH Oynu Ha piBHI, BiamoBigHO 2,4 Ta 2,9 cM. Y BapiaHTi 3 BHeceHHIM NgoP4sKys oTprmano
HAWBHUIIMH MPUPICT BUCOTH POCIHH SIIMEHIO SPOTO, SIKHH CTAHOBHUB 3,5 CM.

[TozakopeHeBe TiPKUBIEHHS IIOCIBIB JOOpHWBaMH OPTAaHIYHOTO TIOXOJDKEHHS Ha
MiHepajbHOMY ()OHI 3a0e3Nedmsio 3pOCTaHHsS ITOKa3HWKA IIOPIBHSHO 3 BapiaHTamMu 0e3 ix
3actocyBaHHsa. Bracmimok BHeceHHs @eprirpeiin Domiap TPUPOCTH POCIUHH Y  BHCOTI
koymBanucs Bix 0,5 cM Ha oni NgyPeKeo 10 1,3 cM 3a BHeceHHs NysPysKys.

O06pobka mociBiB podpuBoM ['ymidinn y noexnanni 3 ®ynpitanom Ilmoc crpwusiio
OTPUMAHHIO BHUIIHMX NPUPOCTIB POCIMH Yy BHCOTi. 30KpeMa, 3a HOPM MiHEpalbHUX JOOpHB
NysP30K3p ta NgoP3gKjp pocnuuu Oymu Buimmu, BigmosigHo, Ha 1,5 ta 1,6 cm. Ha ¢oni
MiHepabHOTO XUBIeHHS NysPysKys 3HaueHHS Moka3HWKa MiIBUNIMIOCS OiTBII iCTOTHO — JIO
1,8 cm.

Buecenns ®pess AkBa 3a0e3redmyio HAWICTOTHIIIE TiABUINEHHS ITOKAa3HHUKIB BHCOTH
pociuH. Ha donax 3acrocyBanns NysP30Ksg 1 NeoP3oKsg mpupocTi pocnua y BHCOTI cTaHOBWIIH,
BinmoBiaHo 1,2 1 1,5 cm. HaiiGinmemum npupict OyB 3a BHECEHHS MiHEpaTbHUX JOOPHB Y HOPMI
N45P45K45 - 2,0 CM.

PesynbraTn perpeciiiHoro anaiizy mokasajy, II0 MK HOPMaMH MiHEpalIbHUX NOOPHB i
BHCOTOK) POCIHH SIYMCHIO SIPOTO ICHYE CEepeIHiil KOpENAiiHuA 3B’ 30K, IO MiATBEPIKYETHCS
xoedimienToM aerepminanii R = 0,64 (y = 0,015x + 79,130, ge y — BHCOTA POCIHH SUMEHIO
SIPOT0, CM; X — HOPMHU MiHEpaIbHUX TOOPHB, KI/Ta).

BaxJIMBUM €JIeMEHTOM TPOYKTUBHOCTI SYMEHIO SIPOT'0 € Maca 3epeH B KOJIOC, aJpKe YUM
BOHA O1J1bIlIa, TUM BUILA BPOXKaWHICTh. SIK OKa3yl0Th pe3yabTaTH HAIIMX JOCIIUKEHb (Tab. 2),
Maca 3€peH 3 OJHOro KOoJjioca IiJBUIIyBajiacs 3a BHECEHHS MiHepaJbHUX J00puB. 3a
BHPOIIYBaHHs SYMEHIO Ha HEBUCOKHMX arpooHax BOHA 3pocTajia BiTHOCHO BapiaHTy 0e3 moOpuB
Ha 0,07 r. ¥ Bapianrti 3 BHeceHHAM NysP45Kys Maca 3epen cranosmina 0,78 r, migBuIyBanacs 1o
0,09 T i XxapakTepu3yBasacs Sk HaWBHUIIIA.
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Ta6auus 2. BuinB MiHepaabHUX J00PUB Ta M03aKOPeHEeBUX MiAKUBJIEHb J00pUBaAMHU
OPraHiYHOTO MOXOIKEHHSI HA MACY 3ePeH 3 OTHOT0 K0JI0cA SIYMEHI0 APOro,
cepenHe 3a 2013 — 2015 pp., r
Table 2. Influence of mineral fertilizers and foliar fertilizers with fertilizers of organic
origin on the mass of grains from one ear of barley, average for 2013-2015, g

Bes 06po6Ku ®aktop B (1mo3akopeHeB1 MiKUBICHHS
dakrop A no0prBaMu)
(MiHepanbHi . Deprirpeiin r yM1q)11.m +
J00puBa) Maca 3epeH | Ipupict : dynpBiTad Opes AxBa
®Domiap
ITmroc
I. bes nobpun | 59 - 0,71 0,71 0,70
(KOHTpPOJIB )
6. N4sP30Ks5 0,76 0,07 0,77 0,77 0,78
7. NeoP30Ks30 0,76 0,07 0,79 0,80 0,79
8. NysP4sKys 0,78 0,09 0,80 0,82 0,82
9. NeoP4sKss 0,77 0,08 0,79 0,80 0,80
10. NeoPsoKeo 0,77 0,08 0,80 0,80 0,80
HIPs A-0,01,B-0,01, AB-0,03

BupomryBanHs  3epHOBMX Ha  MiIBHIICHWX (OHAX  MIHEPATBLHOTO  KWUBICHHS
CYIPOBOJIKYETbCS (POPMYBAHHSM JPIOHINIOr0 3epHa B KOJOCi. BHECCHHs MiIBUIIEHUX HOPM
MmiHepanbHuX 100puB NgoPssKys Ta NeoPgoKey cynmpoBomkyBamocs 3HIKEHHSIM MacH 3¢peH 3
oxHoro kosoca a0 0,77 r.

3anexKHICTh Mach 3€peH BiJl HOPM MiHEpPAIbHUX JOOPUB ONKCYETHCS CHIBHUM
Kopessiiiaum 38’ s13koM — RI = 0,88 (y = 0,001x + 0,698, ne 'y — Maca 3epeH 3 0JIHOTO KOJIoCa,
3epEH/KOJI0C; X — HOPMH MiHEepaIbHHUX JOOPHUB, KI/Ta).

3actocyBaHHA [OOpWB OPTraHIYHOTO TOXOKEHHS II03aKOPEHEBO 3a0e3MedyBajio
30UTBIIICHHS] MacH 3€peH 3 KoJioca Ha (poHaX MiHEpambHUX JOOPWB HA Pi3HI BETUYHHH. 30KpeMa,
BUKOpHUCTaHHA n00puBa deprirpeiin Pommiap, 3aJeKHO Bill BapiaHTy, JO3BOJHMIO OTPUMATH
npupoctu Macu 3epeH B Mexkax 0,01 — 0,03 r, mokasuauku cranopwin 0,71 — 0,80 r. Tymiding
KoMIutekcHO 3 @ynbpBiTanmom Ilnroc 3abe3nedwB MPUPOCTH Macu 3epeH BigHOCHO (oHY 0e3
no6pus Ha piBHi 0,01 — 0,04 r, ®pes Axsa — 0,02 — 0,04 T i Oynu HaliepexTuBHImMMU. HaiiBuri
MPUPOCTH MOKa3HUKA OTPUMAHO Ha QoHI NysPysKys.

3a TaHUMHU perpeciifHoro aHasi3y, MiXk BUCOTOIO POCIIMH 1 MacoOl0 3€peH 3 OJHOr0 KoJjoca
Ha (oHi MiHepanbHUX DOOPHB ICHYE TICHUI KOpeisuiitHui 3B's130K. Lle miaTBepaKye oTpuMaHuii
noka3Huk koedinienta nerepminanii RI = 0,89 (y = 0,027x + 1,452, ne y — Maca 3epeH 3 OJHOTO
KO0JIOCA, 3€PEH/KOJIOC; X — BUCOTA POCIIUH, CM).

BUCHOBKUA

BcranoBieHo, 110 Ha TEMHO-CipOMy OmiJ30JeHOMY IpyHTI 3axigHoro Jlicocteny Ykpainu
BHeceHHsT NysPysKys 3a0e3medye mpupicT BUCOTH pociuH suMeHto siporo 0,9 cMm. 3actocyBaHHS
no0puBa opraHigHoro noxopxkeHHs Opest AkBa Ha IbOMY (POHI MiHEPATBHOTO JKUBJICHHS CIPUSIE
npupocty Bucotu 2,0 cM, o 0yJsi0 HAHBUIITUM cepell BHECCHUX TOOPUB TT03aKOPEHEBO.

Bracnmigok 3acTocyBaHHS MiHEpaJbHUX JOOPUB Ta TO3aKOPEHEBHX IiKUBIICHB
JIO0OpHUBaMH OPraHiYHOTO MOXO/HKEHHS MiIBUIIYETHCSA Maca 3epeH 3 0HOTO Kosoca. IIpoBeneHHS
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M03aKOPEHEBUX IIJKUBIICHb JOOPHBAMH OPraHigYHOIO IOXOJUKEHHS CIIPUSUIO 3POCTAHHIO MacH
3epeH MOPiBHIHO 3 Bapiantamu 6e3 00pooxu Ha 0,01 — 0,04 1.
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ABSTRACT

BIOLOGY OF THE FERTILIZER SYSTEM OF SPRING BARLEY IN
WESTERN FOREST STEPPE OF UKRAINE

The results of research on the influence of foliar feeding spring barley on the basis
fertilizers of organic origin as element of biologization of technology on the background of
mineral fertilizers on the formation of plant height and mass of grains from one ear in conditions
on dark gray podzolic soil of the Western Forest-Steppe of Ukraine.

The research was conducted in the experimental field of the Department of Agrochemistry
and Soil Science on Lviv National Agrarian University. The scheme of the experiment included
two factors: factor A implied the introduction of different standards of mineral fertilizers, factor
B — Foliar fertilization with fertilizers of organic origin on the background of mineral fertilizers,
such as Fertigrein Folair, Gumifield + Fulvitol Plus, Freya-Aqua.

As a result of our research, the positive effect of the use of mineral fertilizers and foliar
fertilizing with organic fertilizers of spring barley crops on the formation of the height of its
stelstrom. The on background of mineral fertilizers NsP30K3y and NgoP30K3, plant height growth
was at a level of 2,4 and 2,9 cm, respectively. In the variant with the introduction of NgoP,sKys,
the highest growth of plant height was obtained of spring barley which was 3,5 cm.

The introduction of foliar fertilizers of organic origin Freya Aqua has provided the most
significant increase in the height of plants. At the background of the application of NysP30K3o and
NeoP30K30, the growth of plants in height was 1,2 and 1,5 cm respectively. The greatest increase
was in the application of mineral fertilizers at normal NysP4sKys — 2,0 cm.

The results of researches showed that the mass of grains from one ear was increased for
the introduction of mineral fertilizers. For growing spring barley on low agrofons, it grew about a
variant without fertilizers by 0,07 g. In the variant with the introduction of NysP4sKys5 the mass of
grains was 0,78 g, increased to 0.09 g and was characterized as the highest.

Due to the use of mineral fertilizers and foliar fertilizing with organic fertilizers increase
the mass of grains from one ear. Carrying out of root crops by fertilizers a organic origin
contributed to the growth of the mass of grains compared with the variants without processing at
0,01 -0,04 g.

The conducted regression analysis established a close correlation between the height of
plants and the mass of grains from one ear at the background of mineral fertilizers. Determination
coefficient in RI = 0,89.
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GRASSLAND YIELD DEPENDING ON HOW TO IMPROVE THE
LONG-TERM FORBS-CEREAL MEADOW

Abstract. Two methods of improvement of the degraded grasslands have been compared in
the western region of Ukraine. The changes in dry matter (DM) yield of herbage were assessed in the
surface of improved long-term forbs-cereal meadow and radically improved new-established legume-
grass grasslands, in which fertilizer treatments, inoculation and grow stimulator were applied. All
experiments had a split-plot design with four replicates. The highest DM yield was 7.72 tha ' for
permanent grasslands. Such yield was obtained by unnuniform distribution per zero-N treatment for
first cycle, per 40 kg N-ha for second cycle and per 80 kg N-ha™ for third cycle with phosphorus-
potassium fertilizer and cutting of herbaceous at first cycle in stage of efflorescence. However the use
of complete mineral fertilizer (NPK) with uniform distribution of nitrogen (N) and cutting herbaceous
in the elongation stage provided the same high DM yield of long-term grasslands (7.71 tha™) The
highest DM yield of the radically improved grassland (7.60 tha") has been obtained as result of
combined use of grow stimulator with inoculation and the phosphorus-potassium (PK) fertilizers.
Comparison of three types of improvements showed the advantage of surface of improved.

Keywords: grasslands, improvement, establishment, yield, fertilizer, inoculation, grows
stimulator.

INTRODUCTION

Renovation of the degraded grasslands is exceedingly important today. It contributes not only
to the increase of their productivity but to the improvement of all ecosystem. Naturalized grasslands
cover more then 2 million ha and are important reserve of the forage production in western-steppe of
Ukraine. Permanent grasslands form part of the Ukraine’s natural resources’ group with a great
valuable potential. These grasslands are serving for a lot of purposes, which harmoniously combine
many functions and can be used in the benefit of people and animals. They offer habitat and food
source for animals, protection of the soil erosion, provision of the biodiversity for at least 70% from all
plant species, making the environment more beautiful., Also a big part of the grasslands’ biomass can
be transformed into unconventional energy [26]. There are many technologies which allow to increase
the grassland’s yield two-three times, but many of them are too power-consuming and do not satisfy
the requirements of the modern ecology.

Many studies indicate that naturalized grassland’s yield can be increased by fertilizers and by
optimized management [20]. Herbaceous don’t seed themselves without fertilizing and they are
replaced by the species of no value [25], thus application of the fertilizer, especially nitrogen, on
pastureland contributes to the decrease of unsown grasses [24]. N-fertilizers can increase yield of the
DM two-three times and promote establishment of the valuable grasslands [29]. Therefore fertilizing
can reduce outlays and raise economical efficiency of the old grassland’s use. Canadian scientists [11,
30] also point out the economical efficiency of nitrogen application on old grasslands.

Soil conservation and increase of productivity are important problems of the agricultural
industry [9, 19]. A lot of scientists [3, 21] insist on the biological adaptation of the intensive
process in crop production. Conservation of the soil organic matter is important element of the
biological farming. Modern technologies as a rule include plough, cultivation, routing and other.
The latest research is aimed at minimalization of tillage [13-14], however many scientists [10,
27] denote that the reduction of tillage does not have the desired effect on the increase of organic
matter unless tillage is reduced to zero.
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Ploughing with turn to 180€ can save soils organic matter, since root and plant residues
have important positive aftereffect on improvement of the soil fertility and on the following
yields, since fertility matters are used as nutrition of the next herbaceous. Elements of nutrition
are fixed in the soil by plowing with turn to 180e and it is 48 — 114 kg ha of nitrogen [17], and
coefficients of nitrogen utilization from root and plant residues are the same as the manure [9].

Important way to renovate degraded grasslands is to improve them by over drilling [15].
This technology is available for sufficiently arid climate and for large forage aria. It allows
saving of the seeds two-three times and saving of the fuel four-five time [16]. No tillage
technology is one of the topical efficient means, which is based on reciprocal supplement of the
species, and it includes enrichment of degraded grasslands by permanent legumes. The increase
of legume in grasslands saves 40 — 50% of nitrogen fertilizers [4, 5, 7, 12].

Problem of alternative selection of improvement system for the degraded grasslands is
open today. Thus aim of this study is to compare the yield of degraded grasslands improved by
three methods. Each method of improvement has its own characteristics. We researched how the
surface improvement was influenced by different doses of the nitrogen fertilizers their
distribution and various dates of cutting of the long-term grasslands. Biological adaptation of
technology process requires sowing legume and use of the biological preparations. Thus we
conducted both improvements with use of the legume grasses, inoculation and grow stimulators.

MATERIALS AND METHODS

The surface improvement by applying the nitrogen fertilizer and the radical improvement
involving ploughing with turn to 180° were conducted in consecutive years 2006 (year 1), 2007
(year 2), 2008 (year 3), 2009 (year 4) and 2010 (year 5) on the stationary permanent experiment
field of Institute of agriculture of Carpathian region of the National academy of agrarian sciences
of Ukraine (IACR NAAS) (Obroshyno 49°49" N 24°00" E, altitude 280-300 m). Permanent
experiment field was sowed in 1974 year on the dark grey podsolized sandy loam soils.

The local climate is semicontinental. It has been formed by the Atlantic Ocean (a lot of
precipitation and rapid changing of temperature) and by continental atmospheric mass’.
Temperature during the vegetative season was above norm by 5.7 ° C in 2006, by 19.0°C in 2007,
by 19.5°C in 2008, by 16.9°C in 2008 and by 8.6°C in 2010. Analysis of the monthly temperature
distribution had shown the temperature below norm only in October and September (see fig. 1).
It promoted a good regrowth of after-grasses.
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Figure 1. Monthly temperature (eC).
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Weather conditions are characterized by the wet spring months, wet June and August in
2006. There was 120 mm precipitation in comparison to the standard 98 mm in June and the
weather was colder. The August was still moister (169 mm as compared to standard 76 mm). The
autumn months were dry. The amount of precipitations was less than norm (11 and 35 mm as
compared to 52 and 47 mm of norm). The weather was arid during the vegetation period in 2007.

The precipitation was low and as result of deviation from norm minus 74.4 mm. It had
unfavorable impact on grasslands’ productivity as deficient precipitation promoted the decrease
of available soil nitrogen. In 2008, precipitation during the vegetation period was 147.5 mm
above norm. Spring and summer months, except June, were characterized by precipitation almost
twice above norm. The wettest months were August and September (fig. 2).
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Figure 2 Monthly precipitations (mm).

The weather was enough wet during the vegetation season in 2010, having positive
influence on grow of the perennial grasses. Therefore such weather conditions stimulated the
growth and development of grasses. It was enough snow cover for wintering of perennial
herbaceous.

In 2006 the stationary perennial permanent experiment was improved by the two methods.
The first one (surface) included the complete mineral fertilizer application with the different
distribution of nitrogen. Unfertilizing control (UF) and phosphorus-potassium (PK) background
variant were defoliated twice and variants with nitrogen application three times. Early spring the
all variants, except control, were fertilized by mineral fertilizer accordingly to scheme of
experiment (table 1).

The radical improvement was conducted by ploughing with turn to 180e. Roots and plants
residue, which have been embedded in the soil by following ploughing, were mineralized.
Therefore the nutrition elements could be use for nourishment of the next crops. The residue
number was defined before the modernization of experiment. Quantity of nitrogen, which is
necessary for getting the planned yield, was computed by balanced-calculated method [9]. At the
same time the soil nitrogen, carry-over of the elements for building unit of grasslands’ yield and
coefficient of use nitrogen without soil were taking into account. These results allowed to assert
that application of nitrogen fertilizer was not reasonable during ploughing with turn to 180e.
Therefore nitrogen fertilizer was excluded from research technology.
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The seeding of a new-established experiment was conducted by mixture with alsike clover
(Trifolium hybridum L.), birdsfood (Lotus corniculatus L.), meadow fescue (Festuca pratensis
L.), timothy (Phleum pratense L.) and bromegrass (Bromus inermis Leyss). The experiment
included control without fertilizer, phosphorus-potossium fertilizer (PK), PK + grow stimulator
Oazys, PK + grow stimulator Oazys + mikrosol, PK+ inoculation, PK + grow stimulator Hart,
PK + inoculation + grow stimulator Hart, PK + inoculation + mikrosol. The lime (3 t - ha™') was
applied before the main tillage.

Table 1. Experiment’s scheme of surface improvement

Stage of cutting
Fertilizer 1st 2nd 3rd
cycle cycle cycle
UF (unferilizing control) efflorescence in 50 — 55 days
emergence
PK (include 60 kg P ha and 90 kg K ha™") | CTHOTESCNCe | o5 55 days
emergence
PK + Nj260+60) (uniform distribution per efflorescence | .
60 kg N ha' for each cutting) emergence in 50 —55 days
PK + Ni20uo0+80) (unnuniform distribution
per 40-N treatment for first cycle, per 80 eifrlri);:szrelilze in 50 — 55 days
kg N ha™' for second cycle) £
PK + N120(4o+4o+4o) (uniform distribution . . .
per 40 kg N ha™ for each cutting) elongation in 40 — 45 days | in 40 —45 days
PK + Nj2+40+80) (unnuniform distribution
per zero-N treatment for first cycle, per 40 . . 3 . 3
ke N ha™ for second cycle and per 80 ke elongation in 40 — 45 days | in 40 —45 days
N ha™ for third cycle)
efflorescence | . .
PK + Ni200+40+80) emergence in 40 — 45 days | in 40 — 45 days
PK + Nj200+40+80) efflorescence | in 30 — 35 days | in 30 — 35 days

At each sampling date, for each grasslands and each subplot the sample kept for dry matter
(DM) yield measurements of the fresh harvest biomass was weighed and dried at 105¢C to
determine the dry matter (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 (DM t-ha™).

Increment in the result of the use of radical improvement on the new-established grassland
was calculated in relation to control on surface improvement grasslands without fertilizer. So far,
from agroecological viewpoint, unfertilized permanent grasslands define native fertility [29].

RESULTS

DM yield of the permanent grassland significantly dependent on distribution of nitrogen
fertilizer and stage of cutting as shown in table 2.

DM yield of the control without fertilizer was on the average 3.21 t-ha-1 during five years.
This is significantly less than for the fertilized variants.



49

Table 2. Dry matter yield (DM t-ha™) of permanent grasslands depending on fertilizer and
stages of cutting (SC)

Years

Fertilizer SC = > 3 i o Mean
UF A | 149 2.05 3.51 4.04 4.97 3.21
PK A | 192 2.6 4.12 5.13 5.54 3.86
PK + Ni20(60+60) A | 683 6.9 8.15 9.49 6.22 7.52
PK + Ni2ou0+80) A | 6.05 6.17 7.07 7.59 6.37 6.65
PK + Ni200+40+40) B | 7.59 6.7 9.17 8.7 6.41 7.71
PK + Ni20(0+40+80) B | 6.47 5.25 8.99 7.33 6.41 6.89
PK + Ni20(0+40+80) C 54 6.01 9.51 8.95 6.07 7.19
PK + Ni200+40+80) D | 5.76 6.72 9.13 8.95 8.06 7.72
LSD g5 0,59 0,65 0,48 0,33 0,54

A - first cutting at stage of efflorescence emergence, next in 50 — 55 days, B - first cutting at stage
of elongation, next every 40 — 45 days, C - first cutting at stage of efflorescence emergence, next every 40 —
45 days, D - first cutting at stage of efflorescence next every 30 — 35 days.

DM yield increased by 20% as result of application of phosphorus-potassium fertilizer,
60 kg P-ha™ and 90kg K-ha™ In 2007 DM yield of unfertilized control and PK was higher than by
35 — 37% in 2006. This increase in DM yield was due to the native fertility of old grasslands,
since these variant’s soils were rich for organic matter, which is one of the most important
sources of nutrients’ renewal. Moreover a water-retaining capacity of organic matter is five-ten
times higher in comparison to the mineral part of soil (22). In 2007 the weather was arid.

Application of full mineral fertilization (NPK) increased DM yield by two-three times in
comparison to unfertilized control. Similar resalts were obtained by others scientist (30).

DM yield was highest for even distribution (per 40 kg N-ha™' for each cutting) and the first
cycle in stage of elongation among four variants, where nitrogen fertilizer (120 kg N-ha™ ) was
applied. Average DM yield of this variant in five research years was 7.71 DM t-ha™'. Cutting in
such stages without early spring N treatment DM yield reduced to 6.89 DM t-ha™.

DM vyield significantly depended on the date of cutting for uniform N fertilizer and the
highest DM yield was 7.72 t-ha' for the first cutting at the stage of efflorescence.

Therefore, the highest DM yield was 7.72 t-ha ' for permanent grasslands. Such yield was
obtained by unnuniform distribution per zero-N treatment for first cycle, per 40 kg N-ha™ for
second cycle and per 80 kg N-ha™ for third cycle with phosphorus-potassium fertilizer and cutting
of herbaceous at first cycle in stage of efflorescence. Similar results were obtained by some other
scientists. Following by Mashchak (13), DM yield was 7.7 t-ha "' for application of 120 kg N-ha ™'
with phosphorus-potassium fertilizer, in accordance with Homyk (8) DM was 7.1 t-ha ' for such
dose of nitrogen, which was applied on Prekarpation sowing grasslands.

According to Begey (2) in Prekarpation region the old meadow grasslands provide the
significant yield due to the mineral fertilizer and there was obtained 8.6 t-ha "' of DM yield using
the mineral fertilizer. The efficiency of nitrogen fertilizer was very high similar to other different
experiments. Our researches confirmed such theory.



50

The high productivity was obtained as result of native fertility and phosphorus-potassium
fertilizer, but the nitrogen fertilizer provided the main yield. Increment on use of N treatment was
within 193 — 232%, and it was the highest for even distribution of nitrogen where 1 kg N
provided 41 kg DM. If N fertilizer was not applied early in spring it causess reduction of
increment to 193%. There is well-defined dependence between N-treatment and date of cutting:
increment on N fertilizer is increasing with each stage. The increment from 1kg N was
29 kg DM and 33 kg DM for the first cutting at stage of elongation and the first cutting at stage
of efflorescence respectively.

Productivity of the legume-grass grasslands depended on fertilizer, inoculation and grow
stimulator on new-established experiment (Tab. 3).

Table 3. Dry matter yield (DM t-ha™) of new-established grasslands depending on fertilizer,
inoculation (IN), grow stimulator (GS) and microelements (ME).

Production years Mean
Fertilizer
1 st 2nd 3rd 4lh 5th
UF (unferilizing control) 2.0 4.1 3.9 6.2 4.7 4.2
PK (include 60 kgP-ha" and 90 kgK-ha™) | 3.5 | 65 | 42 | 68 | 5.5 5.3
PK + grow stimulator Oazys 5.6 6.0 6.5 7.1 5.1 6.0

PK + grow stimulator Oazys + Mikrosol 5.0 6.2 6.3 8.1 5.2 6.2

PK + inoculation 4.9 7.5 5.1 7.8 6.1 6.3

PK + grow stimulator 5.3 6.6 6.1 8.0 1.7 6.8

PK + inoculation + grow stimulator Hart 5.8 8.4 6.9 9.1 7.7 7.6

PK + inoculation + Mikrosol. 5.4 7.2 6.8 8.5 6.0 6.8

LSD g5 5.7 8.1 7.6 39 6.4

The highest DM yield of legume-grass grasslands (7.6 DM t-ha™') was obtained for variant
applied by phosphorus-potassium fertilizer and grow stimulator Gart; the seeds were inoculated
by the ryzobofit. Phosphorus-potassium fertilizer increased the yield productivity by 28%, and
application of only one of biopreparation promoted rise in yield by 45 — 62%: DM was 6.0 t-ha '
for application the grow stimulator Oazys, 6.3 t-ha "' for inoculation and 6.8 t-ha ' for spraying by
grow stimulator Hart.

Averaged over five production years, there was 4.2 ttha” DM yield for unfertilized control
of the new-established grasslands, which is higher by 0.9 t-ha™ than of the unfertilized control of
permanent grasslands. Therefore, the radical grassland improvement, that included sowing
legume-grass mixture and ploughing with turn to 180e supported 41% of total increment and on
the basis of this increment in result of new-grasslands formation was calculated.

Application of lime and phosphorus-potassium fertilizer promoted 43% of increment
increase that is by 20% higher than in permanent grasslands. The difference can be explained by
availability of the legume grass, which can increase the productivity to 1.3 — 2 times without
nitrogen fertilizer (18).
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Biopreparation promoted increase of DM yield by 11 — 19%. Inoculation supported of DM
yield by 11% as result of the symbiotic activity of legume. They are fixing the atmospheric
nitrogen and improving activity of the native nitrogen-fixing bacteria.

Spraying by grow stimulator Gart provided increase of DM yield by 13%.

The highest effect of the biopreparations was obtained when they were applied together.
The increment of DM yield was 19 % and 16.1% when inoculation was joined with grow
stimulator and with microelements, respectively. A little increment in result of use the
microelements (5 %), was caused by the high number of soil organic matter.

Thus, 41% increment of DM yield of the new-established legume-grass grasslands was
obtained by new-grasslands formation on the permanent grasslands.

CONCLUSIONS

The main increment yield of permanent degraded grasslands was provided by nitrogen
fertilizers. The highest efficiency is observed applaing even nitrogen distribution (1 kg of active
ingredient of nitrogen provides 41 kg DM).

The increment yield is increased by 41% in the new-establishment with radical
improvements which include plouging with turn to 180e and sowing of legume grass mixture.
Increments are 11% and 13% as a result of the use of the inoculation and grow stimulator,
respectively.

Comparisons of surface improvement with radical amelioration and no-till technology in
western region of Ukraine shown that application of nitrogen fertilizer for surface improvement
provides higher DM yield than new-established grasslands where N-treatment was excluded.
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AHOTAIIS

YPOXKAMHICTb TPABOCTOIB 3AJIEKHO BIJI CIIOCOBIB
IHOJIITINEHHA TOBI'OTPUBAJINX PI3HOTPABHO-3JIAKOBUX JIYK

Ha croromuimHiii 4yac akTyaJbHHM IIOCTA€ MUTAHHS PCHOBAIIl JNErpajioBaHUX JIYYHUX
yrifb, M0 CIOPUSATAME HE JIMAIIC MiJBUINCHHIO iX MPOJAYKTUBHOCTI, a W MOKpAIICHHIO BCi€l
arpoekocuctemu. Kopmosi yrimns B Jlicoctemy Ykpainm 3aliMaroTh OMM3BKO 2 MIH. Ta 1 €
BXJIMBUM PE3€PBOM 30UIBIICHHS BUPOOHHUIITBA KOPMIB. € po3pobiaeHo 6araTo TEXHOJOTIH, sSKi
JAIOTh 3MOTY MiJBUIIATH HPOAYKTHBHICTH JyK B 2-3 pasd, OJHAK OUTBINICTH 3 HHUX € IyXKe
E€HEPrOEMHUMH Ta HE 33/I0BOJIbHSIOTH CYy4aCHUX €KOJOTTYHUX BUMOT.

Psan pocmikeHh TOBOPSATH MPO Te, IO YPOXKAHHICTH CTapOCISTHUX TPaBOCTOIB MOXKHA
MIBUIUTA 32 PaXyHOK ONTHMAaJIbHOTO YyIOOpPEHHS 1 BHUKOPUCTAHHS, IO 3HAYHO 3HU3UTH
3aTpaTH, a OT)KEe 30UIBIINTH E€KOHOMIYHY e(EeKTHBHICTH TpaBocTOl0. BcraHoBieHo, mo Ha
JIOBIOTPHUBAJIMX TPAaBOCTOSAX O€3 3acCTOCyBaHHS JOOpHMB CisHI TpaBM LIBHJKO BHIIAJAIOTH 13
TPaBOCTOIO 1 3aMILIYIOThCS IHIIMMH MaJIOLiHHUMH BuaMu. [Ipn BHeceHHI pochopHO-KamiiHIX
100pHUB (OpPMYEThCS HU30BHUIT 606OBO-31aKOBHIT TpaBOCTili MpoxykTuBHiCTIO 2,8-3,7 Tra’’ cyxoi
pCUOBHMHM, a BHECEHHS a30THHX J0OpHMB Bele JO CTBOPEHHS LIHHOTO TPaBOCTOIO 3
HepeBaKaHHIM TPCTHLI 301pHOT Ta KOCTPHLI YEpBOHOI.

Cepen 6araThox HEpPO3B’SI3aHUX MPOOJIEM CLITBCHKOTOCIIOAAPCHKOTO BUPOOHHIITBA BAXKIINBE
MiCIle HaJeXHUTh 30epekeHHI0 abo xo4da O cralimizamii mPUPOTHOI POIIOYOCTI TPYHTY i3
OJTHOYACHUM  TIJBHUILICHHSIM MPOAYKTHBHOCTI  CIJIbCBKOTOCHOAAPCHKUX  KyJIbTYp. Tomy,
JIOKOPIHHO TMOJIIIIYIOYM AOBrOTPUBAINI TPABOCTIH, MU MpParHy/id MakCHUMallbHO BHKOPUCTATH
MIPUPOJIHUN PECYpPC JOBIOTPUBAJION JTYKH.

Meroro  mocnijpkeHb OyJno TOpPIBHSHHS  ypOXKAalfHOCTI ITOBEPXHEBO  IOJIIIIEHOTO
PI3HOTPaBHO-3JIaKOBOT'O TPABOCTOIO i3 HOBOCTBOPEHHM 0000BO-371aKOBHM.

JocinipkeHHs TPOBEJCHO Ha CTalliOHApHOMY J0CHii [HCTUTYTY ciibehbKOro rocrnogapcrsa
Kapnarcekoro periony HAAH (pik 3akmanku 1974), sxuii y 2006 p. Oyio mojinmieHo IBoMa
cnocobamu. Ilepmmii cmoci6 — MOBEpXHEBE TMOMIIIICHHS CIIOCOOOM BHECCHHS IIOBHOTO
MIiHEpaJIbHOIO YJOOpPEHHS 13 PI3HUM pO3MOJNUIOM a30Ty J00puB. JlOKOpiHHE NOKpalleHHS
JIOBrOTPHUBAJIOT JIyKH OyJIO0 MPOBEIEHO 3a JOMOMOIOI0 SIPYCHOI OpaHKH 3 000pOTOM IulacTa Ha
180°. Tlepem pEeKOHCTPYKINEIO AOCTiMYy OynO BH3HAYEHO KiIBKICTh KOPEHEBHX 1 POCIHMHHHX
pPEIITOK, SKi TCIAS OpaHKH OyiM TMOBHICTIO 3apOOJICHMMH Yy TPYHT. 3TiHO TPOBEICHHUX
pPO3paxyHKiB BCTAHOBJICHO, IO MPH 3aCTOCYBaHHI OpaHKH 3 oboporoMm Tuiacta Ha 180e Ta
MPOBEJICHH]I MPUCKOPEHOTO 3ayXXEHHS IOBTOTPUBAJIOrO TPAaBOCTOIO a30THI JOOpWBa BHOCHUTH
HEOIIIHHO, OCKUTbKM HECTadi B IIbOMY €JIEMEHTI HEMa€e — WOro TIOMOBHSIOTh KOpPEHEBi 1
POCIMHHI PEIITKH, KOTPi 3aJMINATHCS B IPYHTI, @ HE BHHOCHUTUMYTHCS 3 HBOTO SIK IIpHU
KJIacUYHOMY 00po0iTky. ToMy mnpu JOKOpIHHOMY MOJINIIEHH! JYYHUX YTiJb TPHUBAJIOTO
BUKOPUCTAHHS, HAMH OYJIO BHKIIOYCHO a30THE YAOOPCHHS, a HATOMICTh BKJIFOUCHI iHII BUAM
YIOOPEHHS: CTUMYIISATOPH POCTY, MiKPOCICMEHTH Ta IHOKYJISTHTH.

VY 3zaxigmomy Jlicocremy Ha TEMHO-CIpHX OMIJ30JICHUX JIETKOCYTJIMHKOBUX IPyHTax
YpOKaliHICTh TOBEPXHEBO TIOJIMIICHOTO0 i3 BHECCHHSAM IIOBHOIO MiHEpalbHOIO JOOpUBa
(N120PoKop) MOBroTpmBaioro TPaBOCTOIO JEIIO TEPEBUINYE MTOKOPIHHO TMOJIMIICHUH, 13
TEXHOJIOTIH SKOTO BHKIIIOUEHE a30THE yAoOpeHHs: 6,6 — 7.7 Tra’ mpotu 6,0 — 7,6 rra’.
OCHOBHHMI TPHUPICT ypO’Kar0 JOBFOTPHUBAIOTO TPABOCTOIO 3a0€3MeUylOTh a30THI Jo0pHBa
(107 — 140%). HaiiBuma iX epeKTHBHICTh CIIOCTEPITacThCS MPU PIBHOMIPHOMY PO3MOALII a30Ty
(1 xr mitouoi peuyoBwHHM n00puB 3abe3meuye 41 kr cyxoi pedoBuHH). [Ipu HOKOpiHHOMY
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nosinueHHi 41% npupocTy ypoxaro 3abe3neuye nepe3asykeHHs, sKe BKIII0YaE IPyCHY OpaHKy
Ta ciBOy 0000BO-371aKOBOi TPaBOCYMILIKH; HPHUPICT BiX 1HOKyssUil HaciHHsS 000OBHX TpaB
puzoboditom cranoBuTh 11%, a Big ctumymsropa pocty “I'apt” 13%.

KurouoBi cioBa: rmacoBumia, Memiopariisi, BpOXaWHICT, J00pWBa, 1HOKYJISIIS,

CTHEMYJIITOPH POCTY.
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ANTIOXIDANT PROPERTIES OF SOME MEDICINAL PLANTS
IN SKOLE DISTRICT

Abstract. The article highlights the research results on the study of the antioxidant
enzymes activity in some medicinal plants of Skole district. The highest catalase activity was
found in the flowers of Calendula officinalis; the plant contains a significant percentage of
carotenoids (3%) and up to 0.8% of flavonoids, phytoncides, glycosides, tannins, saponins, up to
8% of organic acids, vitamin C, potassium, calcium, magnesium, which spread plant antioxidant
properties. The highest superoxide dismutase activity is in the flowers of Hypericum perforatum.
This is, apparently, due to the high content of flavonoids (in flowers 1.1%), nicotine and ascorbic
acid, routine, quercetin, isoquercitin, tannins (up to 10%), anthocyanins, saponins, carotene (up
to 55 mg%). The research results indicate that Tanacetum vulgare and Potentilla erecta have
equally high activity of superoxide dismutase and catalase.

Keywords: medicinal plants, antioxidant enzymes, superoxide dismutase, catalase.

INTRODUCTION

In the last decade, interest in determining the antioxidant activity of plant material,
biologically active substances, food and beverages increased. This is due to the fact that one of
the main causes for the most dangerous diseases is free radicals accumulation in the human body.
Due to the harmful effects of free radicals, cellular structures are damaged, which leads to
pathological changes, oncological diseases, as well as premature aging [2, 4, 13].

Today, there are a large number of synthetically extracted antioxidants helping the human
body to remove harmful catabolism products. However, they have at the same time a negative
impact on the body, because the disintegration products of synthetic substances can also be
accumulated as not the desired components [1, 6, 14]. Therefore, the search for natural analogues
of antioxidants, which would help our body to remove free radicals, is an important task for
modern science.

Purpose. To study antioxidant enzymes activity of some plants in Skole district.

MATERIALS AND METHODS

The research was carried out with plants samples (Tanacetum vulgare, Potentilla erecta,
Hypericum perforatum, Calendula officinalis), selected in the summer of 2015 in Skole district.

Superoxide dismutase and catalase activity were determined in plants homogenates.
Repeatability of the experiment was 5-fold for each plant.

Determination of superoxide dismutase activity

The activity of superoxide dismutase was investigated by determining the inhibition
level by the enzyme of the reducing process for nitrosine tetrazolium in the presence of
NADH and phenazine methisulphate by the method of E. Dubinina and co-authors [12].
Ethyl alcohol and chloroform (at final concentrations of 30% and 15% respectively) were
used to precipitate the compounds preventing the determination of the enzyme activity in the
cells lysates under study, followed by centrifugation at 12,000 g.



56

The incubation mixture (3 ml) contained 0.15 M Na-phosphate buffer (pH 7.8),
1x10° M EDTA, 0,4><10’3 M nitrosine tetrazolium, 1,8><10’6 M phenazine methisulphate,
0,1x10° M NADH, 1 mg of gelatin.

The supernatant fluid obtained after centrifugation of the studied cells lysates was
added to the incubation mixture in the volume of 0.05-0.1 ml, which caused inhibition of the
reduction process for nitrosine tetrazolium by 30-70%. Control samples contained the same
components with the exception of supernatant fluid. The reaction was started by adding
NADH to the experimental and control samples. The incubation was carried out for
10 minutes in the dark at a temperature 20°C in aerobic conditions. Extinction was measured
on a spectrophotometer C®-2000 at a wavelength of 540 nm.

Determination of catalase activity

To determine the catalase activity, the enzyme was extracted with 0.9% sodium chloride
solution in a ratio of 1:10. The resulting herbal extract was centrifuged for 15 minutes at 3,000 g.
The enzyme activity was determined in the supernatant by photocolorimetry at a wavelength of
410 nm. The reaction mixture contained: 9.5 ml of sodium chloride; 1 ml of ammonium
molybdate; 2 ml of 0.03% hydrogen peroxide solution (H,0,); 1 ml of sulfuric acid and 0.1 ml of
the enzyme contained in the plant extract. Enzyme activity was expressed in pmol per 1 minute,
listing the data for 1 mg of protein [11].

RESULTS

Catalase is an enzyme that decomposes hydrogen peroxide, formed during the process of
biological oxidation, into water and molecular oxygen: 2H,0, = 2H,0 + O,, and oxidizes low
molecular weight alcohols and nitrites in the presence of hydrogen peroxide, and thus takes part
in the cellular respiration process. Catalase is one of the fastest enzymes: One catalase molecule
is capable to convert several millions of hydrogen peroxide molecules into water and oxygen per
second [4, 8, 9].

The activity of catalase is established in the studied plant samples (umol / min per 1 mg of
protein).
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The highest catalase activity is found in the Calendula officinalis flowers is
3.65 + 098 pumol / min per 1 mg of protein. In terms of biochemical composition, the plant
contains a significant percentage of carotenoids (3%) and up to 0.8% of flavonoids, phytoncides,
glycosides, tannins, saponins, up to 8% of organic acids, vitamin C, potassium, calcium,
magnesium, which propagate antioxidant properties of the plant.
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Fig 1. Catalase activity in the studied species of medicinal plants

In a normal superoxide dismutase metabolism, a steady-state concentration of superoxide
radicals is maintained at a certain level, thereby protecting the cellular structure from the
damaging effect of both the O- radicals itself and the appearance of hydroxyl radicals that can be

formed from O- and HO [3, 5, 10].

The superoxide dismutase activity is determined in the plants samples (units / g of plant

material).
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The highest superoxide dismutase activity is in Hypericum perforatu flowers, and is
1959 + 148,5 units / g of plant material. This is, apparently, due to the high content of flavonoids
(in flowers - 1.1%), nicotine and ascorbic acid, routine, quercetin, isoquercitin, tannins (up to
10%), anthocyanins, saponins, carotene (up to 55 mg%).
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Fig 2. Superoxide dismutase activity in the studied species of medicinal plants

CONCLUSIONS

1. Antioxidants are oxidation inhibitors, natural or synthetic substances that can inhibit
oxidation. It is known that the highest antioxidant action has a vegetable raw material with high
phenolic and polyphenolic compounds content, as well as vitamins A, E, K and C. Moreover,
biologically active compounds, such as terpenoids of the phenolic series, such as carnosol,
khamasulin, coumarin, quercetin, etc. also show antioxidant activity.

2. The highest superoxide dismutase activity is in Hypericum perforatum flowers
(1959.78 £ 148,5 units / g of plant material). This is, apparently, due to the high content of
flavonoids, ascorbic and nicotinic acid, quercetin, tannins (up to 10%), resins (up to 10%),
anthocyanins, saponins, carotene (up to 55 mg%).

3. The highest catalase activity is in the Calendula officinalis flowers is
3.65 + 0.98 umol / min per 1 mg of protein. In terms of biochemical composition, the plant
contains a significant percentage of carotenoids (3%) and up to 0.8% of flavonoids, phytoncides,
glycosides, tannins, saponins, up to 8% of organic acids, vitamin C, which enhance the
antioxidant properties of plants.

4. The research results indicate that Tanacetum vulgare and Potentilla erecta have
equally high activity of superoxide dismutase and catalase.
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AHOTANIA

AHTHOKCHUJAHTHI BJIACTUBOCTI AEAKUX JIKAPCBKHUX

POCJIMH CKOJIBCHKOI'O PAUOHY

B ocrtanHe nmecATHUpiUYS MIABUIIYETHCS IHTEPEC 10 BU3HAYCHHS aHTHOKCHIAHTHOI

AKTUBHOCTI POCIMHHOI CHPOBHHH, OIOJIOTIYHO aKTUBHHX PEUOBHH, Xap4YOBUX IPOAYKTIB Ta

HAIIoIB.

Ile moB’s3aHO0 3 TUM, MO0 OJHIE0 3 OCHOBHUX INPUYMH HAKOLIBII HEOC3MECYHUX

3aXBOPIOBAHb € HAKONMYCHHS BUIBHUX PaJUKaJiB B OPTraHi3Mi JIOJUHHU. 3a PaxyHOK LIKiJJIHBOI
Jii BUIBHUX paJyKajiB BiOYBAE€THCS IMOIIKOJUKEHHS KIITHHHUX CTPYKTYp, IO MPHU3BOAUTH JO
NaTOJIOTTYHUX 3MiH, OHKOJIOTIYHHX 3aXBOPIOBAHb, a TAKOXK NEPEeI4aCHOMY CTapiHHIO.

Ha cporonHilHii JIeHp iCHY€ BEIHKA KUIBKICTh CHHTETUYHO JOOYTHX aHTHOKCHIAHTIB,

SKi JIONIOMaraloTh OpPraHi3My JIIOJVHM BHBOJIMTH INKIJUIMBI IIPOXYKTH Karaboiuizmy. Ale
OJJHOYACHO BOHM MArOTh i HETaTMBHUH BIUIMB Ha OpraHi3M, 060 IMPOOYKTH PO3Many CHHTETHYHHX
PEUYOBHH TEK MOXYTh HAaKOIIMYYyBaTHCA, IK He OakaHi KOMIOHEHTH. ToMy, MOLIYK NPHUPOJHUX
aHAJIOTIB aHTHOKCHIAHTIB, Ki O IOoTIoMarajiyd HalmoMy OpraHi3My BUBOJHWTH BUTbHI pajuKaiu, €
BaKJIMIBHUM 3aBJIaHHSAM CYYacHOI HAyKH.
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Marepiann i meroamka. J{ocmi/pkeHHsST TPOBOMMIIM 31 3pa3KaMH POCIHMH: 3BIpOOiH
3puvaiiHui  (Hypericum perforatum), nepcrau npsimoctostamii  (Potentilla erecta), Harigku
nikapebki (Calendula officinalis), mmwkmo 3Buvaiine (Tanacetum vulgare), BiniOpaHMUMU BIITKY
2015 poxy Ha TepuTtopii CKOTIBCHKOTO paiioHy.

VY romoreHaTax pOCIMH BH3HAYaJIHW CYHNEPOKCHUAAMCMYTA3HY i KaTajla3Hy aKTHBHOCTI.
IToBTOpPHICTE JOCIHIY AT KOKHOT POCIMHHU S-pa3oBa.

PesyabTaTi aociigxeHb. HaiiBuima kaTana3Ha aKTHBHICTh BHSIBISETBCS Y KBiTax
Calendula officinalis cranoButb 3,65+098 MKMoIb/XB Ha 1 Mr 6iska. 3 TOYKH 30py O10XiMITHOTO
CKJIaay, POCIMHA MICTHTh 3HAYHHHA BifcOoTOK KapoTuHOimiB 3% i1 mo 0,8% ¢maBoHOImiB.
(biTOHIUAY, THIKO3HUIU, TyOWIbHI PEYOBUHH, CANIOHIHU, N0 8% OpraHiyHMX KUCIOT, BitamiH C,
KaJii, KaNpliil, MarHii, sIKi MOMIMPIOIOTh AHTHOKCUIAHTHI BIACTUBOCTI POCITUHH.

HatiBumoro cynepokcUIAMCMyTa3Ha aKTUBHICTH € B KBitax Hypericum perforatum i
cTtaHoBUTh 1959%+148,5 yMm.on/T pOCIMHHOI CUpPOBUHH. Lle 3yMOBIEHO, OYEBHJIHO, BHUCOKUM
BMicTOM (priaBoHOINIB (y KBiTKax — 1,1%), HIKOTHHOBOIO 1 aCKOPOIHOBOKO KHUCJIOTAMHU, PYTHHOM,
KBEPLUTPUHOM, i30KBEPLITPIHOM, TakoX IyOMIbHUMH pedyoBuHamu (1o 10%), aHTOLiaHAaMWU,
CaroHiHaMH, KapoTHHOM (110 55 Mr%).

BucHoBku. HaiiBumry aHTHOKCHIAHTHY Jif0 Ma€ POCIMHHA CHPOBHHA 3 BUCOKHM BMiCTOM
(eHONPHUX Ta TOMiI(EHONBPHHUX CIONYK, a Takox BitamiHiB A, E, K i C. Kpim Toro,
AQHTHOKCHIAHTHY aKTHUBHICTH MPOSBISAIOTH TAKOXK 010JOTiYHO aKTHBHI CITONYKH — SIK TEPIICHOIIH
(heHOTBHOTO pSAY, TaKi SK KapHO30J, XaMa3yJieH, KyMapuH, KBepIUTHH Ta iHmm. Pesympratn
JIOCJIJIKCHHS CBiYaTh, 10 OJJHAKOBO BHUCOKOIO aKTHBHICTIO CYNMEPOKCHATUCMYTA3H 1 KaTajaa3u
BononitoTh Tanacetum vulgare 1 Potentilla erecta. HaiiBuiia cynepoKCUAIUCMYTa3Ha aKTUBHICTb
BCTaHOBJIEHA y KBiTax Hypericum perforatum, a karanasna — y ksitax Calendula officinalis.

KiarouoBi cioBa:  JikapchKi  POCIMHHM, AHTHOKCHAAHTHI  (epmeHTH, Cymep-
OKCHJIIUCMYTa3a, Karaasa.
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SEED PRODUCTIVITY OF ANEMONE NEMOROSA L. IN THE
CONDITIONS OF SUBCARPATHIA

Absrtact. This article studies peculiarities of the reproduction of the Anemone nemorosa L.
in the four sites with different plant cover near the village of Ralivka, Sambir district, Lviv region
in 2015-2016. The research was conducted in order to find out the success of seed reproduction
of this species in the area.

We estimated the potential and actual seed productivity of the Anemone nemorosa L. and
established the coefficient of seed productivity for each site. It was found that the lowest
productivity of this plant is typical for the "Mixed Forest" and "Beech Forest" sites, and the best
one is for the "Forest Plantation" site.

In all four localities the value of the ratio of pollen grains and seed germs (coefficient P/O)
varies within 3589-4365. Thus, Anemone nemorosa L. is characterized by cross pollination and a
weak degree of specialization in entomophilia.

INTRODUCTION

Each plant species is an integral part of the plant genetic fund and has a significant potential
value for the future use. One of the prerequisites for the protection of rare and endangered plant
species is the study of their ecological and biological features and on this basis — development of a
system of measures for their conservation. The introduction of plants into culture has an important
place in the strategy of protecting vegetation on the planet. Today, there has been an acute problem to
preserve the grass early inflorescences, namely Anemone nemorosa L.

Oak forests used to be the main growing site for Anemone nemorosa L. Their decrease has
led to the simultaneous decrease of Anemone, which was directly dependent on them. Another
reason for their disappearance is the commercial use of plants for bouquets. The plant is so weak
that it can easily be ejected, and it takes at least 10-12 years for a new plant to blossom.
Therefore, it is necessary to reduce their gathering and increase their cultivation.

Seed productivity is a very important indicator that characterizes biological features of the
species. It characterizes the ability of wild plants to restore their population and is one of the
features which show the success of the introduction.

Seed productivity is one of the most important indicators that characterize the role of the
species in phytocoenosis. Potential and real parameters of seed productivity are important basic
characteristics in reproduction of the population and, in part, reflect the degree of its adaptability
and resistance to the action of external factors under specific conditions [5, 10]. But even today,
the seed productivity of many species of plants has not yet been sufficiently studied.

The purpose of this work was to study the seed productivity of the Anemone nemorosa L. in the
four sites with different vegetation cover in the vicinity of Ralivka, Sambir district, Lviv region.

Genus — Anemone, belongs to the family of Ranunculaceae and was first described in 1735.
It includes about 80 species, which are common in the extratropical regions of the northern
hemisphere. The genus also occurs in Ukraine in broadleaf and mixed forests in the Carpathians
and Polissya, occasionally in the forest-steppe zone. The name of the genus comes from the
Greek "anemos" — the wind. It possibly has a connection with the fact that the plant blooms in the
time when the spring winds are high in the mountains [13]. This marks the connection of the
period of spring winds with the flowering of certain species of the genus. Indeed, the spring
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winds shake the white heads of the flowers, fluttering with their petals, shaking the white-foamed
surface of the flowering sea [9].

The species belongs to the early spring ephemeroids and often creates one of the first spring
aspects in the woods, shrubs and meadows [6]. According to T.K. Gorishina, the seasonal dynamics of
photosynthesis and the calculation of the balance of organic matter, the flowering of ephemeroids
occurs almost entirely at the expense of spare substances that accumulate during the year, and
therefore Anemone nemorosa L. blooms even at low temperatures of the soil and air [4]. The seasonal
thythm of Anemone nemorosa L. growth is studied mainly in the northern steppe. The spring
vegetation of the plant begins immediately after the melting of the snow; first, the lower leaves of
flowering shoots open up, then, grow the upper parts of plants with flowers; the flowering itself is at
the end of the spring or the beginning of summer. Early-summer ephemeroid is pollinated by insects,
mainly bees and wasps. Adaptation to entomophilic pollination in unfavourable conditions in the early
spring is manifested in the massive discovery of flowers in warm weather, in the longest period of
their life, as well as periodic closure at night and in adverse weather conditions. Fruits of Anemone
nemorosa L. fall in late May-early June; maturation of the seed in them lasts for 2.5-4 months. Part of
the fruits sprouts in autumn in the year of formation, others — the following spring; the fruits can be
kept viable and do not sprout over the next few years.

The area of Anemone nemorosa L. is European. The height, vertical clarity of species
growth is subalpine, plain. Regional distribution of species in Ukraine: forest zone (Ukrainian
Carpathians, Podillya, Roztochya, Right-bank Polissya), Right-bank Forest-steppe (occasionally),
Left-bank Polissya (occasionally), Left-bank forest-steppe (occasionally). In moist, shady places,
especially in the woods, it develops on a loose, nutritious soil in large numbers [17]. Pic. 1
presents the distribution map of Anemone nemorosa L. in Ukraine.
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Pic. 1. Distribution of Anemone nemorosa L. in Ukraine [7]

Anemone nemorosa L. is a herbaceous plant, rarely — a shrub, mainly with well-developed
rhizomes. If in the spring the rhizome remains without the above-ground part, the plant dies. A
characteristic feature of the genus is the veil of three (sometimes two or four) dissected green
leaves, which are aligned at the top of the flower grass, which are somewhat detached from the
flower. Flower baskets of the upper or axillary, single flowers, hemicilocic, with 4-20 leaves of
plain perianth; without nectarians or nectary holes on leaflets of the flower. It is characterized by
a large number of stamens, their threads are relatively short; gynoecium is apocarpic, numerous,
pistils are free with short straight or bent staminodes lengthening during the fruit period. An
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ovary is with one hanging seeded rudiment. A fruit is numerous nuts of various shapes, with
short spouts [17], it functions as deseminulus, defensive role of the fetus persists until the
germination of the seed [15], spread by the wind (with hairs, with wing-like edges) or ants [21].

Anemone nemorosa L. belongs to unofficial medicinal plants. It is gathered during flowering.
For therapeutic purposes, leaves are used, stems and flowers. In fresh form, most species of Anemone
have poisonous properties. Plants contain anemonol. The grass of the Anemone nemorosa L. also
contains saponins, protoanemonium, chelidonic and ascorbic acid as well as mineral substances. The
leaves of this plant are characterized by narcotic effects. Preparations of Anemone nemorosa L. are
analgesic, antispasmodic, antimicrobial used for diseases of the gastrointestinal tract, malignant
tumors, arrhythmias, pneumonia, as a means of increasing the activity of the kidneys and lungs. It is
also used in the treatment of gout, whooping cough, paralysis and other diseases [9].

MATERIALS AND METHODS

The research was conducted during March-June 2015-2016 in the southeastern and eastern
outskirts of the city of Sambir, near the village of Ralivka. The material for determining the seed
productivity was the plants of Anemone nemorosa L. collected on the four sites in the vicinity of
Ralivka, Sambir district.

The “Mixed Forest” site is located on the territory of the broad-leaved forest of the Sambir
district near the village of Ralivka, ten meters from Sambir-Drohobych driveway (Pic. 2). This
forest is dominated by black soils with high fertility. The relief of the forest is hilly, but often
there are plain parts as well as cavities and ravines.

The "Forest Plantation" site is in a forest belt with a high frequency of trees 300 meters
from a rural road and 40 meters from the railway track (Pic. 3). The “Beech Forest” is located not
far from the territory of the former military regiment (Pic.4). The intensive excavations of
ammunition are being conducted there, which contributes to the formation of numerous
anthropogenic ravines. The site "Forest Outskirt" is located about one km from the Sambir-
Drohobych road, in a fairly humid part of the forest with a hilly relief (Pic.5).

Pic.2 ""Mixed forest' site Pic.3. ""Forest Plantation' site
(photo by the authors) (photo by the authors)
- e g )

Pic.4 "Beech Forest'' site Pic.5. ""Forest Outskirt' site
(photo by the authors) (photo by the authors)
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The determination of seed productivity was carried out according to the method of
1.V.Vainahiy [2] based on the analysis of such morphometric indicators as the number of flowers,
fruit trees, fruits, seed buds and seeds. By investigating the seed productivity of Anemone
nemorosa plants, we determined the potential seed productivity (PSP), actual seed productivity
(ASP), and the coefficient of seed productivity (CSP). The coefficient of seed productivity was
calculated by the ratio of PSP to ASP and expressed as a percentage.

We have calculated the value of the P / O indicator for each experimental site. Indicator
R / O (ratio of pollen grains and seed germs) was calculated by the following formula [23]:

P/O= N ;
N,

H3

where N,; — the number of pollen grains, N,; — the number of seed germs, produced by one flower.

Calculation of pollen grains was carried out according to the generally accepted methodology.
For each of the four studied sites, we estimated the number of pollen grains for twenty flowers. The
flowers were chosen randomly, from different plants and with different location growth. For each
flower, the number of pollen grains was evaluated in one of the folders of one of the randomly taken
undisclosed anther. The number of pollen grains was counted by determining the number of pollen
grains in one pollinator and multiplied by the average number of stamens in the flower. For the
number of seed rudiments in the flower, the average value of potential seed productivity was taken.

In most cases, we prepared pressurized anther preparation for light microscopy. To increase
the contrast of the preparation its contents were stained with 1% aqueous solution of safranine
[18]. Fig. 6 shows the look of the studied material — Anemone nemorosa L. — a fetus and coloured
with safranine pollen grains. The obtained data was processed statistically.

Fig 6. The look of the studied material Anemone nemorosa L., a — a fetus (mulberry) under the
binocular MBS-9 with a linear (graphite) eyepiece; b — pollen grains under a monocular
(photo by the author).

RESULTS AND DISCUSSION

We have carried out a comparative analysis of the seed productivity of plants in natural
plant communities different among themselves according to the forest typological conditions of
location. The species seed productivity study results are shown in table 1.

Analysis of the data obtained in Table. 1 allows us to confirm the difference between
certain indices in plants that grow in different forest-based conditions.

The highest indicators of potential and actual productivity were observed in the sites "Forest
Plantation" and "Forest Outskirts". The population of Anemone nemorosa L. in the "Forest Plantation"
area is characterized by the following values of the obtained indices: PSP — 22.08; ASP — 20.85; the
fecundity factor is 94.47%, while the population of Anemone nemorosa L. in “Forest Outskirts" site is
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characterized by the following values of indicators: PSP — 21.21; ASP — 19.43; the fruit bearing ratio
is 91.61%. Somewhat lower indicators are characterized by "Mixed Forest" and "Beech Forest" areas.
The population of Anemone nemorosa L. in the location "Mixed forest" in the Sambir district is
characterized by the following values of the obtained indicators: potential seed productivity (PSP) —
20.47; actual seed productivity (ASP) — 18.49; the coefficient of fruiting is 90.33%, and in the location
"Beech Forest" these indicators are: PSP — 19.44; ASP — 17.49; the fecundity factor is 89.59%. These
results indicate favourable growing conditions for Anemone nemorosa L. in open, more luminous
areas.

Table 1. The main indicators of seed productivity Anemone nemorosa L. in Sambir district

of Lviv region in 2015
Ne Location Potential seed Actual seed Productivity
productivity productivity coefficient,%
1 | “Forest plantation” 22,08+0,48 20,85+0,39 94,5
2 "Mixed Forest" 20,47+0,37 18,49+0,36 90,33
3 | «Forest Outskirts» 21,21+0,40 19,43+0,37 91,61
4 «Beech Forest» 19,44+0,40 17,49+0,39 89,59

The conducted comparative analysis of seed productivity in 2015-2016 testifies to an unreliable
growth in potential and actual productivity on the "Forest Plantation" and "Beech Forest" locations in
2016, with "Forest Outskirts" and "Mixed Forest" locations fluctuating within the limits of the error.

Table 2. The main indicators of seed productivity Anemone nemorosa in Sambir district of

Lviv region in 2016
Ne Location Potential seed Actual seed Productivity
productivity productivity coefficient,%
1 | “Forest plantation” 23,75+0,88 21,95+0,83 92,42
2 "Mixed Forest" 19,01+0,66 16,95+0,65 89,16
3 | «Forest Outskirts» 20,92+0,63 19,06+0,62 91,11
4 «Beech Forest» 20,66+0,52 18,55+0,54 89,87

Flowering of plants occurs in April when there is an optimal balance of heat and moisture.
Such conditions are favourable for the formation of generative organs, the ripening of fruits and seeds,
therefore the difference between the indices of PSP and ASP of A. nemorosa plants was insignificant.

The coefficient of productivity determines the degree of realization of the potential
opportunities of the species to seed propagation. The seed productivity of A. nemorosa, which
characterizes vitality of the species in the specific conditions of growth, was high and fairly
stable. Its values fluctuate within 89.2-94.5% according to the years of the study, which indicates
a high reproductive capacity of A. nemorosa plants in the conditions of Subcarpathia.

The obtained coefficient demonstrates high seed productivity, and determination of its
parameters is an important component for revealing the basic characteristics of the morphological
structure of phytocoenosis with participation of the studied species.

Reproduction and reproduction of plants at different crossing systems is related to the
corresponding energy consumption for pollination. The cost of pollination of one flower is
expressed by the ratio of pollen grains and seed germs (English pollen-ovule — P/O), which is the
ratio of male and female reproductive success of the flower and the ratio of the number of male
and female gametes produced by a single flower [24 ] It is supposed that the higher this indicator,
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the more the plant is adapted to xenogamy, and, the maximum values of the index are found in
anemophilous plants, and the minimum — in cleistogamous flowers [20].

According to the results of our research it has been found that the number of stamens in the
flowers from the sites "Beech Forest", "Forest Outskirts", "Forest Plantation" and "Mixed Forest" is
approximately the same from 59 to 64. Comparing the average values of the number of pollen grains
for each of the plots, we can say that for the sites "Forest Plantation”, "Beech Forest" and "Forest
Outskirts" the values are approximately the same and fluctuate within the limits of 1301-1340 pollen
grains in one petiole, and for the mixed forest area the value of the indicator is smaller and is 1294.

According to the average value of pollen grains in the flower and the values of potential
seed productivity the P/O index for the four studied sites was obtained (Table 3-4).

Table 3. Indices of P / O Anemone nemorosa L. in Sambir district for 2015year

“Forest “Mixed “Forest “Beech
Plantation” Forest” Outskirts” Forest”
Number of stamens in the 62,75+0,31 59,0+ 0,44 64,35+0,40 63,9+0,36
flower:M=m
Number of pollen grains in 83512+1072 | 77738+1265 | 85660+1121 | 84859+1033
the flower:M+m
P/O 3911,6 3766,4 4038,6 4365,2

Table 4. Indices of P/ O Anemone nemorosa L. in Sambir district for 2016 year

“Forest “Mixed “Forest “Beech
Plantation” Forest” Outskirts” Forest”
Number of stamens in the 63,55+0,29 62,15 +£0,31 62+0,47 63,5+0,31
flower:M=m
Number of pollen grains in 82184+846 80198+1095 | 834201176 | 82205%955
the flower:M+m
P/O 3588,88 4176,9 4107,34 39789

Population is formed due to the reproduction of organisms in a vegetative way. When
vegetatively propagated, the population is formed by modular organisms. Such reproduction
occurs due to the growth of rhizomes or particulations, resulting in developing parcels in which
organisms are interconnected. Their further development leads to their isolation, the formation of
clones and their system forms the local population. Thus, the structure, organization, functioning
and development of the population are determined by the biological properties of their organisms
and external environmental conditions [5].

CONCLUSIONS

1. The study of seed productivity of Anemone nemorosa L. in the Sambir district of Lviv
region in 2015-2016 showed that the values of the obtained indices of PSP and ASP
practically did not change. They are higher on the locations "Forest Plantation" and
"Forest Outskirt" and are characterized by the following values of the obtained indices :
PSP - 21,4-22,1 and ASP - 20,6-20,8; productivity factor - 94,5-96,7%; PSP - 21,2; ASP -
19.4; the productivity factor is 91.6%, respectively. The following indices were obtained
at the sites "Mixed Forest" and "Beech Forest": PSP - 20.5-20.8; ASP - 18.6; productivity
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factor - about 90%; PSP - 19,4; ASP - 17.5; the productivity factor is 89.6%, respectively.
These figures are somewhat lower compare with the previous locations.

2. In all experimental sites, Anemone nemorosa L. in the Sambir district of Lviv region is
characterized by similar values of potential and actual seed productivity as well as a high
productivity coefficient (89-97%), which indicates satisfactory conditions for seed
reproduction of this species.

3. The average values of the number of stamens in the flower are high for the studied sites
"Forest Plantation", "Beech Forest" and "Forest Outskirts" (approximately 64) and low for
“Mixed Forest” site — 59.

4. The R/O ratio is the highest for the “Beech Forest” site, the smallest — for the “Mixed
Forest” site. On average, on four sites it is 3588-4365. In general, the value of the
indicator R / O for Anemone nemorosa L. is characterized by cross pollination and a weak
degree of specialization in entomophilia.

5. Thus, our research testifies to favourable conditions for the reproduction of the Anemone
nemorosa L. on the "Forest Outskirts" and "Forest Plantation" sites and not quite
favourable on the "Mixed Forest" and "Beech Forest" sites.
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AHOTANIA

HACIHHEBA ITPOAYKTHUBHICTDb POCJIMH ANEMONA NEMOROSA L.
B YMOBAX ITEPEJIKAPITATTA

Bun Anemona nemorosa L. HaleXWuTh O PaHHBOBECHSAHUX e(EeMEpOiliB 1 4acTO CTBOPIOE B
Jicax, y 4arapHMKax 1 Ha MICJIS JIICOBMX JIyKaxX OAMH 13 IIEpIIMX BECHSIHMX acnekTiB. Ce30HHA
JMHaMika (OTOCHHTE3y 1 pO3paxyHKy OajaHCy OpraHIYHHX PpEYOBUH, LBITIHHA Yy edemepoiniB
BIJIOYBAa€THCSI Maike MOBHICTIO 32 PaXyHOK 3allaCHUX PEYOBHH , SKi HAKOMUYYIOTHCS BIIPOIOBK
POKy, i ToMy aHeMOHa JiOpOBHa LBiTE€ HaBiThb IPHM HU3BKUX TEMIIEpaTypax IPYHTY 1 HOBITPSL.
Ce30HHUIT pUTM PO3BUTKY aHEMOHH JIICOBOI BHUBUCHHUI TOJOBHMM YHHOM Yy MIBHIYHOMY CTEILy.
Becnsina Beretarisi pOCIMHH TOYMHAETHCS BiIpa3y IICJIl TAHCHHS CHIrY; HEPIIMMHU PO3KPHUBAIOTHCS
HYDKHI JIICTOYKH KBITKOBHX ITAroHiB, a MOTIM BUTATYIOTHCS 1 BEPXHI YaCTHHH POCIMHHU 3 KBITAMU,
IBITIHHS TPUIAae Ha KiHEIb BECHU YW TIOYATOK JIiTa. PAHHBOBECHSHMI e(heMepoiT 3aIiItoeThCs 3a
JIOTIOMOTOI0 KOMax, B OCHOBHOMY OJpkoimamMu i ocamu. lIpucrocyBaHHS 10 €HTOMO(DIIBHOTO
3aMICHHS B HECTIPUATIIMBUX YMOBAX PAHHBOI BECHH TPOSBIIIETHCS Y MACOBOMY PO3KPHUTTI KBITOK B
TETUTy TOTOAY, B JIOBTil TPUBAJIOCTI iX JKUTTS, a TAaKOXK B TEPIOANIHOMY 3aKpUBAHHI Ha HIY 1 MpH
HECHPHATINBUX ITOTOAHNX YMOBaX.

HaifBuiii moka3HUKH MOTEHIIHHOT Ta (PaKTHYHOI POAYKTUBHOCTI CIIOCTEPIraliCs HA AUITHKAX
«Jliconocanka» Ta «Y3miccs». [lomymsuis Anemone nemorosa L. Ha pinsaii «Jlicomocanka»
XapaKTepHU3yEThCsl HACTYIIHUMH 3HAUeHHAMH OTpuMaHux nokasHukis: [THIT — 22,08; ®HIT — 20,85;
KoedilieHT TUIoAoHOIIeHH 94,47%, a momynsiuist Anemone nemorosa L. Ha AUTAHIL «Y3miccs»
XapaKTepHU3yeThCsl TAKUMHU 3HaueHHsMHM TokasuukiB: [THIT — 21,21; ®HIT — 19,43; koediuieHTt
wiozioHomeHHs 91,61%. Jleno HIKYMMHU NOKa3HUKaMH XapaKTepU3YIOThCs JUITHKY «MilaHuit jtic»
Ta «bykoBuii mic». [lonymsmis Anemone nemorosa L. Ha ninsgani «Mimanwii ntic» y CaMOipchKoMy
paiioni JIbBIBCHKOi 00JIaCTi XapaKTepU3YEThCS HACTYITHUMHU 3HAYCHHSMH OTPHMAaHHX TOKa3HHKIB:
noTeHIiiiHa HacinHeBa mnpoxyktuBHicTs (ITHIT) — 20,47; dakTiuHa HACiHHEBA TNPOAYKTHBHICTH
(®HIT) — 18,49; xoedirmient mioxonomenns 90,33%, a Ha mainsHI «ByKOBHIA JTic» I1i TIOKa3HUKH
cranoByaTe: [THIT — 19,44; ®HIT — 17,49; xoedimieHT miomoHomenHs 89,59%. mi pe3yabratu
CBIYaTh NpO CIPUSTIMBI YMOBHM 3pOCTaHHS Ui Anemone nemorosa L. Ha Binkputiii Ouibln
OCBITJIIOBaJIbHIN MiCLIEBOCTI.

CepenHi 3HaYCHHS KUTBKOCTI THYMHOK Y KBITI[ € BUCOKI JUIS OCITIDKYyBaHHUX IUISHOK <«Jlico-
nocajika», «bykoBuii mmic» Ta «Y3miccs» (pudnamu3Ho 64) 1 HU3bKI IS OUISTHKY «Mimanuii mic» — 59.

Koeoimienr P/O € HaWBUIIMM sl JTUITHKA «ByKOBHH Jic», HAWMCHIIUM ISl TUISTHKH
«Mimanuit nic». Y cepeqHbOMY Ha YOTUPHOX AUISTHKAX BiH CTaHOBUTH 3588-4365. YV minomy 3a
3HAa4YeHHsAM TMoKa3HuKa P/O nnst Anemone nemorosa L. XxapakTepHe IepexpecHe 3alliICHHS Ta
c1a0KHid CTYIHB CIeliai3alii 70 eHToMoQiii.

TakuM YWUHOM, TPOBENEHI HAMHU JIOCTIIDKEHHS CBi4aTh TMPO CIPHUATINBI YMOBH IS
BIITBOPECHHSI aHEMOHHW JiOpOBHOI Ha MUISHKAX «Y3miccs» Ta «Jlicomocaaka» Ta HE 30BCIM
CIIPHUATINBI Ha AUTTHKAX «MiaHuii Jic» 1 «byKoBui JTic».
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THE CURRENT STATE OF ETHEROIDS POPULATIONS IN THE
FLORA OF THE PRECARPATHIA (DROHOBYCH DISTRICT)

Abstract. The problem of preserving phytobiota in conditions of intensive transformation
of the natural environment is one of the important tasks of the present day. The study of flora
and its detailed structural analysis is within the range of current research areas of modern
botany and allows us to develop a scientifically-based strategy for the protection of
biodiversity. Among the plants of natural flora, which require protection, ephemeroids are the
ones most vulnerable to anthropogenic pressure. Negative anthropogenic influence is
manifested in the sprouting of places of growth, early and excessive grazing, burning of plots,
tearing off etc.

This article deals with the issue of species diversity and the distribution of early-growing
plant species within the Drohobych district. It presents the results of systematic analysis of the
region’s flora of the early-flowering plants and studies the abundance of those species. It has
been established that there are 19 species of ephemeroids, which belong to 13 genera, 10
families, 2 classes, 1 department, found in the flora of the Precarpathian region (Drohobych
district).

Key words: flora, ephemeroids, distribution, abundance.

INTRODUCTION

In recent decades, a large number of plants have become rare as a result of human
activity. Many plants are threatened with disappearance precisely because of violation of the
conditions of location, plowing of land, cutting down forests, open exploration of minerals.
Such processes as urbanization and recreational load, uncontrolled tourism cause a decrease in
their number endangering many species, in the first place with decorative and medicinal
properties. In this regard, in an especially threatening situation are early-spring decorative
species which belong to the group of ephemeroids.

Translated from Greek "ephemeros" means fleeting, "quickly-passing”. Primroses are an
ecological group of plants, which amounts to around 500 species in Ukraine. Flowering occurs
before the appearance of leaves on trees. These plants are among the first to attract insects for
pollination in the spring. In recent decades, the number of species and distribution of early-
flowered plants in Ukraine has significantly decreased. Some species were on the verge of
extinction due to the human economic activity in the places of growth of primroses.

It should be noted that there is a high commercial demand for the plants from this group
due to high decorativity of most of their representatives. Numerous visits to the locations of
their growth lead to uncontrollable flower picking and plant digging, sometimes in very large
numbers for further illegal commercial use.

Gathering primroses is also very damaging to nature because it prevents plants from
forming seeds. Furthermore, adjacent flowers are damaged, stems and buds are broken; plants
are completely abated. The process of seed germination is long and complex. All these
manifestations of directed anthropogenic pressure have a very negative effect on the natural
populations of these species. Therefore, special attention should be paid to the study of early
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spring ephemeroids, monitoring of their condition and structure of populations. There are high
risks of disappearance of a number of spring ephemeroids from the region’s natural flora.

The disappearance of ephemeroids is a signal of recreational danger for biocenosis, as it
impairs the feeding regime for all plants, including tree species [7].

METHODS OF RESEARCH

During 2014-2015 a series of route studies were conducted on the territory (in the vicinity
of the village of Lishnya, Unyatichy) of the Drohobych district, the purpose of which was to
identify populations of ephemeroids. The surveys covered natural areas of deciduous and mixed
forests, nodules and meadow phytocoenoses.

Distribution of plant species was studied by the generally accepted method of floristic research
(route method and trial plot method). Names of plant species were accepted as "Identifier of higher
plants of Ukraine" [1]. The species was recorded on a scale proposed by O. Drude [5].

RESULTS OF RESEARCH AND DISCUSSION

According to the results of route studies on the territory of the Drohobych district, we
identified 19 types of ephemeroids. The analyzed species are presented in Table 1.

Table 1. Species composition of ephemeroids and their abundance

Ne Species Abundance of species

1 Anemonoides ranunculoides (L.) Holub Sp rare

2 Anemone sylvestris L. Sp rare

3 Anemone nemorosa (L.) Holub Cop2 abundant

4 Hepatica nobilis Mill. Copl quite abundant
5 Allium ursinum L. Sp rare

6 Galanthus nivalis L. Sp rare

7 Leucojum vernum L. Sp rare

8 Gagea lutea (L.) Ker- Gawl. Sol single

9 Gagea minima (L.) Ker- Gawl. Sol single

10 Scilla sibirica L. Sp rare

11 Scilla bifolia L. Sp rare

12 Ficaria verna Huds. Sp rare

13 Dentaria bulbifera L. Sol single

14 Corydalis cava L. Sol single

15 Corydalis solida (L.) Clairv. Sol single

16 Corydalis intermedia (L.) Merat. Sol single

17 Pulmunaria obscura Dumort. Cop 1 quite abundant
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18 Tussilago farfara L. Copl quite abundant

19 Primula veris L. Sp rare

Systematic analysis showed that among the plants we studied, all the species were
representatives of Magnoliophyta. The classes of Magnoliopsida are 63.2% and Liliopsida
36.8%.

Twelve species belong to Magnoliopsida, distributing themselves to 8 genera, 6 families.
Liliopsida has 7 species belonging to 5 genera and 4 families (Diagram 1).
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Fig 1. Family variety of species

The largest number is represented by the Ranunculaceae family — 5 species (26.3%),
Fumariaceae — 3 species (15.8%), Amarillidaceae, Liliaceae, Hyacinthaceae are 2 species
(10.5%). The genus Alliaceae, Brassicaceae, Asteraceae, Boraginaceae and Primulaceae are
1 species (5.2%).

In the flora of Drohobych district, 3 species grow very abundantly (Copl on the Drude scale);
abundantly (Cop2) 1 species, rarely found (Sp) — 9 species, and six species grow singly (Sol).

According to the literary and original data, there are 6 types of ephemeroids in the flora of
Drohobych district included in the "Red Data Book of Ukraine". As far as biocoenosis, forest
species dominate among the rare ephemeroids confined to deciduous forests.

Further accumulation of data on the distribution and dynamics of the number of rare
species, the creation of maps with places of growth of groups, in-depth study of the plants life
cycle will make it possible to undertake appropriate measures for their protection and
reproduction.
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CONCLUSIONS

The conducted research has identified 19 species of ephemeroids, which belong to
13 genera, 10 families, 2 classes, 1 department, found in the natural state in the flora of the Pre-
Carpathian region (Drohobych district).

The largest number is represented by the Ranunculaceae — 5 species (26.3%), Fumariaceae - 3
species (15.8%), Amarillidaceae, Liliaceae, Hyacinthaceae — 2 species (10.5%). The genus Alliaceae,
Brassicaceae, Asteraceae, Boraginaceae and Primulaceae are 1 species (5.2%).

The areas with natural groupings require constant monitoring observations in order to
assess the state of vegetation, the number of populations of rare and endangered species in

particular.
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21. Soroka ML.I. 2006. Flora and vegetation of the area set aside for the establishment of an
international biosphere reserve «Roztocha» (materials to the design and nominal shape).
Lviv, Ukrain NLTU. 1 - 115.

AHOTAIIS

CYYACHMIA CTAH TONY.JIALIA E®EMEPOIIIB
Y ®JIOPI MEPEJAKAPIIATTS (APOTOBAILKWI PAVIOH)

3pocTarounii BIUTUB JIFOJAMHM Ha HABKOJIMITHE CEPEIOBUINE BU3HAYAE TMOTPEOY OIHHUTH
CyJacHHWH CTaH Ta TEHACHIIi 3MiHM ¢iToOioTH. Benmuky cTypOOBaHICTP BHKIIMKAE CTPIMKE
MEePETBOPEHHST POCIMHHOTO MOKPUBY 10 MPHU3BOAWTH 0 3HUKHEHHS KOPIHHHX E€KOCHCTEM i
3aMiHM 1X HOBUMH. Y 3B’S3KY 3 IIMM il 3arPO3010 3HUKHEHHS OMHMHUINCS BHIM POCIHH, IO
BiJ[3HAYAIOTHCS CKIIAJHOIO OiOJOTi€I0 PO3BHTKY YH MPHYpOUYeHi [0 cHenuidHUX YMOB
3poctanHs. TOMy aKTyajJbHUM Ha ChOTOJHI € BHSBICHHS TEPUTOPIH, MO BiJ3HAYAIOTHCS
caMoOyTHICTIO (pyTOpH, IX MOHITOPHHT.

AHTpOTIOTEHHI 3MiHM NMPHUPOTHUX (DITOIEHO3IB CYNPOBOIKYIOTECS CTapiHHAM IOIYIIALIH,
CIIPOIICHHSIM KOHCOPTHUBHUX 3B’ SI3KiB, BTpATOIO OarathoxX BUAIB. OAHI 3 HAHOUIBIT Iy TIMBUX JI0
TaKWX MOPYIICHb MicIe3pocTaHb — eheMepoiny.

HaBecHi y MmHpOKOIMCTHX JicaX, KOJW JepeBa 3HAXOIATHCS IIe y Oe3NMHCTOMY CTaHi,
BiIOYBAa€ThCS IMIBUJAKHA PO3BUTOK 1 MacoBe IBITIHHA pociuH-edeMepoiniB. HamexHa
OCBITJICHICTh, JOCTATHE 3BOJIOKECHHS IPYHTIB, T0Ope MporpiTa MiACTHIKA 3a0e3medye iX picT Ta
PO3BHTOK y Il mepioa. Bucoka qexopaTHBHICTh pOCTHH-e(eMepoiniB 4acTo MPU3BOANUTE A0 iX
HEKOHTPOJIbOBAHOI 3aroTiBIli, IO 3aIOJiI0O€ HETONMPABHOI IIKOAW SK CAMHM pPOCJIHHAM, TakK i
JTIOBKIJUTIO 3araJioM. B oCTaHHI pOKM BHACTIOK aKTUBHOTO OYAiBHHUIITBA PiAKICHI paHHbOBECHSHI
POCJIMHU YacTO MOYald BUKOPHCTOBYBATH JUIs O3€JeHEeHHs npuBaTHUX canub. Lle Mae ictoTHmit
BILJIUB Ha 1X 30€peKEHICTh 1 MOITUPEHHS.

30eperti  pi3HOMaHITHICTH eeMepoimiB MOXIWUBO JIMIIE 3a YMOBH Opraizamii
parioHanbHOi OXOpOoHH. J[JIs OTO HEOOXiJHO BiAOMOCTI MPO MOIIMPEHHS BHIIB, KiITBKICTh 1X
MICIIe3HaXOPKEHHSI, YHCEIbHICTh OCOOHH, CTPYKTYPY, AMHAMIKY.

VY pe3yneTari MpOBEACHUX IOCTIHKEHb BCTAHOBIICHO, IO B MPHUPOTHOMY CTaHi y ¢uopi
ITepenxapmatts (JIporoOuiibkuii paiion) BusBieHo 19 BUAIB edeMepoinis, ski Hamexarh 10 13
poxiB, 10 poawmH, 2 knacis, 1 Bimgimy.

Hai6inpmoro KibKIiCTIO MpeacTaBiieHa poauHa Ranunculaceae - 5 BumiB (26,3 %),
Fumariaceae — 3 summn (15,8 %), Amarillidaceae, Liliaceae, Hyacinthaceae HalidyioTs 1mo 2
Bunu (10,5%). Ponuna Alliaceae, Brassicaceae, Asteraceae, Boraginaceae Ta Primulaceae
HaNigyioTh 10 1 Buny (5,2%).

VY ¢mopi poroburskoro paiony 3poctae myxke psicao (Copl 3a mkxamoro [pyne) 3 Buawy,
pscuao (Cop2) 1 Bug, pinko (Sp) 9 BuaiB Ta 3ycTpivaeTscs MOOMHOKO (Sol) 6 BuiB.

JiUIaHKA 3 TPUPONHUMH YTPYHOBAaHHAMH MOTPEOYIOTH TOCTIHHHX MOHITOPHHTOBHX
CIOCTEPEKEHb 3 METOIO OL[IHKH CTaHY POCIMHHOIO MOKPUBY, 30KpeMa YUCEIbHOCTI MOy
PIAKICHUX 1 3HUKAIOYMX BUIIB.

KurouoBi ciioBa: ¢uiopa, edemepoinu, psAcHICTh, MOIIUPEHHS
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DEVELOPMENT OF EFFECTIVE MECHANISM OF STATE
MANAGEMENT BY TRAINING ENTERPRISES OF PRICARPATHY

Abstract. The article it is proved that at the present stage the state policy of Ukraine in the
field of management of tourism enterprises in the Carpathian region should be built on the
following key principles:

- development of optimal outcomes of state policy in the field of tourism and resorts,
programs for their implementation, effective monitoring mechanisms and research results of
relevant activities;

- creation of favorable conditions for the organization of tourism enterprises, coordination
of their actions in order to form a well-developed infrastructure of the tourism industry;

- support of tourism and marketing of the state, aimed at forming a favorable image of
Ukraine and its regions by stimulating innovations and cooperation with developed countries.

The ways of realization of proper territorial and socio-economic integration of enterprises
of the tourist industry of the Carpathian region are substantiated.

The key principles of the state policy of Ukraine in the sphere of tourism and resorts at the
level of enterprises of the tourist industry of the Carpathian region have been determined, which
has allowed to obtain the basis for the formation of a corresponding effective mechanism of state
management of enterprises of the tourism industry.

Keywords: state management mechanisms; tourist industry enterprises; state policy;
Carpathian region; priorities of improvement of the state policy in the field of tourism
development.

INTRODUCTION

At the present stage Carpathian region of Ukraine faces a number of problems that impede
the full realization of its tourist potential. Among them, it is necessary to highlight the following:
the promotion of tourism stimulates other spheres and industries related to it; the need to protect
the environment of the Carpathian foothills; establishing the proper regime of crossing the state
border of Ukraine for foreign tourists; the need to protect the interests of consumers of a
comprehensive tourism product of the Carpathian foothills region of Ukraine; the need to raise
patriotic feelings in the youth population of the Carpathian foothills region of Ukraine;
development of tourist industry business entities in the Carpathian foothills region in the context
of advertising and providing proper information. Based on the above, it is necessary to develop
an effective mechanism of state management of enterprises of the tourist industry for the
specified territory.

Actual scientific research and issues analysis.Such scholars as M. Boruschak [2],
L. Davydenko [4], E. Kozlovsky [8], and othershave devoted their scientific works tothe issues of
the development of effective mechanisms of public administration in the field of tourism.
However, the mechanisms of state management of enterprises of the Carpathian foothills tourist
industry in the present conditions still remain insufficiently researched.
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RESULTS OF THE RESEARCH

The purpose of the article is to develop an effective mechanism for state management of
the tourist industry enterprises of the Carpathian foothills region of Ukraine. To achieve this goal,
the following task needs to be put into practice: defining the main principles of the state policy in
the field of tourist enterprises development in the Carpathian foothills region of Ukraine. These
principles shall be the basis for forming the of public management mechanisms in the tourism
industry for the researched territory.

According to the World Tourism Organization data, the volume of international tourism
business in monetary terms will double and amount to 7.2 trillion dollars in the next 20 years [17]. In
the conditions of economic change, the tourism industry faces many problems, such as the instability
of the market, the seasonal fluctuations of for services demand, the fierce competition, the lack of
financial resources, etc. Both in the short and long-term periods the prosperity of the industry is
determined primarily by the balance of different development directions. At the same time, an
important role belongs to the infrastructure and its components, such as communication lines,
transport services, engineering structures, roads, other enterprises which provide access to tourist
services, their proper use, as well as maintaining the life of the enterprises of the tourist industry. The
reasons for ineffective implementation of the competitive advantages of unique resource potential of
Ukraine are the following: poor quality of the national tourist product components; unavailability of
many natural cultural heritage objects for tourist visits, so the overall tourist infrastructure does not
meet the quality requirements; lack of integrated state policy measures; imbalance in organizational
and financial security with present needs of economy and population; not developed state
management in tourism; high tax burden; difficulties that foreign tourists face when crossing borders;
lack of high-skilled tourism managers [9].

It is necessary to analyze the key features of the state policy in the field of tourism and
resorts in order to develop an effective mechanism for state management of the tourist industry
enterprises in the Carpathian foothills region of Ukraine.

At the present stage, the state policy of Ukraine in the field of support and development of
tourism enterprises, in particular in the Carpathian foothills region, should be built on the
following key principles:

- definition and development of best possible undertakings of the state policy in the field
of tourism and resorts, programs of their implementation, effective control mechanisms and
research results of suggested activities;

- creation of a favorable environment for the tourism industry enterprises, coordination of
elements of the tourism complex with the purpose of a developed infrastructure in the Carpathian
foothills region;

- government support of tourism and marketing, aimed at forming a favorable image of the
country and its regions by enforcing innovations and cooperation with developed countries [2; 5].

Regional Sosial
Polytical and P Functional Economic
legal spheres
Educational

Ecological

Figurel: Functional spheres of the mechanism of state management
of enterprises of the tourist industry
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Based on the principles, mentioned above, the author considers appropriate to identify key
priorities for improving state policy in the field of tourism enterprises. It is important to focus on
the development of the tourism industry of Carpathian foothills area and consider the world
development trends:

- intensification of the Carpathian foothills region cooperation with other regions of
Ukraine, as well as on the cross-border and international level;

- use of transit and transport potential of the Carpathian region of Ukraine in the context of
the infrastructure development intensifying on the specified territory, as well as the development
of Intermodal transport logistics;

- raising the level of energy preparedness in the Carpathian foothills region, in particular,
due to oil and gas production;

- use of alternative energy sources (solar and wind energy);

- creation of a favorable image of the Carpathian region of Ukraine for tourists on the
basis of a meaningful historical and cultural heritage and rich natural and recreational potential;

- diversification of traditional and modern types of tourism and recreation;

- development of the agrarian industry in the Carpathian foothills region, in particular,
cultivation of already present types of vegetables and fruits; introducing new species of plants;
introducing the advanced irrigation technologies, etc. [4].

Thus, the strategic objectives of integrated policy in the field of tourism enterprises
development in the Carpathian foothills region of Ukraine are considered the following:

- to increase the general level of competitiveness of tourist industry enterprises, taking into
account the experience of the European Union countries;

- to achieve the proper territorial, social and economic integration of the tourist industry of
the Carpathian foothills region of Ukraine;

- to develop effective state management mechanisms for the tourist industry enterprises in
the Carpathian foothills region of Ukraine.

Each of these goals should be implemented through a determined list of actions. Thus,
increasing the level of competitiveness in the tourist industry of the Carpathian region, taking
into account the experience of the European Union countries, is possible through the pursuit of
the following activities:

- assistance in stabilizing the development of the tourist industry enterprises in the social
and economic context;

- developing of effective state management mechanisms for the tourist industry of the
Carpathian foothills region, which will stimulate economic growth and create a basis for reducing
the level of lagging of the Carpathian region in comparison to similar regions of the European
Union countries;

- supporting free competition development among business entities in the tourism industry
of the Carpathian foothills region, ensuring de-monopolization of the market as an environment
for the free movement of resources, goods, services, capital, and labor force in order to intensify
the economic development of aforementioned territory;

- creation of favorable conditions for foreign investment in the region, which in return will
contribute to the development of the tourism industry;

- ensuring the effective functioning of a transparent system of tourist enterprises state
financing in the Carpathian foothills region;

- development and implementation of measures that will allow saving energy resources of
the Carpathian region by using alternative sources of energy supply;

- introducing innovations at the tourist industry enterprises in the Carpathian foothills
region;

- ensuring comprehensive development of tourism infrastructure in the Carpathian region;

- promoting diversification of the economy of the Carpathian region, especially in rural
areas;
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- raising the labor force market in the industry by the following means: development of
regional educational services, supporting an effective retraining system, professional
development of tourism industry personnel [4; 5].

The efficiency of enterprise management depends on the implementation of its
functions.The management function shall be understood as the product of division and
specialization of managerial work, a type of management activities which allows influencing in a
certain way. Among such activities the general (key) functions are distinguished.They reveal the
components of the management process, and specify functions indicating the direction of
purposeful influence on one or another type of production activity [3].

The development of effective state management mechanisms for the tourism industry
enterprises is based on the implementation of the following functions:

- decentralization of the government-coordinated development strategy of the Carpathian
foothills region;

- intensifying of cooperation processes of state authorities both at the horizontal and
vertical levels;

- improvement of the interaction between executive branch of the government and local
self-governments of the Carpathian foothills region (based on the experience of European Union
countries);

- governmental reforms on both regional and at the level of local self-government in the
Carpathian foothills region in accordance with the Concept of Reforming Local Self-
Governments and Territorial Organization of Power in Ukraine, approved by the Cabinet of
Ministers of Ukraine on April 1, 2014, No. 333-p [10];

- giving the citizens the opportunity to participate fully in the processes of building and
implementing a comprehensive policy in the field of tourism and resorts of the Carpathian
foothills region of Ukraine;

- encouraging the investment processes by raising the level of professional training and
qualification of local authorities in the Carpathian region of Ukraine, as well as increasing the
number of specialists who develop and implement measures to improve integrated tourism and
resort policy in the Carpathian region.

Proper territorial and social and economic integration of the tourist industry enterprises of
the Carpathian foothills region of Ukraine can be realized by:

- energizing the transport network development as the basis for the free movement of
resources, goods, services, labor, etc.;

- reduction of the disproportion of social and economic development of urban and rural
areas of the Carpathian foothills region;

- enhancement of the capabilities of the tourist industry of in the context of the cooperation
inside the region, state, European Union, or with other countries;

- assistance in the complex solution of the infrastructure problems of the Carpathian
foothills tourist industry from the social and economic, ecological point of view, etc. at the level
of cities, suburban and rural areas;

- ensuring favorable conditions for the economic integration of the Carpathian foothills
rural zones to a social and economic area of the region and the country as a whole on the basis of
urbanization processes;

- use of the existing historical and cultural potential of the Carpathian foothills region as
an effective instrument for the development of a favorable image of this territory and the country
as a whole, building a ground for active tourism development in the Carpathian region of
Ukraine;

- orientation towards the ecological development of the tourist industry enterprises,
especially taking into account the balanced use of natural resources;

- prevention of natural catastrophes; prevention and reduction of losses that affect the
environment of the region.
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The above-mentioned key principles, priorities, and objectives of a comprehensive state
policy in the field of tourism can serve as the basis for building the state management mechanism
of tourism industry enterprises in the Carpathian foothills region of Ukraine.

The tourism industry enterprises of the Carpathian foothills region are the subject of state
management in the proposed mechanism. The organizational structure of management
mechanism is an important element for the tourism industry enterprises management. It
(structure) is one of the most important components of the internal environment of an
organization. It ensures the division of tasks between various structures of the enterprise, as well
as the competence of departments and units in solving problems, and general interactions
between departments and units. Organizational structure has a direct influence on the
implementation of the strategy and on the way an enterprise cooperates with the external
environment and fulfills the tasks [7].

The suggested state management mechanism is a closed system with feedback. These
communications suggest that further adjustments to the policy of tourism and resorts of the
Carpathian region depend on the achievements due to the effectiveness of the mechanism of
profitability of enterprises of the tourism industry, social and economic status and the level of
competitiveness of the region at both national and international levels.

Taking into consideration the impact of public administration on tourism industry
enterprises it is important that the development and implementation of an effective state
management mechanism will contribute to the achievement of the following results:

1.Significant improvement of the complex policy in the field of tourism and resorts of the
Carpathian foothills region, the formation of a comprehensive tourism product of the considered
area on the basis of rational realization of state-management functions.

2.Improving existing and introducing new full-fledged mechanisms of interaction between
executive branches of government at both state and local level, non-governmental organizations,
business entities, institutions, educational institutions in the tourism sphere in order to ensure the
efficient functioning of the tourism industry in the Carpathian foothills region.

3.Working out a development program for tourism area of the Carpathian foothills, in
particular, programs of social and economic development of the said territory, programs for the
development of international cooperation in the region of Ukraine and its cooperation processes
with the European Union, health- and recreation-improving programs for the Carpathian foothills
region. Creating economically grounded plans for the implementation of these programs.

4.Ensuring the licensing and certification of tourist services.

S.Increased share of tourism and resorts in the structure of GDP of both Carpathian
foothills region and Ukraine as a whole.

6. Attracting investment in the development of tourism infrastructure enterprises of the
Carpathian foothills region, in particular, its engineering and transport components.

7.Creation modern objects belonging to the tourism infrastructure in the Carpathian
foothills region, in particular, in places with a large number of resources of historical, cultural
and recreational purposes.

8.Efficient use of material and financial resources by enterprises.

9.Public funding and currency receipt at all levels of budgeting.

10. Maintaining of existing and initiation of new jobs, creation of equal conditions for the
development of small and medium-sized businesses in the tourism sector, activation of
employment in the rural areas.

11. Development and effective functioning of a transparent market for tourist services.

12. Favorable conditions for the ecological development of the Carpathian foothills
region; ensuring the conservation and protection of the natural environment of the region.

13. Restoration of historical and cultural heritage and natural and recreational resources of
the Carpathian foothills region.
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14. Ensuring the safety of tourists, protecting their rights and freedoms, as well as
preserving their property.

CONCLUSIONS

Thus, the definition of key principles of the state policy of Ukraine in the field of tourism and
resorts allowed obtaining the basis for the formation of an effective state management
mechanism for the tourism industry of Carpathian foothills region of Ukraine.The before-
mentioned mechanism is a closed system, which feedback influences further proposals on
improving the state policy in the field of tourism and resorts, the profitability of the tourism
industry, the competitiveness of the Carpathian foothills region of Ukraine in the domestic and
foreign markets, as well as the general social and economic status of the territory.
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AHOTANIA

PO3POBKA EOEKTUBHOI'O MEXAHI3MY JEPKABHOT'O
YIIPABJIIHHA TYPUCTUYHUMU HIAITPUEMCTBAMHA
ITPUKAPIIATTA

B crarri 3anponoHOBAaHO MeEXaHi3M  JIEP)KaBHOTO  YNPAaBIiHHS  TYpUCTHYHHMH
nignpuemcrBamu [Ipukapnarcekoro periony YKpaiHM Ha OCHOBI (pOpMYJIIOBaHHS KIFOUOBHX
NPIOPUTETIB AEpKaBHOI MOJITHKK YKpainu y cdepi Typusmy Ta KypopTiB. JloBeneHo, 110 Ha
Cy4acHOMY eTami JepXKaBHa TIOJIITHKa YKpaiHu y cdepi ymnpaBiIiHHA TYPUCTHYHUMHU
nixnpueMcTBamu B IIprkapnaTcbkoMy perioHi moBHHHA OyTH MOOyI0BaHA Ha TaKUX KIFOUOBHX
MPUHIUIAX

— po3po0Ka ONTUMAIBHUX BHXIJHUX TOJOXKEHD JIEP>KaBHOT MOMTHKH Y chepi Typusmy Ta
KypopTiB, mporpaMm IixX pearmizamii, €(peKTUBHUX MEXaHi3MiB KOHTPOJIO Ta JOCIIDKEHHS
pe3yNbTAaTIB BiIMTOBIAHOT AiSUTBHOCTI;

— CTBOPCHHS CHPUATIMBUX YMOB [UIA Oprafi3amii MiJIPHEMCTBAMH TYPHUCTHIHOL
ISIBHOCTI, KOOpIOWHAINS 11X Jii 3 MeTor (¢GOpMyBaHHS PO3BHHEHOI 1HQPACTPYKTypH
TYPUCTUYHOI IHAYCTPIT;

— MNIATPUMKA TypU3My Ta MapKeTHHTY JIep)KaBH, OpIEHTOBaHMX Ha (HOpMyBaHHS
CIPHUATIMBOIO IMIIDKy YKpaiHu Ta i1 perioHiB 3aBISKM CTHMYJIIOBAHHIO HOBOBBEJICHH 1
KOOIIepallii 3 pO3BUHCHUMU KpaiHAMH.

B cTarTi BU3HAYCHO CTpaTErivHi iJli PO3BUTKY KOMILICKCHOI MOJIITUKU Y Cepi TypusMy
Ta KypopTiB cTocoBHO [IpukapnaTchkoro periony Ykpainu, a came:

— TIJABHUINEHHS 3araJIbHOTO PiBHSA KOHKYPEHTOCITPOMOXXHOCTI MiANMPUEMCTB TYPHCTUIHOL
ingyctpii I[lpukapmarcbkoro perioHy VYKpaiHW, BpaxOBYIOUM JOCBIJ] PO3BHHEHHX KpaiH
€poneiicbkoro Coro3y;

— JIOCSITHEHHS HAJEKHOT TEpPUTOPiaibHOI Ta COMiaIbHO-€KOHOMIYHOT  iHTerparii
TYpUCTUIHOI iHAYCTpil [IprKkapmaTchKoro periony Ykpainu;

— po3poOka e(pEeKTHBHHX MEXaHi3MiB JIepP)KaBHOTO YIPAaBIIHHI IiIMPHEMCTBAMHU
TypucTH4yHoi iHxyctpii [Ipukapnarcekoro periony Ykpainu. 3okpema, KOKHA i3 3a3HAYEHHX
1iJIel HoBMHHA OYTH peaizoBaHO0 Yepe3 BU3HAYCHUI Mepeltik QyHKIIIH.

OOrpyHTOBaHO LUIAXM peallizalii HaJICKHOI TEPUTOPIaJIbHOI Ta COLiAIbHO-€KOHOMIYHOT
iHTerpauii manpueMcTB TypucTudHOi iHAycTpii [Ipukapnarcekoro periony Ykpainu. JloseneHo,
0 IJBHUIIEHHS 3arajbHOr0 piBHA KOHKYPEHTOCIIPOMOXXHOCTI MiANPHEMCTB TYPUCTUYHOL
innyctpii Ilpukapnarcbkoro perioHy YKpaiHH, BpaxoBYIOUM JIOCBiJ PO3BMHEHUX KpaiH
€poneiicbkoro Cor3y, YMOKIUBIIOETHCS UIIXOM peatizallii HacTymHUX (HYyHKITIH:
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— cHpusiHHS cTadumizauii po3BUTKY TypucTHuHOi iHnycTpii [Ipukapnarcekoro perioHy 3
COLIiaJIbHO-€KOHOMIYHOT TOUKH 30pY;

— (QopMyBaHHS Ji€BUX MEXaHI3MIB JIEPXKABHOTO YNPABIIHHS MiANPUEMCTBAMHU
TypucTHaHOI iHAycTpil Ilprkapmarcekoro perioHy YKpaiHu, 10 CTUMYIIOBATUMYTh €KOHOMiYHE
3pOCTaHHS SIK OCHOBY JUISl 3HIDKCHHS PiBHS BifcTaBaHHSA PO3BHUTKY [IpmkapmaTTs Bix momaiOHMX
perioHiB kpain €Bporeticbkoro Coro3sy;

— MiATPUMKA PO3BHUTKY BITBHOI KOHKYpPEHIII cepel cy0’eKTiB MiANPHEMHUIBKOL
misutbHOCTI B TypucTHUHiM iHmyctpii Ilpmkapmarcekoro perioHy Ykpainw, 3a0e3nedeHHs
JIeMoHoromi3amnii puHKy lIpukapmaTTs SK cepeloBHINA AJS BiNGHOTO TIEPEMIIICHHS PECYypCiB,
TOBapiB Ta IOCIYT, KaIliTally, poO04O0i CHJIM 3 METOI0 aKTHBI3allii EKOHOMIYHOTO PO3BUTKY Li€l
TepUTOPIT;

— cTBOpeHHs B [IpukapnaTcbkoMy perioni YKpaiHu CIpUATIMBUX YMOB JJIsl 3apyOiKHOTO
IHBECTYBaHH, 110, B CBOIO UEPTry, CIPUATUME PO3BUTKY HiANPUEMCTB TYPUCTUYHOI IHIYCTpIl.

BuznaueHo KiIIOYOBI NPUHLOMIM JIEp)KAaBHOI IMOJITHKK YKpaiHu y cdepl Typusmy Ta
KypOpTiB Ha piBHI MiNPUEMCTB TypUCTHYHOI iHAYCTpii [IpukapnaTcekoro perioHy Ykpainu, mo
JO3BOJIMJIO OTPUMATH MIATPYHTSA i (HOpPMyBaHHSA BiANOBITHOTO €(EKTHBHOTO MeXaHi3My
JIepKaBHOTO YIPABIiHHSA HiAPHEMCTB TYPUCTHIHIN iHAYCTPIl 1T JaHOT TePHUTOPIi.

Knwuosi cnosa: MexaHisMu Jep:KaBHOTO YNPABIIHHS; MMiIIPUEMCTBA TYPHUCTUYHOI rairys3i;
JiepKaBHA TOJITHKA; Kapnatchkuil perioH; MpiopUTeTH yAOCKOHAJICHHS AEPXKABHOI MONITHKH Y
cdepi pO3BUTKY TypHU3MY.
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ANALYSIS OF ETHOLOGICAL FACTORS IMPACT ON SOME
BLOOD BIOCHEMICAL PARAMETERS OF HEIFER
REPLACEMENTS VOLYN BEEF BREED UNDER DIFFERENT
DENSITY OF THEIR ALLOCATION
IN THE BYRE

Abstract. Researches in Ukrainian Western Polissya showed that the concentration of
animals in livestock buildings is an important element of beef production, which impacts on
biochemical blood parameters and training of ethological factors. This (together with the other
components of production technologies) makes possible to provide comfortable animals’ hold
during the formation of the technological age-sex groups and to unlock genotype potential
efficient. New data on peculiarities of behavioral reactions and hierarchical reactions of heifer
replacements under different density of their allocation in byre is gotten.

Keywords: Volyn beef breed, heifer replacements, typical buildings, allocation density,
physiological parameters of blood, ethological factors.

INTRODUCTION

The world solves the meet providing problem of meat by dint of beef cattle breeding. One of
most important external factors that affects the performance level of meat producing capacity is
high physiological status of organism. This characteristic guarantees the normal course of
metabolic processes in the body [15]. That is why research study of the physiological
characteristics of growth and development of Volyn beef breed replacements, depending on the
density of their allocation in the byre [5, 19, 20].

Analysing the role of ethological factors in the technological age-sex groups build-up and
determining their impact on the physiological parameters of blood will be is placed as a basis of
rational improvement of technological solutions for the grouping of beef cattle, will facilitate the
work of operators and veterinary professionals in carrying the cattle, will increase their producing
capacity and will reduce investments in the beef production and should cause a efficiency of the
industry as a whole [11, 14, 18].

Therefore, to obtain maximal efficiency of heifers replacements during technological age-
sex groups build-up we should take into account ethological factors, such as hierarchical
indicators that are also affects the physiological indicators of animal blood.

MATERIALS AND METHODS

For analysis of ethological factors influence on some biochemical parameters of blood of
Volyn beef breed heifer replacements under different densities of their allocation in the byre were
used generally accepted zootechnical experiments’ methods of research and approved in 2000
system of development and launching output into manufacture [3, 4, 6, 13]. For the experiment
two groups of Volyn beef breed animals were formed. First group was consisted of 140 heads
and the second - of 100 heads, according to the developed scheme. Growth of the Volyn beef
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breed heifer’ replacements was foreseen for research under continuous holding cattle in the
typical building. It was planned to get a weight gain 900-1000 gramms per day and to get
380-430 kg of the body weight in case of conceiving. Buildings were supposed to contain
180 heads of cattle. The experiment duration is 240 days.

Table 1. Experimental scheme

Animals’ Amount, Age, Body Floor space, | Holding Feeding
groups heads months | weight, kg | square meter
per head
I Group 140 3 215 3.0 typical feeding

(control) building | level is
on deep calculated
II Group bedding | to gain

(experimental) 100 8 214 4,0 900-1000
gramm

Hematological parameters (hemoglobin, erythrocytes, leukocytes, color index) were
determined by generally accepted methods [1, 2, 7, 16]. The scheme of the experiment is shown
in Table 1. The experiment with Volyn beef breed heads was carried out in "Dawn" agricultural
farming in Kovel district of Volyn region. Specialization sector - beef cattle. Farm is located in
the area of Polesie. The total amount of cattle is 1746 heads, including 870 cows (21.4%).

DISCUSSION
The data we received showed that among the factors that affect animal performance is the
behavior of animals, depending on the size and density or their groups allocation. Ethological

observation on heifer replacements was performed monthly. Results are shown in Table 2.

Table 2. Results of ethological observation of Volyn beef breed heifer at “Zoria”

farming
. = =

Chewing Rest y £ 5 ° o
4 < E 7 > )
= < 2 = S <=
= 2 S 2 ) = S
| 2 =g &)
s = lying standing lying standing
o )
<

min % min| % [ min| % | min| % min| % |min| % | mn| % | min| %

8 I 132 | 20 22 |33 | 128|195 142 ] 21,5] 92 13,91 22 33 | 100 [ 152 22 |33

I 158 | 239 | 26 | 40 | 154233 | 111|168 99 | 150 8 12 ] 80 | 12,1 | 24 | 3.7

9 1 138 209 | 24 | 3,6 | 143 21,7 140 | 21,2 88 | 133 | 18 [ 2,7 ] 90 | 13,7 19 | 29
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I 160 | 242 | 26 | 39| 164 | 249 108 | 16,4 | 102 | 155 7 1,1 | 73 | 11,0 20 | 3,0

10 | I 1441 21,8 | 22 | 33| 128 | 19,4 142 | 21,5| 108 | 16,4 | 16 | 24 | 82 | 125| 18 | 27

I 168 | 254 | 24 | 3,6 | 148 22,4 102 | 155 124 | 18,8 6 091 69 1105 19 |29

11 |1 154 233 | 23 | 35| 116 17,6 138|209 110 | 16,7 | 15 | 23 | 87 | 13,1 | 17 | 2,6

I 180 | 27,3 | 25 | 3,8 | 125 189 105 159 132 ] 200 5 08 1] 69 | 104 19 |29

12 |1 160 | 242 | 25 | 38 | 115|174 116 | 17,6 120 | 182 | 14 | 2,1 | 94 | 143 | 16 | 24

I 182 27,6 | 26 | 40| 126 | 19,1 | 92 | 139 136 | 206 | 4 06| 76 | 11,5 18 | 2,7

13 |1 1581 239 | 26 | 39| 112| 17,0 118 | 17.9] 125 | 190 14 | 2,1 | 91 | 13,8| 16 | 24

I 180 | 27,3 | 28 | 42| 128 19,4| 86 | 13,0 138 | 209 4 071 78 | 11,8 18 | 2,7

14 |1 165 250 | 29 | 44 | 118 179 98 | 148 126 | 19,1 | 16 | 25| 90 | 13,6 18 | 2,7

I 185 28,0 | 32 | 49| 120 182 | 76 | 11,5] 140 | 21,2 5 0,71 8 | 126 19 |29

15 |1 168 | 255 | 29 | 44 | 105 159] 68 | 103 | 156 | 23,6 26 | 39 | 90 | 13,7| 18 | 27

I 176 | 26,7 | 27 | 41 | 110| 16,7] 65 | 9,8 | 160 | 242 | 15 | 23 | 88 | 133| 19 |29

16 |1 158 240 | 23 | 35| 115 174] 60 | 9,1 | 178 | 27,0 18 | 2,7 | 90 | 13,6 18 | 2,7

I 160 | 243 | 20 | 3,0 | 120 182 58 | 88 | 183 | 27,7| 12 | 1,8 | 8 | 13,3| 19 | 29

Volyn beef breed heifer replacements’ observation data demonstrates that lying resting is
more relevant for heifers in place with lower allocation density per 1 head. Thanks to less
overcrowding of animals before they lie down, they usually stand a few minutes on the chosen
for relax place, then lie down. If the period of lying lasts over 2 hours, they get up, stretch and
then lie down after a few minutes, but on the other side. It has to be mentioned that during their
lying animals avoid collision with another ones. Before laying down, the animals examine the
place and, if it is wet or dirty, they do not lie down. Rest with lying down is more relevant for all
ages heads in the experimental group (19.5% [I] - 1.7% [II]), due to lower overcrowding of
animals and rest with standing prefered heifers in the control group (3.3% [I] - 28% [II]).
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Points scored

Hl Food

Consumption

Density 3 sg.m per head Density 4 sg.m per head

Fig. 1. Food Consumption

Analysis of ethological observations of heifer replacements of different ages showed that
the feeding response of chewing and fodder consuming was longer in the second experimental
group. Heifers from second group were outweighed the same aged ones in 8 months age at
15.3%; 12 months - 13 %; 16 months - 5.4%. (Figure 1 and 2)

Points scored

I Control
group

Hl Experimental
group

Density 3 sq.m per head Density 4 sg.m per head

Fig. 2. Chewing

It was found that fodder consuming and chewing was outstriped in the group with lower
allocation density of animals per 1 square meter area by 8.8% and 11.1% accordingly. Cattle
chew usually lying down or standing up while it needs more energy, so this process occurs
mainly when the animals are lying.
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Points scored

Il Colligion

Density 3 sq.m per head Density 4 sq.m per head

Fig. 3. Collision

According to the results of heifer behavioral reaction’ observation with different allocation
density was found that in different seasons with reducing of allocation area per 1 head per 1
square meter there was for 55.7% acts of hierarchical competition less, and the availability of
more space enabled the animals to move more (Figure 3, 4).

Points scored

Bl Moving

Density 3 sq.m per head Density 4 sq.m per head

Fig. 4. Moving

According to research results of Volyn beef breed heifers blood biochemical parameters
under different allocation density in the byre were within physiological oscillations (table 2). It
should be emphasized that the animals which were kept in less crowded area (second group) had
better blood results: hemoglobin was higher in 9.8% (0,001) and carotene 34.4% (0,01),
compared to heifers which were kept in the more crowded area (I group). By varying of haifer
allocation density in the byre, no significant differences within total serum protein, calcium and
phosphorus content were found.
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Table 3. Volyn beef breed heifers blood biochemical parameters under different
allocation density in the byre

Metrics Groups
I II

Hemoglobin, gr/l 110,0x1,6 122,01 2%
Common white, 79,9+1,3 76,7+1,0
gr/l
Ca, mmol/l 2,98+0,28 3,01+0,18
P, mmol/l 1,90+0,20 1,91+0,05
Carotene, 0,063+0,002 0,083+0,005**
m/mkmol

Taking: **-p<0,01; ***-p<0,001 possible difference comparing to I group

Thus, blood biochemical data received during the experiment indicates that the group of
animals in less crowded byre had hemoglobin and carotene index higher by 9,8% and 34,4%
accordingly. This confirms hypothesis that oxidation-reduction processes in the experimental
animals bodies in less crowded places occurring more rapidly.

CONCLUSIONS

According to the experimental results was found that lower allocation density of Volyn beef
breed heifers impacts positively on ethological indicators. Under these conditions, hierarchical
metrics are smoothed and redox flow processes in animals bodies is enhanced. This positively
affects their productivity, and enables to obtain in the future efficient offspring.
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AHOTAIIS

BUBYEHHS BILIUBY ETOJIOITYHUX YUHHUKIB HA JTESKI
BIOXIMIUHI TIOKA3ZHUKHA KPOBI PEMOHTHOI'O MOJIOJHSKY
TEJIUIb BOJIUHCBKOI M’SICHOI IIOPO/IH 3A PI3HOI
IMIJIBHOCTI IOCTAHOBKH B ITPUMIIIIEHHI

JocunimkenHs, nposeaeHi B ymoBax 3axinHoro [Tomicest Ykpainu noka3zainy, o BaskKIMBHUM
€JIEMEHTOM BHPOOHHIITBA SUIOBHYMHH € KOHIICHTPAIlSI TBAPHH B TBAPMHHUIBKUAX MPHUMIIICHHIX
Ta iX BIUIMB Ha OIOXIMIYHI MMOKa3HHWKH KpOBi, (JOPMYBaHHS €TOJOTIYHHX YUHHHKIB. Pa3zom 3
IHITUMH CKJIQJIOBUMH TEXHOJIOTii BHPOOHHWIITBA JAIOTh MOXIWBICTH 3a0€3MEUYUTH IIiJ] Yac
(opMyBaHHS TEXHOJIOTIYHHX CTAaTCBOBIKOBMX Tpyn KOMQOpPTHE YTPUMaHHSI TBapHH Ta
e(heKTUBHO MPOSBUTH IMOTEHITIANIbHI 3a1aTKN reHoTHIy. OTpHUMaHO HOBI JIaHi MO0 0COOJINBOCTI
nepebiry MOBEMIHKOBHUX Ta i€papXiyHUX peakilii PeMOHTHHX TENMIb 3a Pi3HOI CKYIMYEHOCTI B
MPUMIIICHHI.

Jlist mpoBenieH sl TOCHiKeHb OyJio cpOpPMOBAHO JBi IPYIH TBapHH BOJIMHCHKOI M’SICHOI
nopoau, 1-a - 140 i 2-a - 100 rounis. JJocnipkeHHAMH Nepe10aveHO BUPOLYBAaHHS PEMOHTHHUX
TEJIUIb BOJHMHCHKOI M’SICHOI MOpoAaW, 3a Oe3npuB’S3HOrO CIIOCO0Y yTPUMaHHS B THIIOBHX
NpUMILICHHSX, 13 3a0e3neueHHsM piBHA rofiBii Ha ozxepxkanHs 900-1000 r/moOy
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CepeHb0I000BOr0 MPUPOCTy. JlOCSITHEHHS )KUBOT MacH B KiHII MOCHiNy mpu 3arutigHeHHi 380—
430 xr. IIpumimenns 3a npoexToMm po3paxosani Ha 180 roxis. TpuBanicts gociimkens 240 qHiB.

JlaHi crioctepeskeHb PEMOHTHOTO MOJIOHSIKA BOJIMHCHKOI M’SICHOT MOPOAM IOKa3alH, IO
BiJIMTOYMBAIIH JIe)Kadn O1JIbIIE TEIHUIi, TaM Jie MEHIIA IIIJTBHICTh MOCTAaHOBYOI IJIOMNIi Ha 1 TOJOBY.
OCKINBKM B CHJTy MEHIIH CKYITYEHOCTi TBapWH, HEpeA THUM, SK JITTH, BOHU KiJIbKa XBWJIMH
CTOSITh Ha BHOPAHOMY JJISl BiIIOYMHKY MICITi, TIOTIM JISITAIOTh 1, SKIIO TEPioj JICKAHHS TPUBAE
OimpII K 2 TOHA, BCTAalOTh, MOTATYIOTHCSA 1 3HOBY JIATAlOTh Yepe3 Kilbka XBWJIWMH, ajie BXKE Ha
Ipyrui O6ik. BapTo 3a3Ha4uTH, 0 TBAPHUHU ITiJl Yac JISKAHHS YXHUISIOTHCS Bijl 3ITKHEHHS OJHA 3
onHoto. [lepex TUM SIK JIATTH, TBAPUHH OTILIIAIOTH MiCIIE i, SIKIIO BOHO MOKpE 4X 3a0pynHEeHE, He
JSraroTh. BigmounBanu nekayu OLIbIIe y BC1 BIKOBI MEPiOAX TENUI JOCTIIHOI rpymu Ha (19,5—
1,7%), B cuiy MEHIIIH CKyMYeHOCTI TBapHMH a BIIMNOYMHOK CTOSYM IEPEBAKAIW TEIHILI
KOHTpOJbHOI rpymnu Ha (3,3-28%).

AHani3 eToJIOTiYHHMX CIOCTEPEXEHb MOJIOAHSAKY y pi3HOMY Billi MOKa3aB, IO KOPMOBA
peakuisi TBapuH MO JKYHIl Ta CIIO)KUBAHHIO KOPMIB OyJia JOBIIOIO y JAPYTid JOCHiAHIN rpymi.
Tenuui nepeBaxkanu poBecHULb | rpyny, 30kpema, y 8 micssquHoMy Binti Ha 15,3 %; 12 MicsiaHOMY
— 13 %; 16 micsaHomMy — 5,4 %. BcTanoBieHo, M0 y CHOXHUBAaHHI KOPMIB Ta IPOIECY KYHKH
MepeBakaal TBApUHU 3 MEHIIOIO NIUIbHICTIO MOCTAHOBKH Ha | M o Ha 88 %1 11,1 %
BinmoBigHo. Xye Xxymoba, Sk MpaBWio, Jiekaun ab0 CTOSYM 1 HA € BUTPAYAETHCS 3HAYHA
KIJIBKICTh €Heprii, TOMy Ilei mpomec BigOyBaeThCS MEpeBaXKHO, KOJIM TBAPHHH JIEXKATh. 3a
pe3yabpTaTaMH CIIOCTEPEKEHb 3a MOBENIHKOBHUMH PEAKIisIMA MOJIOMHSIKY PI3HOI MIUTBHOCTI
MIOCTaHOBKHU BHSIBJICHO, 1110 Y Pi3HI CE30HU POKY 31 3MEHIIEHHS MOCTAHOBYOI IO HA | TOJIOBY
Ha 1 M°, Gyno Menme Ha 55,7 % aKTiB iepapXiuHOT KOHKYPEHILiT, IPH [bOMY HASBHICTh GiMBIIOr0
HPOCTOPY JAaBAJI0O MO>KJIMBICTH TBApUHaM OUIbIIE PyXaTHUCh. 3TiJAHO PE3YNbTATIB JIOCHIIKEHb
010XIMIUHI TOKa3HWKHM KpOBI TEIMIb BOJMHCHKOI M SICHOI MOpOJM 3a PI3HOI IMUIBHOCTI
MOCTaHOBKU B TBaPUHHHUILKOMY IPUMIIEHH]I OyiM B Mexkax (i310I0riYyHUX KOJIMBaHb (Tadi. 2).
Cuijp Big3HAYMTH, IO y TBAPHH, SKi YyTPUMYBAJIUCh IpU MeHIiH ckymueHocti (II rpyna), Bmict
remorio6iny O0yB Bumuit Ha 9,8% (0,001) ta xapotuny 34,4 (0,01), MOPiBHAHO 3 TETUIIMU SIKi
YTpUMYyBaIHCh Tpu Oumpmrii ckymaeHocti (I rpyma). 3a pi3HOi IIINBHOCTI MOCTAaHOBKH B
NPUMIIICHH] Y PEMOHTHHX TENUIpb CYTTEBHX BIAMIHHOCTEH IIOJ0 BMICTY 3arallbHOTO OiNIKy
CHUPOBATKH KPOBIi, KaJbIIiio Ta pochopy HEe BUSIBICHO.

Jlani OioXiMiYHUX JOCHTI/KEHb KPOBi CBigYaTh MPO TE, MO Yy TPYIi TBApWH 3 MEHIIOIO
CKYITYCHICTIO B TBAPWHHHUIBKOMY NPHUMIIIEHHI BMICT TeMOTJI00iHy Ta KapoTHHY OyB BHIIUH Ha
9,8 % Ta 34,4 % BignosigHo. lle miATBEpmXKYE TIMOTE3y MOCTIIKCHHS MPO TE, IO OKUCHO-
BIZIHOBJIIOBJIbHI MPOLIECH B OpraHi3Mi JOCHIJHMX TBapuH MpPH MEHLIH CKYMYeHOCTI
nepediraroTh OLTBII IHTCHCHBHO.

3a pesynbraTaMH IPOBEAEHHX JOCHI/DKEHb BCTAHOBJIECHO, IO MEHIIA IIUIBHICTh
MOCTAaHOBKM PEMOHTHHX TEJIMIb BOJMHCHKOI M’SICHOI NOPOXM CHPUSITIMBO BIUIMBAE Ha
€TOJIOTiYHI MOKAa3HWKH. 3a I[MX YMOB 3TJIa/DKYIOTHCS i€papXiuHi MOKAa3HUKH Ta IIOCHITIOETHCS
nepedir OKHCHO-BITHOBHHUX IpOLECiB B opraHismi TBapuH. IIlo B CBOIO dYepry HO3HTHBHO
BIUINBa€ Ha iX TMPOAYKTHUBHICTH, 1 Ja€ MOXJIHMBICTH B MallOyTHROMY OJEp)KaTH
BHUCOKOTIPOTYKTHBHE IOTOMCTBO.
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MICROBIOTA OF EDAPHOTOPES OF THE TAILINGS DAM OF THE
PJSC STEBNITSKE MINING AND CHEMICAL ENTERPRISE
“POLIMINERAL”

Abstract. We established that technogenic edaphotopes of the first section of the tailings
dam of the have high content (0,74-0,94 %) of water-soluble salts, while re-cultivated
edaphotopes lower content (0,28-0,4%) of salts. It is established that of microbiota quantity of
edaphotopes of the tailings dam is low: the general quantity of microorganisms cells is equal to
19-45¢10° units, saprophytic microbiota quantity — 0,33-37,3¢105 (CFU), lower fungi — O-
33,8-103, mold fungi — 0-1,5 CFU, nitrogen-fixing bacteria are not revealed. It is established that
lower and mold fungi and nitrogen-fixing bacteria is absent in technogenic edaphotopes of the
tailings dam. It is marked that the edaphotopes of the tailings dam areas, re-cultivated by humus
and also adjacent to their interlines, are characterized by higher microbiota quantity and lower
salting comparing with technogenic and re-cultivated edaphotopes.

Keywords: microbiota, the tailings dam of the PJSC Stebnitske mining and chemical
enterprise “Polimineral”, soil salinity, edaphotopes, re-cultivation.

INTRODUCTION

The tailings dam of the PJSC Stebnitske mining and chemical enterprise (SMCE)
“Polimineral” belongs to technogenic territories and is put down in the State register of
potentially dangerous objects [10]. The tailings dam of the factory is crumbled with dams and
consists of two sections with the general area of 140 ha, which have been filled up with wastes of
the concentrating mill for over 20 years. Generally about 20 mil t of solid salt and loamy waste
was received there in the period of its working. Actually, the first section with the area of 70 ha is
drained, it has a solid phase of waste, which fills the bottom of a former salt basin. It is
characterized by a considerable content of harmful substances and high salting [9].

Soil salinity is one of the forms of soil pollution and wasting [7]. In salt soils, lightly soluble
salts worsen their properties and have a harmful influence on the growth and development of
most plants, except of highly adapted halophytes. The main diagnostic feature of salt soils is the
presence of salt-tolerant plants due to high concentration of soil solutions or high alkalinity in
different parts of soil lay [1], what is typical for drained areas of the first section of the tailings
dam (SMCE) “Polimineral”. They are characterized by light plant cover, coming vegetation,
mainly formed of salt-tolerant plants [10], that indicates on the positive geodynamics of
processes. That is why the estimation of biogeoprocess state, that take place in technogenic ally
changed edaphotopes of tailings dam of the SMCE ‘“Polimineral” is an actual problem.
Microbiota is one of the factors of soil forming process and nutrition of plants, its quantity is the
index of soil biogene [14], and specific peculiarity leads to the change of physico-chemical,
geological, biological peculiarities of soil [12; 15].

The aim of the research is exploration of microbiota salinity and quantity of technogenic
and re-cultivated by different ways edaphotopes of the first section of the tailings dam of the
SMCE “Polimineral” of Stebnyk.

Objects of the research. Samples of edaphotopes were used in the research, selected from
dimensional remote areas of the first section of the tailings dam:
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I group — technogenic edaphotopes, located outside re-cultivated areas beyond 5 m (without
plants) and 10 m within sodded monodominant small-reed phytocoenosis [10];

IT group — edaphotopes of spacing of re-cultivated areas: a) spacing of areas, re-cultivated
with sawdust; b) spacing of areas, re-cultivated with deposits of waste waters; c¢) spacing of
areas, re-cultivated with humus;

IIT group — edaphotopes, re-cultivated with different types of ameliorators (re-cultivation
was carried out in the frame of international project of the Europian Union “The scientific
environment integration of Polish-Ukrainian borderland area” (2013 —2015): a) edaphotopes,
re-cultivated with sawdust of soft wood; b) edaphotopes, re-cultivated with SS; c) edaphotopes,
re-cultivated with humus.

MATERIALS AND METHODS OF THE RESEARCH

Samples of edaphotopes were material for exploration of microbiota quantity, selected from
different dimensional remote edaphotopes of the tailings dam SMCE “Polimineral” according to
the methodology [4]. Selection of samples of edaphotopes with the help of spot test with sterile
shovel, mixed sample was made from them, were drained on the glass plates at room temperature
till the stable weight and kept in cornets [5].

Preparation of suspension of edaphotope sample: 1g batch of dry edaphotope was ground
in the mortar, shifted in a sterile flask and filled 100 ml of distilled water (sterile one). Obtained
suspension (x100) was shaken for 5 minutes, kept for 30 s. and used for preparing working
suspensions.

Determination of microbiota general quantity was made with the help of direct calculation
of cells on coloured (carbolic erythrosin) preparations under immersible objective of the
microscope (90x15) “Biolam” (Lomo, USSR) and nozzle for microscoping, attached to computer
[4]. Visualization of the preparation was carried out with the help of programme PVR — PLUS.
For making preparation 20 mcl of working suspension of edaphotope sample was selected
(x100), which was prepared as it is described above. The amount of microorganisms cells the
edaphotope is calculated according to the formula (1):

(x £2y,)-S:n/S;:0,02, where
x — an average cells amount, calculated no less than in 5 sights on 5 sample preparations, 2 —
t-criterion with Pggs5, y, — an average quadratic deviation , S — touch area (mcmz), n — sample
dilution, S; — sight area, 0,02 — volume of the selected sample suspension for analysis, ml.

Determination of the amount of saprophytic microbiota was carried out with the help of
inoculation of diluted suspensions of edaphotope sample on nutritious agar medium (NA)
medium (“Microgene”, RF) and calculation of the amount of colony-forming units (CFU) [4].
Sown cupels were being incubated for 1 day at 28 — 30°C and CFU were calculated. Calculation
of CFU of SM in explored edaphotope was being carried according to the formula (2):

(x = 2y,)-n-1/V , where
x — an average amount of CFU, that has grown from one sample dilution, 2 — Student test at
Poos, yx — an average quadratic deviation, n — sample deviation, V — volume of poured
suspension, ml.

Determination of the amount of lowest mushrooms was carried out with inoculation of
diluted suspensions (1:100) of edaphotope sample on Saburo medium [4]. Sown cupels were
being incubated for one day at 28 — 30°C and CFU were calculated. Calculation was made
according to the formula (2), offered above.
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Determination of the amount of efflorescent mushrooms was carried out with the help of
inoculation of diluted suspensions (1:100) of edaphotope sample on Chapeka medium [4]. Sown
cupels were being incubated for 3 days at 30°C and CFU were calculated. CFU calculation was
carried out according to the formula (2), offered above.

Determination of the amount of nitrogen fixers was carried out with the help of putting
soaked clots of edaphotope on silicate gel plates of Eshbi medium [5]. 50 equal clots of
edaphotope suspensions were put on cupels with medium (1:10), they were being incubated for 7
— 10 days at 30°C. The calculation and microscoping of overgrown clots were carried out [3].
CFU calculation was carried out according to the formula (2), offered above.

Determination of water-soluble salts contents was carried out with the help of
determination of dry residue of salts in water extract of edaphotope sample according to the
methodology [6]. Water extract was being prepared in the following way: 25 g of dry sample of
edaphotope were put in a glass with 250 ml of distilled water, were stirred thoroughly and
filtrated. Obtained extract was steamed, dried to the stable weight and mass of dry residue of salts
was being determined.

Calculation of water-soluble salts contents in 1 g of edaphotope was being determined
according to the formula (3):

X = (250-m ofyyy resique. /40) / 25, where

x — concentration of water-soluble salts, %; 250 — volume of distilled water, ml; m of dry residue.
— mass of dry residue of water-soluble salts, g; 40 — volume of steamed extract, ml; 25 — mass of
sample batch, g.

Statistical analysis of experimental data. Researches were carried out in 5 repetitions.
Arithmetical mean (M), standard error of mean value (m), Student test (t) and adequacy (p) were
determined for each selection of indices. Received results were analyzed, and statistical indices
were written down into tables.

RESULTS OF THE RESEARCH AND ITS DISCUSSION

Exploration of edaphotopes salinity. Specific and numeral composition of soil microbiota
is determined by water-soluble salts contents to great extent [5; 11; 12], that is a significant factor
for vital activity of lots of microorganisms. That is why we have determined salinity of the
tailings dam edaphotopes of the PISC SMCE “Polimineral”(table 1).

Table 1. The concentration of water-soluble salts in the first section of the tailings dam
edaphotopes of the PJSC Stebnitske mining and chemical enterprise (SNCE) “Polimineral”

Serial Concentration of soluble
number Names of edaphotopes (E) salts, % t p
1 E. without plants 0.94 +0.12 5.31 0.01
2 E. with natural plants 0.74+0.18 241 0.14
3 E. interlines of areas re-cultivated by 044001 549 001
sawdust
4 E. mtgrhnes of areas re-cultivated by 036001 597 001
deposits of wastewater
5 E. interlines of areas re-cultivated by 0314001 501 018
humus
6 E. of areas re-cultivated by sawdust 0.37+0.01 5.21 0.01
7 E. of areas re-cultivated by deposits of 0354001 410 0.16
wastewater
8 E. of areas re-cultivated by humus 0.28+0.01 0 0




96

As it is shown from data of table 1, concentration of water-soluble salts in explored tailings dam
edaphotopes of the SMCE “Polimineral” is 0,28 — 0,94 %. This medium salinity value is
unfavourable for the most of plants and microorganisms [20]. It is evident, that salts contents is lower
in re-cultivated edaphotopes (0,28 — 0,4 %), and higher in technogenic ones (0,74 — 0,94 %). Such
medium salinity, especially of technogenic edaphotopes is unfavourable for soil microbiota, and as
one of the vitalent factors, will determine its numeral and specific composition, and the last one —
activity and course of biochemical processes [5; 17; 20]. According to the literature data [16], a
negative influence on plants growing is marked with contents about 0,1% from mass of dry soil, and
growth of cultivated plants is weighed down totally, as a rule with contents of 0,5 — 1 %. In addition to
that different plants are different receptive to the lightly soluble salts, present in soils [9]. The pioneer
stage of succession of salt tailings dam of the SMCE “Polimineral”, in particular, is presented by
halopghytes Salicornia europaea L., Puccinellia distans (Jacq) Parl., Trifolium vulgare Nees, Salsola
iberica Sennen et Pan [10].

According to the received data (table 1), there is the highest content (0,94 %) of water
soluble salts in technogenic edaphotope (1), that is toxic for plants [13] and explains the absence
of their growth. Decrease of salts contents in re-cultivated edaphotopes and in edaphotope (2),
comparing with edaphotope (1) determines more favourable conditions for plants growth and soil
microbiota at the same time — number of which is higher authentically (table 2).

Table 2. The general quantity of microorganisms cells (GQM) in the first section of the
tailings dam edaphotopes of the PJSC SNCE “Polimineral”

izfrlﬁ)ler Names of edaphotopes (E) egg)ll\l/f)tlgpl,%(%s t p

1 E. without plants 19.06 0,14 281.66 0.001

2 E. with natural plants 45.01+0,35 216.93 0.001

3 E. interlines of areas re-cultivated by 71.50+0,46 167.00 0.001
sawdust

4 E. interlines of areas re-cultivated by 76.84+0,2 189.56 0.001
deposits of wastewater

5 E. interlines of areas re-cultivated by 112.91+0,14 138.62 0.001
humus

6 E. of areas re-cultivated by sawdust 92.72+0,19 106.25 0.001

7 E. of areas re-cultivated by deposits of 133.74+0,15 106.63 0.001
wastewater

8 E. of areas re-cultivated by humus 203.81+0,64 0 0.001

Natural regeneration of salt soils is considered to be the reason for contents of water soluble
salts in technogenic edaphotopes of the tailing dam with the help of scooping out of salts because
of atmospheric precipitations in deeper soil horizons [9]. According to the received data (table 1,
fig. 1), there is the lowest contents of salts in edaphotope (8), re-cultivated by humus. Its salinity
is authentically 2,6 times lower than edaphotope (2). In edaphotopes of areas, re-cultivated by
deposits of waste waters and sawdust, salinity is 2,0 and 2,1 times lower comparing with
edaphotope 2. Such difference of salinity between edaphotope (2) and edaphotope of
re-cultivated areas can be explained by a positive influence of ameliorators and re-cultivation
method. Confirmation for this assumption is that edaphotopes salinity of re-cultivated areas is
1,02 — 1,1 times less then edaphotopes their interlines.

Exploration of microbiota quantity. We determined quantity of general and
saprophytic microbiota for primary estimation of biogeochemical processes in the tailings dam
edaphotopes [4]. As a result of conducted researches we established authentic increase of general
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quantity of microorganisms (GQM) in edaphotopes of areas, re-cultivated by different ways
(table 2, fig.2).

17 094
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Fig. 1. The concentration of water-soluble salts in the first
section of the tailings dam edaphotopes of the PJSC SNCE

“Palimineral”.

The lowest GQM is determined in technogenic edaphotope (1), that is, probably, caused by
high contents of water soluble salts (table 1, figure 1), which limits microorganisms increase and
plant shooting. GQM of edaphotopes of areas, re-cultivated by humus is 10,4 times higher
comparing with edaphotope (1). GQM is also authentically higher 7,01 and 4,86 times comparing
with edaphotope (1) in edaphotopes of areas, re-cultivated by deposits of waste waters and
sawdust. The highest GQM was observed in edaphotopes of interlines of areas, re-cultivated by
humus, and authentically lower GQM is in edaphotopes in interlines of areas, re-cultivated by
deposits of waste waters and sawdust. It is evident, that higher GQM of edaphotopes of interlines
is the result of positive influence of ameliorators, which were being washed away for some
period of time from re-cultivated areas into interlines.

As it is seen from the data of table 3, CFU of saprophytic microbiota (SM) is considerably
higher in re-cultivated edaphotopes of the tailings dam comparing with edaphotope (1). In
particular, SM quantity increases 113, 25 i 12 times authentically in edaphotopes of areas,
re-cultivated by deposits of waste waters and sawdust of soft wood, respectively. SM quantity is
authentically 6 times higher in edaphotopes of interlines of areas, re-cultivated by humus,
12 times, re-cultivated by deposits of waste waters, 6 times, re-cultivated by sawdust comparing
with edaphotope (1). It is interesting, that SM quantity of interlines of areas, re-cultivated by
humus is authentically 2 and 5 times higher comparing with edaphotopes of areas, re-cultivated
by deposits of waste waters and sawdust. It can affirm that, humus is better ameliorator for
re-cultivation of edaphotopes of the tailings dam, firstly, microbiota quantity is the highest
because of its presence in re-cultivated areas (table 2 — 4) and, secondly, contents of water-
soluble salts is the lowest (table 1).
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Fig. 2. The general quantity of microorganisms cells (GQM) of the tailings dam
edaphotopes of the PJSC SNCE “Polimineral”.
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Fig. 3. The general quantity (CFU) of saprophytic microbes (SM) of the tailings dam
edaphotopes of the PJSC
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We should mark, that number of SM of edaphotope (2) is 5 times higher comparing with
edaphotope (1), and number of SM of edaphotope (2) doesn’t determine the difference
comparing with edaphotopes of interlines of areas, re-cultivated by sawdust. The last statement
can be explained by slow cleavage of sawdust with the help of soil microbiota and low contents
of decomposition products-feed source for SM in explored interlines, respectively.

Table 3. Number of saprophytic microbes (SM) of the tailings dam edaphotopes of the
PJSC SNCE “Polimineral”

ni:?;r Names of edaphotopes (E) NuIeI;t:;rh?)iospl\i 1;1 (l);g of t p

1 E. without plants 0.33+0.01 116.77 | 0.001

2 E. with natural plants 1.70£0.09 108.22 | 0.001

3 E. interlines of areas re-cultivated 1.86+0.01 111.91 | 0.001
by sawdust

4 E. interlines of areas re-cultivated 4.07+0.30 104.73 | 0.001
by deposits of wastewater

5 E. interlines of areas re-cultivated 19.79+0.25 43.66 | 0.001
by humus
E. of areas re-cultivated by sawdust 3.8+0.15 95.45 | 0.001

7 E. of areas re-cultivated by deposits 8.34+0.32 64.73 | 0.001
of wastewater

8 E. of areas re-cultivated by humus 37.3+0.32 0 0.001

The number of lowest mushrooms is explored in the tailings dam edaphotopes of the SMCF
“Polimineral” of Stebnyk (table 4, figure 4), as a result of the matter the number of CFU of
microbiota is determined authentically in re-cultivated edaphotopes comparing with technogenic ones.
We should mark, that CFU of lowest mushrooms wasn’t determined in edaphotope (1), hence there is
not any microbiota in it, while number of lower fungi was 1,5-10° CFU in edaphotope (2).

Microbiota of edaphotope of area, re-cultivatedby humus is the most numerous among
explored edaphotopes and 22,6 times higher than microbiota of edaphotope (2). Microbiota
quantity of edaphotopes of areas, re-cultivated by sawdust and waste waters is alsol,8 — 3,7 times
higher comparing with edaphotope (2), that can affirm positive soil-forming processes in
consequence of conducted re-cultivation. Edaphotope of area interline, re-cultivated by humus
(table 4) is characterized by high number of microbiota, 6 times authentically higher than
microbiota of edaphotope (2) among edaphotopes of interlines of re-cultivated areas.

Table 4. Number of lowest mushrooms (LM) of the tailings dam edaphotopes of the PJSC

SMCE “Polimineral”
Serial Number of CFU of lowest
number Names of edaphotopes (E) mushrooms in 1g of edaphotop, t p
x10°
1 E. without plants 0 - -
E. with natural plants 1.50+0.39 12.14 | 0.001
3 E. interlines of areas re-cultivated 2.75+0.93 11.02 | 0.001
by sawdust
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4 E. interlines of areas re-cultivated 1.82+1.60 10.22 | 0.001
by deposits of wastewater

5 E. interlines of areas re-cultivated 9.02+3.60 5.54 | 0.001
by humus

6 E. of areas re-cultivated by 5.50+1.85 8.74 | 0.001
sawdust

7 E. of areas re-cultivated by 2.75+1.02 10.89 | 0.001
deposits of wastewater

8 E. of areas re-cultivated by 33.83+2.66 0 -
humus

In consequence of conducted researches concerning determination of quantity of mold
fungi in the tailings dam edaphotopes we have established that number of microbiota CFU is low
(table 5, fig. 5), and totally absent in edaphotope (1). Low number of mold fungi in explored
edaphotopes can be explained by high salinity and insufficiency of nutriments, that are limited
factors of vital activity of the present group of microbiota [4; 18].
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Fig. 4. Number of lowest mushrooms of the tailings dam edaphotopes of the PJSC SMCE
“Polimineral”.
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Fig. 5. Number of efflorescent mushrooms of the tailings dam edaphotopes of the PJSC
SMCE “Polimineral”.

Among the tailings dam edaphotopes the most numerous is microbiota of the area,
re-cultivated by humus, less numerous the microbiota of areas, re-cultivated by deposits of waste
waters and sawdust The microbiota of area interline is the most numerous among edaphotopes of
interlines.

Table 5. Number of efflorescent mushrooms of the tailings dam edaphotopes of the

PJSC SMCE “Polimineral”

Serial Names of edaphotopes (E) Number of CFU of t p
number efflorescent
mushrooms in 1g of
edaphotop
1 E. without plants 0 - -
2 E. with natural plants 1.5+0.7 3.40 | 0.027
3 E. interlines of areas re-cultivated by 9.0£2.0 3.22 | 0.033
sawdust
4 E. interlines of areas re-cultivated by 6.1£2.6 0.45 | 0.067
deposits of wastewater
5 E. interlines of areas re-cultivated by 23,3+5.2 0.29 | 0.078
humus
6 E. of areas re-cultivated by sawdust 17,7+£3.0 0.46 | 0.071
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7 E. of areas re-cultivated by deposits of 9.6%2.1 0.59 | 0.067
wastewater
8 E. of areas re-cultivated by humus 83.5+17 - -

In consequence of conducted researches concerning determination of the number of
nitrogen-fixing bacteria in the tailings dam edaphotopes on silicate gel plates with medium of
Eshbi we have not determined any CFU. It is evident, that high salinity of edaphotopes and
unsufficiency of organic matters are limited factors for growing of nitrogen-fixing bacteria [3] in
technogenic and re-cultivated edaphotopes of the tailings dam.

CONCLUSIONS

We established, that there are high (0,74 — 0,94%) contents of water-soluble salts in the
first section of the tailings dam edaphotopes of the SMCF “Polimineral” and lower in
re-cultivated ones. It is determined, that microbiota quantity of the tailings dam edaphotopes is
law: general quantity of microorganisms cells is equal 19 — 203-10° units, number of saprophytic
microbiota — 0,33 — 37,3~1O5 CFU, lower fungi — 0 - 33,8-103, mold fungi — 0 — 83 CFU,
nitrogen-fixing is not determined. The tailings dam edaphotopes, re-cultivated by humus, and
also adjacent to them interlines, are characterized by higher number of microbiota and lower
salinity comparing with technogenic and re-cultivated edaphotopes.
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AHOTANIA

MIKPOBIOTA EJA®OTOIIIB XBOCTOCXOBHIIIA TTIAT
CTEBHUIbKOI'O I''PHUYO-XIMIYHOTI'O IIANNTPUEMCTBA
“ITOJIIMIHEPAJI”

XBocrocrocxoBuiie ITAT CreOHUIBKOTO TipHHYO-XiMigHOTO TMignpueMctBa (CI'XII)
“ITonmiMiHepall” HAJICKUTH IO TEXHOTEHHUX 3MIHCHHX TEPUTOPIH, € MOTCHIIHHO HeOe3meuyHuM
00’€KTOM 3 HECHPHUATIMBAM CKOJOTIYHHUM TPOTHO30M. XBOCTOCXOBHIIE IiMPHEMCTBA
oOBajyioBaHE 1aMOaMU Ta CKJIAJIAETHCS 3 JIBOX CEKIIiN 3aranbHO0 1uiomero 140 ra, ski yIpoaoBx
noHa 20 pokiB 3allOBHIOBAJACh PIAKMMH BiaxonamHu ¢uioTaliifHoro 30arayeHHs pya. 3a gac ii
po0OTH y XBOCTOCXOBHIIA HAMINILIO 0JM3bK0 20 MJIH.T TBEPJHUX COJSHO-TIIMHUCTHX BiIXOIIB.
Ha nmanwmit yac, mepria cexilisi XBOCTOCXOBHIIA IIoIMIeto 70 ra € OCYIICHO, Y Hill 3aIHIIIacs
TBepna (asa BIAXOHiB, sKa 3alOBHIOE JHO KOJHIIHBOTO COJIiHOTO OaceiiHy. Bona
XapaKTePU3YEThCS 3HAYHUM BMiCTOM IIIKiIJTUBUX PEYOBHH, BUCOKOIO 3aCOJICHICTIO, a 3 mepudepii
— HACTYTMAI0Y0I0 POCIUHHICTIO, TOIOBHO C(HOPMOBAHOIO CONIECTIMKIMH POCIHHAMH.

BaxnmuBuM TMOKa3HUKOM CTaHYy €KOCHCTEM € MiIKpo0ioTa, sKa € OJHHUM 13 YHWHHHKIB
IPYHTOTBOPHOTO TIPOIIECY, XKUBJICHHS POCIHH 1 (iTOCAHITAPHOTO CTaHy. TOMy METOI0 HaIIoi
poOOTH € aHaji3 YHUCENBHOCTI MIKpOOIOTH y TEXHOTEHHO 3MIiHEHUX 1 pPEKyJIbTHBOBAHHX
enadoronax xpocrocxosuia [TAT CI'XII “Tlomiminepan”.

Hamu BH3Ha4YeHO, 10 TEXHOTCHHO 3MIHEHI e1a(OTOMU MepIIoi CeKIlii XBOCTOCXOBHIIA
AT CI'XII “Ioniminepan” matoTh Bucokuit (0,74 — 0,94%) BMicT BOIOPO3YMHHHX COJICH, IO
MOXe OyTH JIMITYIOYMM YMHHHMKOM Ui 3pOCTaHHsS pPOCIMH Ta Mikpobiotu. VY
peKyIbTHBOBaHMX enadoronax mnepuroi cekuii xBocrocxosuma € Hwkuuid (0,28 — 0,4%) BmicT
COJIeH, IO Jae 3MOTy 3pOCTaTH JESKUM pOCIMHAM Ta Bejie N0 30UIBLICHHS YHCEJBLHOCTI
Mikpo0ioTH. Bu3HadeHO, IO YHCENBHICTh MIKPOOIOTH TEXHOT€HHO 3MIiHEHHX em1adoToriB
XBOCTOCXOBHIIIA € HHU3bKOKO: 3arajibHa KUTBKICTh  KIITHH  MIKpOOpTaHi3MiB  piBHA
19 — 454910° OJIMHUITb, YHCETBHICTh canpodiTtHoi Mikpobiotn — 0,33 — 1,7‘1105 KVYO, "mkunx
rpubiB — 0—1,5‘{103, nBineBnx TpubiB — 0 — 1,5 KVO, azordikcyBanpHi Oaxtepii He
BUSIBISIIOTECA. BCTaHOBICHO, IO y TEXHOTEHHO 3MIHEHHX enaoTomax XBOCTOCXOBHINA 3
BHCOKOIO 3aCOJICHICTIO HE BHSBIIIOTHCS a30TQiKCyBaNbHI OakTepii, HIKYI Ta IBiNEBI rpudH.
BuzHaueHo, 110 YHMCENBHICTH MIKpOOIOTH PpEKYJIbTUBOBAHMX €1a(OTOMIB XBOCTOCXOBHIA
JIOCTOBIPHO 301IbIIYETHCS: 3arajibHa KUIBKICTh KIITHH MIKPOOPTaHi3MIB 10 203410° OJIMHUIIb,
YHUCEIBbHICTh canmpogiTHOI MIKpOOiOTH IO 37,3410°, HmKkumnx rpubiB 10 33,8410°, usinesux
rpubiB — no 83 KVYO, azordikcyBanbHi OakTepii TakoX He BHSBISIOTHCS. 3’SICOBaHO, MIO
3arajbHa KUIBKICTH KIITHH MIKPOOPraHi3MiB pPEKyJbTHBOBaHMX ¢Ja(oTOMIB € BHUILOI Yy
1,3 — 8 pasu nopiBHsHO 3 enadoromamu X MiKpaaue Ta y 4,5 — 10 pa3iB BHIIA MOPIBHAHO 3
TEXHOTCHHO 3MiHEHUMH efadoronamu. 3’sCOBaHO, IO YHCEIBHICTh campodiTHOT MikpoOioTH
pPEeKyJIbTHBOBaHUX enadoToriB € BUmo y 1,3 — 1,8 pasu nmopiBHsIHO 3 enadoTornaMu ix MikpsIb
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Ta y 12 — 113 pa3iB MOpiBHAHO 3 TEXHOT€HHO 3MiHEHUMHM expadoTonamu. 3’siCOBAHO, IO
azorQikcyBasbHI  OakTepii SK y TEXHOTEHHMX TaKk 1 pEKyJIbTHBOBAaHMX eznadoromnax
XBOCTOCXOBHIIA BIJICYTHI, 1110 CBITYUTH PO HECPOPMOBAHICTH 1X a30THOr0 0OMiHy. BinmiueHo,
o en1adoTONH TUITHOK XBOCTOCXOBHIIA, PEKYIHTHBOBAHI MIEPETHOEM, a TAKOXK HMPWIIETIIi O HUX
MDKPSAASA, XapaKTepPH3YIOThCS BHINOI0 YHCENBHICTIO MIKpPOOIOTH Ta HIDKYOIO 3aCOJIEHICTIO
MOPIBHSAHO 3 TEXHOTEHHUMH Ta PEKYJIbTHBOBAHUMH €1a(OTOAMH.



105

Olena Barabash
National transport University
el_barabash@ukr.net

BIOINDICATION ESTIMATION OF URBAN ECOSYSTEMS
POLLUTION IN KYIV

Abstract. It is known that some plants are able to absorb some pollutants especially in large
quantities, processes of accumulation or concentration occur more rapidly than in environment.
The response of bioindicators to physical or chemical effect should be clearly expressed, in sense
specific, easily registered visually or by using instruments.

The problem of pollution assessment roadside area with special bioindicators — plants is
extremely relevant in our time, as the negative effect of the vehicle components exhaust is
manifested in some plants so clearly that they can be successfully used as indicators of pollutants.
The main problem of use plants-bioindicators to monitor motor pollution is to evaluate the effect
of simultaneous action on several plant substances in air that can be additive, antagonistic or
synergetic.That way perfect plant indicator must have exceptional sensitivity to action of a single
pollutant, showing bioavailable fraction,which has the potential ecotoxicological value and so
will be interesting for engineers to protect the environment.

Keywords: fito-indicator, biological testing, stress factors, bioindication, toxicity.

INTRODUCTION

In the face of deteriorating environmental state of big cities is the problem of contamination
biosphere anthropogenic chemicals. Entering from different sources and from vehicles, pollutants
accumulate in the environment at concentrations exceeding background. Most of these pollutants
are in rolling condition and included in natural biochemical processes. Many organisms are
sensitive to various abiotic and biotic environmental factors and can exist only in certain, often
very limited changes of these factors, and monitoring their response provides information on the
environment.

In conditions of deteriorating environmental state of big cities the most important becomes
the problem of pollution the biosphere anthropogenic chemicals. Entering from different sources
and from vehicles, pollutants accumulate in the environment at concentrations exceeding
background. Most of these pollutants are in rolling condition and included in natural biochemical
processes. Many organisms are sensitive to various abiotic and biotic environmental factors and
can exist only in certain, often very limited changes of these factors, and monitoring their
response provides information on the environment. To monitor changes of the environment,
assess the effectiveness of management and as warning signals of environmental violations,
impending, are used types of indicators that are quite varied — from cellular and subcellular
components of the body, microorganisms, lower plants, lichens, fungi, higher plants to certain
types and grouping of animals that can be effective bioindicators adapted to particular
environmental conditions [15, p.39; 18, p.58].

It is known that some plants are able to absorb pollutants in a large quantity, processes of
accumulation or concentration in them occur more rapidly than in environment. The response of
bioindicators to a physical or chemical effect should be clearly expressed, in sense, specific,
easily registered visually or with using instruments.

Distribution of bioindication researches in recent years has been criticized by ecologists and
biologists, as biological indication methods do not provide information on the objective, physical
and chemical characteristics of stressors factor; they need, as a rule, more repetition for getting
statistically significant results [12, p. 223].
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Despite such views, the problem of pollution assessment roadside area with special
bioindicators — plants are extremely relevant in our time, as negative effect of components
emission vehicles appears to some plants so clearly that they can be successfully used as
indicators of pollutants.

The main problem of use plants-bioindicators to monitor motor pollution is to evaluate the
effect of simultaneous action on several plant substances in the air that can be additive,
antagonistic or synergetic.

So perfect indicator plant must have exceptional sensitivity to action of a single pollutant,
thus showing bioavailable fraction has the potential ecotoxicological values and that way will be
interesting for engineers from environmental protection field [13, p. 19].

Before unsolved aspects of the common problem. Currently, evaluation of environmental
hazards is traditionally done by identifying specific environmental or potentially harmful impacts
and to compare the results with their legally establishments for permissible values. At the same
time this method of control has some significant disadvantages.

Analytical methods are usually time-consuming, are not always expressed, require
expensive and sometimes scarce equipment and reagents,also highly qualified servicing staff. But
their main disadvantage is that these methods can not guarantee accurate estimation of
environmental threat, however spectrum of analyzed substances was not wide. The level of
pollution and impacts is not important, and these biological effects they can cause and which can
not provide the most accurate information even chemical or physical analysis.

Along with instrumental methods of assessing the environmental pollution using biological
testing method is based on adequate reflection of living organisms, environmental conditions in
which they develop and change accordingly reaction [6, p. 44; 20, p.181].

Analysis of recent research and publications. The main problem that solves biotest is — to
give a quick answer to the question whether there is no toxicity. Some authors consider a
bioassay method modeling effects of some factors that have common biological effects.

Biotesting does not replace system of analytical quality control methods of protection, but
complements it with qualitatively new biological indicators. Using biological test systems allow
to determine the changes that occur in them at a very early stage, when they have not manifested
as morphological or structural perturbations and are undetectable by other methods. This allows
to take precautionary measures to initiate ecosystems in time.

Evgenyev M.I calls methodological procedure by which the quality of environment and
factors acting alone or in combination with other is judged by survival, status and behavior in
specially placed into this environment organisms — test objects [5, p. 33].

Many scientists identify biological testing as a prelude to more detailed and comprehensive
analysis chemical composition of soil and water [8, 14, 17], and methods of bioindication and
biological testing are essential for diagnosis ecosystem response to stress effect and determine
the changes in individual components of biota [1,11, 9]. For diagnosis of toxicity in soil bioassay
must firstly develop common principles and approaches and on their basis draw up multi-test
system for assessing the toxicity soils of specific region.

During conducting biological testing at organisms’ choice biological variables suggest that
response should be correlated with changes in ecosystem level. Identify this pattern in practice is
difficult. However such features of organisms as growth of individuals or individual bodies, their
productivity, survival successfully are used in the practice of biological control as a medium [16,
p.34; 21, p. 419].

Among other investigations have the important role, examining the biological effect of
pollution with heavy metals. Thus, in assessing the toxicity of urban soils containing elevated
concentrations of cadmium, lead, zinc, nickel, chromium, cobalt, etc., a series of experiments on
seedling bioassay method of test plants. As sensitive organisms listed toxicants authors used
cress-salad, wheat and oats. It was founded that cress-salad exhibits maximum sensitivity to
contamination with lead, and wheat — with cadmium and zinc.



107

Interesting are researches to assess the pollution of different areas of snow cover in big
cities via fitotest, with the main parameters to assess the degree of toxicity tests snow water are:
energy germination percentage of seed germination, length of root length shoot, weight of
branch garden cress-salad [2, p. 54; 4, p. 26].

E.L Vorobeychyk and V.N Pozolotina [3] studied the spatial variability of forest pollution
by heavy metals test for root seedlings of genetically homogeneous sample dandelion. It turned
out that phytotoxicity is determined mainly by metabolic forms of metals.

That way, given the diversity of ecotoxicants, that take place in urban areas, their
synergistic leveling additive effect, adequate assessment of the environment quality is possible
only when combinate instrumental methods of ecology diagnosing biotest.

The purpose of article — assessment of the air pollution level district. Kyiv by biotesting
of selected plants — sheet-indicator of Pyrus communis (Pyrus communis L.) and apricot
(Armeniaca vulgaris Lam.).

RESEARCH METHODOLOGY

For studies were selected vegetable examples (leaves) of dominant fruit tree species near
the road of Holoseievski district. Kyiv. Examples of Pyrus communis leaves were selected at area
on a distance of 1; 5; 20; 50 m from the road on Demeevskoy area; leaf examples of apricots - 1;
5; 20 m from the motor company (MC) located at the street. Vasylkivska, 22 m. Kyiv . These
types of fruit trees are most widely represented at the test site, and have sufficient space of leaf
blades, that are the most suitable for the first phase of research — biological indication chlorosis
and necrosis, and for the second phase — determining the dust content at leaf plates of trees.

In order to achieve the purity of experiment to determine the damaged parts of leaf blades,
collecting of material was made from trees of the same age in mid-October 2016 in the number
of 30 trees Pyrus communis apricot trees and 10 apricot trees of 50 (middle circle) for each of
these distances from research object.

Method of assessing the affected skin (in percentage) was taken as a basis of definition
chlorosis and necrosis of skin leaf blades was upgraded by using PC software [7, p. 16].

The main idea of method:

1. Leaf blade model is placed on the scanner, scanned;

2. The image was imported into program Adobe Photoshop 7.0;

3. Using the Histogram in dialog Image, leaf blade area is defined in pixels (dimensionless
unit resolution computer screen);

4. Using the instrument «Magic wand tool» green isolated unaffected parts of the leaf blade
were highlighted. The program made this automatically. During the touch of the mouse arrow to
the basic green leaf - area unaffected with chlorosis or necrosis was highlighted;

5. Using the same instruments Histogram in dialog Image unaffected areas defined area in
pixels;

6. Using software instrument "Magnetic Lasso" completely isolated plate of leaf was
highlighted and total area of leaf blade was determined;

7. With mathematical computational program Excel the percentage of affected skin of each
leaf and the average arithmetic value at each distance from the object was determined.

To determine the content of dust on surface of pears and apricots leaf blades, collection of
material was carried in August, September and October 2016 only in the weather with rain
absence, which remained unchanged for ten days at distance of 1m, 5m, and 20m from the
roadway. Number of examples collected for all the studies was 5,400 sheets [19, p. 101].

To determine dust pollution filter paper was made wet until draining. It placed a leaf upside,
and near - bottom and covered with tracing paper or pellicle. At filter paper was made a print that
evaluated visually for pollution degree (solid — 100%, half — 50%).
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RESULTS AND DISCUSSIONS

As a result of the damaged area calculations apricot leaf blades, that were selected in
Goloseyevsky district near Kyiv MC had the following data:
» Apricot, located at 1 m from MC has a maximum leaf damage 41.78%, minimum —
0.88%, the average is 9.19%;
» Apricot, located at a distance of 5 meters from the MC has a maximum leaf damage
40.65%, minimum — 1.76%, average — 8.75%;
Apricot, located at a distance of 20 m from the MC has a maximum leaf damage
23.23%, minimum — 0.08%, the average is 5.99%;
Apricot, which is located 50 meters from the MC has maximum leaf damage 90.16%,
minimum — 0.60%, the average is 10.21%.
Pyrus communis, which leaves were collected at 1 m from the MC has a maximum leaf
damage 63.42%, minimum — 0.50%, the average is 22.65%.
Pyrus communis was collected within 5 m from the MC, has a maximum value of
damage leaves 57.22%, minimum — 2.01%, the average is 24.64%.
Pyrus communis, which leaves were collected at 20 m from MC has a maximum leaf
damage 57.17%, minimum — 3.32%, the average is 20.99%.
Average values of percent damage Pyrus communis leaf blades at different distance from
MC Nel are given in table. 1.

vV Vv V VY V

Table 1 - Comparative characteristics of damage Pyrus communis leaf blades at
different distance from MC Nel

The distance from sources | Percentage of damaged Nature of damages
of pollution, m skin

1 22,65

-

5 24,64

20 20,99
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The most damaged (24.64%) are pear leaves that were collected at distance of 5 meters
from MC, while the minimum and maximum percentage of damaged leaf blades differ by only
15%, indicating even the impact of pollutants on a leaf of pear. At a distance of 20 m from
MC necrotic leaf blade decrease (20.99%).

Average values of percent damage apricot leaf blades at different distances from
MC Nel are given in Table. 2.

Table 2 - Comparative characteristics of injury apricot leaf blades at different

distances from MC Nel
Distance from sources of Percentage of damaged Nature of damages
pollution, m skin
1 9,19

%

’ - . ‘

50 10,21

Be

The most damaged (10.21%) are leaves of apricots that were selected at distance of 50 m
from MC, while the minimum and maximum percentage of damaged leaf blades differs by 41%.
This allows us to make a conclusion about effect on leaves of apricots at distance of 20 meters or
presence of other air pollutants, which increase the necrotic action at the first.
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Comparative characteristics of damaged leaves of pears and apricots (%) at 1; 5; 20; 50 m
from MC are shown at fig. 1.
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Fig. 1. Necrosis of damaged leaves and apricots Pyrus communis (%) depends on the
distance of 1, 5,20, 50 m

It is determined, that percentage of pear leaf blade damages is more then percentage of
apricot leaf damages in 2 times.

Determined, that percentage of damages pear leaf blade is more than percentage of
damages apricot leaf blade in 2 times.

The percentage value content of dust at distance of 1, 5, 20m from the road in examples of
leaf plates apricots and pears are shown in the table. 3.

Table 3. Indicators (%) of dust content at leaf blades of apricot and pears usually are
at different distance from the road

Distance from Dust content (%)at the leaves of Dust content (%) on the leaves of
the road, m apricot pears
August September October August September October
1 46 52 58 51 61 74
31 34 42 42 46 59
20 18 22 33 28 33 45

For results of research is determined, that the content of dust on the surface of pear leaf
blades is more than dust content in examples of apricots in 1.27 times in August, in 1.30 in
September and in 1.34 times in October, due to the presence in Goloseyevska area major
highways in c. Kyiv.

CONCLUSIONS

Pear fruit trees are more sensitive to air pollution. The maximum average value of damaged
pears leaves is 24.64% (at distance of 5 m) and 74% of dust (at distance of 1 m from the road) in
October 2016. The maximum average value of damaged leaves and apricots — 10.21% (at distance 50
m) and 58% of dust (at distance of 1 m from the road) in October 2016., indicating the different
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intensity of certain plants absorption of atmospheric contaminants in area of research or selective
influence on certain substances researched in fruit trees. Data on air pollution in Demeevskoy area
square in. Kyiv for 2016 shows exceeded MAC by substances such as nitrogen oxide (IV) and dust
(1 = 4MAC), which sources are mainly emissions from vehicles. According to literary sources known
[10, p. 87] that the apricot is sensitive to air pollutants such as hydrogen fluoride. Thus, we can
conclude that with increasing distance from the MC concentration of hydrogen fluoride in the air is
reduced, as evidenced by findings in apricot and fruit tree pear perhaps an indicator of air pollution by
dust or nitrogen oxide (IV), which requires further research.
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AHOTAIIS

BIOTHAUKAIIIMHA OIIHKA 3ABPYJIHEHHS YPEAHI3OBAHUX
EKOCHUCTEM M. KHEBA

B ymoBax noripIiieHHs eKOJIOTIYHOTO CTaHy BEJIMKHX MICT BCe OUIBII TOCTPOIO CTa€E mpodiiema
3a0pyneHHs Oiocdepr XIMIYHIMHU PSUOBUHAMH aHTPOIIOTEHHOTO MOXODKEHHA. Hamxxomsuu 3 pisHUX
JDKEpeJl, TaKoX BiJI aBTOTPAHCIIOPTY, MOMIOTAHTH HAKOITMYYIOTHCS B JIOBKULT B KOHIEHTpALIsX, SKi
NEpEeBHILYIOTh (OHOBI. bijbllla yacTMHA HMX IOJIOTAHTIB 3HAXOJWTHCS B PYXJIMBOMY CTaHi i
BKJIIOYAEThCS B NPHUPOAHI OloXiMmiuHI mporecd. barato opraHismMiB € YymIMBUMH 10 PI3HHX
abloTHyHUX 1 OI0THYHMX (aKTOPIB CEPeOBHINA i MOXKYTh iCHYBATH JIMIIE B MEBHHX, YacCTO JyXKeE
oOMeXeHNX 3MiHax IMX (DaKTOpiB, a CIOCTEPEXKEHHS 3a iX peakilicro mae iHdopmario mpo CTaH
HABKOJIMIITHBOTO CEeperoBHIa. JI7sI MOHITOPHHTY 3MiH HaBKOJMIITHBOTO CEPEOBHINA, OIHKH
e(EeKTUBHOCTI YIPABIHHA, Ta SK IONEPEKYBAIGHI CHUTHAIM EKOJIOTIYHUX TOPYIIEeHb, IO
HACYBAIOThLCSI, BAKOPUCTOBYIOTHCS BUIN IHIUKATOPH, SIKi € IOCUTh Pi3HOMaHITHUMH — BiJl KJIITHHHUX
Ta CyOKJIITHHHUX KOMITOHEHTIB OpraHi3My, MiKpOOPTaHi3MiB, HI)KIHMX POCIIHH, JIMIIIAHHNKIB, TPHUOIB,
BULIMX POCIMH JIO OKPEMHX BHIIB W YrpyHOBaHb TBAapHHIKI MOXYTh OyTH e(eKTUBHHMU
6i0iHIMKATOPaMH, aAIITOBAHUMH JIO NIEBHUX YMOB HABKOJIMIIIHEOTO CEPEIOBHILIA.

Bigomo, mo pocnuHM 37aTHI NOTJIMHATH II€BHI 3a0pyqHIOIOYI PEYOBMHHM B OCOOJIHBO
BEJIMKUX KUIBKOCTSIX, TOOTO MPOLIECH HaKONMMYEeHHS a00 KOHLEHTPYBaHHS B HHUX BiJOyBalOThCA
IHTCHCHUBHIIIIE, HI) y HABKOJUIIHBOMY CEpEAOBHINI. BinmoBimHa peakiiist 0i0iHAMKATOpIB Ha
neBHUi (Qi3nyHKMi ab0 XIMIYHMH BIUIMB TOBMHHA OyTH YiTKO BHpa)keHa, TOOTO crenugivHa,
JIETKO PEECTPYBATHUCS Bi3yalbHO 200 3a JOTIOMOTOI0 TIPUIIaIiB.

3a pesynbTaTaMu JOCHIDKCHHS BHU3HAUEHO, IO BMICT MUY Ha TOBEPXHI JIICTOBUX
TUTACTUHOK TPYII MEePEBUIILyE BMICT MY y 3pa3kax abpukocu y 1,27 pasu y ceprHi, B 1,30 y
BepecHi Ta y 1,34 pa3iB y )OBTHI, [0 3YMOBJICHO HasBHICTIO B I 0JIOCITBCbKOMY palioHi OJHIET 3
HalOUTbmMX Marictpaneii M. KueBa. ®pykroBe 1epeBO Tpymia € OifbIl YYTIWBOIO JIO
3a0pyaHEeHHs aTMOC(HEpHOTO HOBITPs. MakcUMalbHe cepeHe 3HAUEHHS MOLIKOPKEHOT YaCTHHH
JMUCTKIB Tpymn ckiuanae 24,64 % (wa Biacrani 5 M) ta 74% mnwmny (Ha Bigctani 1 M Bifg
aBTOMOOIBHOT smoporu) y »xoBTHI 2016p. MakcuManbHe cepelHe 3HAYECHHS IOLIKOIKEHOT
yacTuHH JUCTKIB aOpukocu — 10,21 % (ma Bigcrani 50 m) ta 58% muny (Ha Bigcrani 1 M Bix
aBTOMOOIBHOI Jtoporu) y xoBTHI 2016p., 0 CBITYNTH NPO pi3HY IHTEHCHUBHICTH MOTJIMHAHHS
NEBHUMHM POCIIMHAMH aTMOC(HEPHHUX JOMIIIOK B paifoHi ZOCIiKEHHs a00 1Mpo BUOIPKOBHH BILIHMB
JIeSKAX PEUOBUH Ha JOCHIDKYBaHI IUIONOBI nepeBa. JlaHi momo 3a0pymaHEHHS aTMOC(HEpPHOTO
MoBiTps B paiioni JlemiiBchkoi ruromi M. KueBa 3a 2016 p mokaszytots nepeBumienHs ['JIK mo
TakuM pedoBHHaM sK okcua azoty (IV) ta mun (1 - 4 TJIK), mxepenamMu sSIKHX B OCHOBHOMY €
BHUKHIIA aBTOTPAHCIIOPTY. 3a JITEPaTyYpPHUMH JDKEpPEIaMH BiIOMO, 110 a0pHKOCa € YyTIUBOIO JI0
TaKoro 3a0pyaHIOBaYa aTMOC(HEPHOTO TOBITPS, K (PTOPUCTHH BOJICHB.

TakuM YWHOM MOXHA 3pOOWTH BHCHOBOK, IO 31 30imbIneHHsM Biactani Bim ATII
KOHLEHTpALisl (PTOPUCTOTO BOJHIO B aTMOC(EPHOMY IOBITPi 3MEHINYETHCS, MPO LIO CBigYaTh
OTpHMaHi JaHi 1o abpukocy, a ppykToBe AEpeBO Tpyllia MOXKIHMBO € IHIMKATOPOM 3a0pyAHCHHS
aTMOoc(epHOro MOBITPs NHIOM 200 okcuIoM azoTy (IV), mo norpedye noaanbIIMX JOCIIIKEHb.



