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AKTYAJIBHI IINTAHHA ITPUKJIAJTHOI
EKOJIOT'II IPOMUCJIOBIX PEI'TOHIB

CYYACHUN CTAH ITAPKOBUX JEPEB YPBAHI30BAHUX
TEPUTOPIN CTEIIOBOTI'O IIPU/JHIIIPOB’SI YKPATHI

M. O. Ksitko"?, A. M. Ka6ap?? , T. FO. Jluxonar?, O. A. Jluxonar*, }O. B.
JIuxosat?

U Kpusopizvrudi deporcasnuti nedazozivnuti ynicepcumem, m. Kpueuti Pie, Ykpaina
2 Invinposcokuti navionarvrut ynisepcumem imeni Oaecsa Towvapa, m. Jrinpo, Ykpaina
3 Bomanivunuiti cad J[ninposcokozo nayionasvnozo yricepcumemy im. Oaeca Tonvapa, m.
winpo, Vkpaina
4 Vwisepcumem mumnoi cnpasu ma dinancie, m. Jrninpo, Yepaina

Amwnorarig. B anTponorentno 3Minenux JasimmadTax crernoporo [IpuaHinpos’s pery-
JIAMiA ablOTHIHUX aTMOC(EPHUX 1 I'PYHTOYTBOPIOBAIBHIX IIPOIECiB, 30KpeMa 3a PaXyHOK
MILIBHOCTI MITYYHO CTBOPEHUX JICOBUX €KOCUCTEM IIJIAXOM JTUHAMITHOTO BIJTHOBJIEHHS PO-
JI0YO0CTi I'PYHTIB, €, Ha HAIY AyMKY, IIEPCIEKTHBHOIO IIPOrPaMoIO JIJIs HiCIIBOCHHOTO ITe-
piojty BiHOBJIEHHS pecypciB JricoBux (oHIB perioniB Ykpainun. Ocepejkn iHTPOTYyKITiii-
HIX JIEPEBHUX BUJIIB MepPeKelo MapKiB BKPUJIN TepUTOpio JIHITpoBChKOTO periony Y Kpa-
THE Ta CYyTTEBO 3MIHMJIM 3arajbHUI BUIJIS JIICOBUX eKocucTeM cTernoBoro Ilpumgainpos’s.
[Tapkwu 3aiiMaloTh HE3HAYHI IJIOMII ajie HECYTh 3HAYHE peKpealliiiie HaBaHTaykeHHs. Fkc-
IJIyaTallisi B CaJliBHUIITBI IIPU3BEJIa 10 TOrO, 10 HeBeJINKa KiJIbKiCTh BI/IiB OyJ/ia 3HUIIEHA B
JIMKIT IIPUPO/Ii Ta BU2KUJIA B KYJIbTUBYBaHHI. Poc/muH] pecypcn TepuTopiii JeHIponapKiB
i rPOMaJICHKUX MAapPKiB €KCILIyaTYIOThCA JI0 €KOHOMITHOrO ab0 O10JIOTIIHOr0 BUMHUPAHHS.
3a ocranui 3-5 poxku st Oiibinol yactuau JIHINPOBCHKOTO periony Hemae YiTKOro KOH-
CEHCYyCy MO0 TEMIIIB 3MEHIIIeHHs IHTPO/IYKOBAHUX JIEPEBHUX BUJIIB 1 MOIYJIAII] JePEBHUX
POC/IMH IIPUPOJIHOTO Ta MITYYHOrO MOXO/KeHHs. MeToio NmpoBeIeHrX JIOC/I/IZKEeHb BHI0-
BOT'O CKJIaJIy MapKOBUX HACAJKEHL, OYyJI0 BU3HAYEHHS PIBHSA KUTTEBOCTI Ta CydacHOrO
cTaHy B yMOBax ypOaHi3oBaHUX TepuTopiii crernoBoro IlpumHinpos’s, migpaxyHoK KiJIbKO-
CT1 JIEePEBHUX POCJINH, BCTAHOBJIEHHS BIKOBOI CTPYKTYPHU Ta BIJICOTKOBOI'O CIIBBIIHOIIIEHHS
JiepeBocTany Ha npukiaai napkiB m. uinpo ta m. Kpusoro Pory. OcobsmBuii inrepec
BUKJIMKAIOTH Ha Telep JiepeBa — JOBIOKUTE, JIOMIHAHTHI BUJM HAABHOI JIE€HIPOdJIO-
pu. BoHu npejcTaB/isgioTh BeJIMYe3HUI IHTEepec K MPeJCTaBHUKH IIiHHOTrO reHodonry. Ha
OCHOBI 3p00JIeHOT POOOTH 110 KOXKHOMY TTapKy OyB CKJIaJICHUl iHBeHTApU3AIIHHI TIJ1aH Ta
[ACIOPT 00’€KTy MiCHKOI'O TOCIIOIApPCTBA.

KurovoBi ciioBa: ajianrariiiiai crpareril IepeBHUX POCUH, OCOOJIUBOCTI JIEPEB Y Mi-
CbKUX YMOBaX, CTPEC, CTIHKICTD JIEPEBOCTAHIB.

CURRENT STATUS OF PARKLAND TREES IN URBANIZED STEPPE
AREAS OF THE DNIPRO REGION IN UKRAINE

M. O. Kvitko'?, A. M. Kabar?? , T. Y. Lykholat?, O. A. Lykholat?*, Y. V.
Lykholat?

U Kryvyi Rih State Pedagogical University, Kryvyi Rih, Ukraine

2 Oles Honchar Dnipro National University, Dnipro, Ukraine

3 Botanical Gardens of Oles’ Gonchar Dnipro National University, Dnipro, Ukraine
4 University of Customs and Finance, Dnipro, Ukraine
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Abstract. In the anthropogenically altered landscapes of the Dnieper Steppe, the
regulation of abiotic atmospheric and soil-forming processes, in particular through the
density of artificially created forest ecosystems through dynamic restoration of soil fertility,
is, in our opinion, a promising program for the post-war period of restoration of Ukrainian
forest resources in the regions. Plant resources are exploited to economic and biological
extent. Exploitation in horticulture has led to the fact that a small number of species
have been destroyed in the wild and survived in cultivation. Over the past 3-5 years,
there has been no clear consensus for most of the Dnipro region on the rates of reduction
of introduced tree species and populations of woody plants of natural and artificial origin.
The centers of introduced tree species have covered the territory of the Dnipro region of
Ukraine with a network of parks and have significantly changed the general appearance of
the forest ecosystems of the Dnipro steppe. Parks occupy small areas, but carry significant
recreational value. Download. By conducting studies of the species composition of park
plantings, the level of vital activity and current state in the conditions of urbanized
territories of the Dnipro steppe, counting the number of woody plants, installing the age
structure and percentage composition of the tree stand on the example of the park of the
city of Dnipro and the city of Kryvyi Rih. Using the method of conducting research on
the species composition of park plantings, the level of vital activity and current state in
the conditions of urbanized territories of the Dnieper steppe region were determined, the
number of woody plants was counted, and the age structure and percentage composition
of the tree stand were established using the example of the parks of the city of Dnipro and
the city of Kryvyi Rih. Of particular interest now are trees - long-lived, dominant species
of the existing dendroflora. They are of great interest as representatives of a valuable
gene pool. Based on the work done for each park, an inventory plan and a passport of
the municipal facility were drawn up.

Keywords: adaptation strategies of woody plants, features of trees in urban areas,
stress, stability of tree stands.

Bemyn. Bumupanug JiepeBHUX BUJIB iHTpOyKOBaHUX pocyinH, 3apeectpoBani MCOII
ta BeecsiTriM 1ierTpom moniTopunry oxoponu npupoan (WCMC), qacTkoBo Bimobpazka-
I0Tb Teorpadivynmii po3moig OOTAHIYHUX 3HAHB 1 MOHITOPUHTY, a He (DaKTUYIHI TEeMITH
BTPATH PISHOMAHITTS JEePEBHUX BUJIIB 1 3acejleHHs 1HBa3iiHUX arpeCUBHUX JIEPEBHUX PO-
caun. Ha nmoyatky XXI c¢T. reHoOH T iHTPO/IyKOBAHUX JIEPEBHUX POCJIMH B Y KpaiHi CKJa-
nmascd 3 2491 Bugty 1 715 bopm Ta KyJIbTHBAPIB JepeB, KYIIB, JiaH — ycboro 3206 TaKCOHiB,
o B 6 pasis GisibIe KiIbKOCTI BUIB TpupoHol merapodiiopn Ykpainu [1, 2, 3, 4, 5, 10,
33].

Cran napkoBol JIeHIPOdJIOPH 3aJI€KUTH BiJl 3a0PY/AHEHHS MOBITPSHOIO MIPOCTOPY iH-
JIyCTpiaJIbHUX MEHTPIB BUIOOYTKY Ta nepepobku kopucHux konajmu lligennoro Cxomy
Ykpainu. [lepeBurienns: MeKOBO JOIYCTUMUX KOHIIEHTPAII TEXHOTE€HHOT'O TUJTY, JTIOKCHU-
JIy a30Ty Ta CipKu, (hopMaJibieriy, penosy, amiaky Ta iHmmx 3abpyIHIOBaviB B MOBITPSI-
HOMY IIPOCTOPi BEJIUKUX MICT IIPUBOJUTH JI0 YTBOPEHHS KUCJIOTHHUX JOMIIB Ta (HPOTOXiMi-
YHOTO cMOTY. Bcee 1e 3HaYHO MOCHITIOETHCA 3a PaXyHOK e(eKTy cyMaillil Ta IMPU3BOJUTD
JIO TiJIBHUINEHOr0 piBHS 3a0py/IHEHHs B Oararbox IMPOMUCIOBUX IeHTpax JIHipoBCbKOro
periony [20, 21, 17, 23, 31| 3a Xap4YoBUMH JIAHIIOTaMU HAJIXOIUTH JO OPraHi3My TBapUH
[25, 19| Ta maromuau |9, 1, 26, 9|. Pisionoriyni nporecn ajanTtarii J[epeBHIX HACAKEHD
JIO 3a0pyJ/IHEHHSA T'PYHTOBOI'O IOKPUBY Ta IMHMJIOBOIO YU Ta303a0pyIHEHHS JIOC/I/KEHI B
poboTax sik 3aKOPJIOHHUX, TaK 1 BITUM3HAHUX JocJaiiHuKiB |8, 13, 14, 27, 28, 32, 34, 35].

g migrpuMaHis HOPMaJIbHOIO CTaHy ICHYIOUMX MICHKHUX JICPEBHUX HACA I2KeHb HE00-
XijiHe 3/1ifiCHeHHS MACIITAOHUX JIiif 3 MOHITOPUHTY, TIJIAHYBAHHS Ta KEPYBaHHS IIPOIECAMU
BIJIHOBJIEHHSI JIEPEBHUX €KOCHCTEM PI3HOro Bu0BOro ckiajy [14]. s mporo mporsirom
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BKe€ TPUBAJIOIO Yacy BUKOPUCTOBYETBHCS 1HBEHTApU3allisd POCIUH IPUPOJHUX €KOCUCTEM,
IITYYHUX JePEeBHUX HacaKeHb |9| cremoBoro [Tpuaainpos’s.

[aTpOmyKIIiliHMIT pe3epB IEKOPATUBHUX JIEPEBHUX POCINH JJI Y KpATHU CKJ1a,/1a€ OJIN3b-
KO b Tucad BujiB. Ilpu mmpomy Tpeba BpaxyBaTH, MO ICTOPUIHHUI JIOCBiJ 3aCBiIUNB, 110
MPOTATOM OJTHOTO JIECATUPIUUS B IIUPOKY KYJIBTYPY BIPOBAKYETHCS 5 BUJIB ab0 dopm
JiepeBHUX poc/ivH. [3 yciel KiibKoCTi abOpUreHHnX Ta iIHTPO/LyKOBAHUX BHUJIIB 1 (hOpM JIeH-
npodtopr YKpaiHu B KyJbTYPl BUKOPUCTOBYEThCs Ha piBHi 1/10 gacTka ycix TakCOHIB.
[H1m1i 3a/IMITIAIOTHCA HE3a IIAHUMU 1 MAIOTh JIMIIIE IHHICTh 9K TeHOMOH T JIJIsd MaiibyTHHOTO
[10, 14, 33].

3 90-x pokiB XX cTOTTS 3-3a KOPJOHY B YKpaiHy HOYaBCs MacOBHil YBi3 COPTIB,
KYJIbTUBAPiB, (DOPM JIEKOPATUBHUX POCJIUH, IKi CTAJIU IMMTUPOKO BUKOPUCTOBYBATHCS B O3€-
JIEHeHHI IIPpUBATHUX CaIn0, a Mi3HilIe — Ipy 3aK/IaJaHH] IPUBATHUX PO3CATHUKIB JeKOPa-
rusauX pocsmd [10, 13]. CruxiitHo po3moyaBcsi HOBHMH BHYTPINTHBOBUIOBUIT eTan iHTPO-
JIYKIIil, B IKOMY B JiesKiii mipi 6epyThb ydacTb i Ooraniuni cajau. BesymoBHo B 1iiomy
1eil 1mporec Ma€ MO3UTUBHUNM XapakTep, ajie IIPU IIbOMY 3MEHIWIach ITUTOMa Bara HOBUX
IHTPOYKOBAHUX BUJIIB.

Ojira 3 hopm 30eperKeHHsT JIICOBOTO TeHOMOH LY IS TOAAIbIIOTO BiITBOPEHHS 1 peHa-
TypaJi3aliil — CTBOPeHHS KOJEKIIINHNX JTIJITHOK 3aKJIQ KO0 KOJEKIIMHIX KYJIbTYpP 1 KJIO-
HOBUX apxiBiB. Tak 30epiraloTh BCi BUJIM J€PEBHUX POC/IMH, 3aHeCEHUX B UepBOHY KHUTY,
a TaKOYXK PIJIKICHI €KOTHUIIN, PI3HOBUJIHOCTI, IiHHI (hbopMU, TIJIIOCOBI Ta €JIiTHI JepeBa, Bili-
Opani Jy1 HACiHHUIITBA [2].

[rmoo dopmoio 36epekents TeHOMOHTY ABJISIETHCS OXOPOHA OKPEMUX HACA/IZKEHb i
JIepeB Ha TepuTopil napkiB Ta cKBepiB. Lleil mIsgx BUKOPUCTOBYIOTH B JIICOBOMY T'OCIIOJIAD-
cTBi BinosiaHo 3 OCHOBHUM IOJIOXKEHHSIM 1 BKa3iBKAMU II0 TOPSJIKY BiAOOPY Ta 00JIiKYy
ILTIOCOBUX JIEPEB 1 HaCa [KEHb, MOCTIMHUX JIICOHACIHHEBUX JIJSHOK 1 IUIAHTAIN B JIico-
BOMY TI'OCIIOJIAPCTBi, & TAKOXK IPHU BHJIJICHHI ITaM aTHUKIB pupoau. MeToio 30epekeHHs
OKPEMUX HACAJIZKEHD 1 JiepeB (yHIKAJIbHUX, €TaJIOHHUX, eJIITHUX, TJIIOCOBUX) Y MPUPOJIHIX
YMOBAX € TpUBaJIe BUKOPUCTAHHS 1X y cesieKIiiiino-renerudniit podori. Hajizpuuaitna 1os-
TOBIYHICTB — T1e 1 HA/I3BUYAlIHA KUTTECTIHKICTD, y BeIUKiil Mipi 3yMoBjeHa iX GiosoriaHu-
MU CITQJIKOBUMH BJIACTUBOCTAMU. BUKOPUCTOBYIOUM TaKi jepeBa gK MaTOYHI i HACIHHEBI,
i 9K JOHOPU JIJIsd TiOpHIU3aliil, MOYKHa CTBOPIOBATHU OLIBII JOBIOBIYHI POIYKTUBHI JIiCH,
0CODJIMBO 3aXMCHI, MapKoOBi, KypopTHi. Taki jepeBa JI03BOJISIOTH TAKOXK 3’ ICYyBaTH PEKOP-
JIHI MOYKJIUBOCTI POCTY, HAKOIMYEHHs ODIOMacH, TPAHUYIHOI JOBIOBIYHOCTI JIEPEBHUX TIOPI/I.
Awnajizyoun B34TI 1M 38 KUTTS 3 [IUX JepPeB TPoOH JIepeBUHU (KEePHH), MOYKHA BUSICHI-
TH 3a PIYHUMH KUTBIZEMEI 3aKOHOMIPDHOCTI 3MiHUM (Di3UKO-reorpadidyHOrO cepeioBHINa 3a
BeJINKI BiIPi3KM dacy, BpaxoByBaTh iX B JjiciBHUITBI. CTapoBIKOBI jepeBa I03BOJISIIOTH
pecTaBpyBaTU POCJUHHICTD 1 JtanmmadTi MuHyoro |2, 4, 5.

Metoro jocitiizkeHHs 010 BUBHAYMEHHST BUI0OBOIO CKJIa/ Ty MAPKOBUX HACA/ZKEHb, ITi/Ipa-
XYHOK KIJIbKOCTI JIepEBHUX POCJIMH, BiJICOTKOBE CIIiBBIJIHOIIIEHHSI Ta BCTAHOBJIEHHS BIKOBOI
CTPYKTYPH JiIepeBocTany ypOaHizoBaHuX TepuTopiii creroBoro IIpupaHinpos’s na mpukia i
napkiB M. /[xinpo ta M. Kpusoro Pory.

Mamepiaau ma memodu. IlnBenTapu3allisi BAKOPUCTOBYETHCH JIJ1sI BU3HAUEHHS BUJIOBO-
ro pi3HOMAHITTS Ta JOMIHAHTHUX BHUJIIB MICBKUX HACAKEHB [7], MOHITOPHHTY »KHTTE3/1a-
THOCTI Ta OIIHKU CTaHy HacajzKeHb |22|, Bu3HaueHHs KpUTepilB e(DeKTHBHOIO yIIPABIIHHS
Ta TJIAHYBaHHS MICBKMX €KOCHUCTEMHUX ITOCIYT, OIIHKM PO3MOBCIOJIZKEHHS Ta ITOIIKO/IZKY-
BAHOCTI MICHKUX HACA/[2KEHb TIKITHUKaMu Ta XxBopobamu [12]. TocstizKeHHs TIPOBOMIACS
BIpoIoBK 2016-2024 poxis. locaimKyBaanuch JiepeBHI Haca/lXKEHHs MIiCHbKHIX MapKiB M.
Huinpo ta m. Kpusnit Pir [14, 29, 30, 31].

Kirowosi pingakm Oynn 3axiajeni Ha teputopil mapkis Bosomi Jly6inina, CobopHuit
p-H, M. /Ixinpo, 3a koopaunaramu 480 42° 47”7 N 350 03’ 50” E, 3arajbHa 111011 TapKOBUX
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naca kenb — 3,4 ra (0,034 km?) Ta napk Ilucapzkescbkoro, M. JIHINpo, 3a KoOp@uHaTaM1
480 43’ 39” N 350 01’ 56” E, 3araspHa 1miomma napKoBUX Haca zKeHb 1iomnia — 7,9 ra (0,079
kM?). Tlapku 3HaX0/ATHCA Ha IPaBoMy Gepesi MicTa, 0OMexKeHi ceTiTeGHOoI0 3a6y10B0I0 Ta
BEJINKUMH TPAHCIIOPTHUMU PO3B’sI3KaMU.

Ha repuropii m. Kpusnit Pir 6y;u pozramoBani 5 KIIOUOBUX JIJISHOK B MeXKaX JI€H-
nponapky Becemi Tepuu 1o 3naxosithes y 3amiasi p. Cakcaranb, TepHIBCHKOIO p-Hy, M.
Kpusoro Pory 3a koopanaaramu 480 04’ 56” N 330 32’ 38" E. CyuacHa Tepurtopis map-
Ky CTaHOBUTDH O/iM3bKO 17,2 rekrap. JlepeBHi HacaKEHHS PI3HOIO TUITY MalOTh 3araibHy
wiorty — 31 ra (0,31 kM2). A Takoxk 3 KIH0YOBI JiIsTHKE Ha TepuTopil JJOBrUHIIBCHKOrO
JIEeHIPOIIapKY, 10 3HaxoAdaThea y M. Kpusnit Pir, loBrunnuscbkuit p-H, 3a KOOp/nHaTA-
vu 470 53’ 26” N 330 32’ 02” E, zarambna mioma cranosuts 52 ra (0,52 km?). ITapku
na teputopii M. Kpuboro Pory 3maxondarbcsa BijiajaeHo Bij MEHTPY MicTa Ta TepUTOpil
MIPOMUCJIOBUX TiPHUYOBHI00YBHUX IIiIIIPUEMCTB.

Hait6isib1r mommpeHnM MeToIOM MOHITOPHHTY 3€/IEHUX HACA/PKEeHb € MOJTBOBHI METO.
inBeHTapu3allil Ta Bi3yaJbHHIl OTJIdAJ, skl i OyB HAMU BUKOPHCTaHWil. [HBeHTapuU3aIio
MPOBOJIMJIN Y BiIIOBIIHOCTI 10 “THCTPYKIIT 3 iHBeHTapu3allil 3eJIeHuX Haca/?KeHb B Hace-
nennx myHkrax Ykpaiuu” [16]. [IpoBoguin npsimi Bumipn Ta BisyasibHUIL OIVISIIT J€PEB B
Haca KenHi. Micriespoctantst okpeMux jepeB Oysio BusHadeHe 3a jgonomoroino GPS nasi-
raropa Ta HaHeceHe Ha KapTy. TakoxK B IPOIECi JOC/IiIXKeHH BCTAHOBJIIOBAJIACA OIIHKA,
3araJbHOrO FKICHOT'O CTaHY JIEPEB; aHAJII3 MTONTKO/PKEHHS JIEPEB MK THUKAMH Ta 3aXBOPIO-
BaHOCTI; ierTudikaris dayTHux HebOe3neuHnx JepeB, KOTPpi HeoOXiIHO BUJIAIUTH; BU3HA-
YeHHS ITOCIIJIOBHICTI JIi#l JJIA OJIaJIBIINOI PEKOHCTPYKITT MICHKUX MApKOBUX Haca XKeHb;
BCTAHOBJIEHHS YYaCTI B JIePEBHOMY TOKPHWBI NTapKiB 1HBa31iTHUX BUJIIB.

labapuTn nmepeB Ta AKICHUI CTaH JIEPEBOCTAHY BU3HAYAJINCH 38 METOJMKAMH OIVCAH-
HuMmu panime |14, 29, 30, 31]

Pesyavmamu. 3a mnonepe/iHiMu re0OOTAHITHUMEI JTOC/IIKEHHIMI BCTAHOBJIEHO, IO
I'PYHTOBWUII IOKPUB ITAPKOBUX MACUBIB HAJIE2KUTH JIO aHTPOIIOI€HHO-ITOBEPXHEBO-TIEPETBOPEHOTO
TUITy MICHKUX T'PYHTIB. BazoBblil TUII IPYHTY — YOPHO3EM MAJIOTyMYyCHU, KapOOHATHUIA,
cepeIHbOCYTJIMHUCTHI. Bojio3abesnedents rpyHTIB — arMocdepHe.

Obusa mapku M. /lHimpa MoxKHA BiJIHECTH JI0 3MINIAHUX OJHOSPYCHUX HACA/2KEHD 3
ziMmuyTictio kpon 0,5 — 0,65. Bujosuit ckian pepesnux nopin napky /lyGinina nepesa-
JKHO IIPeJICTaBJIeHU MAJIOMIHHUMU BujiaMu. Pict jepeB 3Ha4HO yroBiibHeHUT. KiJIbKicTh
cyxux rijiok B kponu nepesuirye 20%. [Ipucyrns Beauka KiabKicTh pyAepaabHOl pOCIIH-
Hocti. BuoBuit ckiia)r aepeBaux mopij mapky IlucapzkeBcbkoro piznomanitTHimmii. epe-
Ba MalOTh O3HAKM YNOBLIbHEHOro pocty Ta 10 20% cyxux riyiok B Kponi. Yarapuukosuit
sIpyC MOBHICTIO BijicyTHi#l. 3a0yp’sinenicTh Hu3bKa. Maiizke 10JIOBUHA yCiX JiepeB HapKy
[lyGinina — 1ie MOJIOJIl POC/IMHM, IIEPEBAYKHO MIPeICTaB/IeH] iHBa3iitHuMy BujaMu. B mapky
[TucapkeBCbKOro, HABIAKH, JIOMIHYIOTh CEPEeIHBOBIKOBI, CTapilovi Ta cTapi eK3eMILIAPH.
Cran 3710poB’st OIIBIIOCT AepeB 000X MapKiB OIIHEHO K 33 0BLIbHUI. ¥ mapky Jlybinina
sHaitneno 17,3% dayraux ta 0,7% meprsux gepes. B napky Ilucapxkescbkoro dayTHux
pociinn HapaxoByeThess 19% ta cyxocroio 2,1%.

Hennponapku Becesni Tepuu 1o 3uaxomgarses y 3amiasi p. Cakcaranb, TepHiBCbKO-
ro p-uy, M. Kpusoro Pory, JlninpornerpoBcbkoi 06JI.., Mae 1mepioj 3ak/iajanag Bijg 1895
piK, a TakoK JloBruHiBCcbKUi JAeHIpONApPK, MO 3HaX01AThed y M. Kpusuit Pir, Jlorun-
NUBCHKUN P-H, mepiof 3akaaganis — 1955 pik. posramosani B Mexkax M. Kpuoro Pory
i oynu 3akaajeni Bijg 130 mo 70 pokis moromy. Cepesniii Bik Haca/XKeHHA CTAHOBUTH 95
POKIB, BiJIHOCHU{I BiK OIHIOETbCH K — cTuryi. CBIT/IOBA CTPYKTypa 3MIHIOETHCS Bij| Ha-
MiBOCBIT/IEHOT JI0 HAMIBTIHHOBOI. EKOCHCTEME TTUX JEHIPOIOTIYHIX TMAPKIB HA TEPUTOPIIX
M. Kpuoro Pory xapakTepusyoTbcsd 9acTKOBO C(HOPMOBAHOIO BEPTUKAJIHHOIO CTPYKTY-
porto, nojekyau BincyTHiit I1I gapyc abo € HesnHauna KijabKicTb migpocty. Ll ekocucremu
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BHAXO/IATHCH Y BIJTHOCHO CIPUAT/IMBUX €KOJIOTiYHMX yMoBax Kpubopixk:ks chopmoBami
nominytounm [-I1 spycom i3 npeacraBuukis BumiB Quercus robur L., Fraxinus excelsior
L., Ulmus laevis Pall. Kpim toro, y III apyci mux ekocmcremMu TakoyK IMPUCYTHI iHBa-
suBHI pocsiman Acer nequndo L., Acer campestre L., Populus alba L., Acer platanoides
L., Ulmus glabra Hudson, Morus nigra L., Salix fragilis L., Acer tataricum L.. lepeBHi
ekocucremMu JIOBrMHITIBCHKOIO IMapkKy Ta Iapky Becesi TepHH MOXKHA BiJIHECTU 0 30HHU
3 BIJTHOCHO HECHPUSATIUBAMU €KOJIOTIYHUME yMOBAMU POCTY Ta PO3BUTKY JIEPEBHUX PO-
cauH. Y JIOCTIKeHNX IMTYYHUX JIEPEBHUX Ta YarapHUKOBUX HACAKEHBb 13 JOCTATHIM
pIBHEM 3BOJIOZKEHHS 1 BITHOCHO CHPUATINBUME €KOJIOTITHUMHU YMOBAMH CEPEIHA T'yCTOTa
nacakenb 1, 111 I apycis cranosurs 1925-13050 mrt. /ra, Bucora cranoBmta Big 11,3 M
gm0 18,3 m (I apyc), msiamerp croBOypis — Big 12,1 em mo 41,7 (I apyc). Bogrouac 3amac
JIepeBUHE Haca ZKeHb CKJajaB Bix 993 1o 1912 w3 /Ta, a cyMa IJIOI MOIePeYHrX 3Pi3iB
cranoBuThb 32 — 36 M2 /ra. Cuissinnomenns mix I, IT i 11T sspycaMu JilepeBHUX Ta YarapHu-
KOBUX Haca IXKeHb BiJIMIHHE BiJIl KOHTPOJIIO: 38 yCepeTHEHUMU TTOKA3HUKAME BUCOTH JIEPEB
cranoBuTh 1,0 : 0,85 : 0,31 a 3a ycepe/IHEHUMU TTOKA3HUKAMU JIiaMeTPIiB CTOBOYPIB JlepeB
-1,0:0,6 : 0,23.

BadikcoBani nomkokeHHst Aesculus hippocastanum xarmranoBoro mimnio, Ulmus rpa-
diozom. Ha 6ararpox pocimaax Acer, Populus, Robinia pseudoacacia ma Prunus armeni-
aca 3adikcoBaHi 1101081 Tija TPyTOBUKIB. OCOOJMBY 3arpo3y JjIsl MAPKIB SIBJISIOTH arpe-
CUBHI 1HBa31{iH1 BUIM, 1O 3/aTHI 3HAYHOIO MIPOIO TIOTIPITyBATA CTAH MTapPKOBUX CHUCTEM.

Tabs. 1: CumcremaTmuyHmMii CKJIaJ] JiepeB napkiB M. /luinpo
Table 1. Systematic composition of trees in parks in the city of Dnipro

Taxkconomiuna Taxkconomiuna
Pin OJUHUILA Pin OJMHUILA

e 2

< o < 3

Q Q

= | E =

E 5 B =} =
Acer L. 3 5 Pinus L. - 2
Aesculus L. 1 1 Populus L. 5 3
Ailanthus Desf. | 1 1 Prunus L. 2 2
Betula L. 1 2 Pyrus L. 1 3
Celtis L. - 1 Rhamnus L. - 1
Fraxinus L. 1 3 Robinia L. 1 1
Juglans L. 1 1 Saliz L. 2 1
Koelreuteria L. 1 - Sorbus L. 1 -
Malus P. Mill. 1 1 Styphnolobium - 1

Schott

Morus L. 1 1 Tilia L. 1 4
Picea A.Dietr. - 2 Ulmus L. 3 4

Ob6z060perns. B mapky [lncapkeBCbKOTo I'pyHTOBI BOJM 3a/Iraf0Th ITHOOKO i CyTTE-
BOI'O BILIMBY Ha BOJIHE >KUBJIEHHs POCJNH He MaioTh. B mapky /lyOinina rpyHTOBI Boau Ire-
pebyBalOTh Ha PI3HUX IVIMOMHAX, MICIIIMU BUXOJISAYN Ha IMOBEPXHIO. XapaKTEPHOIO PUCOIO
napky /JlybiHiHa € BiJCyTHICTH SIKOTO-HEOY/Ib JOTJISLY 38 POCANHAME Ha OLIbIIiil JacTrHi
TepuTopil. HacapkeHHs 1IbOT0 IMapKy HAJEXKUTH JI0 HACA/ZKEHb 3MIIIAHOTO TUITY, [IOBHOTA,
Jepes mnepioro gapycy Big 0,5 1o 0,6. 3arajgbHe TAaKCOHOMIYHE PI3HOMAHITTS MIPEJICTABICHE
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B Tabsuni 1 napaxosye (tabs1. 1). XBoitHi opou BijgcyTHI.

Tabs. 2: CucremaTuunnii ckiiasg jgepeB napkis m. Kpuswuii Pir
Table 2. Systematic composition of trees in parks in the city of Kryvyi Rih

TakconomiaHA TakconomiuHA
Pinx OJIMHUIIS Pinx OJIMHUIIS
ES| =
2 . 2 .
o) = 2 =
I A
= = = =
- 5|z
= aa = aa
v i i v
= 8 = =
= = = =
Acer L. 6 5 Parthenocissus Planch. | 1 -
Aesculus L. 1 1 Picea A.Dietr. - 1
Ailanthus Desf. 1 1 Philadelphus L. 1 -
Amelanchier Medik. 1 - Physocarpus (Cambess.) | 1 -
Mazim.
Berberis L. 1 1 Pinus L. 1 1
Betula L. 2 1 Platanus L. 1 -
Caragana Lam. 1 - Populus L. 1 2
Celtis L. 1 1 Prunus L. 4 2
Chaenomeles Lindl. 1 1 Ptelea L. 1 -
Colutea L. 1 Pyrus L. 1 1
Cornus L. 1 Quercus L. 2 1
Corylus L. 1 Rhamnus L. 1 1
Cotoneaster Medik. 1 1 Robinia L. 1 1
Crataegus Tourn. ex L. | 2 1 Rosa L. 1 1
Cydonia Muill. 1 1 Saliz L. 1 1
Elaeagnus L. 1 1 Solidago L. 1 -
Forsythia Vahl. 1 - Sorbus L. 1 -
Fraxinus L. 1 3 Styphnolobium Schott 1 -
Humulus L. 1 1 Symphoricarpos Dill. ex | 1 -
Juss.
Juglans L. 2 1 Syringa L. 1 1
Juniperus L. 2 Swida Opiz, 1 -
Laburnum Fabr. 1 - Tamariz L. 1 1
Larix Mill. 1 - Thwja L. 3 2
Ligustrum L. 1 1 Tilia L. 1 -
Lonicera L. 2 1 Ulmus L. 2 3
Mahonia Nutt. 1 - Viburnum L. 1 1
Malus P. Mill. 2 1 Wisteria Nutt. 1 1
Mespilus L. 1 - Wisteria Nutt. 1 -
Morus L. 1 1

B mapky Beceni Tepun 3naxongarbcd 3 BIJIHOCHO BUCOKHUM PIBHEM ITOBEPXHEBOT'O 3BO-
JIOZKeHHs Ha piBHI 52 M abcosroTHOl BucOTH B 3amuiaBi piuku Cakcaranb. 3aluiaBa Cyxa,
3aifHgTa JIyKaMu, OJIHOOITHA, MICIIAMU BiJICYyTHS. Y 11epiojl BECHSIHOI OB/ 3all1aBa 3aTo-
wioeTbed Ha raunouny 1,0-1,5M. Pycio na Tepuropii nmapky 3suBucte. [lepeBni nacake-
HHs JIOBIHUIIIBCHKOrO IMapKy 3HAXOAAThCA Ha PiBHI 105 M abCOTIOTHOT BUCOTU HEJIATIEKO
Bi 1 BostHOrO Kanasy ninmpo-Kpusnit Pir. BinbimicTs mijgzeMHnx BOJOHOCHUX TOPU30HTIB
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XapaKTePU3YIOThCs HU3BKUM 00’€MOM 3aKJ/IIOUEHOI B HUX BOJIH, JIEAK] - OOMEKEHUM TePH-
TOPIaJTbHUM TIOMTUPEHHSIM.

BaraJibHUNl HAIPSAM CTOKY Mija3eMHUX BOJ, KPUBOPIKXKS — MIBJAEHHUN HAIIPAM, B OiK
[IpuaopHOMOPCHKOI TEKTOHITHOI 3allaIUHU, & TAKOXK JI0 MiCIIeBOTr0O Da3ucy eposil — piuko-
BUX JI0JIMH, OAJIOK, sApiB, mofiB [24].

s obox mapkiB KpuBopiK:Ks TaKoK XapaKTepHa BiJICYyTHICTb HMOCTIHOTO JIOTJIS LY
3a CTAHOM JIEPEBHUX POCJIUH aJjie MacoBi BUpyOKu 1moku He 3adikcoBani. Ha wactuni Te-
puTopil BUIAC Xym00U Ta MiCIg HEKOHTPOJIHLOBAHOTO BiJIMIOYMHKY 3 HASBHUMU CJIiIaMU
baraTTd i cMmiTTd. HacapkeHHs MapKiB JIOCITHUNIBKAX JLISTHOK KPUBOPIXKKs HAJIEZKUTh
JI0 Haca/[?KeHb 3MIIaHOTO THUILY, 3 IPHUCYTHICTIO XBOMHUX BU/IIB Y HE3HAUYHIN KIJIBKOCTI.
[TosHOTA sEpes nepinoro spycy Bix 0,6 mo 0,83 (Tabi. 2).

Bucrosxu. Takum auHOM, iHBEHTApU3allid 3a3HAYEHUX MAPKOBUX Haca KeHb M. JIHi-
npo Ta M. Kpusnit Pir Bctanosusia curyariiio, yCKIaJIHEHY MTOBHOIO BiJICYTHICTIO JOTJISITY
3a JIEPEBHUMHU BHUJIAME IIUX PeKpeariitnux Jjiokariit. [IporgaroMm TpuBaJjoro dacy He mpoBo-
JIIJIACS caHiTapHi pyOKM XBOPHUX Ta MepPTBUX iH(MIKOBAHUX JlepeB, GopMyioda, caHiTapHa
Ta OMOJIOJIXKYBaJIbHI 00Pi3KM KPOH JiepeB Ta KyiiiB. He npubupasiacss namposecHi pazom
3 HACIHHAM JIEPEBHUX BUJIIB POCJUH O] Ta IiJICTUIKA JIUCTS Ha HMOBEPXHI I'PYHTY, IO
MIPU3BEJIO JI0 YTBOPEHHS YMCEIHHOTO CAMOCIBY Ta IMJIPOCTY 1HBA3IMHUX JIEPEBHUX KYJIBTYD
Ta OKpeMUX aDOpUTreHHUX BUJIIB. BHAC/IIIOK 1IHOIO I'yCTHI ITiJITICOK 13 CAMOCIBHUX iHBa3iii-
HUX JIEPEB Ta darapHuky Sambucus nigra L. TOpyIIye HOPMAJIbHY ITUPKYJIAIIIO TOBITPS Ta
CTBOPIOE CIPUATINBE CEPEJIOBUIIE JIJIsi PO3BUTKY Pi3HUX maroreniB. OKpiM IpOro, camo-
CiB OKpeMUX BUJIB IIPU3BOIUTD JI0 PYIHAIIT FOCIIOIAPCHKOI 3a0Y/IiBII, JTIOPI?KOK, OOPIIOPiB
tomo. Henpubpani MepTBi jepeBa TaKoXK CHPULAIOTH 3aXapaIleHOCTI TapKOBOI TEePUTOPIl.
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CYYACHUN CTAH ®JIOPU B 30HI BILJIUBY BIJIBAJIY “2-3” IIAT
“APCEJIOPMITTAJI KPUBUN PII.

E. O. €prymenko!, H. O. Axmarosa' , H. A. I'pauos!, K. B. JInxomanko'

U Kpusopizvrudi deporcasnuti nedazozivnuti ynicepcumem, m. Kpueuti Pie, Yxpaina
Amnorarnist. PociimuaHi yrpymnoBaHHs TpuIersi 10 BifBaJIiB Ha BiJMIHY BiJl POCIUH-
HUX yI'PYHOBaHb BiJBaJIiB € MAJOBUBUYCHUMU 3 (PJIOPUCTUYIHOI TOUKU 30PY 1 MOTPEOYIOTDH
I'PYHTOBHUX JIOCJII?KEHD 3a/I)IT BCTAHOBJIEHHST BUIOBOT'O CKJIAJLy POCJUH. Taki JTOCTiIKe-
HHsI JI03BOJISITH BCTAHOBUTH OCOOJIMBOCTI TAKCOHOMIYHOI'O CKJIa/Ly POCIAUHHUX YIPYIIOBAHD
cpopMOBaHUX MiXK BiIBajaMu 1 TEPUTOPISIME ClTbCHKOIOCIIOIAPCHLKOTO Tipu3HadeHHs. Ha-
MM TIPOBEJIEH] TOC/TIZKEHHSA TAKCOHOMIYHOTO CKJIa/ Ty POCTUHHUX yIPYIIOBaHb B 30HI BILIN-
By Bimany “2-3” IIAT “APCEJIOPMITTAJI KPUBUN PII™ no6/m3y c. Crenose. Buo-
BUil CKJ1aJ1 3’ ICOBYBaJIM Ha 42 MPpOOHUX ILJIOMA/IKAX, Kl Oy 3aK/1a/IeHi HABKOJIO BiIBaJIy.
BceranosiieHo, 1mo cyvyacHuil BUAOBHUI CKJ1a ] POCJUHHAX YIPYIIOBAaHb B 30HI (PYHKITIOHYBa-
HHA BijBasy “2-3” ckiajiaiorh 97 BUJIiB MOKPUTOHACIHHUX POCIUH 3 36 pojamH. ¥ CKJIaJIi
POCIMHHUX YTI'PYIOBaHb 28 BUJIB JIepeB 1 YarapHUKiB, MO HaJjexkarb jio 16 poaun. /o
Yepponol KHUTH YKpalHu HaJIesKaTh — 3MOPIINOK CTenoBuit, ['a roua nudyibKa 3aHe0aHa,
Kosuia Bosocucra, Murnaias crenosuii, Yebpenpb gBoBugnauii. Jlo Perionasmbnoro crmcky
OXOpOHsiEMUX pocinH JIHiTporeTpoBCchKOl 0b1acTi HaaekuTh 3 Buan — [agoua mudyabKa
zanenbaHa, UebOpenpb apoBuaanii i Murnaas crenosuit. Takum auHOM, (bJopa 30HH BILIH-
BY BijBaJjly, cchopMOBaHa B pe3y/bTaTi IIPOIECIB caMO3apOCTaHHS MAa€ O3HAKH CTEIOBOI i
IpeJICTaB/ICHA TIEPEBAYKHO JTUKOPOCTYUYUMEI BUJIAMU CTEIIOBOTO (DJIOPOIEHOTHITY.
KurodoBi ciioBa: BijiBasi, djiopa BijiBajy, TAKCOHOMITHUN CIEKTP.

CURRENT STATE OF FLORA IN THE ZONE OF INFLUENCE OF
DUMP “2-3”0OF PJSC “ARCELORMITTAL KRYVYI RIH”.

E. O. Yevtushenko!, N. O. Ahmatova!, N. A. Grachov!, K. V. Lyhoshapko'

Y Kryvyi Rih State Pedagogical University, Kryvyi Rih, Ukraine

Abstract. The plant communities adjacent to the dumps, in contrast to the plant
communities of the dumps, are poorly studied from a floristic point of view and require in-
depth research to establish the species composition of plants. Such studies will allow us to
establish the peculiarities of the taxonomic composition of plant communities formed be-
tween dumps and agricultural areas. We conducted a study of the taxonomic composition
of plant communities in the area affected by the ”2-37 OF PJSC "ARCELORMITTAL
KRYVYI RIH” near the village of Stepove. The species composition was determined at
42 sample plots around the dump. It was found that the current species composition
of plant communities in the 2-3 dump area consists of 97 species of angiosperms from
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36 families. The plant communities include 28 species of trees and shrubs belonging to
16 families. The Red Data Book of Ukraine includes the following species: Morchella
steppicola Zerova, Muscari neglectum Guss. Ex Ten., Stipa capillata L., Amygdalus nana
L., Thymus dimorphus Klokov et Des-Schost.. The Regional List of Protected Plants
of Dnipropetrovska oblast includes 3 species — Amygdalus nana L., Thymus dimorphus
Klokov et Des-Schost. Muscari neglectum Guss. Ex Ten. Thus, the flora of the waste
heap impact zone formed as a result of the processes of self-overgrowth has signs of steppe
and is represented mainly by wild species of the steppe florocoenotype.
Keywords: dump, dump flora, taxonomic spectrum.

Bceryn. B crienudivnnx ymoBax TeEXHOT'€HHO 3MIHEHOT'O CEPEJIOBHIINA, K1 (POPMYIOTHCs
HA TEPUTOPIAX 3 TPAHC(HOPMOBAHUMU I'PYHTAMU, MIKPOKJIIMATOM, BiJIOYBAIOTHCS CKJIAJTHI
IIPOIIECH YTBOPEHHS POCINHHUX YIPYHOBAaHb 3 TAKCOHOMIYHUM Ta €KOMOP(MIYHUM CKJIIa-
JIOM, TIIO BIJIPI3HAETHCH BiJI IPUJIErINX TepuTopiit. [le 3yMoBIeHO CKITaIHICTIO MiKPOPEThe-
dy, pO3BUTKOM BITPOBOI Ta BOJHOI €pO3ii, rpaBiTAIIITHIME ITPOIIECAMHU, YIIITIbHEHHAM CyO-
CTPATIB BIJIBAJIIB PI3HOT'O I'PAHYJIOMETPUIHOTO CKJIQ/TY, lIepeMINTyBaHHIM PI3HUX I'PChKUX
MIOPiJT B TIPOIIECi BIJICUITKY, 3HAYHUMU KOJMBAHHSIM TEeMIIEPATYyP Ta BOJOTOCTI MOBITPS AK
Ha MOBepxHI Tak i Ha i cyOcTparamMu. BaxKmBUM € PO3yMiHHSA BiJ[BaJIiB K MO3UTUBHUX
dopMm penbedy, gKi € pakTopaMU—pPeryasiTopaMi HaJIXOZKEHHsT COHAYIHOT eHePTil, BOJIOTH
Ha [IPUJIEIJIi JI0 HUX TepUTOopil. SHaUHA JudepeHIiaris eKOJIOrTYHIX YMOB TePUTOPIil TpuU-
JIETJIUX JI0 THAHIK K BiIBAIY 3yMOBJIIO€ HEOOXITHICTD JTOCTIIZKEHHsT CYyIacHOTO BUIOBOTO
CKJIQJIy POCJIMHHUX yT'PYIIOBaHb.

MeTta BCTaHOBUTH TAaKCOHOMIWHWII CKJIaJl POCJIMHHUX YIPYyIOBaHb TEPUTOPIl B 30HI
BIUIHBY Bijsaity “2-3” IIAT “APCEJIOPMITTAJI KPUBUI PII™.

Marepianu Ta metomu. Bixsan “2-37 ITIAT “APCEJIOPMITTAJI KPUBUN PIT”
3rijHO 3 Te00OTaHITHNM PaflOHYBaHHSIM PO3TAIIIOBAHUN B MeKax AIOCTOIBCHKOTO T€000-
tanigHOro paiiony Bysbko-/lninposcskoro (Kpusopizbkoro) reoboraHiaHOrO OKpyTy
PI3SHOTPABHO-3/IAKOBUX CTEINB, OaflpadHuX JICIB Ta POCIAMHHOCTI I'DAHITHUX BiJIC/IOHEHb
[TonTuunoi crernoBoi reodboTaHivHOl MPOBIiHIIT. 3riIHO (DJIOPUCTUUHOTO palloHyBaHHS Jli-
JIsTHKa 3HAXOIUTHCs B MexKax [Hrystenbko- bazasiyko-TomakiBcbKOro hJIOpUCTUTHOTO T1ij1-
paiiony Ilannoncsko-IIpnaopromopcebko-ITpukacmiiicbkol driopuctudnoi obaacti |3, 4].

TepuTtopist 30HU BILIUBY BijiBa/ly HAJIEXKHUTD JI0 TpaB’sHUX OioToriB. [g rpyna BKIo4uae
Ha3eMHI KOHTHUHEHTAJbHI OiOTOIH, IO MOXKYTh MaTH pi3HE 3BOJIOXKEHHS, ajie He 3aJIuTi
BOJIOIO OLJIBINTY YACTUHY POKY, MAIOTh 3arajibHe MPOEKTUBHE MOKPUTTS JEPeB Ta KYIIiB
ne 6iabine 20%. lominanramu B yrpylnoBaHHSAX BUCTYIAIOTH IEPEBasKHO 3J1aKu abo i
BUJIY TPaB THUX POCJIMH, SKI MAIOTh 3arajbHe MPoeKTUBHE HOKpUTTa moHad 30%. MoxyTh
MaTH dK IIEPBUHHE, TaK 1 BTOPUHHE IIOXO/IZKEHHS.

o 1iel rpynu He BXOAATH HAJAMIPHO TpaHCchOPMOBaHI BHACIIIOK T'OCHOJIAPCHKOL Jii-
SITBHOCTI (CMHAHTPOIIHI) 6IOTOMHN, & TAKOXK IITYYHI HACAKEHHsT TpaB aHuX pocyuH. [Ipo-
BiHuME pakTOpamu JmdepenIiaril TpaB’aHuX OIOTOINB BUCTYNAIOTH BOJIOTICTH Ta CO-
JIFOBUU PEKUM I'PYHTY, OKpPeMi TUTH BUILIAIOTHCS TAKOXK 3a BUCOTOIO HaJl pIBHEM MOPH
(asbriiicbki Ta cybasbiiiichki Jyku). Jo nporo Tuily Haje:kaTh TAKOXK TpPaB’sHi y3iic-
cd 1 raJIgBUHU, a TaKOXK TpaB’dHi OioToru, 1Mo (hOPMYyIOThCA HA I'PYHTAX 3 MiIBUIEHUM
BMICTOM coJieit

Ha nudepentiamito Tpas’snux 6i0ToImiB, 0co0IMBO Me30(MITHUX, CYTEBO BILJIUBAE PeE-
JKUM TXHBOT'O BUKOPHUCTAHHS Yy SKOCTI CIHOKOCIB ab0 ACOBHIIL.

Bigsas “2-3” TIAT “APCEJIOPMITTAJI KPUBUN PII” maiekuTh 10 mebGeHICTIX
BIJIBaJIiB, YACTKOBO MEPEKPUTHUX ITYXKUMU, PO3KPUBHUMU TOPOJIAMHU, € He JIIFOYNM 1 3HAXO-
JUThCA B miBAenniit qactuni Kpusopixsksa mobsmsy c. Crenose ta Paxvaniska [2] (Puc.1).

HocnimzKeHHd POCIMHHOCTI TEPUTOPIl 30HMW BILIMBY BIJIBAJY 3/IHICHIOBAIN 3arajbHO-
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Puc. 1: Postamysanns Bigsany“2-3” ITAT “APCEJIOPMITTAJI KPUBUI
PII”
Figure 1. Location of the 2-3 dump at PJSC ArcelorMittal Kryvyi Rih

HPUHHATAMEI METOIAMHU T'e000TaHIYHUX JOCTizKeHb. OCHOBHUMH TUIIAMEA Me0OOTaHITHUX
JIOCIIZKEeHb Oyl MapIipyTHUil (PEKOMHOCIMPYBAIBHUI 1 1eTaibHO-MapIIpy THuii) 1 cra-
rioHapHuit. 3ak/ayBasy MpobHi IO /I Te0OOTaHITHOTO OIHCY B OJHOPIIHUX (TOMO-
PeHHUX) JISTHKAX POCJUHHOCTI, BIIMIY€HUX B X0/ PEKOIHOCIIUPYBAIBHOIO JIOCII IZKEHHSI:
BIJIMiHHI OKOMIPHO BapiaHTU CyXUX 1 BOJOTUX POCIMHHUX YTIPYHOBaHb, PYy/IePabHi yIpy-
noBaHHs« Ta iumi. BukopucroByBasm jjist onuciB mpodHi MIIOI I TpaB’ssHUCTOI POCJINH-
vocTi — 10x10 M.

B Mekax mpobHUX IO BU3HAYABCH BUJIOBUI CKJIaJl POCTUH Ta 1X dKicHUil craH. Bu-
3HAYEHHsI POCJIMH 3/IHCHIOBAIN 33 BUSHATHUKOM BUIIUX pocjuH Ykpaiau (1987) 3 Buko-
pucranHaM JioBijKoBuX Busianb [10], duiopa ninpomnerposebkol Ta 3amnopiszpKol obiacreii
[8, 10]. Tpap’saucTi pocauHN XapaKTepu3yBaJu 3a HagBHICTIO B UepBoHiil KHU31 YKpaiHu
Ta, perioHajbHOMY criucky oxoponu |7, 9|. Hocmimxkenus dhropu Tepuropil 3/ificHoBaIm
BIIPOJIOBXK BereTariitnoro cesony 2024 poky. PaHHbOBECHSHI POCIMHU JTOCITIIZKYBAIUCT Y
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kBiTHi-Tpasui 2024 p. Ckiaj; pocMHHUX yIPYIIOBaHb B YepBHi-cepirai 2024 p.
3iilicHeHO OIKMC POCJUHHUX YIPYHOBaHb Ha 42 MPOOHUX IJIOMIAIKAX, TKi OYy/IH 3aK/1a-
JieHl B Mexkax Tepuropil BiumBy Bigsaiay “2-3” (Puc.2).

J1aTiBKa

Puc. 2: IIpo6Hi nyioinaaku B 30Hi BrjinBy Bigsamy “2-3” ITAT “APCEJIOPMIT-
TAJI KPIBUI PII™”

Figure 2. Test sites in the area of influence of the 2-3 dump of PJSC ArcelorMi-
ttal Kryvyi Rih

[Mupuna cMyru MizK JIHIZKKAM BiJiBaJIy 1 KYJbTUBOBAHOIO POCIUHHICTIO CTAHOBUTD
Big 2 1010 M Ha miBgHi i miBHOYI 10 H0 Ha cxoai i 100-150 M Ha 3axosmi. [IpobHi mromma K
3aKJIaJleHl MK BIJIBAJIOM 1 3eMJISIMU CLIIbCHKOT'OCIIOJIAPCHKOI0 BUKOPUCTAHHS B OCHOBHUX
6ioronax, gKi Bi1oOparXkKaloTh BCIO CYKYITHICTD IIPUPO/IHO-KJIIMATUYHUX 1 'PYHTOBUX BiJIMiH
Ta JIAI0OTh MOXKJIUBICTD 3’dCyBaTH CydacHUil cTan (pJiopu i POCIUHHOCTI TEPUTOPIT BILTUBY
Bi/IBaJIiB.

BioToru 30n1 GOyHKITIOHYBAHHS BiJIBAJIIB 3HAXOIATHCS Y CTEIOBIi 30HI — OCHOBHUI THIT
CTeMiB, IMONIMPEHNIT Ha MIJIAKOPaxX Ta CXWIaxX pisHux popM pesb’'edy — 6aIoK, JOJHH, APiB,
1110 (hOPMYIOTH 30HAJILHI PUCU CTEIIOBOI POCIUHHOCTI. rpyHTI/I — Ppi3HI BU/M YOPHO3€eMiB, a
TaKOXK KaIlITAHOBI Ta JePHOBO-KapOOHATHI I'PYHTH, 10 MalOTh MaKCUMAJIbHY MOTYZKHICTh
0 75 cM, a iHomi 3muti; BMicT rymycy > 3%. Peakmnis 6smsbka g0 meiirpanbaoi (pH
6,9-7,2). IHKO/IM Ha TOBEPXHIO BUXOJSATH JIECH, BIJICJIOHEHHS BAITHSAKIB Y1 TPAHITIB.

3rijiHo 3 HAIIOHAJILHUM KaTaJ0rOM OIOTOINB TepUTOpisl 30HW BILJINBY BiaBasiB HaJe-
xkuth 0 T1 Cyxi tpas’ani 6iotonu, T1.4 CuopaBxKHi PI3HOTPABHO-THITIAKOBO-KOBUIOBI
Ta TUITYaKOBO-KOBWJIOBI crernu Ta miaruiy T1.4.a: CupaBkhi pi3HOTPABHO-TUITYAKOBO-
KOBUJIOBI Ta THITYAKOBO-KOBUJIOBI cTern cTernoBoi 30uu [5]. XapakTepHUMU BHIAME IHX
6ioromis €: Buri cyaunHi pocannan — 2KurHsk rpebingacruit (Agropyron pectinatum), Ilo-
JIMH aBeTpiiicbkuit (Artemisia austriaca), Acrparanu (Astragalus austriacus, A. onobrychis,
A. wucrainicus), Kaparana (Caragana frutex), Edenpa (Ephedra distachya), Momnoual
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(Euphorbia leptocaula, E. sequieriana, E. stepposa), Kocrpung (Festuca valesiaca), Kpu-
uitapis (Galatella villosa), Kepmek (Goniolimon tataricum), IliBauku wusenbki ([ris
pumila), YOpines (Jurinea arachnoidea), Koxis (Kochia prostrata), laumpa (Marrubi-
um praecox), 3amizuax (Phlomis pungens), Toukonir (Poa bulbosa), asnia (Salvia
nemorosa, S. nutans), 2Kabpuns (Seseli tortuosum), Hucrenp (Stachys recta), Kosuna
(Stipa capillata, S. lessingiana, S. ucrainica), Huxwmo (Tanacetum millefolium). dowmi-
HAHTHU YarapHUKOBOro spycy — Murnans (Amygdalus nana), Kaparana (Caragana frutex,
C. mollis, C. scythica), 3inoBars (Chamaecytisus ruthenicus, Ch. austriacus). JTominan-
T Tpas’sinoro sipycy — 2Kurnsk (Agropyron pectinatum), Kocrpuus (Festuca valesiaca),
Cononeunnx (Galatella villosa), Toukownir (Poa bulbosa), Kosuna (Stipa brauneri, S. capi-
llata, S. lessingiana, S. ucrainica), uxno (Tanacetum millefolium).

Pesynpraru CyuacHuii BUIOBHUI CKJIaI POCMHHUX YIPYIOBAaHbL B 30HI (DYyHKIIIOHYBa~
HHd BijiBauty “2-3” ckiaaioThb 97 BUIB TOKPUTOHACIHHUX pocyuH 3 36 pojun. HaiiBurmmit
piBeHb TpAIUISIHHS MaloTh Taki Buu: Bepouika pauust ( Veronica praecox All., (Pannukosi,
Scrophulariaceae)) — 59,52%, Hepesiii maiizke 3puvaiinuii (Achillea submillefolium Klokov
et Krytzka, (Aiictposi, Asteraceae)) — 57,14%, Huna 6ynsbucra (Lathyrus tuberosus L.,
(Fabaceae, Bobosi)) — 47,62%, Ilupiit nossyunit (Elytrigia repens (L.) Nevski, (31akosi,
Poaceae)) — 40,48%, Kocrpurs Basicbka ( Festuca valesiaca Schleich. ex Gaudin, (31axosi,
Poaceae)) — 38,09%, Mosouait npyrosunnuit (Euphorbia virgata Waldst. et Kit., (Moso-
vaiini, Euphorbiaceae)) — 28,57%., Tomuu ripkuit (Artemisia absinthium L., (Aiictpo-
Bi, Asteraceae)) — 28 57%. Hauucenbuimumvu 3a KijbKicTio BujiB € pojunu: Asteraceae,
Rosaceae, Fabaceae, Lamiaceae, Poaceae, Brassicaceae, Scrophulariaceae, Oleaceae, Api-
aceae, FEuphorbiaceae, Aceraceae, Boraginaceae, Rubiaceae (Tabmmmg 1). CriekTp mpoBij-
HUX POJIVH JIMIIe YaCTKOBO BiJIIOBiIa€e 30HAIBHOMY [1].

Takoxk, B MexKax 30HHM BIUIUBY Bi/iBasry moOu3y Bojoiimu Oyso 3adikcoBaHo rpud
3moprmok crenosuit (Morchella steppicola Zerova, (3mopiukosi, Morchellaceae)) Ta mm-
maitauk Kcanropis wacrinna (Xanthoria parietina, (Temocxicrosi, Teloschistaceae)), sxuii
OCEJIIEThCS Ha JIEPeBax.

Y ckimanai 97 BUIB MOKPUTOHACIHHWX POCTUH BHUABJIEHO 28 BUJIIB JIEpeB 1 darapHU-
KiB, 10 HaJexarb g0 16 poxun. Yarapuuku — Cmopompuna sosorucra (Ribes aureum
Pursh * (* — xyasrusoBanmii Buy), Arpycosi (Grossulariaceae)), Bapsinok masnuit ( Vi-
nca minor L., Bapsiakosi (Apocynaceae)), Amopda kymosa (Amorpha fruticosa L., Bo-
6oBi (Fabaceae)), duknit Bunorpasy ' stmincroukosuii (Parthenocyssus quinguefolia (L.)
Planch.*) Bunorpagui ( Vitaceae)), Ceuguna kpos’sina (Swida sanguinea (L.) Opiz, depe-
nosi (Cornaceae)), 2Kumosocrs tarapebka (Lonicera tatarica L. *, 2Kumomnocresi ( Capri-
foliaceae)), Buprounna ssuuaiina (Ligustrum vulgare L., Macimuosi (Oleaceae)), By-
30K 3Buuaitunit (Siringa vulgaris L.*, Macaunosi ( Oleaceae)), Jliniit 3puvaitauii (Lycium
barbarum L., Tlacabonosi (Solanaceae)), Tnin oomanmusuit (Crataegus fallacina Klokov,
Pozosi (Rosaceae)), Tepen (Prunus stepposa Kotov, Pososi (Rosaceae)), lunmmua co-
6auaa (Rosa canina L., Pososi (Rosaceae)), Crymuis 3suuaitaa (Cotinus coggygria Scop.,
Dicramkosi (Anacardiaceae)). depesa — Pobinisa spuuaitua (Robinia pseudoacacia L., Bo-
6oBi (Fabaceae)), dy6 ssuaaitanit (Quercus robur L., Bykosi (Fagaceae)), Tonomns qopua
(Populus nigra L., Bepbosi (Salicaceae)), B’a3 rpabommctuit ( Ulmus minor Mill., B’s308i
(Ulmaceae)), T'ipkokarran 3pnaaiiauit (Aesculus hippocastanum L*, Tipkokamranosi ( Hi-
ppocastanaceae)), Topix rpeupkuit (Juglans regia L.*, Topixosi (Juglandaceae)), Kien ro-
crposmctuit (Acer platanoides L., Kienosi (Aceraceae)), Kien nomsosuit (Acer campestre
L.), Knenosi (Aceraceae)), Knen rarapcekuit (Acer tataricum L., Knenosi (Acerace-
ae)), Macaurka Bysprosmcta (FElaeagnus angustifolia L., Macimukosi (Elaeagnaceae)),
HAcen spuuaiitnmit (Fraxinus exelsior L., Macaunosi (Oleaceae)), fcen nannerunii (Frazi-
nus lanceolata Borkh*, Macmunosi (Oleaceae)), Bummns antunka (Cerasus mahaleb (L.)
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Ta6s. 1: TakcoHOMIYHMIT CIIEKTP POCJIMHHUX yIrPyINOBaHb 30HU BILJIMBY BiaBaJly

“_3»

Table 1. Taxonomic spectrum of plant communities in the area of influence of
the ‘2-3’ waste heap

Pojtunn KinbkicTs
Ne Bunn Ponn
Vkp. Jlar. Abe. | % Abe. | %

1 Ajicrposi Asteraceae 17 17,53 15 17,86
2 Pozogi Rosaceae 11 11,34 10 11,90
3 Bob6osi Fabaceae 7 7,22 7 8,33
4 ['y6orsiTi Lamiaceae 7 7,22 6 7,14
5 31aKoBi Poaceae 7 7,22 5 5,95
6 Karmycrani Brassicaceae 4 4,12 4 4,76
7 Pannukosi Scrophulariaceae | 4 4,12 3 3,57
8 MacauHoBi Oleaceae 4 4,12 3 3,57
9 SoHTHYHI Apiaceae 3 3,09 3 3,57
10 Momnouaitni Fuphorbiaceae 3 3,09 1 1,19
11 Knenosi Aceraceae 3 3,09 1 1,19
12 [MopcTroucTi Boraginaceae 2 2,06 2 2,38
13 Mapenosi Rubiaceae 2 2,06 1 1,19
14 dicramkosi Anacardiaceae 1 1,03 1 1,19
15 2KumostocTesi Caprifoliaceae 1 1,03 1 1,19
16 bepeskosi Convolvulaceae 1 1,03 1 1,19
17 ToscTonmcti Crassulaceae 1 1,03 1 1,19
18 OcoxkoBi Cyperaceae 1 1,03 1 1,19
19 Byxkosi Fagaceae 1 1,03 1 1,19
20 Arpycosi Grossulariaceae | 1 1,03 1 1,19
21 [Nipkokamranosi | Hippocastanaceae| 1 1,03 1 1,19
22 3Bipobiitmi Hypericaceae 1 1,03 1 1,19
23 [TiBHUKOBI Iridaceae 1 1,03 1 1,19
24 [opixosi Juglandaceae 1 1,03 1 1,19
25 MaJtbBoBi Malvaceae 1 1,03 1 1,19
26 Maxosi Papaveraceae 1 1,03 1 1,19
27 [Tomopoxxkuukosi | Plantaginaceae 1 1,03 1 1,19
28 ['peukosi Polygonaceae 1 1,03 1 1,19
29 [TaciboHOBI Solanaceae 1 1,03 1 1,19
30 Bep6osi Salicaceae 1 1,03 1 1,19
31 CanTasiosi Santalaceae 1 1,03 1 1,19
32 B’a3oBi Ulmaceae 1 1,03 1 1,19
33 Bunorpami Vitaceae 1 1,03 1 1,19
34 Bapsinkosi Apocynaceae 1 1,03 1 1,19
35 MacuHKOBI Elaeagnaceae 1 1,03 1 1,19
36 lepenosi Cornaceae 1 1,03 1 1,19
Beworo 97 100 84 100
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Mill*, Pososi (Rosaceae)), I'pyma ssuuaitna (Pyrus communis L., Pososi (Rosaceae)),
Abpukoc 3uvaiinmii (Armeniaca vulgaris Lam., Pososi (Rosaceae)). Cain Binguadwnry,
0 B MIBHIYHIM 9aCTUHI BiJ| MiJIHI2KKS BijIBaJIy JI0 3aJ1i3HUIN HasgBHa 3-4 pidHa BUpPYOKa
JIEPEBHUX Haca/?KeHb MepeBaykHo JyboBuX. B Merkax Gepm, Ta Ha cxujax YKOCIB BijBa-
JIy TiJT 9ac JocIipKenb BugBiaeHo 20 BUIB JiepeB 1 yarapuwkis: MacanHKa BY3bKOJIN-
cra (Elaeagnus angustifolia L., Macauukosi (Elaeagnaceae)), MixypHUK J1epeBOBUTHUI
(Colutea arborescens L., Bobosi, (Fabaceae)), Buprounna spuvaiina (Ligustrum vulgare
L., Maciunosi (Oleaceae)), Knen rarapceknit (Acer tataricum L., Kmenosi (Acerace-
ae)), Tnig obmanmmsuit (Crataegus fallacina Klokov, Pososi (Rosaceae)), Tepen (Prunus
stepposa Kotov, Pososi (Rosaceae)), A6ayus pauus (Malus praecox (Pall.) Borkh., Pososi
(Rosaceae)), Pobinis 3suuaiina (Robinia pseudoacacia L., Bobosi (Fabaceae)), Tomomns 6i-
na (Populus alba L., Bep6osi (Salicaceae)), Crymmis 3suaaitna (Cotinus coggygria Scop.,
Dicramkosi (Anacardiaceae)), Tomons qopua (Populus nigra L., (Bepbosi, Salicaceae)),
B’asz rpaboaucruii (Ulmus minor Mill., B’azosi (Ulmaceae)), Knen sicenemmcruit (Acer
negundo L., Kuenosi (Aceraceae)), Kien rocrposucruii (Acer platanoides L., Kienosi
(Aceraceae)), Topix rpernpkuit (Juglans regia L*, Topixosi (Juglandaceae)), Bummns antn-
nka (Cerasus mahaleb (L.) Mill*, Poszosi (Rosaceae)), 'pymmia ssuuaiina (Pyrus communis
L., Pososi (Rosaceae)), Ilunmma cobada (Rosa canina L., Pososi (Rosaceae)), Abpuxoc
spuvaitanii (Armeniaca vulgaris Lam, Pososi (Rosaceae)), ZKumomnocts Tatapeska (Loni-
cera tatarica L..* 2Kumonocresi (Caprifoliaceae)). TliBnenna, 3axijna, cxijHa 4acTuHU
BiJIBaJIy IIPUMUKAIOTH JI0 ClIBCHKOT'OCIIOIAPCHKUX TIOJIB 1 MalOTh BiJICTAHb BiJl T THIZKKST
JI0 KyJbTUBOBAHO1 pociuHHOCT Bij 2-10 M ma miBHI 10 50 Ha cxomi 1 100-150 M Ha 3ax0i.
B mexax kyapTypdiToreHo3iB HasBHI pocuH asiepreHun — AMOposis nosuaoucTa. Jlms
30HU BILIMBY BiJIBaJIy (piKCcyeThcsd inBasiiina pocyimHa — ['punjenris po3denipena.

O6roBopeHHs

Pesynbraru jocmizKenb JO3BOJUIA BCTAHOBUTH, IO OCHOBY POCIUHHOCTI TE€PHUTOPIT
30HU BILUIMBY BijiBasIy ‘2-3” CTAHOBJIATH TPaB’SHUCTI POCIUHHI acOIallil 3 y4acTIO TaKUX
BU/B, [0 MaOTh HAWBUII] MOKA3HUKHU POCKTUBHOTO MOKPHTTS:

1. Kocrpung cusa (Festuca glauca Vill.), Ilasmia gyuna (Salvia pratensis L.), Buka
muraduit roporok ( Vicia cracca L.);

2. 2Kabpurg ssusucta (Seseli tortousum L.), lepesiit maiizkespnuaaiiauit (Achillea submi-
llefolium Klokov et Krytzka), Bypkyn 6inuit (Melilotus albus Medik.);

3. Iupiit noesyunit (Elytrigia repens (L.) Nevski), Jepesiit maitxkespuuaiinuii (Achillea
submillefolium Klokov et Krytzka), [lomun ripkuit (Artemisia absinthium L.);

4. Wasnis ayuna (Salvia pratensis L.), [apuno ssuaaitae (Agrimonia eupatoria L.),
Hucrens TpancinbBancekuil (Stachys transsilvanica Schur);

5. fcen manuernnii (Frazinus lanceolata Borkh*), Pobinig suuaiina (Robinia pseudoacacia
L.), I'pyma 3puuaitaa (Pyrus communis L.);

6. 2Kumosocts Tarapebka (Lonicera tatarica 1L.*), Crokonoc 6esoctuit (Bromopsis
inermis); Pobinist 3uuaitna (Robinia pseudoacacia L.), Tepen (Prunus stepposa
Kotov);

7. Bommrosos msmuctuit (Condum maculatum L.), depesiit maitzkesuaaitanit (Achi-
llea submillefolium Klokov et Krytzka), 2Kabpurig ssusucra (Seseli tortousum L.);

8. Jlepesiit maiizkespuuaiinuii (Achillea submillefolium Klokov et Krytzka), Yuna Gyib-
oucra (Lathyrus tuberosus L.);
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9. Kocrpung Basiceka (Festuca valesiaca Schleich. ex Gaudin), /lepesiit maiizke 3Bu-
vaiiauit (Achillea submillefolium Klokov et Krytzka);

10. Tmxkmo 3Buuaitae (Tanacetum wvulgare L.), Hepesiit maiizkespuuaiinuit (Achillea
submillefolium Klokov et Krytzka), Monouait npyrosunauit ( Euphorbia virgata Waldst.
et Kit.);

11. Owueper sBuuaitauii (Phragmites australis (Cav.) Trin. ex Steud.), Kyasbaba mikap-
coka (Tarazacum officinale Wigg.);

12. Kosuyia Bosiocucra (Stipa capillata L., Iasnig ayuna (Salvia pratensis L.), 2Ka-
Opurg 3uBucTa (Seseli tortousum L.);

13. Kocrpurg cusa (Festuca glauca Vill., Beponika panus ( Veronica praecox All).

AmnaJtis pocMHHUX acorialiii TepuTopil 30HM BIINBY BiABAJIY 3a IPOBIIHIME, IO TPO-
eKTUBHOMY IOKPUTTIO, BUJAME JO3BOJIAE CTBEPAZKYBATU PO TXHIO 3HAYHY PI3HOMAaHI-
THicTh. PropucTHYHYy OCHOBY iToreHo3iB ckiagaTs Kocrpurg cusa (Festuca glauca
Vill.), 2ZKabpurs 3susucra (Seseli tortousum L.), Tupiit nossyuwmit ( Elytrigia repens (L.)),
apmis xyana (Salvia pratensis L.), fcen nannernuit (Frazinus lanceolata Borkh*), 2Ku-
MoJstocTh Tatapcbka (Lonicera tatarica L.*), Bomuronos mwasmucruit (Conium maculatum
L.), Hepesiit maitxkespuuaitauit (Achillea submillefolium Klokov et Krytzka), Kocrpuis
Basticeka (Festuca valesiaca Schleich. ex Gaudin), [Imxkmo 3suuaitue (Tanacetum vulgare
L.), Oueper 3Buuaitauii (Phragmites australis (Cav.) Trin. ex Steud.), Kosusa Bosiocucra
(Stipa capillata L.).

o Yepsonoi kaurm YKpalHu HAJIEKATh — 3MOPINOK cTenoBuii, ['amfoua mubyibKa 3a-
Hebana, Kosuta Bostocucra, Murnaias crenosuii, Yebperns aposugaunii. Jlo Perionaabao-
IO CIIMCKY OXOPOHSIEMUX POCauH JIHinponeTpoBehKol 06/1acTi HaaekKuTh 3 Buau — [aaioda
uOyJibka 3aHe0ana, Yebpers nosuauit i Murgass crenosuii (Tab.2).

Tabs1. 2: PinkicHi Ta 3HUKAaIOYi BU/IM TEPUTOPil 30HU BIJIMBY Bi/IBaJTy.
Table 2. Rare and endangered species in the area of the waste heap impact

Hazsa Bumy Craryc Buja
YKY craryc
3MOPIIOK CTEOBuUit Morchella steppicola | Pinkicamit
Zerova.
Famroua mubynbka 3anenba- | Muscari neglectum Guss. Fx | Bpazimsnii
Ha Ten.
Kosuia Bostocucra Stipa capillata Heorminennit
Murnais crenoBumit Amygdalus nana L. Pinkicunii
Yebperib IBOBUIHMIA Thymus dimorphus Klokov | Pinkicumii
et Des-Schost.

BucuoBku B mnijiomy 3asznadnmo, 1o ¢Jjiopa 30HH BILIUBY BijiBaJty, copMOBaHa B
pe3yabTaTi MPOTIECIB caMO3apOCTaHHS Ma€ O3HAKHM CTENOBOI 1 MpejcTaB/IeHa TTepeBayKHO
JIMKOPOCTYYIUMHU BHJIAMU CTENOBOTO (hiioporieHoruiy. o 30HM BIJIUBY BifBaJly TpUJIETi
JIUISHKY KYJIBTUBOBAHOI POCJUHHOCTI TIPejcTaB/ieHi arpodiToreHo3amMu 3 yIacTiO Pi3HUX
KYJIbTYPHUX POCJINH, fKI MalOTh y CBOEMY CKJIaJIl cereTajibHi 1 pyJepaJsbHi pOC/JNHU, 110
TAKOXK XapaKTEPHO JIJIsi TOPOJIIB 1 CMITHUKIB HACEJIEHUX ITYHKTIB, PO3TAIIIOBAHUX OOy
IIJIHIZK>K ST BlJIBaJIiB.
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MAKPO®ITHU PIYKOBUX EKOCHUCTEM
T.M. Anpoxina'!, €.C. I'ycak!

b Kpusopisvrkuti depoicasnuiti nedazozivnut yrisepcumem, Kpusuti Pie, Ykpaina

Amnoranisg. Makpoditu MaoTh MIUPOKUil CIEKTP €KOJIOTIIHIX poJieil Ta poO/IsaTh 3Ha-
YHUI BHECOK Y CTPYKTYPY, KUTTEMAIBHICTD Ta (DYHKITIOHYBAHHS T IPOEKOCUCTEM, CIIPU-
AI0YH MATPUMII €KOJIOTTYHOT piBHOBaru, 6i0pi3HOMAHITTIO Ta BIJIMOBIIHIN AKOCTI BOJIN.
Bojni pociniu € BaXKJIMBUMU KOMIIOHEHTaM# 010T€OXiMiYHUAX IUKJIB, BOHU OEPYTh yIaCTh
y KpPyroo0iry mo;KUBHUX PEYOBHH, PEryJIdIiil ra3000MiHy Ta ouuineHHi Bojau. KopeHesi cu-
CTEeMU BOJIHUX POCJIUH JIONOMAraloTh cTablli3yBaTu JOHHUN Ta TPUOEPEKHUN TPYHT, TUM
caMUM 3MEHINYIOUN PU3UK epo3il Ta 3aMy/ieHHs PidYKoBux pyci. Makpoditu € ayTinBumMu
J10 3MiH (DI3UKO-XIMIYHUX BJIACTUBOCTEH BOJIM, TAKUX K KOHIIEHTPallisd 3a0pyTHIOI0UNX
PEYOBUH, BMICT KHCHIO, TeMIlepaTypa Ta Mpo3opicThb. Taki Gioinaukariiiini BJIacTUBOCTI
BUKOPUCTOBYIOTBCS [IJIsI MOHITOPUHIY €KOJIOTTYHOI'O CTaHYy PivOK 1 MPOTHO3YBAHHS 3MIiH
HABKOJIUIITHHOIO CEPEJIOBUINA. 3MIHA B CTPYKTYPI YIPYyHOBaHb MaKpOMITIB MOXKYThH CBiJI-
YUTH PO eBTPOMIKAIIO BOJIOIM, 3a0py/IHEHHS TX BaXKKUMHU METAJIAMU 91 MECTUIINIAMH,
MOPYIIEHHS T1POJIOTIIHOTO PEXKUMY Ta MPO JIerpajialliio eKOCUCTEMA B ILJIOMY.

B poboTi posriguyTo Kiracudikaliiio BOJHUX POCTUH 3 YpaxyBaHHIM PI3HUX ITi/IXO/IiB;
O1L7IBIN JIeTaJabHO 3 BEJIMKOIO KiJIBKICTIO IIPUKJIA/IIB — 38 KUTTEBOIO (POPMOIO.
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Cepet baratbox QyHKIIN MakpodiTiB B PIYKOBUX €KOCHCTEMaX aBTOPU OLIbII I'PyH-
TOBHO PO3IJIHYJIA POJIb MaKpoMiTiB B ounIileHi Boji BijL rosfotanTiB. EBrpodikariis Boan
Ta 3a0PY/IHEHHA BOJIONM BasKKHUMU METaJIaMU € Pe3yJIbTATOM aHTPOIIOrNeHHOT JisIHbHOCTI,
[0 CTaBUTDH IIiJ 3arpo3y 3JI0POB’sd JIIOJEi, TiIpobIOHTIB Ta IUICHICTL eKocucTeM. Tpa-
JUINIHI MEeTO/IM OYMINEHHsT BOJI IIepeBarkKHO JOPOTi, He 3aBK /11 Oe3IedHi eKOJIOTidHOo, Ma-
JloedbeKTUBHI Ta 3aliMaioTh Oarato wacy. B poboti mpoanasizoBani JOCIiIZKEHHS 00
3/IATHOCTI MaKpoMITiB 710 3HMKEHHs KOHIeHTpaliit N ta P; ocob/mmBo BaxK/IMBY poJib B
IILOMY TIPOIIEC] Bi/IirpatoTh rilaTodiT, sKi 3/1aTHI JI0 MOTJIMHAHHA €JIEMEHTIB YKUBJICHHS
aroHaMu.

QiTopeMe miallid — Ie cyvJacHa TEXHOJIOTid OYUCTKU BOJIU 3 BUKOPUCTAHHAM PISHUX BU-
JiB MakpodiTiB, 1110 HAOYJIa MOIMYISPHOCTI 3aB/IAKN BIIKPUTTIO POCJINH, 3/IATHUX BUJIYYa-
TH HaJMIPHI KOHIIEHTPAIl OCHOBHUX €JIEMEHTIB YKUBJIEHHsI Ta/ab0 HAKOMMYyBATH BarKKi
Metasu. Eiminarisa 3a0py/IHIOI0UNX peYOBIH MOKE BiJIOYBATUCH 3a PI3HUMU MEeXaHi3MaMu
(diroekerpakuis, dbitocTumyssiisi, hitocrabinizanist, biroBuniapoByBanHs, (BbiToerpaia-
11is1), IpOTe TOJIOBHUM € (haKT BUJIAJIEHHs BEJMKOI KITBKOCTI 3a0pY/THIOIYNX PEYOBHH, 110
HPU3BOJIUTH JI0 OUHIeHHsT Bojoiimu. PitopeMetialiiss — BiITHOCHO HeJI0pora 6i0TeXHOJIOTs,
110 OyPXJ/IMBO PO3BUBAETHCA OCTAHHIM YacoM. TakoxK y poOOTi MpoaHasi30BaHO JTOC/TiIKe-
HH¢ TipodiTiB Ta rijjarodiTiB HA TpeaMeT 1X 3aTHOCTI BUIYYATH JEdKl BayKKi METaIH
ta Metasoinu (Zn, As, Cu, Cd, Cr, Pb i Hg), cupusioun tum camum pesitasiszarii 3a-
Opy/IHEHUX PIYOK Ta HABITH TEXHOMEHHWMX BOJIONM (Takux K XBocrocxopuIna). OcraHue
€ JIy:Ke aKTYaJbHUM JIJIs BUPIMIEHHS] €KOJOTIYHUX HPoOJIeM TiIpOEKOCUCTEMU TEeXHOIeH-
HO HaBaHTazkeHoro periony Kpusbacy. [lokazano, 1m0 HaliBaK/JIUBIIIOK YaCTUHOIO JIIE€BOI
diTopemeianii € Bubip ebeKTUBHUX BUJIIB POCJIMH.

KuarouoBi ciaoBa: kiacudikallid BOJHUX POCIUH, MaKpOMIiTH, PIYKOBI €KOCHCTEMH,
eBTpodiKaIlis, 3a0py/IHEHHSA BOJIM BaXKKUMK METAJIaMK, POJIb MaKpOMITiB B BOJHUX €KO-
cucremax, gitTopemeiaris.

MACROPHYTES OF THE RIVERINA ECOSYSTEMS
T. M. Alokhina', E.S.Gusak!

L Kryvyi Rih State Pedagogical University, Ukraine.

Abstract. Macrophytes have a wide range of ecological roles and make a significant
contribution to the structure, viability and functioning of hydroecosystems, helping to
maintain ecological balance, biodiversity and appropriate water quality. Aquatic plants
are important components of biogeochemical cycles; they participate in nutrient cycling,
gas exchange regulation and water purification. The root systems of aquatic plants help to
stabilize the sediment and coastal soil, thereby reducing the risk of erosion and siltation of
riverbed. Macrophytes are sensitive to changes in the physicochemical properties of water,
such as the concentration of pollutants, oxygen content, temperature and water purity.
Such bioindicative properties are used to monitor the ecological state of rivers and predict
environmental changes. Fluctuations in the structure of macrophyte communities can
indicate eutrophication of water bodies, their pollution with heavy metals or pesticides,
disruption of the hydrological regime and degradation of the ecosystem as a whole.

The paper considers the classification of aquatic plants taking into account different
approaches; in more detail, with a large number of examples, by life form.

Among the many functions of macrophytes in river ecosystems, the authors have
more thoroughly examined the role of macrophytes in purifying water from pollutants.
Eutrophication of water and pollution of water bodies with heavy metals are the re-
sult of anthropogenic activity, which threatens the people health, aquatic organisms and
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entire ecosystems. Traditional methods of water purification are mostly expensive, not al-
ways environmentally safe, inefficient and time-consuming. Phytoremediation is a modern
technology for water purification using various types of macrophytes, which has gained
popularity due to the discovery of plants capable of removing excessive concentrations
of essential nutrients and/or accumulating heavy metals. The elimination of pollutants
can occur by various mechanisms (phytoextraction, phytostimulation, phytostabilization,
phytoevaporation, phytodegradation), but the main thing is the fact of removing a large
number of pollutants, which leads to the purification of the water bodies. Phytoremedia-
tion is a relatively inexpensive biotechnology that has been rapidly developing recently.

The paper analyzes studies on the ability of macrophytes to reduce N and P concen-
trations, with hydatophytes playing a particularly important role in this process, which
are capable of enhanced absorption of nutrients by stems. The paper also analyzes stud-
ies of hydrophytes and hydatophytes for their ability to remove some heavy metals and
metalloids (Zn, As, Cu, Cd, Cr, Pb and Hg), thereby contributing to the revitaliza-
tion of polluted rivers and even technogenic reservoirs (such as tailings ponds). The
latter is very relevant for solving the ecological problems of the hydroecosystem of the
technogenically-loaded region of Kryvbas. It is shown that the most important part of
active phytoremediation is the selection of effective plant species.

Keywords: classification of aquatic plants, macrophytes, river ecosystems, eutroph-
ication, water pollution by heavy metals, the role of macrophytes in aquatic ecosystems,
phytoremediation.

Bcemyn. CydacHi 10CTizKeHHsT BUSHAIOTH IPUHITAIIOBE 3HAUEHHS POCJIUH, IO POCTYTh
y BOJOMax Ta JOBKOJA HUX y (DOPMYBaHHI CTPYKTYPH, (DYHKITIOHYBaHHI Ta »KUTTE3a0€3-
nevyenni Bogaux ekocucreM (Matthew T. O’Hare et al., 2018). Boaui pocinan B3aeMoi0Th
i3 rigpoJsioriaanM, reoMOpdOIOTTIHIM Ta (DISHKO-XIMIYHUM CepeIoBHINEM 1 6e31ocepeIHbo
BILIMBAIOTH HA HHOTO, KPIM IIHOTO BOHU TAKOXK B3a€MOJIIOTH 13 IHIMUMHU OpraHi3MaMHu, 110
MEITKAITh Y BOJIOIMAX BiJl MIKpOOpraHi3miB J10 XpeOeTHUX.

Crorovacuuil inTepec €KoJIOriB JI0 MakpoMiTiB pi3KO KOHTPACTYE 3 MOIJIAIAMU JIiM-
HOJIOTIB CTOJIITTA TOMY, SIKi BBaXKaJIl BOJIHI POCJIMHUA B OCHOBHOMY HEBaKJIUBUMU KOMIIO-
HeHTaMH BojHUX exocucreM. Tak, Hanpukiaz, Bikrop [enxdopa (Shelford, 1918) creep-
JKYBaB, 10 ‘MOYXKHA, BUJAJIUTH OLJIBIIICTb POCIHH 3 BOJOWME 1 3aMiHUTH 1X CKJISHUMU
KOHCTPYKIIIsIME TakKol K (opMu i TeKCTypu 63 3HAYHOTO BILIUBY Ha Oe3rocepeiHi Tpo-
divuni manku’.

HaykoBi mociizkenHd, AKi 3/IHCHIOBAINCS IMPOTATOM OCTAaHHBOTO CTOJITTS, Kap/Iu-
HaJIbHO 3MIHUJIA TOYKY 30pPy Ha POJIb BOJHUX POCIUH B €KOCHCTEMAaX BOJIOWM BHACJIJIOK
IIOCUJICHHSI BU3HAHHSI 1XHBOI BasKJIUBOCTI B (DyH/IaMEHTAJIbHUX €KOCHCTEMHUX IPOIlecax.

Mema pobomu — aHAJITUIHUI OIJIS IiIXOIIB 10 Kiacudikallil BOAHUX POCIUH Ta
CydJacHi TIOTJIs I Ha IXHIO POJIb B €KOCUCTEMAaX, 30KpeMa B aHTPOIIONeHHO HABAHTAYKEHIX
PIYKOBUX €KOCHCTEMaX; MOXKJIUBICTh BUKOPUCTAHHS MaKpodiTiB /i iTopemetialiii 3a-
OpPy/IHEHUX BOJOWM Ta BOJOTOKIB, IO DA3yeThCs Ha TXHi#l 3/IATHOCTI 10 3HUKEHHS BEJTMKUX
KOHIIeHTpaIliii eslemenTiB xkusjiernst (N ta P), ouuinennst Boj| Ta JIOHHOTO OCaJLY Bl HU3KI
BasKKUX METaJIiB.

Mamepiaau ma memodu. Marepiann jociijizKeHHsT 0a3y0ThCd HAa HAYKOBHUX ITPa-
X 3aKOP/JOHHUX Ta BITUM3HIHWX BUYEHUWX, fKI AKIEHTOBAaHI HA PI3HUX aclleKTax >KUT-
TEMIATBHOCTI MAKpOMITIB Ta IXHROMY 3HAYEHHI JIJIsi €KOCHCTEM, 30KpeMa, peBiTasizariil
BOJIOWM; POIVIAHYTO IiIX0MU 10 KJIacH]IKaIlil BOJHIUX POCJIUH.

Bojni pociuam — 11€ pOCJMHU, 9Ki MAIOTh MEBHI MPUCTOCYBAHHSA IO ICHYBaHHS Y BO-
JTHOMY cepeJioBHIIi. BoHn TakoxK Bijlomi sik Makpoditu abo “Bogni Mmaxkpoditu’. BogHi po-
CJIMHU € TPOJIYIEHTH BOJIHUX eKocucTeM. BoHU 3/1iliCHIOITEL TpaHcOPMAIo COHTIHOTO
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CBiTJIa 1 3a0€31eUyI0Th KUTTE isIbHICTL BOjHOI ekocucremu (Bornette et al., 2009) Tak,
“omui makpoditu” (Denny, 1985; Pieterse, 1990; Chambers et al., 2008) BimHOCSTHCS /10
PIBHOMAHITHUX I'PYII BOJHUX (POTOCUHTE3YIOUNX OPraHi3MiB, IKi MaiOTh JIOCTATHBO BEJIMKI
po3mipu, 1mob X MOzKHA OYJ10 T00AaYNTN Heo30poeHUM OKOM. Ll rpyma pocnH BK/IIOYAE B
cebe makpoBosiopocTi BijiaiB Cyanobacteria, Chlorophyta, Xanthophyta ta Rhodophyta,
moxu Bryophyta, nanopoti Pteridophyta i nacamkinenb Hacinui pociuau Spermatophyta,
BEreTaTUBHI YACTHHU SKUX IMOCTIHHO abo mepiopnmvno (MOHANMEHIIe KiTbKa TUXKHIB Ha
piK) pOCTYTh y BOJ.

Boani MmakpodiTn MOXKYTh MaTH SK TiFAHTCHbKI PO3MIpH, dK, HAIPUKJ/IaJ, BikTopis
amasoncbka (Victoria amazonica, Sowerby) 3 giamerpoM JcTa jio 2,5 M, Tak i HAJEKATU
J10 HaIPiOHIMuMX oOKpuToHaciHHuX, Kpuxitaol Oubdil 6e3kopenesol ( Wolffia arrhiza, (L.)
Horkel ex Wimm.) 3 giamerpom smcrst mentie 0,5 M.

Binomo Besmuesne pisHOMaHITTS BOJHUX POCJUH, dKi MAIOTh MEBHI OCOOJIMBOCTI Ta
BIIMIHHOCTI, B 3aJI€2KHOCTI BiJI yMOB, B IKUX BOHH 3pOCTaiOTh. [IpoTe jedki pucu Makpo-
diTiB € goBouIi yHiBepcaibHuMu. Tak, HapuKIaL, bararo MaKpoiTiB BUTpadaloTh MEHIITY
KIJIbKICTh PecypciB Jjis MATPUMKE JIUCTS Ta cTe0J/1a, OCKLIBKI BOHU TPUPOIHUM UUHOM
HiITPUMYIOThC BO/IOI0. JlesKi BOJIHI POCIMHU HE MAIOTh KCUJIEMU JIJI TPAHCIIOPTYBAHHSI
BO/IM, OCKLTbKM 1XHI Tijia 3aHypeHi y Bojy. BojiHi poc/imHn 3a/IUIIAIOTHCA 3€JICHUMHE TTPO-
TATOM POKY 1 He CKHJIAIOTh JINCTS, OCKIIbKU MAalOTh JIOCTATHIN 3amac MOKUBHUX PEYOBUH
1 BOJIN.

Kiacudikanis makpodiriB Ta ixHi aHaTomo-mopdosioriuHi ocobsmBocTi. Kia-
cudikarisg MakpodiTiB MOKe 3IHCHIOBATUCS 38 PISHUMU TIJIXOJAMU, & caMe: 3a XKUTTEBOIO
dbopmoro (Chambers et al., 2008), 3a ekosorigroto ammriTymoo (Holub, 1998), 3a inauka-
roproto posuto (Pohorelova, 2021) Toro.

o Bopnux makpodiris Hasexars (Chambers et al., 2008; Hejny 1971): “naniszany-
peni MakpodiTu” — poc/InHU, siKi BKOPIHIOIOTHCSA B TOCTIIHO a00 MMepioinTHO 3aTOILTIOBAH]
I'PYHTH, 3 JIUCTSM, 1[0 PO3TAIIIOBYETHCs HaJI BOJIO0; “TIIaBaiovdi MaKpoMiTu’ — POCJUHH, 1110
BKOPIHIOIOTHCH JI0 JIHA BOJOWME Ta MAIOTh JINCTH, IO IIJIaBa€ Ha MIOBEPXHI BOJIN; ‘3aHypPEH1
MakpodiTu’ — poc/IMHU, AKi MOBHICTIO 3aHypEHi IiJ BOJy, 3 KOpeHAMH ab0 KOPEHEBUMU
aHaJloraMu, TPUKPIIJIEHUMHE JI0 cyOcTpaTy JHa; “BlabHOILIaBaIO4Yl MakpodiT’ — poc/iu-
HU, SIKi 3a3BUYail IJIaBalOTh Ha ITOBEPXHI abo IIi/I TOBEPXHEIO BOAM. BOHI MaOTh MIHUPOKE
JIUCTsI Ta crebiia, Ki TPUKPIILIIOITHC JI0 CYCIIHIX POCJIMH, CTBOPIOIOYN IIIJIbHY MEPEXKY
BUIBHO IJIaBAIOYUX poc/nH. BinbHOITaBaodi MakpodiTu He MPUKPIIJIeH] JI0 JTHA BOIO-
MM, B IKOMY BOHHU POCTYTb, 1 TOMY JIETKO MEPEHOCATHCA BiTpoM i XBuisaMu. [Ipukiiam
BIJIHHO IJIABAIOYMX BOJIHUX POCUH BKJIIOYAIOTH POCIUHU pojy Pistia.

Knacudikarnis kutreBux hopM BOJIHUX POC/IUH, IO PO3POOJIsIacd BYEHUMH BiTYHU-
sustHOI GoTaniuHol mKoau (Dubina, 2006) Takox mobymoBana Ha O3HAKaX MOPQOIOTiTHOT
PI3HOMAHITHOCTI Opramis, MO (GOpPMyBaJUC i/l BIIMBOM THUIIB BOJOWM 3 PI3HUM TiJIpo-
JIOTTIHAM PeXKUMOM abo yMOBAMU 3BOJIOZKEHHsI TpHOepeKHnX JiistHok cymr (Mosyakin et
al., 1999; Dubina, 2006; Yakubenko et al., 2011). [Tpore, maui mocmimpKkenns 6a3yBancs
Ha OLIBIN PAHHIX METOJAMYHUX ITi/IX0Jax, Mo Oyau 3ampornonoBani B 70-x pokax XX cTo-
mirra Taitanem Ejuten6eprom (Ellenberg, 1974) srigso sikux, 6ioMopdu BOJIHUX POCIMH
KJIaCUIKYIOTH Ha Tigpomopdu, rigporesomopdu, resjoMopdu, rirpomopdu Ta rigpome-
zomopdu. KoxkHa 3 ux rpyn CBO€IO 4eproio MOJIIA€ThC Ha MEBHI KaTeropii.

Taxk, rizpomopdui BojHI pocaunu (cHHOHIME: 3aHypeHi MakpodiTu, rigarodirtu,
submerged plants) — e pocimHu, gKi MUIKOM ab0 GIIBIIOK YaCTUHOIO 3aHYpEHi y BOJLY,
IX reHepaTUBHI OpraHu IIiJIHIMAIOTbCA HaJ| MOBEPXHEI0 BOJM IIiJ1 dac 1BiTiHHA. [Ipoanxn
Ha JIICTKAX JAHUX POCJUH PEeIYKOBaHI, TpaHCIipallid BiICYyTHs, 3aifBa BO/Ia BUJIAISIETHCS
gepes rigaroau. Jana 6iomopda cBoe 4eproro moAlIsoThest Ha eyeidamogimu (peacras-
HuKamu € Buu poiiB Najas, Zannichellia, Ruppia, Zostera; Bumum Potamogeton pectinatus
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(L.) Boerner, P.lucens L., P.perfoliatus L.), aepoeidamogimu (Bumu pomis Nymphaea,
Numphoides, Nelumbo, Trapa; sBunu Polygonum amphibium L., Potamogeton natans L.)
ta naeticmogimu (Hartog et al., 1964) (npencraBauku: poau Salvinia, Azolla; Bunu Lemna
minor L., Spirodela polyrrhiza (L.) Schleid.).

Tinporenomopdui Mmakpoditu (cunoniMu: HamiB3aHypeHi, rigpodiru, emergent plants)
— 116 POCJIMHY, fKi YaCTKOBO 3aHyDeHi y BOJLy, BOHU MOJLIAIOTLCS Ha mezanodimu (Tpei-
crasuuk: Fleocharis acicularis (L.) Roem. & Schult.), naeticmozesogimu (npencraBankn:
Cicuta virosa L., Call palustris L., Menyanthes trifoliate L., Carex pseudocyperus 1.),
e2idpooxmoghimu (Bumu pomy Alisma; sumun Oenanthe aquatic (L.) Poir., Scirpus radicans
Schkuhr., Bolboschoenus maritimus (L.) Palla, Glyceria fluitans (L.) R.Br.), oxmozidpo-
¢imu (npencrasuuku: Typha angustifolia L., T. latifolia L., Phragmites australis (Cav.)
Trin. ex Steud., Scirpus lacustris (L.) Palla, Acorus calamus L.).

lenomopdui BogHi pociuuu (CHHOHIM — y30€pesKHI POCIMHHU) — Ie POCJIUHU, YKUT-
TEBUIl UK/ JKUX IIOB’si3aHuil 13 y30epe:kuoio ta 600THOI0 ekodazamu. [IpepcraBuukn
i€l Ipynu — POCAMHE 3 J0Ope PO3BHHYTOK KOPEHEBOIO CHCTEMOIO (JEPHUHHOK YU KO-
PEHEBUIITHO0 ), MICIE3POCTAHHSIM SIKHX € eBIITOpajbHa 30HA. lesoMopdu MOIIOTHCS
Ha esormogimis (npencrasauku — Carer acuta L., C.vesicaria L., C.riparia Curyis ta
yaieinozopimu (npeacrasuuku — Fuphorbia palustris L., Sium latifolium L., Lysimachia
vulgaris L., Lythrum salicaria L.).

lirpomopdni makpoditu, abo Tpixorirpoditu (CHHOHIM — POCIUHE 3BOJIOXKYBAHUX 3€-
MeJTh, TAMYACOBO 3aTOILIIOBAHNX 3€MeJIb) — Ie POCIUHHE, OLIbIA JaCTHHA BEr€TATHBHOIO
nepiojy gKUX MPOXOJUTh y O0JI0THIN Ta HazeMHill ekodaszax. Taki pocymHu 3/1aTHI PO3-
BUBATHCS B YMOBaX KOPOTKOYACHOTO 3aTOIJIEHHS Ta MIOBHOTO BUCUXAaHHS €KOTOIIB; MiCIIs
BHUCUXAaHHS TIOBEPXHEBOT'O MIAPY I'PYHTY y TAKUX POCJUH IHTEHCHBHO PO3BUBAETHCH KOPe-
HEBa CHUCTEMa i3 YTBOPEHHSAM CTOJIOHIB. [lo mpeicTaBHUKIB 1€l TPYIIN POCIUH HAJIEXKATh:
Potentilla anserina L., Ranunculus repens L., Agrostis gigantea Roth.

linpomesomopdu (cuHOHIM: GOIOTHI POCIMHE) — Il POCJIUHH, $SKi 3POCTAIOTH Ha I1e-
PE3BOJIOXKEHUX JIJIAHKAX I'PYHTIB. Y rifpodasi pocjauHN 3HAXOJATHCI Y CTaHl HACIHHS.
PosBuBatoTbcs 3a3Buvail Ha JIJISHKAX IICIs OrOJICHHS I'PYHTIB, ITOB'd3aHUX 31 3HUZKEH-
HAM IPYHTOBUX BOJL (nesoxrmodimu) abo MOXKYTh 3pOCTaTH B yMOBaX MPUOEPEsKHOI €KO-
dasu (nesormomepogimu). llpencrapaukamu nejoxroditis € Eleocharis ovata L., Carex
bohemica L., Coleanthus subtilis L. Jlo npeacTaBHUKIB HeJI0XTOTEpOdiTIB HalexkKaTh: Bi-
dens tripartita L., B. Radiata Tuill., Polygonum lapathifolium (L.) Delarbre, Rumex mari-
timus L.

3a ekoJorigHon aMIutiTya0t0 Makpoditn noaisitorbes (Holub, 1998) wa:

Buny 3 mmpoKoro eKOJIOTiIHOI aMILIITY00, dKI MOXKYTh ICHYBATH B PISHOMAaHITHUX
YMOBAX;

Buny 3 cepeIHBOIO €KOJIOTIIHOI0 aMILIITY0IO0, IO TPUCTOCOBAHI 0 IEBHOTO JTiaNa30Hy
YMOB.

By 3 By3bKOIO €KOJIOTTIHOIO aMILTITY/I0K0: BUMOIJIUBI JI0 CHEUMIvHIX YMOB CepeJio-
BUIIA.

3a IHIMKATOPHOIO POJIIIO BOJHI pocynan 1o/1isiioTh (Pohorelova, 2021) na:

[nmkaropu HU3LKOrO BMICTy OiOoreHiB: BUJIH, IO CBLIYATH PO OJIrOoTPOdHI YMOBH B
BOJIOMMI.

[H1mKaTopu aHTPOIIOreHHOTO €BTPO(YBAHHS: BUIH, 1110 BKA3yIOTh Ha i IBUIEHUN BMICT
O6iOreHHUX eJIEMEHTIB Yepe3 aHTPOIIOINeHHU BILIUB.

DyHKIil MaKpodiTiB B piYKOBUX €KOCHCTEMAaX.

Bojni makpodiTu BiirpaioTh HaA3BUYARHO BaXK/IUBY POJIb Y (hopMyBaHHi 1 (DYHKITIO-
HYBaHHI BOJHUX €KOCHCTEM: BILIMBAIOTh Ha 3MiHY PEXUMY PyXy Bojau (IIBHIKOCTI Tedil,
CUIM XBUJIh); (OPMYIOTH €KOJIOTIYHI Hil Jijisi PI3HUX TAKCOHIB BOJAHOI (bayHU; CIIyTy-
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I0Th JI2KEpPEJIOM T2Ki; CHPUAIOTh OYMINEHHIO BOJ Ta OCAKEHHIO 1 TpaHcdopMaril ocay
(Chambers et al., 1994; Sand-Jensen 1998; Chambers et al., 1999). Bouu 3abe3mneuytors
CTPYKTYDHO CKJIQJIHE CePeJIOBUINE B MpocTopoBux Macirabax i mimimerpis (Dibble et
al., 2006) no corenb merpis (Dibble et al., 1996; Rennie et al., 2005). Taka cTpykrypoBa-
HICTH BOJHOI'O CEPEJIOBHINA MOXKe 30L/IBIITYBATH KIJIBKICTh Ta THUI €KOJOTTIHUX Hilll. YHa-
CJIJIOK I[HOT'O IMPOCTIP BOJIHOTO CEPEJIOBUINA 13 CKYITUYeHHsIM MakpoOMiTiB cTae HaWOLIbIT
JuBepcudiKoBaHUM Ta IMPOJIYKTUBHUM MiCIieM y BOJOMaX.

[MIBuKicTb TeUil, JOCTYIHICTH CBIT/IA Ta MOXKUBHUX PEYOBUH, 8 TAKOXK KOHKYPEHIIi 3
IHIIUME BUJIaMUA MakKpOdiTiB abo BOJAOPOCTIMHU € HafBaXK/IUBIIIUMU (haKTOPaAMU JIJIs TI0-
IIIPEHHS Ta CE30HHOIO PO3BUTKY piukoBux rigarodiris (Fisher et al., 1976; Franklin et al.,
2008; Madsen et al., 2001; Riis et al., 2003). [IIBuakicrs Tedil BimnBae Ha MakpodiTu He
TiTBKN Ge310cepeIHbO Yepe3 MexaHiuny medbopMariio (Hampyra 3CyBy), aje TaKOXK depes
HemnpsiMi, KacKaHi eeKTH, Mo 00yMOBIIIOIOTH TOCTYIHICTH moxKkuBHUX pedoBuH (Franklin
et al., 2008). Y cBoro depry MakpodiTn MOKHA PO3IJISLIATH K “IHYKeHepiB eKocucTeM”,
sIKi 3MIHIOIOTH CTPYKTYPY Ta (DyHKIIOHyBaHHsI piukoBux exkocucrem (Jones et al.,1994;
Schoelynck et al.,2012), omHOYacHO MOKpAILYIOYH JIOCTYIHICTD BJIacHUX pecypcis. Hampu-
KJIaJI, Y Me¥KaX MaKpOMiTHUX JIJISHOK MBUJIKICTH Tedil 3HAYHO 3MEHIITYEThCs TTOPIBHAHO
3 memakpoditanmu ginstakamu (Clarke, 2002). Ile 3mentersst mBuIKoCTi Tedil 36ibimye
3aXOIIEHHS Ta OCAPKEHHs OPTaHITHUX 1 HEOPTaHIYHUX YaCTHHOK, 10 TPU3BOIUTH 10 KO-
POTKOYACHOI 3MIHU YMOB Yy PIdIll Ta JJOBTOCTPOKOBOTO TOKPAIEHHS JOCTYITHOCTI MOXKUB-
uux pedosuH (Madsen et al., 2001). 3MenIeHHs TOTOKY B JUISTHKaX 3apocTeil MakpodiTin
CIIPUSIE TIOJ0BXKEHHIO Yacy repedyBaHHs PEUYOBUH I XIMITHUX i OI0JIOTTIHUX IIPOIIECIB.
[le Br/IIOUAE B cebe aCUMUIAIIIO Ta, JIMXaHHA MaKpPOMITIB, & TAKOXK CIPUIE CUMOIOTUIHAM
KOHTaKTaM MiK CILILHOTAMH MaKpOdiTiB 3 emiiTHUME BOJIOPOCTAMU, rpudbaMu i baxTe-
pissimu. TakuM 9UHOM, MIBHJKICTH MeTabOJII3MY € BHUIINOIO B MaKPOMITHUX JJIsTHKAX, HI?K
y cymizkunx mingnkax. (O’Brien et al., 2014; Preiner et al., 2020).

3aB/isIKi CBOIM KOPEHEBUM CHCTeMaM MaKpOMiTH 3MIMHIOIOTH JIISTHKN y30eperKHUX
CXWUJIIB, 3aKPIILIIOI0Th JIOHHI BiJIKJ/Ia/ I, 3MEHIITYIOUN €pOo3il0 Ta 3aMyJIeHHsS Bojoiim. Ma-
KpOodiTu MiATPUMYIOTH PO3BUTOK €MipiTHUX BOJIOPOCTENl Ta TBApWH, a TaKOXK 3abe3Ire-
9YIOTh CEPEJIOBUINE ITPOXKUBAHHS JIJIs1 PISHOMAHITHUX PYXJIMBUX OPraHI3MiB, TaKWX K
300ITAHKTOH, MakpodayHa Ta pubu (Albertoni et al., 2007).

Posib makpoditiB B ouunirieHHi BoA. CborojHi oJHi€0 3 HAWOLIBII TyTJIMBUX Ta
3aTpeOyBaHIX BJIACTHBOCTEH BOAHUX MakKpodiTiB (0cobimBo rigatodiTiB) € TXHI POJIb Y
BHUKEHHI KOHIIEHTPAIlil Pi3HUX XIMiYHUX CIIOJIYK Ta €JIEeMEHTIB y BOJ, 30KpeMa, dhocdo-
py (Engelhardt et al., 2001). B ocransi gecsitupiuus eBrpodikallis € ojHie0 3 HalbLIb-
MIUX €KOJIOTTIHUX TPOOJIEM BOJIHUX €KOCHCTEM y BChOMY CBITi 1 BOJHI MAKPOMITH MOXKYTH
BUSIBUTHUCA “iH:KeHepaMu-6iojoramMu’, 1Mo 37aTHI JOIOMOITH Y BiJIHOBJIEHHI SIKOCTI BOIH
(Byers et al., 2006). Bukopucranus jeskux BuiB MakpodiTiB y ditopemesiamil mMoxe
ctaTi epEeKTUBHOIO aJbTEPHATUBOIO JIJI OYHUINEHHs MOOYTOBHUX, a TAKOXK ITPOMUCIOBUX
CTOKIB.

Maxkpoditi MoKy Tb 3acBOOBaTH a30T i pocdop AK 3 BOAHOI TOBIII Yepe3 CBOE JIUCTSI,
TaK 13 JJOHHUX OCAJIKIB BOJIONM Uepe3 CBOE KOPIiHHS. Y HU3II JIOC/Ii?KEeHb ITOPIBHIOBAJIACH
BIJIHOCHA MOXKJIMBICTH IMX JBOX IIIAXIB MONJIMHAHHS 1oKuBHUX pedouH (Chambers et
al., 1989; Madsen et al., 2002). Tak, Gyno 3a3HAYEHO, 1O MIJIAX TONIHHAHHS OCHOBHUX
eJIEMEHTIB YKUBJIEHHS CUJIBHO 3aJ/Ie2KaTh BT HAABHOCTI 1X y BOJI, XapaKTEPUCTUK JTOHHOTO
ocaJty, ripoaunamiku Bojioiimu Ta diziosorii pocun. Ilpunyckaernes, 1o aBrorpodu Jio-
TUYIHUX BOJIOIM MaroTh cropigHeHicts 7o HiTparis (NOs-), mepeBaXKHO BUKOPHCTOBYIOUN
ix gk gzxepeso asory (Hall et al., 2003), i HaBiTh MOXKyTH CTBOpIOBaTH J000BI Bapia-
il konrenTpanii NOs- y mkepenax, fe gominytoors Makpoditu (Heffernan et al., 2010;
Roberts et al., 2007). Byio mpoBejieHo 6arato J0CTZKEeHb, 06 BU3HAYUTH MOTJIHHAHHS
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HOXKUBHUX pedoBuH y HeBesmkux piukax (Newbold et al., 1981). ¢k pestomyBasu [Hcaiin
i Hoitn (Ensign et al., 2006), 69% ycix mocaiazKkeHb TPOBOIMINCS B MOTOKAX IMEPIIOrO Ta
JIPYTOro mopsiKy. BoHu 3Hafim mepeKoH/IMBi JJOKa3M TOro, MO MOKA3HUKH MOTJIMHAHHA
MOXKYTb BIJIDI3HATHUCA B3/0BXK T'PAJIIEHTA BiJI IEPIIOTO JIO II'ATOTO MOPSJIKY, 1 M IKpPeCc/n-
JIM BayKJIUBICTh BEJIMKUX PIYOK Y 3araJibHIN JUHAMII MOXKUBHUX PEYOBUH BOJIHOI MepeKi.
(Preiner et al, 2020).

Aszor (N) i docdop (P) € ocHoBHIME estemeHTaMU MiHEPATBHOTO YKUBJIEHHS sl Opra-
uizmis (Liu et al., 2013; Xu et al., 2019). Oqaak BUCOKI KOHIIEHTPAIIlT TOKUBHUX PEYOBUH
AHTPOIIOTEHHOI'0 TIOXO/KeHHsI, 30kpeMa, N i Py MijIkoBojHUX BOJI0iIMax, OCOOIUBO JIeH-
TUYHUX, MOXKYTb ITPU3BECTH JI0 3MIHM CTaHy BOJOWMU BiJl YMCTOTO JO KAJAaMYyTHOTO: Tei
3CYB CHIPUYHMHSIE TTOJIAJIbINE PYITHYBaHHS BOJHUX CEPEJIOBUII iICHYBAHHS Ta 3MEHIIEeHHs 010~
pizaomanitTs (Scheffer et al., 1993; Xu et al., 2019). Ilpuposni Mikpooprauismu MoKy Th
HOTIMHATH TOXKUBHI pedoBunn (Sepehri et al., 2018), aje ix HeAOCTATHBO, OO KOHTPOJIIO-
BaTU HAJININOK IMOXKUBHUX PEYOBUH Oe3 10/1aTKOBOTO Brpyyuanusd. [lepecaska rimarodiris
JIJIsT BIJTHOBJIEHHS IKOCT1 BOJIM Ta MOKPAIEHHs €KOJIOTTYHNX (DYHKIII € KOPUCHOIO CTPa-
Teriero st BOJOCXOBHIN, YU 03€p, sAKi mpoiinuim depe3 mporecn esrpodikarnii (Coops et
al., 1996; Lau et al., 2002; Ciurli et al., 2009).

ditopemestialiisg Bigirpae dyHIaMEHTAIBHY POJIb B OUYUIIEHHI BOJU 3aBJISIKA KOHKY-
peHIiii 3 MiKPOBOJIOPOCTSAMY 3a MOXKUBHI PEYOBUHM, 110 TPU3BOJIUTH JI0 KOHTPOJIIO 3a Ha-
JIMIDHAM PO3BUTKOM (DITOIIAHKTOHY Ta 3aI00IraHHIO IIOBTOPHOMY CYCIIEH/IYBAHHIO JIOH-
aux ocamis (Lau et al., 2002). Otxe, ekosorivne BiIHOBIEHH: eBTPOGHHUX BOIOIM 32
JIOIIOMOI 010 Ti1aTodiTiB € eKOHOMIYHO e(DeKTUBHOIO, €KOJIONITHO YUCTO0 Ta CTablILHOIO
TEXHOJIOTIE€I0 B YCHOMY CBITI.

[Ninaroditn MOXKYTH MEPEHOCUTHU TEBHUI HAJJTUIIOK €JIEMEHTIB MiHEpaJIbHOIO YKUB-
nensst y Bogi (Zhou et al., 2017 ). Boun wacrto 3aiimMarorb Mo3aldHi Himmi B pid4KOBHX
€KOCHCTeMaX, OCKLIBKH JIOCTYITHI TOXKWUBHI PEYOBUHU ITPOCTOPOBO-IACOBO HEOTHOPIIHI B
MIPUPOJIHUX CEPEJIOBUINAX ICHYBAHHS HABITH y HeBeJIMKNX Maciitabax. Hampukias, Buco-
KUl BMICT TIOKUBHUX PEYOBMH MOYKE 3HAYHO BIUIMHYTU HA picT rizarodiriB i 3MeHImuTH
ix miaeHicTs (Cai et al., 2012; Zhou et al., 2017).

Hocnimxennst o3ep B Janii nokasaso (Sondergaard et al., 2008), 1o miibHiCTE rigaTo-
ditiB 30ibITYyBaIACA 38 PAXyHOK 3MEHINEHHS HABAHTAYKEHHs MMOXKMUBHUMU PEYOBUHAMU.
3a JIOBroTpUBAJIHI 1IE€PIo JOCIiI2KEHb POCUHHOCTI OyJI0 BiJ3HAYEHO TEHJIEHIIO IOCTY-
MOBOTO 11 3MEHITIEHHSA PAa30M i3 3HUKEHHAM eBTPO(HOCTI.

@iziosIorivyHi XapaKTEepUCTUKHU TilaTodiTiB, TaKi IK MBUIKICTH (POTOCUHTE3Y, aKTUB-
HiCTH (PEPMEHTIB Ta €KOJIOrivHa CTEeXiOMeTpisd, MOXKYTh 3a3HaBaTH 3HATHOI'O BILIUBY KOH-
neHTpariii moxkuBHux pedoBuH. Lli criocreperkenHs MOSCHIOOTHL 3HAYHI €KOdiziooritHi
HACJIIKA 3MIiHU KOHIIEHTPAIlil TOKUBHUX PEUYOBHUH I 3aHypeHux Makpoditis. Omnak
JIKepeJia €JIEMEeHTIB YKUBJIEHH I T17aTOMITIB Y pi3HUX TPOoivHUX CTaHAX OCTATOYHO
He 3'scoBaHi. KopeHeBe KUBJIEHHS € JOMIHYIOUHM MIJISXOM JJI OTPUMAaHHS MTOXKWBHUX
PEUoBUH 13 HOHHUX Biakaaaensb y migomy (Carignan et al., 1980; Crossley et al., 2002;).
Ojnak y cuTyariisx, Kol Bojia Oarata Ha IOKUBHI PEYOBUHU, aMOHIHWIT HITPOTeH B
MEPITY 4Yepry IMOIJIMHAETHCS ITaroHaMM MakKpodiTiB, a He X KOPIHHAM; gIK HACJIJIOK —
PICT POCTIMH € YyTJIMBAM JI0 KOHIIEHTPAITl a30Ty y BO/Ii, BpPAXOBYIOYH, 10 KOHIIEHTPAITis
aMOHIaKy y JOHHUX BiJKJIaJIeHHsIX 3arajoM Bucoka (Sepehri et al.,2018). Tak, moctimxke-
HHs [TOKa3aJjIu, 0 Takuil rizjatodit gk Potamogeton crispus MOXKe IOIJIMHATH ITOKUBHI
peuoBnan naronamu (Zhou et al., 2017). Lli crocrepe:keHHsi, IMOBIpHO, Bi0OpasKaroOTh
BIJIMIHHOCT1 y BIJITHOCHIII BazKJIMBOCTI BUKOPUCTAHHS MOXKUBHUX PEYOBUH KOPIHHAM 1 Ta-
roHaMu B pizHumx Tpodiunmx cranax. [I[pore KijibKicHe BU3HAYEHHS BiTHOCHOT'O BHECKY
BOJIHOTO Ta JIOHHOI'O aMOHIaKy y 3a0e3ledeHHl POCUH a30TOM Ie HEJIOCTATHBO BHUBUYEHO
(Carignan et al., 1980).
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HogsiTHi mociimzkenns Boaunx MakpodiTiB 30cepezKeHi Ha IXHIii 31aTHOCTI OYNAIIATH
Bony. Precruk kydepsiBuit (Potamogeton crispus) — MUPOKO PO3MOBCIO/ZKEHA B MIJIKO-
BOJIHUX TIPICHOBOJIHUX BOJIONMAaX POCJIMHA, KA YACTO BHUKOPUCTOBYETHCH AK 1HIUKATOP
SIKOCTI BOJIM 3aBJIsIKM CBOIMl TOTY2KHiil ouncHi#l 3/1aTHOCTI. B MOJIeIbHOMY JTOC/TiIZKEeHH I,
IIPEJICTaBIEHOMY KUTAHCHbKUMU BYEHUMU, OYJIO ITPOAHAJI30BaHO MIJIAXU IOTJIMHAHHSA Hi-
Tporeny Potamogeton crispus 3a pi3HUX KOHIIEHTPAIIiil y BO/I Ta JOHHOMY I'pyHTI. Pociu-
HU OyJIM MTOMIIIEH] Y JIBa TapaJsie/ibHl MEe30KOCMHU, V AKX BUBYAJIN JUHAMIKY ITOTTUHAHHS
MOKMBHUX PEYOBUH 3 TOBIII BOAI Ta 3 ocaxay. OmHouacHO crocrepirain ¢isiooriani Ta
crexioMeTpudHi napaMerpu P. crispus Jjisi MOHITOPUHTY CTaHy foro pocty. ¥ IbOMY J0-
CJIJIZKEeHHI TOKa3aHa BayKJIMBa POJIb IAroHIB y IPSIMOMY TIOTJIMHAHHI €JIEMEHTIB YKUBJIEHHS
i3 Bomu (Xu et al., 2019).

IlepcriekTnBM BUKOPUCTAHHS MaKpOMiTiB ajs ouuiieHHs pidyok. Yepes rio-
OaJIbHe MOTEILIIHHS, IBUJIKY ypOaHizallio, eKCTEHCUBHE CLILCHKOTOCIIOIAPChKEe BUPOOHNU-
IITBO Ta HEOOMEKEHY eKCILIyaTallllo PeCypCiB HecTada BOAM BiruyBaeThea npuosmsao 40%
nogieit y Bebomy csiti (Calzadilla et al., 2010; Connell, 2018). 3abpy/aennst Boju y npu-
POJIHUX PIYKOBUX €KOCHCTeMax IIiJICUIIOE OOMEXKeHHs IoCTadaHHs IpicHOI Boju. 3abpy-
JTHEHHS PIYKOBUX BOJ[ OPraHiYHUMU Ta HEOPTaHIYHUMHU XIMIiYHUMHU 3a0pyIHIOBAYAMU €
cepiioznoo pobiemoro crorozerns (CDC, 2016; Ebere-Enyoh et al., 2018). SabpynHennst
PIYOK, TOJIEKY/IM JIO PiBHA JIerpajiallil BOJHUX €KOCUCTEM, € CEPUO3HOI0 Ta TJI00aJHLHOIO
1pobJIeMOIO0, TKa Hapas3i He Pery/IloeThCs Yepe3 HeJIOCTATHICTh 3HAHD Ta CBIJIOMOCTI, HU3b-
Ky €KOHOMIYHY CIIPOMOKHICTh HU3KH JIEPKaB, a8 TAKOK HEBUKOHAHHS €KOJIOTTIHUX 3aKOHIB
Ta TTPaBUJL.

1o kareropii nomupeHnx Ta HaOLILIT HEOE3MEUYHNX TOJIIOTAHTIB BOJHUX €KOCUCTEM
HaJIe>KaTh, KPIM 1HITIOTO, BayKKi MeTaJIl, sIKi BUKJIUKAIOThH CePHO3HI IPOOIEMH 13 3/I0POB’ IM
y Jojeit (OTpaIIsiioun J0 JIFOJCHKUX OPraHi3MiB i3 HEJIO0O0YHUIIEHOK MUTHOK BOJIOK) i
piBHOMAHITHUX TiIpOOIOHTIB.

Metoin BuaieHHsT BaXKKUX METaJIB i3 BOJHUX 00’€KTIB, IO BKJIIOYAIOTH €JIEKTPO/Ii-
aJIi3, Koarysiio/bJIoKyIAIi0, 1ecopOIliio Ta BUIAPOBYBaHHS PO3UYUHHUKA, € JIOPOIUMU
Ta, sIK IpaBuiIo, ekojoriaao Hepurigaumu (Levehuk et al., 2018). Taki npormecn ouninenHs
BUMAraioTh 3HAYHUX (DIHAHCOBUX IHBECTHUIII#l Ta BOJHOYAC CTBOPIOIOTH IPOOJIEMY CKJIaLy-
Banusg mysy (Grandelement et al., 2017). Hait6ibin mepcrieK THBHOIO CTpaTerieio moJiiie-
HHsI 3a0py/IHEHUX BOJ BBasKaroTh (itopemesianito (Saha et al., 2022; Eid, et al., 2020).

Ha cporojnimiii jieHb HAYKOBIIMU HAIIPpAIlbOBAaHO OaraTo Marepiasy IMoj0 BUKOPH-
CTaHHA PI3HUX THUIIB MaKpOMiTiB JJIsT OYUCTKU CTIYHUX BOJI, BOJ XBOCTOCXOBHIIL, IILIAMO-
CXOBHIIL BiJl BasKKMX METAJIB. 3/IaTHICTb JEAKUX MaKpOMITiB 3HMKYBATH KOHIIEHTPAIIIIO
PIBHUX BaKKUX MeTaJIiB Ta iHIIUX TOKCUIHHUX €JIEMEHTIB y BOJI HaBejeHa B TabmIl 1.

Buio0yToK KOPUCHUX KONAJWH HETATUBHO IMO3HAYAETHCA HA HABKOJUIIHHOMY Cepe-
JIOBHUIII Ta CTBOPIOE BeJIMYe3HE HaBaHTa)KeHHsI Ha MiCIleBe POC/JWHHE Ta TBapuHHE 0i0-
pizHOMaHiTTA. CydacHi TipHII0-BII00yBHI TEXHOJIOTII TepedadaioTh YTBOPEHHST BeJIie-
3HOI KiJIbKOCTI HeOe3MeTHNX 3a0PY/IHIOIYNX PEYOBUH, siKi 3PEIITOIO IOTPAILIAIOTh Y BOIHI
ekocucremu. [TlaxTHi cTOKM MiCTATH BiJITHOCHO BHCOKI KOHIIEHTpPAIl PI3HUX 3a0pPY/IHEHbD,
TaKUX sK COJIl Ta BaKKi MeTaju. 3abpy/HIOBAUi, IO HAJIXOJATb 3 IMIAXTHUMU CTOKAMU
JIy2Ke CTiMKi, 1 TOMYy MOXKYTb JIEFKO HAKOIMUYYBATUCA y BOJII Ta MyJIi. TakoXK BOHM MaloThb
3/IATHICTb TPOHUKATH B IIPOJIYKTU XapIyBAHHSA Y€pPe3 MEPEXKY TPOMPITHUX JTAHOK IILITXOM
MOTJIMHAHHA Ta KOHIICHTPYBAHHA IPOJYIEHTAMH, THM CaMUM BILIUBAIOYHM Ha 3JI0POB’S
Jiozieft 1 TBapuH.

B cBiTi po3po0iiseThes BesKa KiTbKICTh PISHOMaHITHUX TEXHIK Ta METOJIB /I YCYHe-
HH¢ BaXKKUX METAJIB 3 MAaXTHUX BOJI 00 CTaBKiB-HAKONMMN4IyBadiB. PiTo/IIKyBaJbHA TEXHI-
Ka — I1e METO/INKA, sKa IIPOJIEMOHCTPYBaJIa BpaxKaiodi pe3y/IbTaTh B e(DeKTUBHIM JIIKBi1aIil
BayKKIUX METAJIIB, IO IMOXO/IATD 13 MaXTHUX CTOKIB 38 PaXyHOK BUKOPUCTAHHSA MaKpOMiTiB
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(Mishra et al., 2009).

Tabsa. 1: Makpoditu, 1mo 37aTHI aKyMyJII0BaTd MeTaJl Ta MeTajioiau i3 Boamn

(Saha et al., 2022)

Table 1. Aquatic plants — bioaccumulators of metals and metalloids from water

Ne | JlaTuncbKa Ha3Ba YkpaiHcbKa Ha3Ba Metas/ meraso-
171, 10 aKyMYJIIO-
€ThCsT

1 Ceratophyllum  demersum | Kymup 3anypenuii Cd, Cr, As

L.
2 Eichhornia crassipes | KitxopHia naitgckpasimia Hg, Cu, Ni, Zn
(Mart.) Solms

3 Lemna minor L. Psacka masta Cr, Cu, Ni, Pb

4 Mentha aquatica L. M’ara BomsHA Pb, Fe, Cr

5t Muyriophyllum spicatum L. | Bogonepuris kosocucra Cu, Pb, Cd

6 Nasturtium officinale R.Br. | Hactypuis jikapcbka Ni, Cr, Zn

7 Phragmites australis (Cav.) | Odeper 3Bnuaiiuit Pb, Cr, Cu, Zn

Trin. ex Steud.

8 Pistia stratiotes L. Boggnanii canmar Mn, Cr, Fe, Pb

9 Potamogeton crispus L. Precuuk xydepsaBuii Cu, Pb, Zn

10 | Potamogeton pectinatus | Pnecauk rpebensictuit Ni, Cu, Mn

(L.) Boerner
11 Salvinia minima Baker CaJibBiHisI 3BUYAiTHA Cr, Cd
12 | Scirpus sp. [Ipencraaukn  pomy Ko- | Al, Cd, Fe
MUII
13 | Spirodela intermedia | Cuipomena cepemgst Cr, Zn, Pb
Schleid.
14 Typha latifolia L. Poriz mmpokoucTmii Ni, Zn, Mn
15 Vallisneria spiralis L. Bausicuepis cripajbHa As

CkuyiaHHsT B pIYKM BOJI XBOCTOCXOBHII] 3 BEJIMKOIO KiJIBKICTIO BAXKKUX MeTaJiiB Ta,/abo
OpraHigHUX 3a0pyIHIOBAYIB, IO CKJIAIHO Ii/IIa0ThC 010/IeCTPYKIIil, Ma€ BKpail HeraTus-
HUI BILIUB Ha ekocucTeMu. HaTuImoK BaXKKUX METaJIB MPUTHIYY€E PICT KOPEHIB POCJIHH
1 BUKJIIKA€E XJI0PO3 JIKCTs, 3HUKY€E BUpoOHUITBO Giomacu (Jadia et al., 2009).

[IpoTdaroM oCTaHHBOTO JECATHIITTA OYJI0 ITPOBEJICHO BEJUKY KiJbKICTH JIOC/iIKEHDb
JIJIST PO3POOKU METOJIIB PEKY/IbTUBAIlll XBOCTOCXOBHUII, CIIPSIMOBAHUX Ha IIOKPAIEHHS €KO-
JIOT'TYHOTO CepeJIOBUINA B paifoHaxX BUIOOYTKY Ta 3HUKEHHA TEXHOI€HHOTO IIPECUHTY Ha Pi-
4KOBi eKocucTemu. Hapasi 3arajibHi MeTo i 00pOOKH XBOCTIB BKJIIOYAIOTh (Di3uTHY 00p00-
Ky, XIMIYHY peMe/iialiiio Ta Oiopeme/Iialiiio.

[TopiBHIOIOYN 3 Tpaaumiiinnmu Merogamu, ditopeMemialiis gk dgopma Giopememialiii
IIOCTYTIOBO TIPUBEPTAE yBary, OCKLILKM BOHA HAWKpPAIIE I IXOAUTD JIJId PEKYIbTUBAILIT JIN-
dy3HO 3a0py/IHEHUX TepUTOopiil 3a JjonmomMoroio pocsut. Ile Takox jiemeBuit meToj. Pi-
TOpeMe/iialliss TPOBOJIUTHCS HA MICIl, TAKMM YHHOM 3MEHIYIOYH PU3UKH 3a0pyTHEHHS
TEPUTOPI y pa3i TPAHCIOPTYBaHHS BOJ XBOCTOCXOBHINA (HAIIPUKIIA/, KAHAJAMU YU TPY-
6onposojamu). B pobori kuraiicbkux suennx (Wang et al., 2017) 06roBOpIOETHCsT MOKJIN-
BicTh hiTopemesialiil MaxTHUX CTOKIB 3 TOYKHU 30PY TAKUX aCIEKTIiB: MeJioparlis IPyHTY,
BUOIP TOJIEDAHTHUX BUJIB POCJIUH 1 POJIb IPYHTOBUX MiKPOOPTaHi3MiB.

Bubip BiioBiIHOTO BU/Iy POC/UH € OJHUM 13 HANBaK/IUBIMIUX aCIEKTIB y mporieci ¢i-
TopeMe/tiartii. BimoBiiHi BuIu pociMH MOBUHHI OyTH 3/IaTHI TIEPEHOCUTU BUCOKUI PiBEHD
BaXKHMX MeETaJIB 1 eKCTpeMaJibHI YMOBU JIOHHOTO T'PYHTY, TaKi SIK BUCOKA KHUCJOTHICTH



Ecological Bulletin of Kryvyi Rih District. 2025. Issue 9 32

abo JIyKHICTDb, cojionicTh. Kpim Toro, pociiunu s dbitopemesiariii pitok, 3abpyiHeHnx
IMAXTHUMUA CTOKAMM Y1 CKUJIAMU 3 XBOCTOCXOBHII, TTOBMHHI MaTH iHIM crierudivdHi Bja-
CTUBOCTI, TaKl 9K IILIbHA KOPEHEBa CUCTEMAa, BIIHOCHO MIBUIKI TEMIN POCTY Ta BUCOKA
npoxykiist 6iomacu (Wang et al.,2017).

Maxkpoditu Ta oB’g3aHui 3 HUMH MiKPOOiOM MOXKYTb IOTJIMHATH, PO3KJIAIATH 200 iM-
MOOGLTi3yBaTH XiMiTHI TIOJIFOTAHTH i3 3a0pyIHEHO! BojM Ta JJoHHOTO IpyHTY (Sarathchandra
et al., 2023), TaKUM YUHOM IOKPAILYIOUN €KOJIOTIYHE CEPEJIOBUINE TIOPYIIEHOI TePUTO-
pii (Wei et al., 2019; Mani et al., 2013). Baxki meranu Ta opraxiuxi 3abpy/HIOBadil €
OCHOBHUMMU TiiisiMu jijist itopemeiarnii. Texuosoril ditopemenianii (Alcorta et al., 2004)
BKJIIOYAIOTH (PITOEKCTPAKINiio, (biTocTUMYy A0, (hpiTocTabditizalio, (GiTOBUIAPOBYBAHHS
ta diromerpasario (puc. 1).

Dirogerpagamisa
JIeTpajariiia 3a0pyIHIOBAYIB IosiTpsa
MEeTA00IUHHM IIITXOM
™\ DiToercTparmia
" IlorTuHAHHA

®diToBEOapOBYBAHHS
TlepeBencHma 3a0pyIHIOBATIR
¥ Ta30moi0OHHE cTaH Ta
BHAICHHA iX B atmMocdepy
yepes IPOIHKH

pocmusamu BM Ta iHImHx
3a0PYIHIOBAYIB 3

JOHHOTO IPYHTY abo
BOJH

Pollutant Boana dasa
o .31
Gi’rocraﬁiﬂimuiﬂ \ _ “ /_CDiTochﬁ'.Jmniﬂ \
(sHmKeRRS Jlerpamanisa oprasiuHIx
GiogoeTymaoeTi)

3a0PYIHIOBAUIE IUTAXOM
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AKTHBHOCTI B pH30chepl

\ J \_ J

Ilepepencuns B
HEepPO3UHHHHI cTaH

Puc. 1: Hlnaxu diropememiamnii (Alcorta et al., 2004)
Figure 1. Phytoremediation’s paths

@iToeKcTpakIlisl € HalBaxKJUBImmIM diTopemMeaialiitHuM IiIX0I0M OO0 BUIAJIEHHS
MeTasiB (MeTasoliB) i3 3abpy/HEHUX I'PYHTIB, BOJH, JOHHUX ocajkiB. OjHAK ycCIiliHa
diToekcTpaKIil MOXK/IMBA 3& TAKUX KOHIIEHTPAIiil 3a0pY/IHIOIOUNX PEUOBUH, KUl BiJIO-
BiJIa€ €KOJIOTIYHUM MOXKJIMBOCTSIM POCJIUH iX MOIVIMHATUA. 3 €KOHOMIYHOI TOYKU 30Dy 1€
MEHIII BUT1JIHO, TTPOTE YCIINIHY (DITOEKCTPAKIIIO MOXKHA FapPAHTYBATU YCYHEHHAM YaCcOBUX
0OMe2KeHb.

Bararo daxkTopiB BILmBaOThH Ha eEKTUBHICTH PITOEKCTPAKII], BKIIOYAIOUN BIACTH-
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BOCTI JIOHHOI'O I'PYHTY, JIOCTYIIHICTh MeTaJIy JIJIsl POCJIMH, BJIACTUBOCTEH caMOro MeTasly Ta
xapakTepucTuku ditopemesiaropis (Sarwar et al., 2017).

TakuMm 4UHOM, BUJI/TEHOTHII POCIUHU, BUOpaHuii jjisi (hiTOEKCTPAKIIil, IOBUHEH MaTH
HACTYIIHI XapaKTEePUCTUKU: MIBUIKUN PICT, AKUiT 06YMOBJIIOE BEJIUKY OIONPOIYKTUBHICTD;
BJIACTUBOCTI TIMEPAKYMYJIATOPY BaKKUX MeETaJIiB, IO JIO3BOJIAE€ TEPEHOCUTU MeTasl Bil
KOPEHsI JI0 HaroHa; CTIMKICTh J0 TOKCUIHUX e(eKTiB BayKKHUX MEeTaJiB; CTIMKICThL JI0 Ia-
TOT'€HIB 1 MIKIJIHUKIB; rapHa aJallTallisd /0 IepeBarKalouux KJIIMATUYHUX YMOB PErioHy
BUPOIILYBaHH; BiJICYTHICTh NpUBAOJUBOCTI JIJIg TPABOLIHUX TBApWH, MO0 YHUKHYTHU TIO-
TpaIUIHHS MeTaJsy B Xxapdosuil janior (Sarwar et al., 2017; Shabani et al., 2012).

Konmnenrpariist MeTasry y marorax i 6iomaca maroHiB B OCHOBHOMY BH3HAYAIOTh BiJIIIO-
BIJIHWIT BUJT POCTINH JJTsT (PITOEKCTPAKIIT MeTasIiB. 3aJIe?KHO BiJT IUX TTapaMeTpiB po3pi3Hs-
I0ThCS JIBI KATEropil poCc/uH: POCTIMHU-TIIIEPAKyMyIaTOPU 3 BiJIHOCHO HU3BKOIO HiOMAaCOI0
[ArOHIB 1 POCJMHHU 3 MEHIIOI0 3/IATHICTIO HAKOIMUIYBATH BakKKi MeTaJju, aje 3 OLIBIIOI0
6iomacoro naronis (Ali et al., 2013). Bapro 3a3naquru, 1o TpaHCIOKAIis MeTaIy JI0 T1a-
TOHIB € BUpIMaJIbHUM OlOXIMiYHUM 1 (bi310JIOTIYHUM MTPOIECOM, TOMY IO 30ip KOpPEHEBOI
6iomacu, sik mpasuiio, Hemoxksmsnuii (Ali et al., 2013).

@irocrabimizaris — 1e MeTO/I IepeBeJIeHHs] BOJIOPO3YMHHUX CIOJIYK Y HEPOIUMHHUN
CTaH 3a JIOIOMOTOK POCJINH, IO J03BOJISAE 3MEHITYBATH 0I0J0CTYNHICTL/MOGLIBHICTD 3a-
OPY/IHIOBAYIB 1, TAKMM YIHHOM, 3aI100iraTi mepejadi XiMidHIX eJIeMEHTIB Y XapdoBuil JIaH-
mor (El Berkaoui et al., 2022). Mexanizmu dirocrabimizanil BKIOYIAOTh B cebe aa1copo-
IiI0 KOPEHSAMHU, MPEIUIITAINI0 Ta KOMILJIEKCOYTBOPEHHS B 30HI Kopend. Meraan 3i 3min-
HOIO BaJIEHTHICTIO JIEMOHCTPYIOTH BHCOKI piBHI TOKCHYHOCTI. Poc/iuHM MOXKYTH IepeBo-
JIUTU 11 HeOe3MeYHI MeTaJ M y MEHII TOKCUYHUI CTaH IIJISAXOM BHJIJICHHS (DEPMEHTIB-
okcuopeaykras (Berkaoui et al., 2022). @itocrabinizarisi J03B0JIAE HAKOIMIYBATU BaK-
Ki MeTaJin y pPOC/JMHAX Ta 3HMXKYE IX KOHIEHTpaIiio y Boji. OJHAK I METO/IUKA HE €
JIOCKOHAJIUM PIMIEHHSAM, OCKIJIBKU BazKKI METAJIM 3aJUIIAI0OTHCA B JIOHHOMY I'PYHTi; 0OMe-
JKYEThCS JIIe 1XHifl pyX.

PosritsanyTi mijgxoau 10 BUKOPUCTAHHS MaKpPOMITIB 3 METOIO OUUINEHHSA BOJU 1 JIOHHO-
ro IPyHTY PIivYOK, a TAKOXK y30€pe:KHUX TEPUTOPIfl UM IHINMNX MEPE3BOJIOKEHUX JIISTHOK
CyII JIyKe aKTyaJibHi JIId MipHUYI0-BHI00YBHOI aryiomepariii Kpusbacy, BojiHI eKocucTe-
MH KOl TpaHcdOpMOBaHI Ta JacTKOBO jerpajobani. IlpeacraBiaennit anasis Biakpubae
HAYKOBIISIM-€KOJIOTAM IIJISXU TOMIYKY JIOCTYIHUX Ta ONTHUMAJILHUX PillleHb 3 (hiTopeme/ri-
armii 3abpy/KeHnx pidvoKk KpuBopixkKs.

BucuoBku. HaykoBuii inTepec 10 BOJIHUX POCJIMH, BiJl IX BUKOPUCTAHHS Y AKOCTI MO-
JIeTBHAX 00’€KTIB JI0 CHCTEMO YTBOPIOIOYNX KOMIIOHEHTIB B €KOCHCTEMAX, 1JTIOCTPYE IJI0-
OaJIbHY aKTYyaJbHICTh JOC/I2KeHb MAKPOMITIB HA MOYATKY JIBAJIIATH IIEPIIOrO CTOJITTS.

SMiHE KIiMaTy, 3pOCTaHHsI MOMUTY Ha PECYpPCH, BKIIIOYAIOYN BOLY, 3a0py/HEHHsT TIpi-
CHOT BOJIH, NOIIMPEHHs IHBA31HUX BUJIIB, 3MiHU Ta iHTeHCU@IKAIlisd 3eMJICKOPUCTYBAHHS
pa3oM i3 gerpajarieio, pparMeHTaIEI0 Ta BTPATOI0 BOJHIX OIOIEHO3IB € BEJINIE3HOIO IIPO-
6J1eMOI0 30epezKeHHsI Ta yIPAaBJIHHS BOJHUMHU POCJIMHHM Ta €KOCHCTEMAMM, B SKUX BOHU
3pOCTAIOTh.

oBenena postb MaKpodiTiB B IMMOKpAIeH] cTaHy BOJU BOJIONM BIJIKPUBAE HOBI TIepcIie-
KTHUBHU 1X IIIUPOKOTO BUKOPUCTAHHS Y PISHOMaHITHUX (hiTOpeMealliiiHIX TEeXHOJIOT1gX.
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L Oles Honchar Dnipro National University, Dnipro, Ukraine
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Abstract. Having the ability to organise a programme of their individual development
depending on the prevailing cultivation conditions, the adaptive response of plants to
stress includes changes in regulatory and metabolic structures, the level of interconnections
of which combines different types of adaptive reactions. Recently, the development of bi-
otechnological methods has made it possible to determine which characteristics change in
response to a particular stress and has shown that genetic control of adaptation mechani-
sms to various types of adverse effects is a complex system of signal transduction pathways
and regulatory factors.

Recently, the development of plant forms with an increased level of osmotolerance
to osmotic stresses has been associated with the use of biotechnological methods. An
important role in maintaining plant osmotolerance belongs to free proline, which is one
of the most multifunctional stress metabolites in plants.

The germination of seeds under simulated water stress was studied. Stress was created
by 0.5 M and 0.8 M mannitol solution. In the presence of mannitol, a decrease in the
number of seedlings was observed in all tested variants. At the same time, genotypic
differences were observed. To study the salt tolerance, the seeds were germinated for 10
days in a 0.5 diluted Murashige-Skoog solution with the addition of 20.0 and 25.0 g/1
of seawater salts. On day 10, the content of free proline in the leaves of young plants
was analysed. An increase in the level of proline was observed in response to salt stress.
Genotypic differences were observed in the degree of the reaction. The nature of the
accumulation of free proline under normal and stressful conditions provides evidence in
favour of the functioning of the plant gene. Under osmotic stress, the level of free proline
increases as a result of synthesis. These genotypic features may indicate an indirect effect
on the endogenous genes of the plant. At the initial stages of research, the stress-response
relationship can be established by changing the conditions of stress and recovery.

The fundamental role of proline in osmotic regulation and increasing the ability of
plants to withstand cell dehydration caused by salinity, drought or extreme temperatures
is well understood.


https://doi.org/10.1016/j.jenvman.2019.03.069
https://doi.org/10.1016/j.scitotenv.2016.12.108

Ecological Bulletin of Kryvyi Rih District. 2025. Issue 9 40

Key words: proline, winter wheat, growth parameters, soil drought, osmotic resi-
stance.

EKOJIOTTYHUII IIAXIZ 10 3BEPEXKEHHHI
CIJIbCHBKOT'OCIIOJJAPChKUX POCJINH HA IIPUKJIAJI TRITICUM
AESTIVUM L.: MOP®OMETPUYHI, ®I3I0JIOTTYHI TA BIOXIMIYHI

PEAKIIII

JI.I. Bponnikosa!?, JI.O. XoMeHKO?

U Ininposcokuti navyionaavruts ynisepcumem imeni Oneca Tonuapa
2 Inemumym gisionoeii pocaun i eenemuxu HAH Yipainu

Amnoranisg. Matoun 3/1aTHICTD OPraHi30ByBaTH IIPOrPaMy CBOTO iHIUBIIYAILHOTO PO3-
BUTKY B 3aJI€?KHOCTI BiJ TlepeBayKHUX yMOB KYJbTUBYBaHHS, NPHUCTOCYBaJIbHA DPEAKITis
POCJIMH JIO CTPECY BKJIIOYAE 3MiHU B PErYJATOPHUX 1 METaDOJIYIHUX CTPYKTYpPax, pPiBeHb
B3a€MO3B’sI3KIB KX IOEIHY€E Pi3HI BUIW aJalTUBHUX peakiiit. OcTaHHIM 9acoM PO3BU-
TOK OI0TEXHOJIONIYHIX METOJIB JaB MOXKJIMBICTh BCTAHOBUTH, EKCIIPECis AKMX XapaKTepu-
CTUK 3MIHIOETHCA y BIJIIIOBIJIb HA JIII0 TOT'O YU IHIIIOIO CTPECY Ta MOKa3aB, 1o TeHeTUIHUMN
KOHTPOJIb MEXaHI3MiB aJlallTallil JI0 pi3HUX BUJIB HECIIPUATINBUX BILJIUBIB IPEJICTABIISE
CKJIQJIHY CHCTEMY TIJIAXiB TepeJiadi CUTHAJIB Ta PEryaaTOpHUX (PaKTOPIB.

Orpumanns (GopM pOCIHH i3 MABUIEHHNM PIBHEM OCMOCTIMKOCTI JI0 OCMOTHYIHHUX
CTPECIB 3a OCTaHHIi Yac OB A3YIOTh 13 3aCTOCYBAHHAM OIOTEXHOJIOTIYHUX METO/IiB. Ba-
JKJIMBa POJIb y TIJITPUMIIL OCMOTOJIEPAHTOCT] POCIUH HaJIEKUTh BIIBHOMY IIPOJIIHY, SKU
€ OJTHUM 13 HaOL/IbIT O0araToyHKIIIOHATLHIX CTPECOBUX META0OJITIB Y POCJIMH.

JocmimkyBaam MpopoCcTaHHS 3ePHIBOK 3a YMOB MOJIETHOBAHOTO BOIHOTO cTpecy. CTpec
creoproBasn 0,0M Ta 0,8 M pozumnom MaHITy. ¥ TPUCYTHOCTI MaHITy CHOCTEPIraan 3HU-
JKEHHsl 9HCjIa IMPOPOCTKIB y BCIX TECTOBAHUX BapiaHTIB. Y TOIl Ke 4dac crocrepiraiu re-
HOTUIIOBI BimmiHHOCTI. JIj1s1 mOC/izKeHHsT cosiecTiiikocTi 3epHiBKU BIpPoaoBxK 10-Tu 110
npoporrysain Ha 0,5 possemgenomy pozunui Mypacire — Ckyra i3 gogaBannam 20,0 Ta
25,0 r/n coseit Mmopcbkoi Boju. Ha 10-ty 100y aHasisyBajau BMICT BIJIBHOIO HPOJIHY Y
JINCTKAX MOJIOJUX poc/iiH. BinMidam miBuieHHs piBHS NPOJIIHY V BiIIOBI/Ib Ha IO CO-
JILOBOT'O CTpPecy. 3a CTYIIeHeM IPOsiBY PeaklIlil crocTepirajii TeHOTHIIOBI BiMiHHOCTI. Xa-
paKkTep aKyMYJIdIlil BIIBHOTO IPOJIHY 3a HOPMaJbHUX Ta CTPECOBUX YMOB Jla€ J0Ka3 Ha
KOPHCTH (DYHKIIIOHYyBaHHs (DYHKIIIOHAJIHLHOCTI pOOOTH MeHa POCIMHHU. 3a il OCMOTHIHIX
CTpecCiB piBEeHb BLILHOTO IMPOJIIHY 3POCTaE€ B Pe3y/bTarTi cuHTe3y. Bijg3HadueHi reHoTHIIOBi
0CODJIMBOCTI MOYKYTh BKa3yBaTH Ha OITOCEPEIKOBAHUI BILIUB HA €HJIOT€HHI MeHU POC/IMHH.
Ha movarkoBux eTamnax J0CJI2KEHHS MOXKYTh OyTH BCTAHOBJICHI IPHU 3MiHI YMOB CTpec —
BiTHOBJICHHSI.

OynmamMenTagbHa poJib MPOJIHY B OCMOTHUYHINA PETyJdIil Ta IiABUINEHH] 3JaTHOCTI
POCJIMH IIPOTUCTOATU 3HEBOIHEHHIO KJIITHH BUKJIMKAHOMY 3aCOJIEHHSAM, ITOCYXOI0 ab0 eKC-
TpeMaJbHIUMHU TeMIIepaTypaMu, JOCUThH JToOpe BUBUYEHA.

Kuro4oBi ciioBa: IpoJiiH, IMIIEHAI O3UMa, POCTOBI IapaMeTpH, IPYHTOBa IOCYXa,
OCMOCTIHfKICTb.

Introduction. In recent years, the dramatic change/deterioration of the environment
has required the scientific community to create and disseminate advanced biological
technologies aimed at accelerating the process of sustainable plant breeding. Advanced
biological technologies cover a growing number of agriculturally valuable crops [4, 11].

Wheat is one of the main food crops in the world, as manipulations with the crop
are aimed at accelerating the breeding process when creating new high-yielding varieties
resistant to biotic and abiotic stresses [3, 7, 14].
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Modern climate change stimulates the emergence of new anthropogenic factors that
combine with unfavourable environmental factors to increase the stress load, resulting in
the problem of combined stresses and the need for plants with high adaptive potential.
Obtaining plant forms with an increased level of resistance to abiotic stresses using the
latest biotechnological methods is becoming increasingly important. However, along with
the undeniable achievements, there are problematic issues that require special attention.

In this regard, the task of establishing a reliable marker(s) for monitoring the vital
activity of the organism, a parameter that could respond to external influences, comes to
the fore. In this way, the difference/contrast in the reaction of sensitive and resistant forms,
varieties, and genotypes of plants can be revealed. Molecular markers, which are a special
statistical characteristic of a variety, form or genotype, are not subject to environmental
influences [5, 11, 13|. In addition, they are quite expensive and require special training
from the user or a specialist. In view of this, the search for a systemic indicator that
coordinates and interacts with all areas of metabolism is constantly underway. One of
the most promising endogenous substances from this point of view is the amino acid L -
proline (proline, pro) [15, 16, 17].

The peculiarities of this compound are based on its molecular structure, namely the
presence of an a-nitrogen atom in the perelidine ring. As a result, proline (pro) is not a
substrate for the action of amino acid metabolism enzymes, such as racemases, ami-
notransferases, and decarboxylases. Instead, pro metabolism is controlled by its own
synthesis/degradation/transport systems. The level of free proline is a highly dynamic
indicator, sensitive to external factors. Plant species with different degrees of natural resi-
stance can accumulate different amounts of proline even under normal conditions [14]. At
the same time, the accumulation of this compound under the influence of various biotic
and abiotic stresses is an indisputable fact. That is, the physiological multifunctionality
of free proline is simultaneously realised: detoxifying, osmoregulatory, and stabilising [12].

Goal. The aim of our work was to determine and analyse the level of proline in winter
wheat at the early stages of grain germination, morphometric parameters without and
after exposure to stress in winter wheat plants.

Materials and Methods. The object was seedlings of winter wheat genotypes. The
genotypes were obtained at the plots of the Institute of Plant Physiology and Genetics of
the National Academy of Sciences of Ukraine. The free proline content was determined
according to the method [14] on day 10 of the experiment. The whole seedling (ground and
root parts) was analysed. To provide the required biomass, tissues from 15-20 plants were
ground, mixed, and a total weight was taken from the mixture. The viability of seeds
was determined on the 10th day in % germination to the total number of grains. The
experiment was conducted in triplicate. The results were statistically processed using.

Results and discussion. It is known that, in general, the level of free proline (pro) is
self-regulated by the expression /repression of genes for its synthesis/degradation enzymes:
Al-pyrroline-5-carboxylate synthetase (P5CS) |2, 14]. Under stressful conditions, the level
of pro may increase. On the other hand, the level of resistance to osmotic stress is not a
stable trait, even for one plant, but changes in ontogeny [15]. In addition, the increased
content of pro in certain plant organs may occur as a result of its movement from the
zone of its synthesis. Therefore, the study of the free pro content is a complex procedure;
it should be linked to the activity of seed germination under stressful conditions, mai-
ntenance of viability, speed of recovery from stress, and morphometry.

Osmotic stresses were created by adding mannitol (0.5M, 0.8M) or seawater salts (20.0
g/1-2mw, 25.0 g/1 - 2.5mw). The TO grain obtained after transformation and the original
genotypes were tested. The control was the grain that was (germinated) in water (Table

1).
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Table 1: Germination of wheat grains under stress conditions (from planted)

Genotipe 7 days 10 days
HyO | 2mw | 2,5mw 0,5M| 0.8M| H,O | 2mw | 2,5mw 0,5M| 0,8M

UK - 065 98,30 | 90,0 | 70,0 | 95,5 | 5,0 | 98,30 | 90,0 | 70,0 | 95,5 | 50,0
+1,25 +1,25

UK -107h | 93,74 | 80,0 | 94,4 | 90,0 | He 93,74 | 80,0 | 94,4 | 90,0 | 97,9
+2,15 pic +2,15

During germination, the linear dimensions of the roots and aerial parts were monitored,
and the number of roots was counted. The experiment was stopped on day 16 due to the
onset of seedling death.

Morphometry data, which was performed on day 10, are presented in Table 2.

Table 2: Dimensions of wheat seedlings obtained under stress conditions

Germination UK - 065 UK - 107 h
conditions

Above ground | Root Above ground | Root

part part
H,O 4,01 + 0,73 5,28 + 1,76 3,78 + 2,50 3,68 + 2,35
2mw* 0,3 0,5 0,3 0,5
2,5mw* - K 0,75 + 0,38 - FE 1,05 + 0,13
0,5M* - K 3,00 + 0,25 - Bk 3,50 + 0,28
0,8M* kX 11 _ kX _kkK

Note: * - grains were counted; ** - the aerial part was not released (under the skin); *** -
no germination was observed

The morphometric analysis carried out on day 10 showed: a) low concentrations of
salt and mannitol (2.0% of sea water salts, 0.5M mannitol) caused the same reactions
from the aerial part and root system in all wheat seedlings of genotype UK — 065; b) the
effect of increased salinity concentration caused significant variability in the length of the
control root, which could be due to different degrees of stress damage. It is known, that
it is the root system that suffers from salinity in the first place. Seedlings of UK-107 h
reacted similarly to the increase in the concentration of stress factors. This reaction rather
indicates a tendency to adaptation. The viability of the grains is indicated by a higher
percentage of germinated seeds, which was observed on the 10th day on the medium with
0.8M mannitol. Other genotypes, namely UK 322 and UK 209 h, were also tested under
stress conditions. Similar to the genotype UK — 065, the germination process stopped
after 10 days. Further exposure to osmotic stresses caused the death of young plants —
the aerial part of the seedling darkened, the root system gradually died. Table 3 shows
the germination rates for different wheat genotypes.

Table 3: Germination of wheat grains (Triticum aestivum L.)

Genotipe Germination cqnditions .
H,O 2,0% sea soil 0,5M manitol

UK - 322 80,75 + 3,50 60,30 73,61

UK- 209 h 89,30 + 4,17 50,40 51,20

With an increase in stress load (2.5% seawater salts or 0.8M mannitol), germination
was further inhibited or stopped altogether. Thus, the seeds obtained after transformation
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of the genotype UK 322 germinated in the presence of 0.8 M mannitol only in 10% of cases.
Germination under salinity conditions was in the range of 0-10%. Although, at first glance,
the effect of salinity seemed more aggressive, in our opinion, the genotypes responded to
an increase in the osmotic pressure of the medium. First, the in situ response of plants
to short-term air drying was determined. Seeds were germinated in water for 7 days (A).
Young plants (2.0-2.5 cm in size) were kept on dry filter paper at room temperature for 12
hours (B). After drying, the seedlings were transferred to moistened filter paper for 3 days
(C). In our opinion, such rotations of cultural conditions contributed to the disclosure of
the adaptive potential of plant organisms and could also reveal the range of normality. At
each stage A, B, C, the level of free pro was measured (Table 4).

Table 4: Free proline content in wheat seedlings under changing cultivation
conditions

. Proline mg%/g crude weight
Genotipe Variant A Variant B Variant C
Zolotokolosa 23,11 34,11 66,23
Smuglyanka 10,51 41,61 57,18
M - 808 51,60 97,75 100,81
Volodarka 36,12 71,98 86,30

The data in Table 4 undeniably point to two facts. Firstly, in young wheat plants
(7-day old), the level of free pro varies widely. Such a range describes the individual
characteristics of the organism under normal conditions, namely the germination process
itself. There is evidence in the literature that moderate amounts of proline promote cell
division and plant growth (A). At the same time, large amounts of the amino acid can
have a negative effect, causing a slowdown/stoppage of growth [10, 13|. Secondly, short-
term (12 hours) drying, followed by humidification, caused sharp fluctuations in the pro
content.

At the same time, the absolute values increased significantly. Such digital values indi-
cate the development of significant water stress. The extent of the damage may be evi-
denced by the fact that even on the 3rd day after the start of rehydration, the pro level
did not yet reach normal values. At the same time, in our opinion, dehydration stress
did not cause degradation of plant structural components, since after rehydration the pro
level decreased sharply. Such events may indicate the efficiency of the proline metabolism
system, and in general, the vital activity of plants of all genotypes. Since the dehydrati-
on/rehydration processes caused significant fluctuations in the content of the amino acid,
it was considered appropriate to determine the level of free pro under prolonged exposure
to simulated water stress, since the prolongation of the stress period should affect the
activity of its metabolic enzymes.

The wheat grains were germinated under normal conditions for 7 days and then
transferred to a 0.5M mannitol solution. The pro content was determined in the aeri-
al part. Morphometric measurements were performed before the analysis.

Young plants with aerial parts of 1.5-2.0 cm in size and roots not exceeding 2.5 cm were
transferred to stressful conditions. On day 7 of the experiment, the following events were
observed: a) the size of the aerial part of seedlings of all genotypes remained practically
unchanged; b) the number of roots increased and varied widely from 2 to 6. New roots
were 0.5-3.0 cm long and thinner. On the 14th day, the following was recorded: a) all
control plants were dead. At the same time, a significant chlorophyll fading in the aerial
part was noted. The root system, on the contrary, darkened, the root tissue softened.

At the same time, a significant decrease in leaf turgor was observed in viable seedlings.
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The size of the aboveground part remained unchanged. There were changes in the root
system: parallel processes of rhizogenesis/destruction took place. Older roots were replaced
by young roots. Therefore, the average root length on the 14th day was in the range of 0.3-
0.7 cm. The experiment was stopped due to the death of the control. The stress-specific
response of roots has been reported [6, 16].

In seedling cells, the level of pro varied widely. Since the plants underwent rhizogenesis,
this event is an adequate indicator of the organism’s resistance. Thus, the accumulation of
proline can be considered a consequence of its synthesis (varying in intensity), which is a
genotypic property. At the same time, the synthesis did not necessarily occur in the aerial
part. Rather, it was carried out in the roots, which were formed de novo [1, 9, 14]|. The
synthesised proline was transferred to the aerial part with the participation of specialised
transporters. In any case, the level of pro was sufficient to maintain vital activity. The
data in Table 6 show a significant impact on proline levels.

Conclusions. Thus, in the course of the research, it was found that Free proline in
young wheat seedlings was a product of hydrolytic enzymes. The level of proline during
germination under stress can be a marker of genotype resistance.
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3eMeJIb, 3pOCTae HeOOXIIHICTh B ceJieKIil costecTiiikux dpopm pocsina. MoK/IUBICTH BUBUe-
HHS CTPeC-CTIKOCTi, B TOMY K YHCJI 1 Jla€ BUKOPUCTAHHS KYJIbTYPU POCIUHHUX KJIITHH.
[lepeBaramu cTiiKOCTi 710 abIOTMYHMX YMHHUKIB POCJMH B yMOBax in vitro e mBujka
OIliHKa TOJITeHHOI cTifiKocTi. Bukopuctanus mMeTomy KJIITUHHOI CEJIEKINT i3 3aCTOCYBaH-
HaM JeTaybHuX 103 IBM € rapanToBanuM MeTo0M BUIIeHHS KJIITUHHAX KYJIBTYP, KOTPi
BI/[3HAYAIOTHCSA AKTUBHOIO XKUTTEMIAIBHICTIO B yMOBaX il TAKOI'O CTPECOBOIO HABAHTAZKe-
uHst. OTpuMaHO KJITHHHI JIiHIT TIOTIOHY, CTifiKi 10 KarioHiB Gapio, (Ba-CKJI). Hacrora
BHJTJICHHA CTIHKIX BapiaHTiB y OyIb-aKOro TeHOTHITY Biamosizamna mopaaky 107%. B kii-
TUHHIH cesteKIil CTIHKICTh OIHIOITH 3a BIJIHOCHUM TPUPOCTOM Giomacu Kasocy (Am),
SIKUi BKA3y€e Ha CTYIIHDb KUTTEIsILHOCTI (cTpecoBoro yparkenns ). Konenrpariist KaTio-
HiB Ba?T, sKa 3acTocoByBasiach, OyJla JeTaIbHOIO I KIITUHHUX Ky/JILTYD JUKOIO THILY.

Orpumani cTifiKi KyJIbTypU BBaXKa/Iu CTIIKUMU KJITHUHHUMHA JIHIAME, 10 JIOBOJIUTHCS
MOJTAJILIIIMMU OTPUMaHUMU (hakTamMu. BoHn XapakTepusyBaJiucs CTadLIbHOIO MpoJtidepa-
Ii€10 3a il 10HIB-CTpecopiB Ta 306epiraju Mo 03HAKY Y KJITUHHUX MOKOJIHHAX TIC/Id TPU-
BaJIOT0 BUPOITYBaHHs 0€3 CeJIEKTUBHOTO THCKY.

Kuro4doBi cjioBa: 3acojieHHsI, KIiTHHHA cesiekinis, Nicotiana tabacum L., crpec-cTiiikicTs,
ionu K+ ta Na*, perenepantu, 6LJI0K, JIiHiI.

USE OF CELL SELECTION IN OBTAINING STRESS RESISTANT
TOBACCO (NICOTIANA TABACUM L.) TO DELIPIDATED SALINITY
AND ANTHROPOGENIC POLLUTION

L.I.Bronnikova'?, I1.0.Zaitseva!, L.O.Khomenko?, M.O.Dykun?

Y Oles Honchar Dnipro National University, Dnipro, Ukraine
2 Institute of Plant Physiology and Genetics, NAS of Ukraine

Abstract. Soil salinity is one of the environmental factors that lead to a significant
reduction in plant yields. Due to the overall deterioration of the global environmental
picture and the widespread use of artificial irrigation, there is a growing need to breed
salt-resistant plant species. The use of plant cell culture also makes it possible to study
stress resistance. The advantage of in vitro testing of plant resistance to abiotic factors is
the rapid assessment of polygenic resistance. The use of the cell selection method with the
application of lethal doses of IPM is a guaranteed method of isolating cell cultures that
are characterised by active vital activity under the influence of such a stress load. The
tobacco cell lines resistant to barium cations (Ba-CCL) were obtained. The frequency of
isolation of resistant variants in any genotype corresponded to the order of 107°. In cell
breeding, resistance is assessed by the relative increase in callus biomass (Am), which
indicates the degree of vital activity (stress damage). The applied concentration of Ba?*
cations was lethal for wild-type cell cultures.

The obtained resistant cultures were considered to be resistant tobacco cell lines, which
was proved by further results. They were characterised by stable proliferation under the
influence of stressor ions and retained this feature in cell generations after prolonged
cultivation without selective pressure.

Key words: salinity, cell selection, resistance, Nicotiana tabacum L., stress tolerance,
K" and Na™ ions, regenerant, ptotein, lines.

Bcmyn. 36i/bIeHHST 9UC/Ia YUCETBHOCTI HACE/IEHHSI HAIIOI IJIAHETH € CEPIO3HUM BH-
KJINKOM JIJIsl CTAJIOr0 COIIaJbHOTO PO3BHUTKY, SIKU MOTPeOy€e MOCTIIHOrNO HAPOIILYBAHHSI
BUPOOHUIITBA CLTbCHKOTOCTIOAPCHKUX POCINH. AGIOTUYHMIT cTpec, CIPUYNHEHNN 3MiHa-
MU KJIIMATY, TPUBOJIUTE JIO IMIOPYIIEHHs TPOTECiB Ha (Di3i0IOMIHOMY Ta MOJIEKYISIPHOMY
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piBHSIX, $IKi BILIMBAIOTH HA PiCT/PO3BUTOK POCJIMH, IO IPU3BOUTH JI0 BTPAT BPOXKAHOCTI
y BUpoGHUIITBI KynbTyp [12, 11, 16].

Cepen abloTUIHIX CTPECIB HAMOLIBIIIIA ITKOJOYMHHNN BILINB CHPUINHSIE OCMOTHIHUIT
crpec — 3acosentst |2, 15]. [l 3HUzKeHHsI MIKiJIHBOTO BILUIUBY 3aCOJIEHHS Ha BPOKANHICTh
POC/IMH icHY€ TIoTpeda y COeCTINKUX MeHOTHUIIB POC/INH.

OjiHuM i3 HAROLIBIT MEPCHEKTUBHUX HAIPSIMKIB BUPIIIeHHs TPOOJIEMU OTPUMAaHHS i
cTpec-CTifikux GOPM POCIMH BBAXKAIOTh KIITUHHY cesekIiiio |7, 17].

Bigomo, 1m0 abioTu4Hi cTpecu BHKJIUKAIOTH KOMILIEKC B3a€MHO TIOB’SI3aHUX PEAKIIii,
sIKi MOXKYTb ITPOTIKATH OHOYACHO ab0 1MoueproBo. ToMy J1jist HEPBUHHOL CeJIEKITT JTOTIIBHO
Oys10 6 obupaTn areHT, KOTPUil BiJI3HaYaBCs K CIIENI(ITHOIO TaK 1 3araJbHOIO MKOIOUNH-
HOIO JII€IO.

Mema. Bindip KOMILIEKCHO CTIfIKUX T€HOTHIIIB, TO I1iJ1 9ac KOKHOI'O OKPEMOT'O TIACUPY-
BaHH¢ 3aBK/IA IPOBA/INIA 3MiHY YMOB KY/JIbTUBYBaHHs MO0JI€/TIOI0UNM CTPECOBUM areHTOM
o0paTu PevoBUHY, TKa XapPaKTEPU3YEThCs BUCOKOIO TOKCHYHICTIO Y BiIHOCHO MaJIuX Kib-
KOCTgX. TOMYy BOHa MOKe IMTPU3BOJUTHU 0 3HATHUX YpaKeHb KIITHHU. KTITHHHA ceTeKITisa
CTa€ FOJIOBHUM METOJOM OTPUMAHHS POCJUMHHUX (POPM 3 YHIKAJTLHUMHI XapaKTepPUCTUKA-
vu. TakuMu xapakTepUCTUKaMU Bi3HadaioThesd ionn Baxkkux Mertasis (IBM) [4, 6, 22].

Mamepiaau © memodu. s cTBOpeHHsI MOJIEIBHOI CUCTEMU in vitro 6yI0 BUKOPU-
crano ion Ba?t. CenekTyioqy KOHIEHTpAIIiO i0Ha Gapilo BU3HAYAIN B MOIEPEIHIX eKC-
nepuMenTax. Heio BBarkam HallMeHITy KLIbKICTH CTpecopa dKa MPUIUHAIA PO3BUTOK
KJIITUHHOI KYJIBTYPHU JUKOTO TUITY. ZIKIO IMiCJIs MOBEPHEHHS B HOPMJIAbHI YMOBH YKUTTE-
JISJIBHICTD KYJIBTYPHU BIIHOBJIIOBAJIACh KOHIIEHTPAIIIIO CTPECOBOI'O YMHHUKA 111 IBUIILYBAJINA.
Takum umHOM 3amobirann BiAOOPY aJallTaHTIB. ZIKINO 10H, sIKMil 3aCTOCOBYBABCs, BUMAa-
raB oco0IMBUX Moju(iKalliil cepe/IOBHINa, TO TaKi 3MiHU MPOBOJUIUCH 3 yPaXyBaHHAM
30epezkeHHsl IKICHOrO Ta KUIBKICHOTO CKJIAJLy *KUBUILHUX cepejosul [11, 21, 22].

B kiriTuHHIE cesteKIlil Be/iMKe 3HaYEHHs Mae (DEHOMEH >KUTTEIIAILHOCTI CTIHKOI KJIi-
THHOI KyJAbTypu. CTIfIKOI0 BBaXKAIOTH KYJIBTYPY, K& TIILKH BUTPUMYE CTPECOBUI TUCK
IIPU TIOBHOMY TaJIbMyBaHHI POCTOBUX ITPOIIECIB, & BIIHOBJIIOE TIPOJTidbepallito JuIe 3a HOp-
MaJIbHUX YMOB. B HaIlmx eKcliepuMeHTaxX BiIOMpa/uCh KyJIbTYpH, dKi 30epirajau pict i
PO3BUTOK BIIPOJIOBXK BCHOT'O TEPMiHY KyJIbTUBYBaHHS. J[1s1 BUBHAYEHHS CTIHKOCTI TTOCTIi-
HO KOHTPOJIIOBABCs MOKA3HUK BiTHOCHOTO mpupocty 6iomacu (Am):

Am = —(m1 — o)

mo

My — Maca KJIITHH Ha TOYaTKy Macaxy, m; — Maca KJITHH B KiHII macaxy [5, 17].

Pesyavmamu ma ob2o080perts. OCKIJIBKI METOIO €KCIIEPUMEHTY OYB BiJIOIp KOM-
IIJIEKCHO CTIMKUX M€HOTHUIIIB, TO i/ YaC KOYKHOT'O OKPEMOI'O ITacUPyBaHHs 3aBK U ITPOBa-
JIAJIA 3MiHY YMOB Ky/IbTHBYBaHHsA. KIJIbKICTh MacakiB Ha OKPEMOMY CepeJIoBHUIIl (CTPOK
KyJbTHBYBaHHs) OyB noBiabHUIL. [lepeBipky pobuin, BUKOPHCTOBYIOUYH KIITHHHI KYJIbTY-
pU TIOTIOHY.

Ba-CK/JI 6y orpuMani B pe3ysibTaTi IEPBUHHOI CEJIEKIIIT Ha CePEIOBUII 3 JICTATLHOIO
KoHIeHTpamieio iony Ba?T. Ilicis HapollyBaHHs KIITHHHOI GioMacH Ha CeJeKTUBHOMY
CepeJIOBUIIL BiIGOPY KAJIOC TapaJieIbHO MACHPYBAI HA KOHTPOJIBHOMY CepeoBHI (H.Y.)
Ta Ha CeJIKTHBHUX cepejioBuInax i3 Ba’t.

Y rabmuni 1 mogano napamerp Am g CKJI trotiony (BignosigHo 2-it 1 6-it macaxi);
KOXKHUI OKpeMuil macaxk He repeBuiyBas 35 mi6. Ilacaxk, HacTymHUil mic/isg mporerypu
IJIENTUHTY BBaXKasu HyJIbOBUM. KuniTnHHI KyabTypu 6-ro macaky Iepej; BUMipPIOBaHHAM
Am Tpu nacaxi, 3 3-ro 1o H-if, BUPOILyBaJM 38 HOPMAJbHUX aJalTalliiHuX edeKTiB i
OTTIHIOBATH BUKJIIOYHO N'eHETUIHI TTapaMeTPu CTIHKOCTI.

Konnentrparia karionis Ba*", gxa 3acTocoByBaiach, 6ymIa JeTaIbHOIO JJId KT THHHIX
KYJIBTYD JUKOT'O THUILY.
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3 masejienol Tadbsuri 3po3ymisio, mo Ba-CKJI ToTiony 30epirajii BIacTuBy *KUTTETi-
SJIBHICTH TIPU PI3KUX 3MiHAX YMOB BUPOIIYBaHHSA: CTpec — HOpMma — crpec. [Ipm mbomy,
OJTHAK, BAPTO BKA3aTH, IO 38 HOPMAaJbHUX yMOB Am KJITHHHUX BapiaHTiB OyB BUIUM i
nepedyBaB y Mexkax 3,74-6,37.

Tab6s. 1: Bigaocuuit npupict 6iomacu kanycy (Am) Ba-CKJI Tioriony pi3umx
nacaxkiB Ipu KyJIbTUBYBaHHI Ha ceJIeKTUBHOMY cepefoBuilli 3 2MMBa?"

Table 1. Relative increase in callus biomass (Am) of Ba-RCL of tobacco of
different passages during cultivation on selective medium with 2mMBa?*

Crifika KiTUHHA JTiHIA, Am

KyJIbTypa 2-it macazk 6-1f macazk
THOTIOH

CKJI Ne 2 4,70 £ 0,17 5,00 £ 0,93
CKJI Ne 13 2,85 £ 0,20 1,00 + 0,21
CKJI Ne 17 1,50 £ 0,02 3,33 + 0,23
CKJI Ne 19 1,25 £+ 0,03 0,96 £+ 0,39
Konrposib Pocty ne 6yJ1o Pocty ne 0yJio

Cepes cTifikux KJIITUHHUX JIiHIA TIOTIOHY Oy/IM BUJILJIEHI HaBITh HAJICTiiKi BapianTu,
KOTPI JIeMOHCTpYyBaJu 1poJtidepariito y npucytaocti 5MM kationiB 6apito, T06TO BUTpU-
MYBaJIU JI03y TOKCUKAHTa Yy 2,5 pa3iB BUIILY JIETAJIbHOI.

Bisomo, ionn Ba?t Brmsaiors Ha nepenecenns ionis KT. Tonna Bzaemoiisi /anTaronism
Bi3HAaUeHa 1 JyId iHmux KaTioHiB. OTXke CTIHKICTD /10 3aCOJIEHHS MOXKe OYTH OB’ d3aHa i3
KiHETUKOIO TIEPEHOCY TOKCUYHUX KATIOHIB ab0 CTPYKTYPOIO camux TpaHncroprepis. [Ipu-
IIyCKaEMO, TAKOK, IO KPOoc-CTifiKicTs 110 ionis Ba?t ax dgaxropa /10 3acosenns 0B’ a3aHa
i3 3MiHOIO B'SI3KOCTI MeMOpaH, siKa BUKJINKAEThCsS 3MIiHOIO CTYIIeHs] HACUIeHOCTI 1X JIIIi/IiB
[1, 4,7, 21, 22].

OjiHuM 3 BCTaHOBJIEHUX e(DEKTIB, KUl MOXKE YMHUTHU 10H BaXKKOI'O MeTaJly B 6iojiori-
YHUX CUCTeMaX, € (PYHKIld cTabiiizaTopa cTpykKTyp. g dyHKIlisT BUKOHYETHCS B TTPOCTUX
BHIIaJIKaX, KOJIM MalOTh Ha yBa3i OPIEHTYIOUMI BILIUB 10HIB B KOMILIEKCHI criosytii. Ko-
JIM MeTaJI CTabiIizye CTPYKTYpY OLIKIB y (hepMeHTi, He BILIMBAIOYNM Ha IPOIEC KaTasi3y.
B Tomy BumaJiKy, Koo i0H MeTasy YTBOPIOE KaTaJITUYHY CTPYKTYPY 13 AKICHO HOBUMU
nokasuukamu |7, 9, 20, 21|. Oxnak ocranHs 1O0jisi IMOBIpHA JIMIle B IPUCYTHOCTI i0HA
Merasy. B mamomy Bumnaaky kpoc-criiikicrs Ba-CKJI miarsepazkyeTbest mpodtidepariiero
Ta POCTOM KYJIBTYPU Ha Oy/Ib-sIKOMY CeJIeKTHBHOMY cepesowuiii. CKopiie 3a Bce Taka
MOJTisA 3JINCHIOETbCS 38 PAxXyHOK KOMIIAPTMEHTAIl TOKCUYIHUX i0oHIB. Take MpUIyIieHHs
[MITBEPINIOCH IIPU BU3HAYEHHI BMICTY BIJIBHOT'O MPOJIHY Y CTIHKUX KJIITUHHUX JIHI.

[Ipostin — BuHATKOBa BTOPHHHA aMiHOKHCI0TA. OCKIIBKI B CKJIAII MOJIEKY/IN MiCTH-
ThCsI (-aTOM A30TY Y THPOJIIMHOBOMY KiJIbIIl, IIPOJIIH He € (MOIOHO IHIIMM aMiHOKHCIIO-
TaM) 3BUYaiiHuM cyberpaToM Jist hepMEeHTIB aMiHOKHCIOTHOTO MeTaboIi3My — 1eKapbo-
KCcUjIa3, aMinoTpancdepas, paremas. HatomicTh icHye cimeiicTBO MeTabOJN3yI0UUX IIPO-
JIin (pbepMEeHTIB i3 BJIACHUM KJITHHHUM PO3TAITYBAHHSIM Ta PErYJIATOPHUMHU MEXaHi3MaMu
[8, 11, 14, 19|. IIpousin Bigirpae BUpimaabHy POJIb B KITHHHAX MeXaHIi3Max i fK CKJla-
JIOBa, IPOTEIHIB, 1 K BiIbHA aMiHOKHMCJIOTA. 3aBAAKH IMUKJYHINA CTPYKTYpi, IPOJIiH Mae
obMerkeHy KOHMIpMaIiifHy THYYKICTh, IO BH3HAYA€, B KIHIIEBOMY paxyHKY, cTadismiza-
1110 / ecTablIi3aliio BTOPUHHOI CTPYKTYPHU OLIKY.

Bucoka ionHa cmjia KyJabTypaJbHOIO CEPEIOBUINA BUKIUKAJIA HAKOIMYEHHS MPOJIiHY.
OjHax 111 TOJIis CTOCYBaJIach KJTHUH, SIKi BUPOIILYBaJIM y IIPUCYTHOCTI COJIEl MOPCHKOT
Boau. Ils amanTuBHA BiAMMOBiAbL MOB’si3aHa, OYEBU/IHO, i3 i€t aHioHiB. Ha KopucTh mporo
IPUITYTIeHHsT BKa3ye TOTOXKHICTH 3MiH Gasancy Kt /Nat, sy crnocrepiraim B KiiTuHax
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[IPU TIEPEHECEHH] Ha CePeJIOBUIIA 13 Oy [b-sIKIM TUIIOM 3aCOJIEHHsI. 3POCTAHHS /3MEHITICHHSI
piBHSI aMiHOKHCJIOTH Y KYJIbTYPi y3ro/zKyBaJach i3 crajisMu KiiTuHHOTO UKy |7, 10,
23].

Y ranodiTiB B yMOBaxX 3aco/IeHHS TaKOXK BiJIOYyBaIOTHCI 3MIHM HEOPTaHIYHUX 10HHUX
KOMIIOHEHTIB 1 cymnpoBijHe 3 HUM 3pocTanHs BMicty mposiny |9, 14, 18, 20]. IIpu mpomy
AKyMYJIIisd aMIHOKUCTIOT Y HAX PO3IIHIOETHCA K aIalITUBHA O3HAKA COJIECTIMKOCTI.

Came 11e BKa3ye Ha depryBaHHsI 1I0/Iiii aKTUBHOIO CUHTE3Y/BUKOPHUCTAHHSI IIPOJIHY B
MezKaxX, HeOOXIIHUX IS MiJITPUMAHHA POCTY KYJIBTYPU NPH Jiil KOHKPETHOI'O CTPECOBOTO
qnunnka. Leit dpenomen Bractusmit Ba-CKJI.

B Tabnuii 2 HaBeeHO MOKA3HUKHU PIBHA BIILHOIO IPOJIHY, BUSHAYCHOIO B KJIITHHAX
Ba-CKJI tottony Ha 14 1eHb KyJbTUBYBaHHS B IPUCYTHOCTI 1,5 KPATHO JIETAJIBHOI J1031
ionis Ba?*. Taky KOHIIEHTpAIIiI0 TOKCHYHIX KATIOHIB BUTPUMYBaJIa IepeBasKHa OiIbITicTh
CTIMKUX KJITUHHUX JiHi TIoTiony. Tomy micss jgonarkosoro ckpuninry cepen CKJI Bui-
JISITU Ta KYJIbTUBYBaJM KJIITUHHI BapiaHTH JIUIIE 3 TAKUM PiBHEM CTIfKOCTI.

Tab1. 2: Bmict BisibHOTro npoJiny B Kaiyci Ba-CKJI TioTIOHY 1Tpu KyJIbTUBY BAHHI
B pucyTHocTi Kationis Ba?

Table 2. Free proline in tobacco callus Ba-RCL whten cultured in the presence
of Ba2-}-cation

.. . .. [Ipouin mr % /T cupoi macu

Criiika KaiTHHHA, JIiHis
CepeoBuiiie CepemoBuiie
BsT'am6opra Bslam6opra* +3mMBa?*

CKJI Ne 2 6,13 = 0,53 1,70 £+ 0,034

CKJI Ne 9 7,50 + 0,11 11,80 4+ 0,24

CKJI Ne 10 7,72 + 0,33 9,00 £+ 1,77

CKJI Ne 14 9,71 +£ 1,05 7,25 £ 0,17

KonTposb 10,70 4+ 0,29 3,63 + 0,24

Ominroroun y Ba-CKJI nBa Bu3HaHuX mapameTrpa COJIECTIKOCTI, a came B3a€MOBII-
womrenns ionis K+ /Na' i pisenb BijbHOrO mposiiHy HapasesbHO, HOMITHO, IO CyTTEBe
BHUKEHHS TIEPIIOro MOKA3HUKA BiTHOCHO KOHTPOJIIO BUKJIUKAE 3aCOJIEHHS OY/Ib-SIKOTO TH-
mmy.

CrTiliKicTbh POCJIMH TIOTIOHY CYIIPOBO/IXKYBaJ/IaCh ITJIBUIEHUM PiBHEM BiJIBHOTO ITPOJIi-
Hy B Jsmmcrkax. llinBummennst BmicTy mposiiny BijOyBajIoch 3a paxyHOK HOTO CUHTE3Y i,
MOZKJIMBO, JaCTKOBOI'O TPAHCIIOPTY 3 KOPEHIB Mic/isd IXHBOrO yTBOpeHHs de novo. Jluna-
MiKa KOJIMBaHb BMICTY aMiHOKHCJIOTH CIIBIIaJIajia 3 XapaKTepoM 3MiH, 3adiKCOBaHUX Yy
KJIITUHHUX JIiHIN, KyJIbTUBOBAHUX 3a YMOB 3aCOJIEHHSI.

Otxke y miaTpuMaHHI COJIECTIKOCTI POC/IUH KJIIOUYOBY POJIb BiJIIrPAlOTh MEXaHi3MM,
peaJrizoBaHi Ha KJITUHHOMY piBHI. EKcriepuMenTa/ibHa cucreMa: CTifika KIITUHHA JIHIT —
CTifiKa poc/IMHA-pereHepaHT — CTiiffKe TTOTOMCTBO — CIIPAIbOBYE Y BCIX JIAHKAX.

Bimomo, 1110 36i/1bIIeHHST 1TO3aKIITHHHOINO O1JIKOBOTO IIYJIy YacTo ITOB sI3aHO 3 (hocdo-
PUJTIOBAHHSAM [0 THPO3MHOBUM caiiTaM Ta BU3HAYa€ cTaryc Kyabrypu |1, 2, 3, 13, 23].

Amnajtoriuna mo/is nmepeposmno;iiry 61Ky OyJI0 BiMiteHo Ipu Ky IbTUBYBaHHI Ba-cTiiknx
KJIITHHHAX JIHIN TIOTIOHY NP XJIOPUIHOMY Ta CYIb(paTHOMY 3acCOJeHHSX. B Toil ke Jac
BMiCT OLJIKY B KJITHHAX 38 CTPECOBUX YMOB OYB HHKUIUM.

Binmiveni gBuina, Ha HAITY JyMKY, BiIoOpaKaioThb 0COOJMBOCTI (DYHKITIOHYBAHHS KJTi-
TUH, a B ILJIOMY MOXKYTh CBITYUTH Ha KOPHUCTH HOPMAaJbHOI YKUTTE3IATHOCTI BapiaHTIB
IIPU CTPECOBOMY THCKY.

Pociunn RO, a Takoxk Hacinag Ta mpopocTKu R1 TecTyBasinch in vitro B yMOBax mpsaMol
Ui 3acosenns (25,0 v/71 coseit MOPCBHKOT BOJH).
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K 1 2 3

Puc. 1: Enekrpodope3 po3unmHHUX OiJIKiB TIOTIOHY 3a COJIbOBOT'O CTPecCy, KYJb-
TUBOBAHUII 32 YMOB i1 vitro

Figure 1. Electrophoresis of soluble proteins of tobacco under salt stress culti-
vated underconditions of in vitro

*K — TioTIOH, pociuHa, JUKHANA THI, HOpMaJl yMOBH; 1 — KaJioc, JUKHUil THUII, COJI
MOPCBKOI Bojii; 2 — Ba-criiika Jiinist, coii MopebKoi Boau; 3 - Ba~criiika sinist, NagSOy |3,

17, 20].

Puc. 2: IIpopocranns Hacinag R1 micas 21-0 BUTpuUMYyBaHHSI IPU 3aCOJI€HHI
(2,5% couneit MmopcbKOi BOM)

Figure 2. Germination of R2 seeds after 21 incubations under inoculation with
2.5% seawater salt
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A b

Puc. 3: A. Konrpoas (1) ta pociauHa — perenepant (2) micist 5-tu JIeHHOI 110-
cyxu; B. KoHTpoJib Ta pocinHa — pereHepaHT, KyJbTUBAUPOBAHI MPU 3aCOJI€HHI
B yMOBax in vitro

Figure 3 A. Control (1) and plant — regenerants (2) at 5 days dryness; B.
Control and plant — regenerants, cultivated under the conditions in vitro

Pocunu RO 3a crpecoBux ymMoB popMyBasin KOpiHHS Ta JIMCTOYKU. e cBiauThH 1Ipo
HOPMAJIbHY KUTTEIATBHICTh OPraHi3My, sdKa MATPUMYETHCS 38 PaXyHOK HAWCYTTEBINIX
MeTabosaiaHuX mporeciB. 11po cupsiMoBaHicTh peakiiiil CBiIInThL 0OMeXKeHU IPOTEIHOBHIT
IyJI B KJIITUHAX POCJINH.

Bacrocysanng ionis Ba?T y kmiTunmiil cesekIii mokasaso BeJIMKHil ITOTEHIAT iXHBOT
HNPUJIATHOCT] JIJIT OTPUMAaHHs POCJUHHUX (POPM i3 IIBUINEHUM PIBHEM COJIECTIHKOCTI.
QaKTHYIHO, 3aMiCTh TUIOBOTO ITIKOMITY, SKUM € TIOTIOH, 3'sIBUBCS HOBHIl M'€HOTHI, IO
3a CTifiKicTio (PO3BUBAETHCS Y TIPUCYTHOCTI 2,5%-HOr0 3aCOJI€HH ST ) Bi/IIOBIIA€ KIACHIHIM
rajioditam.

Bucnosku. Ba-CKJI pearyiors Ha il KOHKpeTHUX ioHiB-cTpecopiB. [IpucyrHicts ka-
tionis Ba?* BunmBae na ionnmit Gasanc, yrpumytoun KT, mo, on1Hax He € €IMHOIO IIPHIH-
Hoto costectifikocti. ¥ CKJI 3MiHIO€THCS PiBEHDb BIIBHOTO MPOJIIHY B 3a/1€2KHOCTI Bil THITY
OCMOTHYHOTO cTpecy. [Ipn 1IboMy TPOSIBIAETHCA JETOKCUKYIOYa POJIb ITPOJIiHY.

SBajtyueHHs 10HIB BayKKUX METAJIB B KJITHHHIN CEJIEKINT J1aJ0 MOXKJIUBICTD OTPUMATH
KJITUH CTilKi JIiHil Ta POC/AUH 70 3aco/ienHuso. Taknil mepcreKTuBHUN 6i0THEXHOJIOTI-
YHUN METOJ JI03BOJI€ 3a0e3MeINTH OTPUMAHHS HOBUX CTPECOCTINKUX TE€HOTHUINB OY/Ib-
SAKUX ClJIbCHKOTOCIIOJIAPCHKUX KYJIBTYP.
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PIZIKICHI TA SHUKAIOYI B/ TPAB’AHNCTUX POCJINH, 1110
SPOCTAIKOTH V¥V JIICOITAPKY APY2KBU HAPOAIB (M. JHIITPO)

I. I. Cymenko!, A. M. Ka6ap', M.O. Ksitko'?, FO. B. Jluxonaar!

U TIninposcoruti navionasvnuti ynisepcumem imeni Oaeca Tonvapa, m. JIninpo, Yrkpaina
2 Kpusopisvkuti deporcasruti nedazozivrut ynicepcumem, m. Kpusuti Pie, Ykpaina
Amnoranis. /[ng 4epBOHOKHUKHUX PocanH IHinmponeTpoBchbKoi 001acTi 3 KOXKHUM PO-
KOM Bce OiJibIlle yBaru MOBHHHO IPUJIIATUCH CaMe 3aXUCTy apeaJiiB BUJIIB, 1[0 3POCTAIOTH
Ha TepeHax MicT — B ypOoIeHo3ax. IxHiii craTyc Ta eKkosorivuHa IiHHICT MAIOTh Ge3Ioce-
peJiie 3HaYEHHs JIJIs 3MiIHEeHHSA (PITOMEHOTUYHUX 3B’g3KIiB MiK POC/JIUHAMU y HABKOJIU-
ITHBOMY cepeIoBHII. Pocyimau mpupoanx diToreHosiB, gki 30epersmcs B MapKOBiil 30H1
M. JIHIIIpo nprcTOCYBaAJIMCS JI0 TAKUX YKOPCTKUX YMOB 3a PaXyHOK 3MiH, SKi Bijo0parkaio-
Thed y (PYHKITIOHYBaHHI POCUHHUX OPraHi3MiB. 3aBIIKH [IbOMY MOYXKYTb 3POCTATH TiIbLKU
BUJIM, 110 HAOYJIM aJIATUBHUX 310HOCTE! /10 yMOB JIOBKi/LId. Tak, y Jicomapky [pyxou
HAPOJIIB 30eperyimcd y MEPBUHHOMY CTaHi JUIAHKH TPUPOTHUX (DITOIEHO3IB JI0 CKJIaTy
AKUX BXOJIATH PIJAKICHI BUJIM POCJIMH, IO BiTHOCATHCH JIO CTEIOBOI, JIy9HOI Ta OOJIOTHOI
pocmaHoCcTi. Bignosinno o 3akony Ykpainm “Heppona kuura YkKpainum Biji 7 JIIOTOrO
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2002 poky 10 JlaHO1 KaTeropil pOCJUH MU BLJIHEC/IN IEepeJiK BUJIB POCIUHHOIO CBITY, IO
nepedyBAIOThH 1111 3arpo30i0 3HUKHEeHHs. Ha OCHOBI TTPOBEJIEHUX JIOC/IIIZKEHD 110 JIAHOMY
napky OyB CKJIaJIEHUI IHBEHTAPUBAIIHUIN CIIUCOK PIJIKICHUX Ta 3HUKAIOYUX TPAB IHUCTUX
POCJIVH.

Kuo4doBi cjioBa: mpoMuc/ioBe MicTO, IMapKoOBa 30Ha, YePBOHOKHMKHI POCIUHU, PiJl-
KiCHI Ta 3HUKAIOYl BUJIU.

RARE AND ENDANGERING SPECIES OF HERBAL PLANTS
GROWING IN THE FOREST PARK OF PEOPLE FRIENDSHIP
(DNIPRO CITY)

I.G. Sushchenko!, A. M. Kabar!, M.O. Kvitko 2, Yu. V. Lykholat!

L Oles Honchar Dnipro National University, Dnipro, Ukraine
2 Kryvyi Rih State Pedagogical University, Kryvyi Rih, Ukraine

Abstract. For the Red Book plants of the Dnipropetrovsk region, more and more
attention should be paid every year to the protection of the habitats of species growing
in urban areas — in urban communities. Their status and ecological value are of direct
importance for strengthening phytocenotic relationships between plants in the environ-
ment. Plants of natural phytocenoses that have survived in the park zone of the city of
Dnipro have adapted to such harsh conditions due to changes that are reflected in the
functioning of plant organisms. Due to this, only species that have acquired adaptive
abilities to environmental conditions can grow. Thus, in the Druzhby narodiv forest park,
areas of natural phytocenoses have been preserved in their original state, which include
rare plant species belonging to steppe, meadow and swamp vegetation. In accordance
with the law of Ukraine ”"Red Book of Ukraine” of February 7, 2002, we have included a
list of plant species that are under threat of extinction in this category of plants. Based
on the research conducted in this park, an inventory list of rare herbaceous plants was
compiled.

Key words: industrial city, park area, Red Book plants, rare and endangered species.

Bcmyn. TninponeTpoBIiHa — 1€ OJIMH 13 HAMOLIBIT PO3BUHYTUX ITPOMUCIOBUX DPe-
rioniB Ykpaiuu, jie (pyHKIIOHYBaHHS IIPOMUCIOBUX MiIIPUEMCTB CYyIPOBOXKYETHCSA BU-
KIJaMU B HABKOJIMIITHE CEpPEJIOBUINE 3HATHOI KilbKocTi mosoTanTis |5, 6, 13|. Curyartis
yCyTyOIsIEThbCsl BUKHIAME aBTOTPAHCIIOPTY, KUIbKICTh SIKUX TOCTIHHO 3011bInyeThes [3)].
[ist 3a0pyTHIOIYNX PEYOBHH Bi0OpazkaeThest Ha cTaHi pocauHuoro [10], TBapuHHOrO CBi-
Ty [8, 11, 15] Ta npusBosuTh 70 MiABUINEHHS PIBHS 3axBopioBaHocTi jojeit [9, 10, 12,
sIKe B2Ke JUHIIO JI0 KPUTUIHOI MeKi eKOJIOriIHOI CTIHKOCTI Ta 1MoTpedye BIHOPSIKYBAHHS
1iel B3aeMosiil MizK JKUBHMHI OpraHismMamu Ta JOBKULIAM |4, 7, 14]. B takux ymoBax oco-
O6/tmBY cTYpPOOBaHICTh BUKJIUKAIOTH PIJIKICHI Ta 3HUKAIOYl BUJIM, TKi BIJIOBIIHO JI0 3aKOHY
VYkpainn “Uepona kuura Ykpainu Bij 7 jororo 2002 poky mepedyBaroTh IIij] 3arpo30i0
sunkHenHd. Ha /lainporeTpoBmuni X nepesik HapaxoBye 66 BUIIB.

Mema pobomu. Y 3B’43Ky 3 BUIIICHABEJICHUMH MaTepiajaMu, MeTa Halol podboTn —
BUSBJICHHS Ta MOJIAJIbIe (DOPMYBAHHS iHBEHTAPU3AIINHOTO CIUCKY PIJIKICHUX Ta 3HUKA-
I0UUX BUJIIB POCJINH, IKi 3pOCTalOTh Yy Jjiconapky Jlpyx6u naposis (M. Iuinpo). 3 ypaxy-
BaHHAM 1X €KOJIOT0-610JI0T19HOT XapaKTepUCTUKH.

Mamepiaau ma memodu docaidarcens. Bpaxopyrodu Toit haxT, 1mo Ha TepuTopil
BEJIMKUX MICT TOTEHIIMHII apeas PIAKICHUX Ta 3HUKAOUNX BUIIB POCJTNH, SIK ITPABHJIO
MOXKe OyTH HabaraTo MeHINUM Yy MOPIBHAHHI 3 HEBEJIMKHME OCEDPEIKAMU ITPUPOTHUX Mi-
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Puc. 1: 3aranpHe po3TanryBaHHsI apeaJiiB MiClle3pOCTaHb Y€PBOHOKHU>KHUX BU-
niB y niconmapky /Ipy»x6u HaponiB (06BejieHi uepBOHOIO JIiHi€I0)

Figure 1. General location of habitats of Red Book species in the Friendship of
Peoples Forest Park (circled with a red line)

Puc. 2: Apeanu micre3poctanb Ta HOOJMHOKI KypTuHH (0OBEIEHO YEpPBOHOIO
Jginiero) cuy Jsiygnoro Pulsatilla pratensis na mami nmapky

Figure 2. Habitat areas and individual thickets (circled with a red line) of
meadow pasqueflower Pulsatilla pratensis on the park map
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CIE3POCTaHb, HAMHU OY/I0 IPUKHATO PillleHHsI PO 00CTEeXKEeHHS HaO1IbIIIOro JicomapKy Ha
TepuTopil Micta JIHiIpo Ha IpeIMeT HasiBHOCTI JIaHOI KaTeropil poc/ivH.

Puc. 3: Con JsryuyHwmii a), b) KypTUHU CHY JIy9HOIO i3 KBITKaMuU; €) KBITKa CHY JIYIHOTO,
d) pocauuu cHy Jsiyanoro i3 mwiogukamu 14.04.24.

Figure 3. Son luchnyy a), b) meadowsweet curtains with flowers; ¢) meadowsweet flower,
d) meadowsweet plants with fruitlets 14.04.24.

[Tapk pozramoBanwmit y miBHiuHINl vacTuni micta /ninmpo i #foro moma ckiajgae 98
ra i mpejcTaBiisie coOO0 JISHKY y (opMi Tparerii Ha PiBHUHHINA MICIIeBOCTI 3 HEBeJIU-
KUM TIOCTIfHUM YKJIOHOM 3 TIiBJICHHOI CTOPOHU Yy HAIIpsAMKY HiBHO4YI. Bin oOmekenuit na
zaxoji C1000KaHCHKIM ITPOCIIEKTOM, Ha MB/HI By/1. MarmajimaiBchbKoo0, Ha MBHOYI BO-
JIOBIJIBIJTHUM KaHAJIOM ipHUTAIifiHOT CHCTEeMH, IO BIaJa€ y 03epo Iuiomeio 0u3bko 200
M? Ha HiBHIYHO-cXiaHiil yacTuHi HApKYy, Je yTBOPIOIOThCS BepXoBe GOJI0TO, a Ha CXOJi —
[IPOJIOBXKEHHSAM KaHa/ly HaBipoTu Bys. Kpuruaaoi ta npusathol 3a0yaoBu. lepesna po-
CJIMHHICTD TAPKY IOMEPEIHBO BUCAKEHA MOKBAPTAILHO. J[OCTIIZKEeHHS TTPOBOIMIINCS 3
BUKOPHUCTAHHSAM CTaHJIAPTHUX Ne0DOTAHIYHIX MeTOIuK |2, 12].

Pe3syavmamu ma ix o0b62080peHHs. Y XOJi OTJIALY IEHTPAJbHOI YACTUHU Tap-
Ky, 0 [IPeJICTaBJIeHa yIPYHOBAHHIMU KCePOMITHUX 3/IaKOBO-PI3HOTpaBHUX cretiB (Salvio
nemorosae-Festucetum; Festuca valesiaca. F. rupicola) [14] namu Gysu BusiBjieHi aucieHHi
KypTuUHU TpejcTaBHUKIB pojaunun 2Kosrernesux Ranunculaceae — cony jyanoro Pulsatilla
pratensis (L.) Mill. s.1.), sikuit Brecennit 10 YepBonoi KHUr® YKpaiHu 1 Ma€ MPUPOIOOXO-
poHHWUil cTaryc “Heorinennuit” (puc. 1, 2, 3, 4).

e Tpas’stnucra Oararopiuna pocsuaa 3aBsumiku Big 10 10 40 cMm, mo mae Tpudi-
[IEPUCTOPO3CIUeH] JINCTKH, AKi 3 dBII0TbCsI 10 abo oaHodacHo 31 npitTiaasm. [Toommro-
Ki TeMHO-io/IeTOBI KBITKM JiiaMeTpoM Bij 2 710 4 ¢M € TOHUKJIUMH Ta MaiOTh BY3bKY
JI3BOHUKOIIOMIOHY dopMy 3 6 TUCTOYKAMU OIBITHHU OIYIIIEHUMH 330BHI, ANUIENOTI0HOI Un
obepHEHO-AHIEoI0HO0T (hopMH.

Y npyriit mosioBuHi TpaBHA HaMu OyJI0 00CTeKeHO OOI0TAHY JacTuHy Jriconapky. Ha
TepuTopil y 10 ra Mo3aldyHO po3TallloBaHl JIeKiJIbKa YIPYIIOBaHb POCJIMH 3 TUIIOBUX JIYKIB,
10 BiAIOBIIAIOTH HACTYIIHUM 30HAJLHUM OioTOIIaM.

Y niBjeHHil Ta MiBJIEHHO-3aXi/IHIl YacTUHI BOHA IIpe/icTaB/IeHa Me30(DITHUMU JTyKaMU
nacoBUIHOTO BUKOpucTanus ( Cynosurion cristati) Ha 361 THEHUX JIETKUX MINAHUX BiK/Ia~
JIax, 10 [MePexXo/IATh Y BOJIOr JIyKH HacoBUIIHOTO Bukopucrants ( Potentillo-polygonetalia
avicularis) B TIeHTPI JIISTHKY, a Ha MBHIYHINA Mexi 6ijst jiicoBoro Giorory y eBTpodHi Ta
MezoTpodHi Bosori cinokicHi syku (Deschampsion cestiposae), MizK HUME 3HAXOISATHCS Y
nonussi penbedy miomero 6usbko 200 M cinokicui siyku (Arrenatherion elatioris) na
baraTux JepHOBO-T/IeiioBuX rpyHnTax [6].

[Tlimgac orsay came 1boro 6ioToIy OY/I0 BUSABIIEHO MOMYJIAIIO 3 6su3bKo 80 ocodmH
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Puc. 4: Con ayqnnii (Pulsatilla pratensis) a) kBiTka cHy Jiy<dHOr0; b) rpyma pocius cHy
JIyYHOTO 13 mmogmkamu. 25.04.24.

Figure 4. Pulsatilla pratensis a) Meadowsweet catkin; b) group of Meadowsweet plants
with fruit. 25.04.24.

Puc. 5: Iliogopixkka 6onorHa (Anacamptis palustris) a) rabiryc pociuau b) po-
cuHa i3 CcynBiTTAM THIY “KOJIOC”; ¢) KBITKH KPYIHUM ITaHOM; ) HOIY/IAIisd POCTHH
ILJIOJIOPIZKKHU OOJIOTHOL

Figure 5. Anacamptis palustris a) plant habit b) plant with spike-like inflorescence; c)
close-up of flowers; d) population of Marsh marigold plants

npejicTaBHIKa pojuan 303ysuHiesl Orchideacea, a came mionopizkku 60s0tHOT (Anacamptis
palustris (Jacq.) R. M. Bateman, Pridgeon et M.W. Chase). Ile Tpas’snucra 6araropiuna
pOC/InHA, 10 YTBOPIOETHCS 3 OBaIbHOI Oy1b0u, Bif 18 10 30 cM 3aBBUIIKH i3 TOPOKHUCTUM
cTebJIOM Ta JIHIITHO JTAHTIETHIM JIICTSAM Ta Ma€ KOJIOCOIO/II0HE CYIBITTS i3 HEI'yCTUMU Iy P-
mypoBuMH KBiTamu. ['y0a KBITKH HETJIMOOKO TPUJIONIATEBA, PO3IPOCTEPTA, JTOBKUHOIO 8-12
MM, CepeJiHs JIONATh TPUJIoaTeBa IMUpoKa 1 nepesuriye 6iuni (puc. 5, 6).

BucHosox. IIposejieni jtocijizkeHHs 3 BUAB/IEHH Ta (ikcallil apeaJsiiB MiCIe3pOCTaHb
PLAKICHUX POCJIMH, € BayKJIMBUM /I PO3YMIHHA 1X aJlanTallil 0 aHTPOIOT€HHO 3MIHEHOT'O
cepegiosuia |7]. Pocimnan 3 YKY o6ox Busis, mo Gysm Hamu 3adikcoBaHi BIPOJIOBK Ie-
piojty BereTarlil BUTVISIAIN TLIKOM 30POBUMU, Ta YTBOPWJIN IJIOJIMKHU, IO CBITIUTD ITPO
MOYKJIMBICTh IXHBOTO TIOMMWPEHHSA Ta YTBOPEHHS HOBUX TeHepaIliili Ta apeasiB MiCIe3po-
CTaHb IUX BUJIB TpaB SHUCTUX POCJIHH.
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Puc. 6: Apeas wmicie3pocranusi (06BeJleHO YepBOHOIO JiiHi€0) — Anacamptis
palustris Ha Mani nmapky

Figure 6. The area of growth (circled with a red line) of the Anacamptis palustris
on the park map

250
200
150

100

A B C

Puc. 7: Ilomyssiii 4epBOHOKHUMXKHUX POCJHNH JiiconapkKy /py>k6u HapoaiB,
M./ Ixinpo,2024 p. KinbkicHe mOpiBHIHHS

[MpumiTka: A — 3arajbHa KigbKicTh YepBoHOKHMKHUX BuiB; B — ILnogopixkka GosorHa
Anacamptis palustris; C — Con nyunnit Pulsatilla pratensis

Figure 7. Populations of Red Book plants of the Friendship of Peoples Forest
Park, Dnipro, 2024. Quantitative comparison

Note: A — total number of Red Book species; B — Anacamptis palustris; C — Pulsatilla
pratensis
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[Ipore mpucyTHE 3aHEIIOKOEHHST CTOCOBHO HAMOLIBIINX apeaJIiB MOy ILJI0I0PIKKI
O0JIOTHOT Ta CHY JIYIHOTO, aJI2Ke ITOIYJISIIT IIUX POCJNH 3HAXOAITHCS Y MICISIX aKTUBHOTO
BiAMOYMHKY (KeMIHIY) BiaBiyBadiB Jiiconmapky Oljis OCHOBHUX JODPI?KOK 3 BUKOPHCTAH-
HsIM BiJIKDUTOI'O BOTHIO, SIK B CEpPEJIMHI MMapKy, Tak i Ha TOpd dHUX JiyKax Oijag 0ojoTa
Ta BOJOUMH MeJIIOpaTUBHOIO KaHaury. Lle MoxKe BUKJIMKATHU TOMIKO/KEHHS POCJIN, TaKOXK
HOTOPiY OyJI0 3adiKCOBAHO KiTbKa IMOXKEXK, OJIHA 3 AKUX Bi0y/Iacsd HENOJAJiK OCHOBHOI
MOIYJISAIIT CHY JIYYHOTO 1 OXOILIIOBaJIa IoHaiMeHIe 1 ra TepuTopii, sdKa MOoIepeIHbO BU-
HUKJIa 9epe3 HellorallleHe BOTHUIIE, M0 TeXK Hece BXKe MPAMY 3arpo3y 9ePBOHOKHUKHUIM
pOCTIMHAM, aJle BapTO 3ayBazKUTH, IO aKTIiB CBIJJOMOTO BaHIAJII3MY 3 MiJITay IJICTHIKA
3 CYXHUX PEIITKIB pOC/IHH 300Ky BiJIBi/lyBadiB Jiicommapky He 3apeecTpoBaHo. ToMy Kepy-
IOYNCh JIIIOYNMHU MTOJIOZKEHHSIMHE 3T1JTHO 3aKOHO/IABCTBA Y KPATHU, MU PEKOMEH/IYEMO HaJIa-
TU JJAHOMY ITapKy BLIOBIIHUIT OXOPOHHUI CTATYyC, IKUN OM YHEMOXKJIMBJIIOBAB OY/Ib-sKY
AKTUBHY I'OCIIOJAPCHKY JIAIbHICTD a00 JO3BIJIIs, 10 MOYKe HAIKOJUTH Y apeasiax Miclie-
3pOCTaHb BUSIBJICHUX PIAKICHUX POCJIUH.
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CONSERVATION OF THE DIVERSITY OF BOTANICAL GARDEN
COLLECTIONS USING IN VITRO TECHNIQUES: A CASE STUDY OF
MORUS RUBRA L.

V. U. Akhmedova', H. K. Juraeva!, A. T. Khazratov!, F. U. Mustafina', S.
Kh. Abdinazarov!

U Tashkent Botanical garden named after acad. F.N.Rusanov of the Institute of Botany of
the Academy of Sciences of the Republic of Uzbekistan

Abstract. This article presents the results of the development of in vitro propagation
protocols for species represented in the collection of the Tashkent Botanical Garden. The
explants of Morus rubra L. from the botanical garden collection were introduced into
culture using the in vitro method, with the influence of various phytohormones tested
to optimize plant regeneration. For explant introduction, WPM (Woody Plant Medium)
with 30% sucrose and 0.2 mg/l BAP was selected as the most effective nutrient medium.
Rhizogenesis was successfully stimulated on a nutrient medium supplemented with 0.5
mg/1 IBA. Following the successful development of root systems, a gradual acclimatization
process was employed to help the plants adapt to greenhouse conditions. Initially, the
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plants were transferred to moist vermiculite in covered containers and kept in growth
chambers for 1-2 weeks under controlled environmental conditions to minimize transplant
shock and promote root system strengthening. Following this, the plants were transplanted
into a peat-based substrate, kept covered to maintain high humidity, and incubated in
growth chambers. Over time, the covers were gradually removed to allow the plants to
adjust to ambient humidity and temperature fluctuations. This gradual acclimatization
process significantly improved the survival rates and ensured the successful establishment
of Morus rubra L. plants under ex vitro conditions, demonstrating the effectiveness of the
developed in vitro propagation protocol for this species.
Key words: botanical garden, in vitro propagation, Morus rubra L.

3BEPEXKEHHSA PIBHOMAHITTA KOJIEKIIIN BOTAHIYHUX CAIY
3A JOITIOMOI'OIO METO/IUKWN IN VITRO: ITPUKJIAL MORUS
RUBRA L.

B. V. Axmenosal, X. K. Ixxypaesa', A. T. Xazparos!, ®. V. Mycradina!, C.
X. A6aunazapona’

L Tawxenmevkuti 6omaniunut cad imeni axad. D.H.Pycanosa Incmumymy 6omanixu
Axademii nayx Pecnybaixu Ysbexucman

Amnoranig. g crarra npejcrasiisie pe3yabTaT PO3POOKU METOJIy PO3MHOMKEHHS in
vitro BuiB, mpejicTaBieHuX y KoJiekiil TamkeHTchkoro doranidnoro cajy. ExcrianTn
Morus rubra L. 3 Komekil 6boranidHOro cajy Oy BBeIEHI B KYJIbTYPY 3a JOIIOMOIOIO
MeTo/y in vitro mij BrvmBowm pisaux ditoropmonis. WPM (Woody Plant Medium) i3 30%
caxaposu ta 0,2 mr/i1 BAP 6yB obpanuii stk HaiibLibI1 ebeKTUBHE [TOKUBHE CEPEJIOBUIIIE
JIJIS BBEJICHHS €KCILTAHTIB. Pu3orenes crumy/oBaBcs Ha MOXKUBHOMY cepejoBuiri 3 IMK
(0,5 mr /).

JList TocTynoBol aK/iMaTU3aIlil JI0 TeIIMIHUX YMOB POCJIMHE 3 KOPEHEBOIO CUCTEMOIO
CIIOYATKY IePEMINIyBaIn y BOJIOTUI BEPMIKYJIT y 3aKPUTHX KOHTeliHepax 1 TpuMaJin B
KaMmepax pocTy npordaroM 1-2 TuxkuiB. Ilic/isg 1ib0ro pocnnu nepecajizKyBajn B cybcTpar
Ha OCHOBI TOPQY, YTPUMYBAJH i/l HAKPUTTAM 1 iHKyOyBaJ/ Il B KaMepax pPOCTy. 3 dacoM
MOKPHUTTS ITOCTYIIOBO 3HIMAJIH, 1100 JO3BOJIUTH POCINHAM aIalTyBATUCS 10 HABKOJIUIITHBOI
BOJIOTOCTi Ta KoJmBaHbL Temmeparypu. lleit mocTynoBuii mporec akjaiMaTu3alii 3HAYHO
MOKPAIIUB PiBEHb BUKUBAHOCTI Ta 3a0€31EYNB yCIilTHe yKopineHHd pocaun Morus rubra
L. B ymoBax ex vitro, jemoHcTpytoun edeKTUBHICTH PO3POOJIEHOrO MPOTOKOJY in vitro
PO3MHOYKEHHS I IIHOT'O BU/LY.

KurodoBi cjioBa: 6otaniunuii caji, po3MHOXKeHHs in vitro, Morus rubra L.

Introduction. Plant biotechnology plays a crucial role in conserving rare and endangered
plant species. Many botanical gardens implement programs to establish and maintain cell
and tissue culture collections. Such initiatives have been successfully developed and are
actively maintained in various countries. In vitro collections of cells, organs, and whole
plants, along with cryobanks, have been established to preserve plant material from diverse
taxonomic groups in liquid nitrogen. These ex situ conservation methods help mitigate
biodiversity loss due to habitat destruction, climate change, and human activities.

Several specimens within these collections are considered national treasures, including
rare and legally protected plant species. For example, the National Clonal Germplasm
Repository of the USDA in Corvallis, Oregon, safeguards 500,000 samples of economically
significant, rare, and endangered plants from 10,000 species. Similarly, in Germany, more
than 700 cell culture lines from 80 plant families are preserved, many of which produce
pharmacologically valuable secondary metabolites [13|. Other countries, such as China
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and Japan, have also invested in large-scale in vitro conservation programs, focusing on
medicinal, ornamental, and food crop species to ensure their long-term availability and
sustainability.

Beyond conservation, in vitro biotechnology is an essential tool for plant breeding,
genetic improvement, and the mass propagation of economically valuable species. By using
micropropagation, plants can be rapidly multiplied under sterile conditions, ensuring the
production of disease-free and genetically stable clones. This technique is particularly
beneficial for species that are difficult to propagate by conventional means or have low
seed viability [7]. Moreover, the combination of in vitro culture with molecular markers
and cryopreservation techniques enhances conservation strategies, allowing researchers to
store germplasm long-term and revive species when needed |[6].

This article presents the results of research on the development of in vitro microcloning
protocols for propagating plants represented as a single sample at the Tashkent Botanical
Garden of the Republic of Uzbekistan, using Morus rubra L. as an example. The study
aims to optimize sterilization, culture media composition, and acclimatization procedures
to facilitate the successful introduction of selected species into in vitro culture. By refining
these protocols, researchers contribute to the sustainable conservation and restoration of
valuable botanical specimens, ensuring their survival for future generations.

Research object. A species from the North American flora of the Tashkent Botanical
garden exhibit was selected as the research object.

Morus rubra L. (Moraceae Gaudich.) is commonly known as the mulberry or fig family.
This family comprises about 40 genera and over 1,100 species, including economically
and ecologically significant trees, shrubs, and climbing plants. The family is primarily
distributed in tropical and subtropical regions, but some species, such as Morus rubra,
are adapted to temperate climates.

Morus rubra L., commonly known as red mulberry, is a deciduous tree or large shrub
native to North America, particularly in the eastern and central United States. It typically
grows 10-20 meters tall, with a short trunk and a broad, spreading canopy. The bark is
brownish-gray and develops shallow fissures with age [12].

The object of this work. In vitro propagation of species from the botanical garden
collection, represented by a single specimen, particularly Morus rubra L., which grows in
the North America exhibit of the Tashkent Botanical Garden.

Materials and Methods. Different parts of the plant were used as explants for
in vitro reproduction of the selected species to determine the most effective tissue for
micropropagation and optimize regeneration efficiency. The choice of explants plays a
crucial role in the success of in wvitro culture, as different tissues exhibit varying levels of
responsiveness to growth regulators and environmental conditions.

Apical and lateral buds, as well as buds from 1-year-old branches, were selected as
explants due to their high regenerative potential and ability to form new shoots. These
meristematic tissues are known for their rapid cell division and differentiation, making
them ideal for microcloning [1].

The apical bud was cut, leaving two pairs of lateral buds intact. To promote effi-
cient shoot formation, an oblique incision was made at the site of the opposite lower
second pair of lateral buds, and one of the lateral buds was removed. This technique was
employed to encourage lateral shoot development while reducing competition for nutrients
and hormones.

Additionally, experiments were conducted using nodal segments, internodal stem secti-
ons, and leaf explants to assess their regeneration capacity. However, apical and lateral
buds showed the highest survival rate and the most robust shoot development, making
them the preferred explant sources for Morus rubra L.
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Results and discussion. Optimization of sterilization. To develop an optimized steri-
lization protocol, various sterilizing agents were evaluated to determine the most effective
combination for minimizing fungal and bacterial contamination of explants. The effecti-
veness of these agents was assessed based on their ability to eliminate contaminants while
maintaining high explant viability.

The tested sterilizing agents included:

Chemical disinfectants: Sodium hypochlorite (4-6%), hydrogen peroxide (2-15%), si-
lver nitrate (0.01%), Tween 20, ethanol (70%), and commercial disinfectants such as “Beli-
zna” (containing 18% sodium hypochlorite) and “Domestos” sterilizing soap.

Fungicides: Difenoconazole (“Score” 250EC, 23.3% v/v), mancozeb and metalaxyl (“Ri-
domil Gold”, 64% v/v and 4% v/v, respectively), fludioxonil (“Maxim”, 9.3% v/v), and
propiconazole (“Agrotilt”; 25% v/v). These were tested for their efficacy in controlling
fungal contamination.

Antibiotics: Streptomycin, amoxicillin, ceftriaxone, and gentamicin, applied at concentrati-
ons ranging from 1 to 4 ml/1, were used to address bacterial infections.

A total of over 30 sterilization protocols were assessed, utilizing different concentrati-
ons, exposure times, and combinations of sterilizing agents. The protocols were designed
to strike a balance between effective microbial control and maintaining tissue viability.
Several treatment variations were tested, including sequential washes, varying immersion
durations, and combining multiple sterilizing agents|9].

Selection of the nutrient media. Ready-made nutrient media of Duchefa Biochemie
B.V (https://www.duchefa-biochemie.com) production were used in accordance with the
protocols by Murashige and Skoog (1962) (MS), Chu et al (1975) (N6), Gamborg et al
(1968) (B5), McCown Woody Plant Medium (Lloyd and McCown, 1980) (WPM) (Lloyd
and McCown, 1980), and DKW Medium (Driver and Kuniyuki, 1984; McGranahan et
al, 1987). During further cultivations, antibiotics were not added to the nutrient medium
since no signs of fungal or bacterial infections were observed.|2,3,5]

Selection of the phytohormones. Auxins 2.4-dichlorophenoxyacetic acid (2.4-D),
indolylacetic acid (IAA), a-naphthylacetic acid (NAA), indolylbutyric acid (IBA), cytoki-
nins kinetin (Kin), 6-benzylaminopurine (BAP), thidiazuron (TDZ), and Zeatin (Zea)
were used to find optimal phytohormones for in vitro micropropagation|8].

Summary. Optimization of the Sterilization Protocol and In Vitro Micropropagation
of Morus rubra L.

Among the tested sterilization agents, up to 80% of the explants remained viable,
demonstrating the effectiveness of the optimized protocol in minimizing microbial contami-
nation while maintaining tissue viability. The most effective sterilization protocol identi-
fied involved a multi-step treatment to ensure maximum decontamination of fungal and
bacterial pathogens. The optimized sterilization procedure included the following steps:
(1) Explants were initially immersed in a 25% sterilizing soap solution for 20-30 minutes to
remove surface contaminants, such as dust, debris, and microorganisms. (2) The samples
were thoroughly washed with distilled water to eliminate soap residues. (3) Explants were
then placed in a 0.01% fungicide solution containing propiconazole (20 x 107%) to target
fungal spores and infections. (4) After another thorough rinse with distilled water (2-3
times), the explants were subjected to a deeper sterilization step. (5) Immersion in a 2%
Belizna solution (sodium hypochlorite-based) for 15 minutes was performed to eradicate
bacteria and fungi on plant surfaces. (6) Three additional washes with distilled water
ensured the removal of residual sterilizing agents. (7) The explants were briefly immersed
in 70% ethanol for 30 seconds, an effective step for eliminating residual pathogens and
breaking down microbial cell walls. (8) Three washes with sterilized autoclaved water
were performed to neutralize any remaining traces of disinfectants before the explants
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were transferred to the culture medium. The sequential application of different sterilizing
agents helped achieve a balance between efficient microbial decontamination and high
explant survival rates, making this protocol suitable for large-scale in vitro propagation
of Morus rubra L.

For the successful development of mature plants through in vitro micropropagation,
a carefully optimized nutrient medium was selected based on the growth requirements
of Morus rubra L. WPM (Woody Plant Medium) was identified as the most effecti-
ve base medium for shoot initiation and development. Cytokinin supplementation wi-
th 6-Benzylaminopurine (BAP) at 0.2 mg/1 significantly enhanced shoot formation, with
superior results compared to other concentrations. BAP promoted multiple shoot inducti-
on and increased the number of axillary buds per explant. For root induction, Indole-3-
butyric acid (IBA) at 0.5 mg/l was used, which facilitated robust root development,
ensuring a higher survival rate during the acclimatization phase [4].

Figure 1: Morus rubra L. Adaptation of the plant to soil.

Adaptation. To help plants gradually adapt to greenhouse conditions, those with
well-developed root systems were first transplanted into moist vermiculite inside covered
containers and kept in growth chambers for 1-2 weeks under controlled temperature,
humidity, and light conditions. This gradual transition helped strengthen the root system
and reduce transplant shock. After this period, the plants were transferred to a peat-
based mixture, kept covered to maintain high humidity levels, and incubated in growth
chambers for further acclimatization. Over time, covers were gradually removed to allow
plants to adjust to ambient humidity and environmental fluctuations before being fully
transferred to the greenhouse (fig. 1). The stepwise acclimatization process significantly
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improved the survival rates of in vitro-cultured Morus rubra L. plants, ensuring successful
establishment under ex vitro conditions.

Conclusions. Biotechnology laboratory of the Tashkent Botanical Garden of the
Institute of Botany of the Academy of Sciences of the Republic of Uzbekistan: "Development
of Scientific Foundations for the Sustainable Propagation of Valuable Specimens of the
Botanical Garden in In Vitro Culture"(2023-2024), and within the framework of the
state program "Establishment and Digital Documentation of the in Vitro Collection of
the Tashkent Botanical Garden Using Innovative Biotechnology Methods scheduled for
implementation from 2025 to 2029.
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CONSERVATION OF THE DIVERSITY OF BOTANICAL GARDEN
COLLECTION WITH THE USE OF IN VITRO TECHNIQUES WITH
EXAMPLE OF PTELEA TRIFOLIATA L. (RUTACEAE JUSS.)

A. T. Khazratov!, H. K. Juraeva', V. U. Akhmedova!, F. U. Mustafina!, S.
Kh. Abdinazarov!

Y Tashkent Botanical garden named after acad. F.N. Rusanov of the Institute of Botany
of the Academy of Sciences of the Republic of Uzbekistan

Abstract. This article presents the results of in vitro propagation of Ptelea trifoliata
L. from the collection at Tashkent Botanical Garden. In vitro propagation plays a key role
in conserving threatened plant species, as many species face increasing extinction risks
due to environmental changes and human activities. To address this, the Biotechnology
Laboratory at the Institute of Botany in Tashkent has initiated a program focused on the
in vitro preservation of plant species, including those at risk of extinction. The collection
includes both plants from natural habitats and specimens maintained within the Botanical
Garden.

Several culture media were tested for their effectiveness in supporting the in vitro
propagation of Ptelea trifoliata. Among the options evaluated, McCown’s Woody Plant
Medium (WPM) with additional vitamins from Duchefa Biochemie B.V. was identified as
the most suitable for this species. WPM, specifically designed for woody plants, provided
an optimal nutrient composition that promoted healthy growth and development of the
plant material. This medium was further enriched with plant growth regulators, including
indole-3-butyric acid (IBA), 1-naphthaleneacetic acid (NAA), and 6-benzylaminopurine
(BAP), to stimulate optimal root and shoot development.

In conclusion, this study demonstrates the successful in vitro propagation of Ptelea
trifoliata using McCown’s Woody Plant Medium supplemented with IBA, NAA, and BAP.
The refined protocol enhances explant viability and facilitates the large-scale propagation
of this species, making it a valuable tool for conservation and large-scale propagation
initiatives. Through tissue culture techniques, this approach offers a sustainable solution
to preserve plant biodiversity, ensuring that endangered species are protected for future
generations.

Key words: in vitro propagation, botanical garden collection.
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b Tawxenmevkuti 6omaniunut cad imeni axad. @.H.Pycanosa Incmumymy 6omanixu
Axademii nayx Pecnybaixu Y3sbexucman

Amnorarnis. ¥V crarti HaBejieHO pesysbraTu podMuoxkeHHs Ptelea trifoliata L. in vitro 3
koJsiek1iil TarmkenTcbKoro 6oraniguoro cary. Merogu in vitro 3HaqHO I IBUIIYIOTH ITOTE€H-
miaj 30eperKeHHsT BUIB POCJINH, IO 3HAXOIATHCS 1111 3arpo300 3HUKHeHHs. OcTranHiMI
poKaMu Bce OibIlle BU/IB POCJIMH 3HAXOAATHCA IIiJI 3arpO30I0 3HUKHEHHS depe3 3MiHt
HABKOJIUIITHBOTO CEPEJIOBUIIA Ta MisJIbHICTD JIOAuHA. Y BiAnoBiabp Biorexnoorigna jgabo-
paropiga boraniunoro cajy mpu [ncruryri 6oraniku B TamkenTi, Y30ekucran, iirioBaJia
porpaMy po3MHOXKEHHS in vitro jijig 30epezKeHHs BeJIMKOI KOJIEKITIT BUJIIB POCJIHH, Y TOMY
YUCJI TUX, 0 3HAXOAATHCS i1 3arpO3010 3HUKHEHHA. s KOJIeKIlis BKIIOYae 9K 3PasKu 3
HPUPOJHUX CEPEJIOBUII ICHYBaHH, TaK 1 POCINHA, K1 30epirafoTbcd B BoTanianomy cajry.

Cepe/1 OIIHEHNX KUBUJIBHUX CEPEIOBUIN HANOLIBINT BiAIOBIIHUM OY/10 BU3HATEHO
McCown’s Woody Plant Medium (WPM — Wood Propagation Media, M0220) 3 Biramina-
mu Big Duchefa Biochemie B.V. Cepenosuiie Oysio 36aradese iHa0/1-3-Mac/ISHOIO KHCIO-
toto (IBA), 1-nadrmmornrosoro kucioroo (NAA) Ta 6-6ensmiaminonypunom (BAP) mua
CTUMYJIAIIT ONTUMAJILHOTO POCTY Ta po3BUTKY. Lleit BockoHa/lennii MpoTOKOJI TOKPAIILYE
JKUTTE3/IATHICTD €KCIIAHTIB Ta CHpHUsie€ ePeKTUBHOMY in vitro MiKpOpO3MHOXKEHHIO, IO
HIITPUMYE 3YCUJLIS TIOJI0 30ePeKeHHsT Ta MacOBOIO PO3MHOXKEHHS POCJIUH.

Kuro4oBi cjioBa: po3MHOXKEHHs in vitro, Kojiekilisi 60TaHi9HOTO ca/Ly.

Introduction. The conservation of biological diversity is one of the primary objecti-
ves of botanical gardens worldwide. These institutions play a crucial role in preserving
plant genetic resources, protecting rare and endangered species, and maintaining biodi-
versity. All conservation activities related to plant species and varieties are guided by key
international agreements and frameworks, including the Convention on Biological Diversi-
ty (1995, 2006), the International Botanical Gardens Plant Conservation Program (2000),
and the Global Strategy for Plant Conservation (2002), among others [10]. These initi-
atives emphasize ex situ conservation strategies, which involve the preservation of plant
genetic material outside its natural habitat [1].

One of the most effective strategies for preserving plant biodiversity is the establi-
shment of an in vitro genetic bank, where plant samples are maintained under low-
temperature, slow-growth conditions. This method ensures the long-term storage of plant
genetic material while minimizing genetic drift and maintaining the integrity of rare and
valuable plant species. Compared to traditional vegetative propagation methods, in vitro
conservation offers several advantages, including:

Independence from climatic conditions, enabling year-round conservation and propagati-
on,

The ability to establish aseptic cultures using minimal explant material, reducing
disturbances to wild populations,

Efficient space utilization and reduced labor costs, making it a cost-effective solution
for large-scale plant conservation [2].

Modern biotechnological approaches, particularly clonal micropropagation, significantly
enhance both large-scale production and the conservation of plant species in in wvitro
collections. This technique is particularly valuable for economically significant perenni-
al crops and for the preservation of rare and endangered species that are difficult to
propagate via seeds due to dormancy, low germination rates, or genetic instability. The
development of effective clonal micropropagation techniques is a fundamental prerequisite
for the establishment of in vitro gene banks, ensuring the preservation of valuable plant
genetic resources for future generations [5|.

In vitro propagation offers many benefits over traditional methods, especially in the
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conservation of endangered species. The ability to propagate plants in a controlled envi-
ronment ensures that genetic material is preserved and can be used for reintroduction
into natural habitats. Furthermore, large numbers of plants can be produced quickly, ai-
ding both conservation and research. The protocol developed for Ptelea trifoliata is an
important contribution to the conservation of this species and provides a foundation for
similar efforts with other endangered plants.

The combination growth regulators played a significant role in ensuring successful in
vitro micropropagation. IBA and NAA, both auxins, promoted root initiation, while BAP,
a cytokinin, facilitated shoot proliferation. This hormone mixture was carefully optimized
to ensure the highest viability and growth of explants from Ptelea trifoliata, leading to
the effective development of new plantlets.

The propagation process began with the collection and sterilization of explants, which
were then cultured on the optimized WPM medium. Explant viability was a critical
factor for the success of the propagation process, and the refined protocol developed in
this study improved explant survival rates. As a result, a higher number of viable plantlets
were produced from a single explant, allowing for large-scale propagation in a controlled
environment. This protocol, therefore, has significant implications for conservation efforts,
as it enables the propagation of Ptelea trifoliata at a much larger scale and at a faster
rate than traditional methods.

This article presents the results of in vitro propagation of Ptelea trifoliata L., a single-
specimen plant from the Botanical Garden collection. The study explores the potential of
in vitro propagation as a tool for the conservation of unique and threatened plant species,
demonstrating its effectiveness in maintaining genetic diversity and supporting long-term
conservation goals. The findings contribute to ongoing efforts in plant biotechnology and
conservation science, highlighting the role of tissue culture techniques in sustainable bi-
odiversity management [8].

The object of this work. The object of this work is the in vitro propagation of
Ptelea trifoliata L. (hoptree or water ash) from the collection of the Tashkent Botanical
Garden. This study focuses on developing and optimizing a tissue culture protocol to
promote the conservation and large-scale propagation of P. trifoliata, a species that faces
environmental pressures and threats to its natural populations. The research aims to
identify the most suitable culture medium and hormonal combinations to enhance explant
viability, promote optimal growth, and support the conservation of this and potentially
other endangered plant species.

Materials and Methods. This study focuses on plant species that are represented
by a single specimen within the collection of the Tashkent Botanical Garden named after
Acad. F.N. Rusanov, under the Institute of Botany, Academy of Sciences of the Republic
of Uzbekistan.

Ptelea trifoliata L., commonly known as common hoptree, wafer ash, stinking ash, and
skunk bush, belongs to the Rutaceae (citrus) family. It is native to North America, with
distribution across Canada, the United States, and Mexico. This species is a deciduous
shrub or small tree characterized by alternate, trifoliate leaves.

Dilutions of P. trifoliata are used in homeopathic medicine, where they are considered
highly potent. The root bark possesses anthelmintic, antibacterial, antiperiodic, and tonic
properties and is often combined with other medicinal compounds to enhance efficacy.
The leaves are traditionally applied to treat wounds, including intestinal injuries.

This species is an aromatic shrub or small tree with a rounded crown and a slender,
crooked trunk bearing interwoven, ascending branches. When crushed, the bark, foliage,
and twigs emit a slightly lemon-like, musky odor. The leaves are trifoliate and deciduous,
with each leaflet attached to a petiole up to 2 inches long, while the terminal leaflet
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measures up to 2.5 inches in length. The leaflets are obovate, with the midrib of lateral
leaflets positioned off-center. The foliage is dark green in summer and turns yellow in
autumn. The flowers are small, greenish-white, and appear in clusters among the leaves in
April. The fruit is a distinctive wafer-like samara, with broad wings measuring approxi-
mately 7/8 inch long by 3/4 inch wide. The species exhibits morphological variation, with
leaflets differing in size and shape across different populations (fig. 1).

The species derives its common name from its historical use, where its bitter fruit was
reportedly used as a substitute for hops in brewing beer. Additionally, the bitter root
bark, similar to other aromatic barks, has been traditionally utilized in herbal medicine.
Notably, P. trifoliata represents the northernmost New World member of the Rutaceae
family.

Method. Classical microcloning methods were used in this research (Butenko, 1964;
Kalinin, 1980). As an analogue, the micropropagation protocols of Khajehyar et al. (2024).

Different plant parts were used as explants for microclonal propagation of species: 1.
Apical and axillary buds. Annual branches (annual shoots) were used as explants, which
were cut from plants in different seasons throughout the year and placed in the refrigerator
for 1-7 days [9].

When choosing sterilizing agents when developing a protocol for sterilization of explants
of the studied species, solutions of sodium hypochloride (4-6%), hydrogen peroxide (2-
15%), silver nitrate (0.01%), Tween20, ethanol (70%) were tested. Belizna sterilizing
solution, “Domestos” sterilizing soap, fungicides difenoconazole (Skor), mancoseb and
metalaxyl (Ridamill Gold 72%), fludioxonil (Maxim), propiconazole (Agrotilt), antibacteri-
al agents streptomycin, amoxicillin, gentamicin, etc. were used. Thirty protocols with
various combinations and concentrations of sterilizing agents were tested [10].

As a nutrient medium, we used ready nutrient media by Duchefa Biochemie B.V
(https://www.duchefa-biochemie.com): nutrient medium Murashige and Skoog (1962),
Chu et al. (1975), Gamborg at al. (1968), McCown Woody Plant Medium (WPM) (Lloyd
G. and McCown, 1980) and Wollosovich (1979). Antibiotic agents (streptomycin, amoxici-
llin and gentamicin) were added to the nutrient medium, after which the nutrient medium
autoclaved at 2 atm, 126°C for 20 minutes. Nutrient media were poured into 25 ml jars.
When optimizing the nutrient medium, various concentrations of sucrose were used (10%,
15%, 20%, 25%, 30%, 35%) [3,6].

Results and discussion. A series of experiments were conducted to determine the
most suitable nutrient medium for in vitro propagation of Ptelea trifoliata L. Among
the tested media, McCown Woody Plant Medium (WPM — Wood Propagation Media,
M0220) with vitamins from Duchefa Biochemie B.V. was selected as the optimal formulati-
on. This medium has a classical composition of macro- and microelements and contains
glycine (2.00 mg/L), myo-inositol (100.00 mg/L), nicotinic acid (0.50 mg/L), pyridoxine
hydrochloride (0.50 mg/L), and thiamine hydrochloride (1.00 mg/L). At each stage of
microclonal propagation, the medium was supplemented with sucrose (30,000 mg/L) and
agar (7,000 mg/L).

Annual shoots of P. trifoliata were collected from mature trees and stored under cold
stratification conditions in a damp gauze cloth at +5°C. The shoots were then segmented
into 7-10 cm sections and subjected to a two-stage sterilization process:

Preliminary washing: The cuttings were washed under running water, placed in a soap
solution, and rinsed with distilled water (2-3 times).

Sterilization under laminar flow conditions: The explants were treated sequentially in
the following solutions:

Belizna (sodium hypochlorite) with Tween 20

Distilled water rinse
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Fungicide propiconazole solution (“Agrotilt”)

Silver nitrate solution 70% ethyl alcohol for 60 seconds

Final rinse with distilled water

Microcuttings were prepared in a laminar flow hood before being introduced into
in vitro culture. The sterilized shoots were processed by removing the apical bud while
retaining two pairs of lateral buds. An oblique incision was made at the base of the second
pair of lateral buds, and one of the lateral buds was excised.

Figure 1: In vitro growth of Ptelea trifoliata L.

For culture initiation, explants were placed on a nutrient medium supplemented with
6-benzylaminopurine (BAP) to induce shoot development. The incubation was conducted
under a 16-hour photoperiod (light) and 8-hour dark cycle at a controlled temperature
of 23724°C'. Throughout all stages of subculturing, the microcuttings were positioned in
the culture container such that the lowest part of the explant was submerged at a depth
of 0.5 mm in the nutrient medium, ensuring that the lower bud was also in contact with
the medium.

The study successfully optimized an in vitro propagation protocol for Ptelea trifoli-
ata L., identifying WPM supplemented with sucrose and as the most effective nutrient
medium. The two-stage sterilization method significantly reduced contamination levels,
enhancing explant survival rates. Additionally, the inclusion of 6-benzylaminopurine (concentrati-
on) facilitated efficient shoot induction under controlled environmental conditions.

The optimal phytohormone options for in vitro culture induction efficiency in WPM
medium were as follows:

1. BAP (0.2 mg/1) + NAA (0.05 mg/1)

2. BAP (0.2 - 0.5 mg/])

The following phytohormones were applied to induce root formation.
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1. BAP (0.1 mg/1) + IBA (0.05 mg/1)
2. IBA (0.5 mg/1)

3. IBA (1 mg/1)

Adaptation to soil: peat, sand, humus were mixed in a ratio of 1:1:1. They were kept
in a phytotron for 1 — 2 weeks at a temperature of 22°C', 75-80% relative humidity (Rh),
16/8 photoperiod, and 1,000 — 1,300 lux illumination. The relative humidity was gradually
reduced to 60%. The plants were transferred from the phytotron to greenhouse conditions.

These findings provide a reliable approach for ex situ conservation and mass propagati-
on of P. trifoliata, contributing to its preservation and potential horticultural applications.

Summary. Sterilization Protocol: Among the tested sterilization agents, up to 80% of
the explants remained viable. The most effective sterilization method involved sequential
treatments as follows:

Immersion in 25% sterilizing soap solution for 20-30 minutes, followed by thorough
rinsing with distilled water.

Treatment with 0.01% fungicide solution containing propiconazole (20x1074%), followed
by 2-3 washes with distilled water.

Immersion in 2% Belizna (sodium hypochlorite) solution for 15 minutes, followed by
three washes with distilled water.

Treatment with 70% ethanol for 30 seconds, followed by three final washes with
autoclaved sterilized water.

Optimal Nutrient Media for In Vitro Micropropagation:

For the development of mature plants of P. trifoliata L., the Woody Plant Medium
(WPM) was selected.

The medium was supplemented with indole-3-butyric acid (IBA), 1-naphthaleneacetic
acid (NAA), and 6-benzylaminopurine (BAP) to promote optimal growth and development.

This optimized protocol enhances the viability of explants and supports efficient in
vitro micropropagation for conservation and mass propagation efforts.

Conclusions. This research was conducted within the framework of the state program
of the Biotechnology Laboratory of the Tashkent Botanical Garden of the Institute of
Botany of the Academy of Sciences of the Republic of Uzbekistan: “‘Development of
Scientific Foundations for the Sustainable Propagation of Valuable Specimens of the
Botanical Garden in In Vitro Culture” (2023-2024) and within the framework of the
state program “Establishment and Digital Documentation of the In Vitro Collection of
the Tashkent Botanical Garden Using Innovative Biotechnology Methods”, scheduled for
implementation from 2025 to 2029.
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AKTYAJIBHI IIUTAHHA ITPOBJIEM

EKOJIOT'TYHOI OCBITU, BUXOBAHHSI
TA METOANKU HABYAHHA
IMTPUPOJHNYNX JANCIHUIIJITH

CONCEPT OF DEVELOPMENT OF NATURAL EDUCATION IN THE
CONDITIONS OF NEURAL NETWORK ITERATIONS

Yana Prystupa!, Iryna Petrenchuk!

Y Kryvy: Rih State Pedagogical University, Kryvyi Rih, Ukraine

Abstract. Modern education is undergoing transformation due to digitalization and
integration of new technologies, one of the key factors is the development of artificial
intelligence (AI) and neural networks, which are actively introduced into the educati-
onal process. This is especially true of natural sciences, where large volumes of data are
analyzed, modeling and forecasting play a critical role.

Information technologies, in particular artificial intelligence (AI) and neural networks,
play a key role in the transformation of natural education. The article considers the
concept of iterative development of neural networks and their impact on the methods of
teaching the discipline of the natural cycle. Also, the possibilities of applying Al in biology,
physics, chemistry, geography, ecology, agricultural sciences and medicine are analyzed.

The impact of Al on natural education is significant and the result is transformative.
Due to adaptability, the possibilities of automation and individualization of learning, Al
opens up new opportunities for improving the quality of education. However, at the same
time, important ethical issues related to the use of Al are involved, in particular, in the
context of privacy and preserving the role of the teacher. Further development of Al in
education requires a thoughtful approach to maintain a balance between technological
achievements and human values, which are the basis of the educational process.

Key words: education, natural sciences, iteration, neural networks, artificial intelli-
gence.

Introduction. Important in the study of artificial intelligence and its impact on sci-
ence are successful foreign scientists such as Geoffrey Hinton, one of the pioneers in the field
of deep learning and neural networks, who developed the error backpropagation algori-
thm used in training neural networks; Yann LeCun, one of the creators of convolutional
neural networks, who is actively working in scientific research, including the analysis of bi-
ological images and the prediction of climate change; Yoshua Bengio, a leading researcher
in scientific intelligence, who is engaged in the development of deep learning methods
used in the natural sciences; Demis Hassabis, co-founder of DeepMind, developer of
AlphaFold, a revolutionary model that provides the structure of proteins, contributing
to the development of biology and medicine; Max Tegmark, a physicist and Al researcher
who analyzes the impact of artificial intelligence on science and education.

In general, neural networks significantly expand the capabilities of natural educati-
on, making it more interactive, effective and innovative. The introduction of modern
technologies in the training of a new generation of scientists capable of working in the
conditions of digital transformation and global challenges of the 21st century.

Natural education, as is known, encompasses disciplines that study natural phenomena,
in particular physics, chemistry, biology, geography, ecology and astronomy, the main task
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of this field is to form ideas about the regularity of the environment, the development of
analytical thinking and a scientific worldview.

Purpose: to substantiate the concept of the development of natural education in
the conditions of iterations of neural networks, to explore the possibilities of integrating
modern artificial intelligence (AI) programs into the educational process and to apply
their influence on the formation of natural competencies of pupils and students.

Materials and methods: The methodological basis of the work is the generalization
and analysis of known scientific results regarding the influence of Shi on the formati-
on of modern natural science education using a systemic approach. To form a scientific
problem, determine the goal and set the objectives of the study, an analytical method
and comparative analysis were used. It should be noted that the research methodology
is based on the following concepts: constructivism: learning is considered as a process
of active construction of knowledge through interaction with digital technologies; iterati-
ve approach: constant improvement of educational materials and methods based on the
results of their implementation; digital pedagogy: integration of innovative educational
technologies for the formation of critical thinking, creative approach and independent
learning of knowledge.

Results: Natural sciences are the basis for the development of high technologies,
medicine, ecology, energy and agricultural sectors. They contribute to critical thinking,
the ability to work with data and predict future changes. In the face of global challenges
such as climate change and environmental pollution, science education plays a key role
in preparing responsible citizens. Neural networks are changing approaches to learning,
allowing for the personalization of the educational process.

Table 1: Main directions of implementation of neural networks in education

Ne, Direction Features of implementation

s/n

1. Adaptive learning creation of individual learning routes
depending on the student’s abilities
and needs.

2. Intelligent educational platforms | interactive environments that help stu-

dents master complex concepts through
interaction with digital models.

3. Automatic assessment of knowl- | using Al to analyze answers and deter-
edge mine the level of preparation.
4. Modeling of scientific processes conducting virtual experiments and
simulations.

Iteration of neural networks involves constant improvement of algorithms based on
the received data. In the context of education, this means that learning platforms are
becoming increasingly intelligent, adapting to changes in students’ knowledge.

Modern neural networks and Al algorithms are actively changing approaches to teach-
ing natural sciences. They allow for process modeling, analysis of large data sets, and
creation of adaptive educational environments [2].

When studying genetics and bioinformatics, neural networks are used to analyze ge-
netic information, predict mutations, and decipher complex relationships between genes,
thereby enabling students to analyze DNA and identify potential genetic abnormalities,
use bioinformatics algorithms to identify connections between hereditary diseases and
genetic mutations, and create personalized medical recommendations based on genetic
data.
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In the conditions in which Ukraine finds itself, ecological research and the study of the
impact of these changes on biodiversity are becoming quite important. In turn, neural
networks help predict climate change based on the analysis of satellite data, assess the risks
of species extinction by analyzing population trends, and optimize measures to preserve
biodiversity.

Pharmacology and biochemistry are fundamental sciences that study chemical and
biological processes in living organisms. They are of great importance for medicine,
biotechnology, agricultural sciences, and the pharmaceutical industry. Modern research
in these fields actively uses methods of neural network analysis, which allows to improve
the efficiency of scientific discoveries and optimize the processes of drug development. In
these fields, neural networks allow to identify new drugs using simulations of chemical
reactions, predict the effectiveness of drugs by modeling their action at the cellular level,
analyze the interactions of molecules, and create new biologically active compounds [4].

Table 2: Application of neural networks in individual branches of natural sci-

ence education
Ne, Branch of natural sciences | Possibilities of application of neural networks

s/n
1.

Chemistry use of neural networks to predict possible
outcomes of chemical reactions; optimization
of synthesis of new substances, in particular
medicines; automation of the process of anal-
ysis of complex chemical compounds.

2. Geography and geology creation of dynamic maps from satellite im-
ages; forecasting of landscape changes un-
der the influence of natural and man-made
factors; automated recognition of geological
structures from satellite images; identifica-
tion of regularities in the occurrence of earth-
quakes and tsunamis, modeling of the impact
of natural disasters on infrastructure and the
environment.

3. Hydrology and meteorology | analysis of climate change based on long-
term data; forecasting of floods and other
natural disasters, optimization of water re-
sources through the analysis of hydrological

processes.
4. Ecology and agricultural | forecasting of greenhouse gas emissions;
sciences modeling of ecological systems and assess-

ment of the impact of human activity on the
biosphere; automation of monitoring the con-
dition of forests, water bodies and other nat-
ural resources; optimization of farming meth-
ods using predictive models; analysis of soil
condition and recommendations for fertilizer
application; use of drones with AI to monitor
yields and crop condition.

Physics and astronomy as branches of natural sciences are very important for the
formation of a holistic scientific picture of the world. They have common methodological
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foundations and widely use mathematical modeling, experimental research, and modern
computing technologies, including neural networks. After analyzing recent research, we
can note that the development of neural networks has significantly simplified the analysis
of physical processes, in particular, modeling quantum effects and predicting the behavior
of particles in complex physical systems, visualizing gravitational waves and predicting
their impact on space objects, and has helped and made possible the automated analysis
of experimental data used in physical research, the detection of exoplanets based on the
analysis of changes in the brightness of stars, etc. Some areas of application of neural
networks in natural cycle research are presented in the table [5].

Let’s take a look at the main services using artificial intelligence to improve the ac-
quisition of natural science competencies when studying the disciplines of the natural
cycle.

Al services create interactive virtual laboratories where students can experiment with-
out the need for physical materials or laboratory equipment. For example, platforms like
Labster and PhET Interactive Simulations allow you to simulate chemical reactions, bio-
logical processes, and physical phenomena in a safe environment. Such simulations also
allow you to recreate conditions that are difficult to create in real laboratories, for exam-
ple, research in the field of genetics or astrophysics [1].

Figure 1: Fragment of using the Labster platform

Al services are able to adjust educational materials according to the needs and level
of knowledge of the student. Platforms such as CenturyTech and Smart Sparrow analyze
the student’s progress and offer tasks according to his successes and weaknesses. This
helps students learn the material at their own pace and makes learning more flexible and
individual [3].

For the study of biology, ecology and other sciences, Al is able to analyze images with
high accuracy, which is extremely useful in the study of wildlife. For example, PlantNet is
an application that recognizes plant species from photographs, which is especially useful
for botany and ecology. Al systems can analyze microscopic images, which helps students
study cell structure, viruses and bacteria, contributing to a deeper understanding of the
material [7].

Voice assistants like Google Assistant, Alexa, or specialized learning bots like Socratic
can answer students’ questions, explain concepts, and provide additional materials. This
allows you to get answers to your questions quickly and make the most of your learning
time. Copilot is an artificial intelligence tool powered by GPT-4, developed by Microsoft
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Figure 2: Fragment of the use of the Smart Sparrow platform
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Figure 3: Fragment of using the PlantNet

in collaboration with OpenAl for Windows 10 and 11, Microsoft 365, and the Microsoft
Edge web browser. Copilot on Windows uses your data to help it formulate relevant
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answers to your queries. For example, this data could be the words you type or speak
when interacting with Copilot on Windows, or it could be the page you view in Microsoft

Edge [6].
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Perplexity is an artificial intelligence search engine and assistant. It is a conversational
search engine, like an “answer system”, that responds to queries using intelligent text in

natural language. Launched in 2022, Perplexity generates answers using sources from the
Internet and cites links in the text response.
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Figure 5: Perplexity program interface

Conclusions: the introduction of neural networks into science education allows us to
significantly improve the educational process, making it more interactive, personalized and
effective, opening up new horizons. The use of artificial intelligence in the study of science
disciplines allows us to analyze large data sets, predict natural phenomena, automate
research and model complex processes. Thanks to this, students get the opportunity to
work with the most modern technologies and acquire the skills necessary for successful
scientific and professional activity in the 21st century.
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