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AHomayia. Y cmammi HagedeHo pe3ysibmamu 00C/i0HeHb M0200HO-KAIMAMUYHUX
YMOB8 Mpu MPoxo0xceHHI NPodyKyiliHux npoyecie y nepiod hopmy8aHHA yPOHAIO Pi3HUX
30 cKopocmuaaicmio copmis coi 3a nepednocisHoi eHOogpimHo-pu306ianbHOI iHOKYAA-
uil, a maxkox yHKyioHanbHOI aKMusHocmi pusocgepHoi mikpobiomu i npodykmus-
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HOCMI POC/AUH 8 YyMOBAX HeronueHo20 3emaepobecmea [1ieOHA YKpaiHu. BusHavyeHo 3a
MiXchasHUMU nepiodamu cepedHo memnepamypy, 8i0HOCHY 8os02icmb rosimps i
KinbKicmbe ammocgepHux onadie — OCHOBHI MOKA3HUKU, AKi 8MAU8aH0Mb HA 8eAUYUHY
sunaposysaHocmi, dediyumy 60s10203a6e3ne4yeHHs Ma KoeilyieHmy 380/0HEHHA.
ExcriepumeHmu npogedeHo Ha 0ocnidHomy rnosi O0ecbKoi OepHasHOI CinbCbKo20Cno-
dapcbKoi docnidHoi cmaHuii, po3smawosaHoi 8 30Hi lNiedeHHo20 Cmeny YkpaiHu. [pyHM
00Cn1i0H020 NM0A 8iIOHOCUMbLCA 00 BAMKOCY2/IUHKOB020 YOpPHO3eMy nie0eHHo2o. [o-
Ka3HUKU 80s10203a6e3mne4eHHs ceiduame, Wo nis0eHHa yacmuHa 30Hu Cmeny Odecob-
Koi' obnacmi npomsazom ee2emauiliHo2o nepiody CinbCbKO20CN0OAPCLKUX Kysabmyp
(keimeHb-sepeceHb) 2023 p. giOHocunaca 00 Haniscyxoi 30HU, a 8 AunHi U eepecHi —
0o nycmeni. BunaposysaHicme i deghiyum sonozo3abe3nevyeHHs Npoms2oM ee2ema-
uitiHo2o nepiody pocauH obox copmie coi (ynempackopocmueanozo fioHa ma cepeo-
Hbocmuanozo CeamMozop) cymmeso 3miHo8anuca U 3anexcanu 8i0 cepedHboMICAYHOI
memnepamypu, 8i0HOCHOI 80/1020cmi NOBIMPA Ma KinbKocmi ammocgepHux onadis.
BunaposyeaHicmb 0ocaeana 1045,1-1244,0 mm, 8HacnidoK 4020 degiyum 80s10203a-
6a3neyeHHs 3pocmas 0o 913,3-1100,4 mm. Yepe3z HeOocmamHIo KinbKicms ammoc-
hepHux onadie y YepeHi, AunHi ti ceprHi Ha binbWocmi rnocieie CisibCbKO20CN00aPCbKUX
POCAUH criocmepieanocs 3pocmaHHa 0egiyumy 8010203a6e3revyeHHsA. 3acmocy8aHHsA
KOMI1/1eKCHUX MepMOmMOoaepaHmHuUX i mocyxocmilkux MiKpobHUX iHOKyAsHMIe 3i cmpe-
COMPOMeKMopPHUMU (PYHKUIAMU 3MEHWYBAA0 HE2AMUBHUU 8MauU8 a2poKAiMamuyvHuUX
hakmopie Ha PocsauHU coi i Ha pu3ocgepHy MiKpobiomy, wo Had38u4aliHO AKMYas1bHO
8 YM0BAX He2amusHuUX 2106as1b6HUX 3MiH Kaimamy. OCHOBHUMU HAMPSAMKAMU HAYyKO8oi
i eocnodapcbKoi disnbHOCMI 0719 OMPUMAHHA 8 Nie0eHHil YacmuHi 30HU Cmeny YKpa-
iHU cmabinbHO BUCOKUX YPOXQAIB CilbCbKO20CMOOAPCLKUX KYaAbmyp € CMpPyKmypu3auis
MOCIBHUX MA0W, 3 ONIMUMGA/I6HOK YACMKOK Y HUX 3pOWYBAHUX 3eMesb Ma 3aCMocCy8aH-
HA iHHosauiliHUX bionpenapamis.

Knrouoei cnoea: cos, eHOogimHO-pu306ianbHa iHOKYAAUIA, HernoaueHe 3emnepob-
cmeo, degpiyum son0203abe3nevyeHocmi, pusocgepHa Mikpobioma, NPoOOyKMuUBHICMb.

Bcmyn.

POIHO-KITIMATUYHUX 30HAX YKpaiHu
BIJIirpa€e BaXJIMBY POJIb Y TiJABHIICHHI

Cos € HaI3BUYANHO BaXKINBOIO IIiH-
HOIO Xap40BOI0, TEXHIYHOKO | KOPMOBOFO
KYyJIBTYPOIO, & TAKOXK 3 arpOTEXHOJIOT Y-
HOI TOYKH 30py — TapHH OTEPEIHHK
JUISL 3€PHOBHX, OBOYEBHX 1 KOPMOBHX
KyJABTYp. 3aBISKH IIOEJHAHHIO JBOX
HaWBXJIUBIIINAX  (I310JIOTIYHUX PO~
neciB — (pOTOCHHTE3y W CHUMOIOTHYHOT
(ikcarlii a30Ty BOHa 3HAYHOK MIipOIO
3abesmnedye CBOIO MOTpedy B a30Ti, 110
CIIPUSIE OTPUMAHHIO SKICHOT MPOIYKIIT,
MOKPAIICHHIO CTaHy IPYHTY W MOJIIl-
[ICHHIO KOJIOTIYHOTO CTaHy arporeHo-
3iB. ToMy BUpOIIyBaHHs COi B YCiX TPH-

KYJBTYpH 3eMIIEPOOCTBA B IIIJIOMY.

Cost 4yTiuBa 10 BHCOKHX TeMIIe-
paryp, 10 MOX€ CIPHYMHUTH 3MiHH B
MeTaboi3Mi 1 CUHTE3] aHTUOKCUIAHTIB
B pocyinHi. TernoBuii cTpec HEraTuBHO
BILJIMBAE HA PIiCT cOi, POTOCHHTES 1 MPO-
JMYKTUBHICTh. [liBUINEHHS cepenHbol
TeMIIEpaTypy BeTeTaIllfHOTO Mepioay
Ha 1% Mpu3BOAWUTH 10 3HIKEHHS BPO-
xarHocti coi Ha 3,1% (Zhao, 2017).
B yMoBax HeratuBHHX IJIOOAJIBHUX
3MiH KJIiMary, MiJBHIICHHS TeMmIepa-
Typ y BereTaliiitHuid mepioj], 3SMEHIIICH-
Hs KUTBKOCTI OMaJiB MOIIYK CHOCOOIB
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MiABHUIICHHS TEPMOTOJEPAHTHOCTI COl
€ HaJI3BHYAHO aKTyajsbHUM. J{71s oTpH-
MaHHs CTa0lTEHO BUCOKHX YpOXKaiB col
[IpY BUPOIIYBaHHI KYJIETypH B €HEPIo-
OLIaTHUX TEXHOJOTISIX OS] 3 BHKO-
pUCTaHHSAM OiOJOTIYHOTO MOTEHIATY
PI3HHX 3a CKOPOCTHIVIICTIO COPTIB 3a-
CTOCOBYIOTH TaKHH BaYKIIUBUH TEXHOJIO-
TIYHUN TPUIOM, SIK IHOKYJISIIS HACIHHS
mTaMaMu OyJIbOOYKOBUX OaKTepii.
HocrarHpo PO3MOBCIOIKEHIUMU
KOMIIOHCHTAMH CHUMOIOTHYHHX CHUCTEM
3epHO0000BHX KYJIBTYp, KpiM Oyab004-
KOBHX OaKTepiid, € Hepru300iaabHi eHI0-
¢biTHI OakTepii, sKi BIAIrPalOTh BaKIIH-
BY pOJb B IMYHITETI 1 CTPECOCTIMKOCTI
POCJIHH i IOTIOMAraroTh iM BIJKHUBATH B
HABKOJIUIITHBOMY CEPEIOBHIIIL.
OcTaHHIMHA pOKaMH 3pOCTac Hay-
KOBMIA iHTepec 70 O10pi3HOMAHITTS Ta
(byHKIIH eHI0pITHIX OaKTepiit, a TAKOXK
MEPCIEeKTUB IX MPaKTHYHOTO BHKOPH-
cranas (Gopal, 2016, Santoyo, 2016).
BceranoBneHo, 1o eHmodiTHi OakTepil
CUHTE3YIOTh OI0JIOTIYHO aKTHBHI MeTa-
OOJIITH, IO XapaKTEPU3YHOThCS aHTHMi-
KpoOHOK Ji€r0 Ha (iTomaroreHu, abo
€ 1HIYKTOpaMH CHCTEMHOI CTIHKOCTI
POCJHH, TOMEPEIKAIOYA MM PO3BH-
TOK y HUX xBopoO (Singh, 2017). Ilpu
IBOMY JIesiKi eHIO(ITH 37aTHI (iKcy-
BaTl MOJEKYSIpHHU a30T arMocdepH,
[0 TTOKpAllye a30THE YXHBICHHS pPOC-
JIUH 3epHO0000BHX KynbTyp (Mahmud,
2020). bunbniicts eHIOGITHUX OaKTepii
CIIpHsiE aKTUBHOMY POCTY U PO3BUTKY
POCTIVH, a TAaKOX MiJBUIICHHIO 1X CTiH-
KOCTI JI0 BIUIMBY HECHIPHATIMBUX (haK-
TOpPIiB HAaBKOJIMUIIHBOTO CEPEHOBHINA, Y
Tomy umcii, 1o nocyxu (Ludwig-Miiller,
2015, Dombrowski, 2017, Dubey, 2021).
[TokazaHo, IO IHOKYJAILIS HACIH-
Hs COi PI3HUX TPYIl CTUIVIOCTI pU300i-
ANBHO-CHI0DITHUMH KOMIIO3HIIISIMH B
ymoBax 3pomieHHs [liBnenHoro Cremy
VYKpaiHu MO3UTHBHO BIUIMBAJA Ha IO-

JTBOBY CXOXICTh, CTHMYIIOBaJNa picT
1 MiIBHIIyBalda TPOTYKTUBHICTh i€l
kyneTypH (Iutynska, 2022).

EnpmoditHi Oakrepii MaroTh CTiid-
Ki MyTyaJliCTHYHI B3a€MOBIIHOCUHH 3
pociaMHAMH, TPOTe E(PEKTHBHICTH Cy-
MICHOTO BHKOPHUCTaHHS OyIbO0YKOBHX
W eHnoQIiTHUX OakTepiil IK KOMIIOHEH-
TiB KOMILICKCHHX O10JIOTIYHHMX Mpera-
pariB MpH BHPOIIYBaHHI COi Ha 3eMILIX
[iBmennoro Cremy Ykpainum y naHuit
Yac 3aJIMIIAETHCS 1Ie HEAOCTATHHO BH-
BYcHOI0. Haa3Bu4yailHO akTyalbHUM
JUTSL CTAJIOTO PO3BUTKY arpoQiTOIeHO31B
€ CTBOPEHHS HOBITHIX OioIpenapariB Ha
OCHOBI eHJ0(DITHUX OaKTEepil 3 PO3IIH-
PEHUM CHEKTPOM CTPECOMPOTEKTOPHUX
BIIACTHBOCTEH 1 €KOJOTIYHOIO TUIACTHY-
HICTIO.

Mema oocnioscenb. Hayxose 00-
IPYHTYBaHHsS  3aXOAiB  IiJIBHIICHHS
e(exTUBHOCTI  6000BO-PH300iaTLHOTO
cuMO0i03y y PI3HHMX 332 CKOPOCTHUIIICTIO
COPTIB COi IIIIXOM MPOBEICHHS KOMII-
JIEKCHOT 1HOKYJISIIT HaciHHs Oyan004-
KOBUMH ¥ eHI0(DITHUMHU OakTepisMu Ha
HETIOIUBHUX BAKKOCYIIMHKOBUX YOp-
HO3eMaxX MiBJCHHUX.

Mamepianu ma memoou
00CTTiONHEeHHS.

VY mporieci BUKOHAHHS JIOCIIKEHb
BUKOPUCTAaHI ~ HACTYIHI  3arajbHO-
MPUIHATI METOIM: TOJILOBHI — JIJISl BU-
3HAYCHHsS (POPMYBAHHS YPOXKAIO PI3HUX
3a CKOPOCTHIIICTIO COPTIB COi 33 KOMII-
JIEKCHOT 1HOKYJISIIIT HaciHHs Oyan004-
KOBUMH ¥ CHIO(PITHUMH OakTepisMHu,
BCTAHOBIICHHS! BIUTHBY TiIpOTEPMITHHX
YMOB Ta TEXHOJIOTIYHUX MPHUHOMIB Ha
pociuHM coi; JabopaTopHuil — I BU-
3HAYEHHS YHCEIBHOCTI MIKpOOpraHis-
MiB OCHOBHHX (DYHKIIIOHAJIBHUX TPYII
y pusocdepi pOCIHH, CTATUCTHUHUI
— U BCTAHOBJICHHS JOCTOBIPHOCTI
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PI3HHUII KIJTBKOCTI MIKPOOPTaHi3MiB pH-
30c(epu Ta yporKaifHUX JaHUX I10 Bapi-
aHTax JOCIITy.

[TorogHo-KMiMaTHYHI (aKTOPH MPHU
MPOXOJKEHHI MPOAYKIIHHUX MPOIIECiB
y nepioa GopMyBaHHS ypOXKaK Pi3HUX
3a CKOPOCTHUTIIICTIO COPTIB COi BCTAHOB-
JIFOBAJTH IIUISTIXOM BU3HAYCHHS TIOKa3HH-
KiB CepeHbOT TEeMIepaTypH, BiTHOCHOT
BOJIOTOCTI TMOBITPsI 1 KUIBKOCTI aTMOC-
(dbepHUX omaiB 3a MiK(pa3HUMH Iepi-
oaMH, TOOTO OCHOBHHX IOKa3HUKIB,
SIKI ICTOTHO BIUTHBAIOTh Ha BEIUYHHY
BHITAPOBYBAHOCTI, Je(IIUT BOJOro3a-
Oe3MeyYeHHS Ta KOSIIIEHT 3BOJIOYKCHHS
(Romanenko, 1961). BkazaHi noka3Hu-
KH 3 ypaxyBaHHSIM NOTOJHHX YMOB Y
miBaeHHiil yactuHi Omechkoi o0acTi
BH3HAYAM 3a 3arallbHO NPHHHATHMHU
metomamu (Ushkarenko, 2014).

3arampHa =~ XapaKTepUCTHKA  OC-
HOBHHUX €JIEMEHTIB TIOTOMH, 1[0 CKJIaja-
yacsi 32 MbK(pa3HUMHU TiepionaMu 000X
COpTIB COi, poBeZeHa 3 BUKOPUCTAH-
HSIM CIIOCTEPE)KEHb METCOPOJIOTIIHOT
ctanmii cenuina Xmaidomapcbke Onech-
KOT JIep)KaBHOI CIJIbCHKOTOCIOIAPCHKOT
crannii IKOCI' HAAH VYxpainu. ['pyHT
JOCITITHOTO TOJS BiIHOCHTBCS JO YOp-
HO3EeMY MiBJCHHOTO Ba)KKOCYTJIMHUCTO-
ro. Y 0-25 cm mapi IrpyHTY MiCTHTBCS:
rymycy (3a Tropunum) — 2,95%; py-
xomoro (docopy (3a UupukoBum) —
114,0-131,0 Mr/kr rpyHTY; OOMiHHOTO
kamito (3a Yupukoum) — 161,0-184,0
MI/KT 1 JIy’)KHOTIAPOJII30BAHOTO a30Ty
— 113,0-138,0 mr/kr rpyHry; pH Bon-
Hoi BHUTsKKM — 7,8 (Kryvenko,2019,
Dymov, 2022).

Jocmin mpoBOAMIM 3 BHUPOIIYBaH-
HSIM  YABTPACKOPOCTUIIIOTO COPTY COl
HdioHa Ta CEpeAHBOCTHUIIIOTO COPTY
Castorop. s xoMrutekcHOT eHmodit-
HO-pU300iaJIbHOT  1HOKYJISALII HACiHHS
PI3HHX 3a CKOPOCTHINICTIO COPTIB COT
BUKOPHCTAHO INTAaMH MIKPOOpPTaHi3-

MiB 13 KOJIEKIii KyJbTyp Bijity 3a-
rajibHOI Ta TIPYHTOBOI MIKpOOiomorii
IHcTHTYTY MiKpoOGiosorii i Bipyconorii
im. JI.K. 3abomornoro HAH Vkpai-
HU 3rigHO cxemu: 1 — KouTtponb (00-
poOka HaciHHS BOmor): 2 — PuzoGin®
(acomiarist 3-X 1mTaMiB OyTbOOYKOBUX
Oakrepiit Bradyrhizobium japonicum
YKM B-6018, YKM B-6023 # YKM
B-6035); 3 — Puzo6in® + Bacillus sp.4;
4 — Puzo6in® + Brevibacillus sp.5; 5
— Puzo6in® + Pseudomonas sp. 6. Ino-
KYJSIIF0 HACIHHS TMPOBOIWIIM 3TiJHO
ormucanum Metogam (Iutynska, 2018).
UucenbHICTh  MIKpPOOPraHi3MiB  OcC-
HOBHHX €KOJIOTO-TPO(IYHUX Tpym Yy
pu3ochepHOMY IPYHTI BH3HAYalld Me-
TOZOM IIOCIBYy IPYHTOBOI CycIleH3Il Ha
BIJIMOBIJIHI arapu30BaHi MOXXHUBHI cepe-
nosuiia (Hudz, 2014) i Bupakaau Kijib-
KICTIO KOJOHI€yTBOPIOIOUMX OIUHHUIH
(KYO) y 1 r abcomoTHO CYyX0ro IpyHTy
(ACT).

ITnowma nociBHOI AingHKY — 60,0 M2,
00611iK0BOi — 17 M?, MOBTOPHICTH OCTiLy
goTupupasosa. [1ociB copTiB coi mpose-
JICHO B TPETI¥ JeKaJli KBITHS CiBAJIKOO
«Kiten -1,5» mmpuHo0 MiKpsIb 45 cM
Ha TITHOHMHY 3-4 CM.

Pesynvmamu
ma ix 0620680peHHs

3riHO pe3yNbTaTiB HAYKOBUX JTOCITi-
JDKSHb, TIPOBEACHUX Y PI3HUX IPHPOA-
HO-KJIIMATUYHUX 30HAX YKpaiHH, iHO-
KyJSIIis HACiHHS cOi OyJIbOOYKOBHUMH
OaKTepisiMK ICTOTHO TiJIBHIIYE CUMOIO-
THYHY (DIKCALIF0 MOJICKYJIIPHOTO a30Ty
arMocdepH, a, OTKe, U ypoxKal Kyib-
typu (Tanchyk, 2021). ITopsn 3 nuwm,
3aJIy4eHHs a30Ty 3 TOBITPs B KPYroooir
MOKUBHUX PEUOBUH 3epHOO000BHMU
KyJIBTypaMH 3a0e3ledye TOKPaIIeHHS
SKOJIOTIYHOTO CTaHy HABKOJIHUIIHBOTO
CepeIOBHIIIA.
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1. ArpoxJjimMaTH4Hi yMOBH BererauiiiHoro nepioany cepeanbocyxoro (75%) 3a
3a0e3nevyeHicTio onagamu 2023 p. y ceaumi Xaidonapcske Onecbkoi 00/1acTi
Ta cepeaHi 0araTopiuHi mokasHukM NiBAeHHOI YacTuHU CTeny

Micsiub ArpoKJiMaTH4HI NOKAa3HUKH
cepenHs Binﬂo?Ha cyma BUNPOBY- aepinut | Koedimi-
TeMIle- | BOJIOTICTH | OmajgiB, | BaHiCTh, | BOJIOTrO €HT
parypa | mositps, MM MM 3a0e3me- 3B0JI0-
noBiTps, % YeHHS, JKeHHS
°C MM

Cepennbocyxuii (75%) 3a 3abe3nedenictio onagamu 2023 pik (cen. Xmiboaapcebke)

KBsiTeHb 10,2 79 100,0 46,8 +53,2 2,14

TpaBeHb 17,9 68 34,0 106,1 72,1 0,32

YepseHb 21,7 52 50,4 188.4 138,0 0,27

Jlunens 29,3 65 47,8 185,7 137,9 0,26

Cepnenb 24,5 50 38,0 220,5 182,5 0,17

Bepecenn 18,1 56 66,5 147,1 80,6 0,45

3a IV-IX 20,3 61 336,7 894,7 558,0 0,38
Cepenni bararopivni mokasHuku 3a 1945-2010 pp. migzonu [lisaennoro Cremy (M. XepcoH)

Kaitenp 9,6 71 24,6 62,5 37,9 0,39

TpaBenb 15,8 67 26,8 98,9 72,1 0,27

YepBeHb 20,3 64 38,3 133,0 94,7 0,29

Jlunenn 23,0 59 49,7 170,0 120,3 0,29

CeprieHb 222 59 443 164,4 120,1 0,27

Bepecenb 16,5 66 32,0 105,4 73,4 0,30

3a IV-IX 17,9 64 215,7 734,2 518,5 0,29

Pocnuunuii  MikpoGioM  Bimirpae
JKUTTEBO BAXKJIMBY POJIb y POCTi 1 po3-
BUTKY (iTOomapTHepa B yMoBax abio-
THYHOTO Ta OloTHYHOro ctpeciB. Ha
KUBJIICHHST Ta (OPMYBaHHS POCIHH
HETaTUBHO BIUIMBAIOTh Pi3HI (pakTopw,
Taki sK HecTa4ya BOIH, BUCOKA TeMIIe-
parypa, 3a0pyIHCHHS, MATOreHU TOIIO.
BukopucTaHHS TOTEHIany Mikpooio-
MY JUIsI CTHMYJTFOBAHHSI POCTY POCIIHH 1
3aXMCTY BiJ MIKIi[UIMBOTO BILIMBY CTpE-
coBHX (DAKTOPIB CIPHSIE TMiIBUIICHHIO
MPOAYKTHUBHOCTI 1 SIKOCTI ypoxaro. Bi-
JIOMO, 10 3aCTOCYBaHHs Oionpenaparis
HA OCHOBI TEPMOTOJIEPAHTHUX OakTepiit
CHpHsiE€ MOCIAONCHHIO BIUIMBY TEILIO-

BOTO cTpecy Ha pociuHu coi (Maitra,
2021, Kamran, 2022).

ATpOKJIIMAaTHYHI YMOBH MiBJICHHOT
yactuau 30HU Creny Onecbkoi obriac-
Ti, ¥ SKIH TPOBOAMIIKCS JIOCHIHKECHHS,
XapaKTePU3YIOTHCS IIOMIPHO KapKHUM Ta
Iy’Ke IOCYIIUTUBUM Ki1iMatoM. Po3paxo-
BaHI ITOKa3HHKH BOJOr03a0e3meyeHHs
CBiUaTh, MO MiBICHHA YaCTHHA 30HU
Cremry OnecpKol 00MacTi IpoTATOM Be-
reTaliiHoro TMepioay CiTbChbKOTOCHO-
JIapChbKUX KYIBTYp (KBITCHb-BEPECCHB)
2023 p. BigHOCHIIACS 0O HAamiBCyXol
30HH, a B JIMITHI i BEPECHI — J0 IMyCTeJi.
BurmapoByBaHicTh 1 1eilUT BOJOro3a-
Oe3IeueHHsT MPOTATOM BETeTaIliiHOTO
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Mepiofy CyTTEBO 3MIHIOBAIMCH 1 3alie-
Kalll BiIl cepenHbomo00BOI Temrepa-
TYPH, BIJIHOCHOI BOJIOTOCTI MOBITPS Ta
KUTBKOCTI aTMOC(EPHHUX OTIaIiB.

Ycboro mpoTATOM BETeTaIliHOTO ITe-
pioay 2023 p. (kBiTeHb-BEpECCHb ) BHITA-
70 336,7 MM atMOCc(hepHHUX OMAJiB, 1110
OyJ10 OLTBIIE O0AraTOpiYHUX MOKA3HUKIB
y cepenHboMy 3a 65 pokis (1945-2010
pp.) Ha 121,0 MM, abo 56,1%. YV kBiT-
Hi Bunano 100,0, tpaeui — 34,0, yeps-
Hi — 50,4, munai — 47,8, ceprHi — 38,0 1
BepecHi — 66,5 mm. B 1iiiomy y cepen-
HBOCYXOMY (75%) 3a 3a0e3MeueHiCTIO
omagamu 2023 p. mpoTATOM BereTarliii-
HOTO MEPIONy CLTbCHKOTOCIIONAPCHKIX
KyJBTYp TOTEHIIIHHI BHTPaTH BOJOTH
(BUmapoByBaHicTh) fAocsranu 894,7 MM
(Tabm.1).

[TopiBHSHO 3 CepelHIMU 3HAYCHHS-
MU 3a 65 pokiB (1945-2010 pp.) cro-
CTEepEKEeHb, BKa3aH| MOKAa3HUKH ITiA30-
uu [liBnernoro Creny Oyiu OLTBIITMMEU
Ha 160,5 MM, a6o Ha 17,9%. Y KBIiTHI
BHIIAPOBYBaHICTH Oyiia HE3HAYHOIO 1 HE
nepeBuIyBaia 46,8 MM, y TpaBHi 3po-
crana o 106,1, y uepsHi — 10 1884, y
manHi — 1o 185,7, y cepnni — o 220,5 1
y BepecHi — 1o 147,1 mm.

Uepes HEMOCTATHIO KINBKICTH ar-
MOC(hEpHUX ONajaiB y YEpBHIi, JHIHI
Ta CepIHi Ha pociiMHaX 000X COpTiB
coi pi3HOI IpyNH CTHIVIOCTI, CIOCTEPi-
rajioch CyTTEBE 3POCTaHHS Ne(inuTy
BOJIOr03a0€3MeUYCHHS, SKE HOCSTaIo
137,9-182,5 mM. Jledinut Bosiorosades-
MIEYCHHST TPOTATOM BETETAIIIfHOTO Tie-
PlOy PI3HUX 32 CKOPOCTHIIICTIO COPTIB
coi ICTOTHO 3aJIeXKaB BiJI arpoKJIiMaTHy-
HUX YMOB 1 JIOCSIraB 3a BereTallidiHui
niepion 558,0 mm. [TopiBHSHO 3 cepenHi-
MU 0araTopiYHIMH TTOKa3HUKaMU 3a 65
POKIB crocTepexeHb aedinuT Bojo-
roszabesneucHHus OyB OuTbIMM Ha 39,5
MM, abo Ha 7,1%. [Ipu upomy y TpaBHI
BiH CKJIaJaB ymiie 72,1 MM, y 4epBHI —

138,0; aumai — 137,9; ceprai — 182,5 1
BepecHi — 80,6 MM.

Ctyniap 3a0e3Ie4eHOCTi BOJOTOO
PI3HHX 3a CKOPOCTHINICTIO COPTIB COT
BCTAHOBJIFOBAIM TaKOX 1 32 KoedirieH-
toMm 3BoniokeHHs (K3). B cepennbomy
3a BereTaniiHuil mepioxa (KBiTeHb-Bepe-
CeHb) KOe(IIIEHT 3BOJIOKECHHS CKJIa/IaB
0,38, 10 CBITYUTH TPO TE, 110 MiBJCHHA
yactuHa 30HU Crermy Opnechkoi obrac-
Ti BiJHOCHJACS IO TyXK€ MOCYIUIUBOI
30HH.

[IpoTsiroM KOXXHOTO MIiCSIISI Bere-
TalidHOTO TMepiofy Koe(dilieHT 3BO-
JIOXKEHHsI OyB PI3HMI 1 CYTTEBO BiIpi3-
HSBCSI BiJl CEpeNHBOTO MOKA3HHKA 3a
BereTalliiHUi Tepiofl CiTbChbKOTOCTO-
JIapChbKUX KYIBTYp. Y KBiTHI Koedimi-
€HT 3BOJIOXKEHHSI cKianaB 2,14, y Tpas-
Hi — 0,32; gepeHi — 0,27; aumHi — 0,26;
ceprHi — 0,17 1 BepecHi — 0,45. HaBene-
Hi TIOKa3HUKH Koe(Dilli€HTa 3BOJIOYKCHHS
CBIJUaTh MPO T€, IO y KBITHI MiBJCHHA
gactiHa 30HH CTemy BiZHOCHIACS IO
BHCOKO3BOJIO)KEHOI ~ 30HH, IPOTITOM
TpaBHS, YEPBHS 1 JIUITHS — JI0 HAIIBCY-
X0i 30HH, MPOTSATOM CEpIHSI — IO Ha-
MIBIYCTEIl W MPOTSIrOM BEPECHS — JI0
MOCYIIUTABOI 30HU.

JAns  mpupogHO-KIIMATHYHUX —30H
VYipainu npu K3 = 1,00-1,33 i Oinmbime
30HY BiJHOCSITPH JIO BUCOKO3BOJIOKEHOT;
mpu K3 = 1,00-0,77 — 1o HamiBBOJIO-
roi; mpu K3 = 0,77-0,55 — no nHamism-
ocynumBoi; npu K3 = 0,55-0,44 — no
nocynuuBoi; mpu K3 = 0,44-0,33 — no
nyke nocynumnBoi; pu K3 = 0,33-0,22
— 710 HamiBcyxoi 30HH; pu K3 = 0,22-
0,12 — no HamiBmycreni; npu Kz = 0,12
1 MeHIe — 1o mycrenm. Y 3B’s3Ky 3 He-
JIOCTAaTHBOIO KIJIBKICTIO OMAaJliB y Cceprl-
Hi Ta BEPECHI CIOCTEPIrajiocsi CyTTEBE
3poctaHHs JAe(diuTy Bojorosabesme-
YCHHSL.

3arampHa TPHBATICTH MIK(PA3HOTO
MEepiofy  «CXONU-TIOYATOK — TiJIKyBaH-

10 | ISSN 2706-8382

BIONOTYHI CUCTEMU: TEOPIA TA IHHOBALIIT

Tom 15, N2 1, 2024



biomexHosozia ma bioiHxceHepis

2. ArpokjaiMaTH4Hi YMOBH BereTauiifHoOro nepioay pisHMX 3a CKOPOCTHUIJIICTIO
copTiB coi y cepennbocyxomy (75%) 3a 3a6e3neuyenicrio onagamu 2023 p.
(ce. Xaidonapcbke)

Cepennst Kinb- | Binnocna | Buma- | Jediuut | Koedini-
Kanennapui TeMIle- KiCT']) BonqricTL POBYBa- | BOJIOT032- | €HT 3BO-
parypa | omaxiB, | moBiTps, | HicTh, | Ge3meveH- | JOKEHH
fratn NoBiTPs MM % MM Hfl, MM (K3)
°C
Copr Miona
CXO/IU-1104aTOK T'iyiKyBaHHS (14 1i0)
9.volvi | 200 | 312 | 590 | 1527 | 1215 | 020
[I0YaTOK I'JIKyBaHHS-MOYaToOK LBiTiHHA (17 1i0)
Q2VLI8VI | 205 | 189 | 520 | 1531 | 1342 | o012
MOYATOK IBITIHHA-NIOYATOK (hopMyBaHHs 000iB (12 n1i0)
19.vi-30.vi | 234 | 104 | 530 | 1287 | 1183 | 008
1o4atok (hopmyBaHHs 000iB-1104aTOK HATMBY HaciHHs (20 11i0)
oLvi20vi | 257 | 128 | 490 | 1889 | 1761 | 007
[IOYATOK HAJIUBY HACIHHS -[10YATOK J03piBaHHs HaciHH: (13 1i0)
2Lvi-02vil | 267 | 350 | 540 | 2078 | 1728 | o017
MOYATOK JI03piBaHHS HACIHHSA-TIOBHE JI03piBaHHs HaciHHS (14 1i0)
03.VIL-16VIT | 245 | 235 | 480 | 2139 | 1904 | o1
Cepenne
90 1i6 | 235 | 131,8 | 525 [ 10451 | 9133 | 013
Copr CasTorop
CXOIM-TIOYATOK TUTKyBaHHs (16 1i0)
25.Vv-00.v1 | 200 | 226 | 540 | 1677 | 1451 | 0,13
[10YaTOK I'JIKYBaHHS-1104aTOK 1BIiTIHHS (17 1i6)
10.vi26vi | 226 | 22 | ss50 | 1835 | 1613 | o012
HOYaTOK BITIHHA-II0YaTOK (hopMyBaHHs 600iB (17 11i0)
27VII8VIL | 248 | 173 | 500 | 2232 | 2059 | 0,08
nouatok opmyBaHHs 000iB-1104aTOK HAIMBY HAciHHSA (25 i)
ovi-8vin | 252 | 605 | 550 | 2041 | 1436 | 030
MOYaTOK HAJIMBY HACIHHA-TIOYATOK J103piBaHHs HAciHHs (30 1i0)
09.VII-03IX | 261 | 200 | 440 | 2032 | 2432 | 008
MOYATOK JI03piBaHHS HACIHHS-NIOBHE J103piBaHHs HAciHHsA (16 1i0)
041X-190X | 202 | 1,0 | 450 | 2023 | 2013 | o001
Cepenne
118 i | 231 | 1436 | 505 | 12440 | 11004 | 0,12
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HS» TIPU BUPOIILYBAaHHI CKOPOCTHUIIIOTO
copty JlioHa He mepeBuiyBaia 14 mio,
TIPOTSTOM SIKOTO BuTano 31,2 MM aTMoc-
(epHux onaaie ado 23,7% o 3araabHOI
X KUTBKOCTI B I[UIOMY 32 BereTaminHui
nepios KyaeTypH (Tadm. 2).

KoedirieHT 3BOJIOXKEHHS Yy BKasa-
HOMY MiK(}a3HOMY TIepiofii 3arajbHO0
TpuBaJicTIO 14 7i0 He MepeBHIyBaB
0,20, sIKU¥ CBIMYMTH MPO TE, IO TEPH-
TOpist miBIeHHOI YacTHHU 30HU Cremy
Onecbkoi 007acTi, y TOMy 4HCIi U J10-
CJIITHOTO TIOJIS, TIPOTATOM MiK(a3HOTO
MEepPiOAy «CXOOU-TIOYATOK TLIKYBaHHS
000X COpTIB cOi BigHOCHJIAacs 10 Ha-
MBIy CTEI.

TpuBamicth MiK(pa3HOTO Tepioxy
«IOYATOK  TIIKYBaHHS-IIOYaTOK  IBi-
TIHHS» COPTIB COi HE MEpEeBHIIyBasa
17 nib, mMpOTATOM SIKOTO BHUIAJIO JIMIIIE
18,9-22,2 MM arMocdepHUX OmajiB
a6o 14,3-15,5% mo 3araiabHOI iX Kilb-
KOCTI y mepionax. 3a cepeaHb0m000Bo1
temreparypu 20,5-22,6°C # BigHOCHOT
Boyiorocti moBitTps 52,0-55,0% Buma-
POBYBaHICTh MPH BHPOIILYBaHHI COPTY
Hiona mocsrana 153,1 MM i copty Casi-
torop — 183,5 MM, nedinut Bojorosa-
Oe3neuenns cknanas 134,2 ta 161,3 mm
BIJIIIOBiAHO.

[Ipotsirom  MixkdaszHoro mepiomy
«IMOYaATOK IBITIHHA-TIOYATOK  (opMy-
BaHHs 0001B» 3arajibHa TPUBAJICTh KO-
ro uist copty JlioHa ckiagana 12 ni0, 3a
cepenupoi Temmeparypu 23,4°C it Bin-
HOCHO{ Bojiorocti noBiTpst 53,0% Buna-
pOBYBaHiCcTh 3pocTayia 10 128,7 mm, a
nedinuT BOIOT03a0e3IMeUeHHsI T0OCITaB
118,3 mm. KinbkicTh omajiB Npu BH-
pouyBaHHi copty JlioHa y BKazaHOMY
MiK(pazHOMY Mepioal cKiiajana JIUIie
10,4 mm abo 7,9% 10 3araabHOI Killb-
KOCTI OMaJiB MPOTSITOM BEreTalliifHOTO
nepiofy KylIbTypH. 3a BKa3aHHUX ITOTOA-
HUX YMOB KOC(IIIEHT 3BOJIOKEHHS IS
060x coptiB coi [liona # Cesitorop He

niepeButnryBas 0,08, 1o xapakrepHo st
MyCTeN.

Y MikdazHOMy TIepioni «IIoYaTtok
(hopmyBaHHs 0001B-1TOYATOK HAJTUBY Ha-
CIHHSI» KIJIBKICTh aTMOC(EPHHUX OTajliB
MpH BHPOIYBaHHI copTy JlioHa ckiia-
nana 12,8 MM, a06o 9,7 % 10 3arajibHOI
KUJIBKOCTI OIaaiB 3a BereTaniiHui mne-
piox copTy. 3a cepefHBOi TeMIeparypu
25,7°C ¥ BIJHOCHOT BOJIOTOCTI MOBITPS
49,0% BUDApOBYBaHICTh y BKA3aHOMY
MiX(hazHOMY Mepiofl MPH BHPOIIYBaH-
Hi copty Jliona 3pocrana 1o 188,9 mwm,
a nmedimuT BOIOT03a0e3IedeHHs NO0Cs-
raB 176,1 mm.

[lpu BUpoUIyBaHHI CEPETHBOCTHI-
noro copry Cesitorop y MikpazHOMY
Mepiofii  «MovaTtok (GopMmyBaHHS 00-
O1B-ITOYATOK HAJIMBY HACIHHSY», 3arajb-
Ha TPUBAIICTH SIKOTO 3pocTana g0 25
Ii0, TaKoK CIOCTEpirajd HeraTHBHUHN
BIUIMB TIOTOJHHUX YMOB Ha (bopMyBaH-
HSl YPOXKAIO KYJIBTypH. 3a CEepeIHBOIO-
6oBoi Temmeparypu 25,2°C 1 BiJHOCHOL
BoJorocti moBiTps 55,0% BumapoByBa-
HICTh ckiaana 204,1 M, a 1eiuT Bo-
joroszabesnedyeHdss gocsiras 143,6 MM.
KoedimieHT 3BOJIOKEHHSI 3a BKa3aHUX
MoToIHMX yMOB He repeButryBas 0,30,
10 XapaKTepHO LTS HAIIIBCYXOi 30HU.

Y MikdazHOMy TIepioni «IoYaTtok
HAJIMBY HACIHHS-TIOYaTOK JO3piBaHHS
HACIHHSI» KOe(]IIIEHT 3BOJIOXKEHHS MPH
BHUpOIIyBaHHI copty JlioHa mpoTsarom
13 ni6 He mepesuinyBae 0,17, 1mo xa-
pakTepHo IUIsl HamiBmycteni. [Ipu Bu-
porryBaHHi copTy CBATOTOp IIeH MmoKa3-
muk cranoBuB 0,08. 3rizgHo BKa3zaHOIo
MOKa3HUKa Koe(]illieHTa 3BOJIOXKEHHS,
npotsirom 30 116 Teputopis IliBaeHHO-
ro Crery BiTHOCHIIACS IO MyCTEi.

Y wmixdazHOMYy Tepioni «I0YaTok
JIO3pIBaHHS HACIHHSI-TIOBHE JT03PiBaHHS
HACiHHs», 3arajlbHa TPHUBAJICTH SKOTO
[IpY BHPOILyBaHHI copty JlioHa ckiana-
na 14 ni6, a copry Casitorop — 16 nib,
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3. BB enaogiTHO-pu306ianbHOT iHOKYJIALIT HA YHCeNbHICTD
MiKpOOpPraHi3MiB OCHOBHHX €K0JIOr0-Tpo(iuHUX rpyn y pusocgepi coi
coptiB Jliona i CBsiTorop 3a HenmoiuBHOro 3eMiaepodcrna IliBnennoro Cremy
Ykpainu (¢a3a uBiTiHHA-nouaTKy mionoyrsopenHs, Miti. KYO/r ACT)

BapianTt Cos coprty /Jliona Cost copty CsiTorop
nociy Azordikey- | Docar- | [lemorpod- | Azordikey- | Dochar- | [lenorpod-
BaJIbHI MOOLIi3Y- Hi BaJIbHI MOOiIi3y- Hi
BAJIBHI BAJIBHI
K 34,8443 54,445,04 | 78,03+6,4 8,9+0,7 10,1+1,8 | 76,44+3,07
RX 35,08+5,0 | 71,8421 76,2+3,5 6,6+0,7 10,8+1,2 75,2+3.,8
R¥+4 63,843,6 70,6+3,6 103,9+4.3 12,3£1,5 21,6+4.5 87,05+0,7
R%+5 86,8+8,8 | 205,7+23,4 | 313,7+6,6 7,9+1,9 7,9+1,9 71,1£3,1
R*+6 69,4+1,4 | 167,4+17,9 | 244,1+12,9 | 5,5+0,7 14,1+0,7 74,8+6,3

IMpumitka: K — KOHTpoIb 3 00poOKoro HaciHHs Bom0t0; R*—Pu306iu®; RK+4 — Pu3o6iu® + Bacillus
sp.4; R&+5 — Puzo6ia® + Brevibacillus sp.5; R¥+6 — Puzo6iu® + Pseudomonas sp. 6.

KOC(IIIEHT 3BOJIOKEHHS MPH BHPOIILY-
BaHHi copty Jliona cknanas 0,11 (mycre-
1s1), a copry Cesarorop — 0,01 (mycrens).

Pesynprati  TOCHIDKEHHS  MIKpO-
0ioTi pu3ochepHOi 30HH POCIUH COI
MOKa3ajJH, 10 y HUX EKCTPEMAaIIbHHUX
MOTOTHO-KJIIMATUIHUX YMOBaX 3acTo-
CyBaHHS HOBITHIX OiompenapariB Ha
OCHOBI KOMIUIEKCY OyJIbOOYKOBUX 1
eHI0BITHUX OaKTepiil YMHUIIO CTpeco-
MPOTEKTOPHUH BIUIUB Ha MikpoOiole-
HO3, (POPMYBaHHS, PO3BUTOK 1 MPOIYK-
THUBHICTh CO€BO-PU300iaIbHAX CUCTEM
000X JTOCITI/PKEHUX COPTIB.

[Ipy BHMBYEHHI BIUIMBY I1HOKYJISIIIT
HACiHHS OyJIH00YKOBUMH W eHI0(ITHHU-
MU OaKTepisMH Ha PO3BUTOK arpoHO-
MIYHO KOPHCHHX €KOJOrO-TPO(IuHUX
rpyn pu3ochEpHOro MiKpOOiOICHO3Y
COi B yMOBax HEIOJIMBHOTO 3eMIIEpO0-
crea [liBnennoro Creny Ykpainu Bcra-
HOBJICHO CYTTE€BUH CTHUMYJIIOBaJIbHUN
BILJIMB KOMIUTEKCHOT 1HOKYJISIIT Ha YH-
CEJIBHICTh MIKPOOPIaHi3MiB, siKi OepyTh
y4acTh y TpaHcdopmallii a3oty, pocdo-
Py Ta TYMYCOBHX CITOIYK.

VY puzocdepi yITpackopoCTHITIOTO
copry [lioHa y a3i HBITIHHA-TIOYATKY
IJIOOYTBOPEHHS  KIJIBKICTh  a30TdiK-

CYBaJIbHUX OaKTEepii, sKi MOKPAIlyTh
a30THHH OajaHC TPYHTY 3a pPaxyHOK
010JIOTIYHOTO a30Ty, TPU KOIHOKYJIAIIT
Puzo6inom® 3 eHI0GITHUME IITaMaMu
OyJia BHIIOIO TIOPIBHSHO 3 KOHTPOJIEM,
Jie HaciHHs Oyyio 0OpoOJIeHe BOIOI, Y
1,8 —2,5 pazu (Tab6mn.3).

Baxnupe 3HaueHHS y (pochopHOMY
JKUBJICHHI POCJIMH Biirparth (ocdar-
MOOLTI3yBaJIbHI OakTepii, sKi TpaHcdop-
MYIOTh HEIOCTYIHI UII POCIUH CIIO-
nyku (hocdopy y po3unHHI HOPMH, 1110
3aCBOIOIOTBCS POCIUHAMH. YHCETbHICTh
(docharmoOinizyBaibHUX  OakTepid 3a
BUKOPHCTAHHS KOMIDUICKCHOI 1HOKYJISIIT
OyJla BUIIOIO MTOPIBHSHO 3 KOHTPOJIEM y
BCIX TOCTITHKX BapiaHTax y 1,3-3,7 pazu
y pusocgepi copty [iona ta B 1,4-2,1
pasu y pu3ocdepi copty CBaTOTOp.

Kinekicte memorpoHux OakTepii,
sKi OepyTh ydacTh y TpaHchopmariii
BOJIOPO3YMHHUX TYMYCOBHX CIOJYK, 32
KOiHOKYJIsAIiT Pu3o6inoM® 3 enmodiTHu-
MU OakTepisMu Oylia BUIIOO TTOPiBHSIHO
3 KOHTPOJIBHUM BapiaHTOM y pu3ochepi
copry Hdionay 1,3-4,0 pa3u, copry Cas-
torop — Ha 13%.

Ortxe, pusochepHuii TpyHT coi 000X
JOCTI/DKEHUX COPTIB y BapiaHTax 3
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KOMIUIEKCHOIO ~ €HA0(ITHO-pHU3001alTb-
HOKO 1HOKYJISALIIEI BIJPI3HSABCS ITiIBHU-
MICHOIO O10JIOTTYHOK aKTHUBHICTIO, PO
IO CBiAYaTh BUCOKI IMOKA3HUKU YU-
CEJIBHOCTI MIKpPOOPIaHi3MiB OCHOBHHUX
exonoro-rpodiunux rpym. Lle crnpusiio
3pOCTAaHHIO CTIHKOCTI POCJIMH JIO TO-
CYIUTUBHX MOTOAHO-KIIIMATHYHIX YMOB
1 TIBUIIICHHIO YPOXKAHHOCTI.

3aBIAKH KOMIUICKCHIM 1HOKYJISAIIT,
B MOCYIUIMBHX YMOBaX HEMOJIUBHO-
ro 3emiepobctBa IliBnenHoro Cremy
VYKpaiHu OTPHMAaHO CTAaTHCTHYHO [0-
CTOBIpHE TIJBHUINCHHS YPOXKalw Coi,
MPUYOMY HAHOUIBIIMNA MPUPICT ypO-
kKaro y copty JlioHa OTprMaHO 3a KOiHO-
Kysstiii Puzo6inom® + Pseudomonas sp.
6, ay copTy CBATOTOp — 32 KOMIUIEKCHOL
iHOKyIIsLii Pu3obinom® + Brevibacillus
sp.5 (wa 0,36 Ta 0,28 T/ra BiAMOBIIHO
MOPIBHSIHO 3 KOHTPOJIbHUM BapiaHTOM).

Bucnosexu i nepcnexmuséu.

TakuM 4YHHOM, BCTAHOBJIEHO TIO-
3UTHBHUHA BIUIMB €HI0(DITHO-pU300i-
AJBbHOT THOKYJISIIT Ha CTIMKICTB COT 10
HECTIPUATINBHX IMOCYIUTUBHX  YMOB
BUPOIIYBaHHS 32 HEIOIUBHOTO 3eMJIC-
po6erBa [liBmennoro Cremy Ykpainu
Ta 1l mpoxykrtuBHicTh. OTpuUMaHi maHI
€ TIJCTaBOIO IS MOAAIBIIOT PO3po0-
KM 3aXOJiB IMiJIBUIICHHS ¢(pEKTHBHOCTI
0000BO-pHU300iaILHOTO CUMOI03y y Pi3-
HHUX 33 CKOPOCTUIITICTIO COPTIB CO1 13 3a-
CTOCYBAaHHSIM KOMIUICKCHOI IHOKYIISIIIi{
HACIHHS CHMOIOTHYHUMHU OyJILOOUKOBH-
MH W Hepu300iabHUMH SHIO0(DITHUMH
OaKTepisIMU Ha HETTOJUBHUX 3EMJISIX TTiB-
s Yikpaini. OCHOBHUMHM HalpsIMKaMH
HAyKOBOi M TOCIOIApChKOT MisSTBHOCTI
JUIS OTPUMAaHHS B MIBJCHHINA YacTHHI
3oan Cremy cTabiIbHO BHCOKHX YpO-
kaiB CUTBCHKOTOCIIONAPCHKUX KYIBTYP €
CTPYKTYpH3AIlisi TOCIBHUX IUIONI 3 ONTH-
MaJIbHOIO YaCTKOK y HUX 3POIIyBaHHX

3eMeNb Ta 3aCTOCYBaHHS Oi0IHOKYJISH-
TiB 31 CTPECOMPOTESKTOPHUMH Ta (iTO-
CTHUMYJTFOBAJIbHUMHU (DYHKITISIMH.
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Abstract. The article presents the results of studies of weather and climatic conditions during
the production processes in the period of formation of the yield of soybean varieties of different
maturity under pre-sowing endophytic-rhizobial inoculation of seeds, as well as the function-
al activity of the rhizosphere microbiota and plant productivity in conditions of non-irrigated
agriculture. The average temperature, relative humidity, and rainfall were determined for the
interphase periods, which are the main indicators that affect the evapotranspiration, moisture
deficit, and moisture coefficient. The experiments were conducted at the experimental field of
the Odesa State Agricultural Research Station, located in the southern steppe zone of Ukraine.
The soil of the experimental field is a heavy loamy southern chernozem. The moisture availability
indicators show that the southern part of the Steppe zone of Odesa region during the growing
season of crops (April-September) in 2023 belonged to the semi-arid zone, and in July and Sep-
tember - to the desert. Evapotranspiration and moisture deficit during the growing season of
plants of both soybean varieties (ultra-early maturing Diona and mid-season Sviatohor) varied
significantly and depended on the average monthly temperature, relative humidity and rainfall.
Evapotranspiration reached 1045.1-1244.0 mm, resulting in a moisture deficit of 913.3-1100.4
mm. Due to insufficient rainfall in June, July and August, most crops experienced an increase in
moisture deficit. The use of complex thermotolerant and drought-resistant microbial inoculants
with stress-protective functions reduced the negative impact of agroclimatic factors on soybean
plants and rhizosphere microbiota. The main directions of scientific and economic activity for
obtaining consistently high crop yields in the southern part of the Steppe zone are the structur-
ing of sown areas with an optimal share of irrigated land and the use of innovative biological
preparations.

Keywords: soybean, endophytic-rhizobial inoculation, non-irrigated agriculture, deficit of
moisture supply, rhizosphere microbiota, productivity.
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Abstract. The methods of culture of apical meristems and direct and indirect
morphogenesis in vitro were used for production of virus-free planting material
of carnation. A scheme for obtaining aseptic material has been developed, which
consists of stepwise treatment of explants: Thimerosal - 2 min, 70% ethyl alcohol - 0.5
min and 0.08% AgNO, - 1 min, which reduces the level of contamination by fungal
infection. Expounded the results of studies of callusogenesis and direct and indirect
morphogenesis in the culture of in vitro explants of Dutch carnation, their dependence
on the content of growth regulators in the nutrient medium. It was established that
there were almost no significant differences in the course of callusogenesis processes
within carnation varieties. At the same time, the frequency of callusogenesis was
100%. Under the conditions of indirect morphogenesis realization, it is necessary to
take into account the age of callus tissues. The growth and intensive shoot formation
of carnations was noted on the Murashige-Skoog nutrient medium supplemented with
BAP at a concentration of 0.5 mg/I. The best medium for rooting was the MS medium
with half the concentration of macro- and microsalts with the addition of 0.5 mg/| of
NAA, which is recommended by us for rooting regenerating carnation plants of various
varieties. Peat: perlite in a 1:1 ratio was used as a substrate for the adaptation of
regenerating plants . Survival of carnation plants to conditions in vivo for the variety
"Raffino Linde" was 90%, while for the variety "Tiya" - 83%, respectively.

Key words: carnation, callusogenesis, morphogenesis, shoot formation rhizogenesis.
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Introduction.

Carnation is a perennial plant, cul-
tivated in almost all regions of Europe
and is used in landscaping as an orna-
mental plant for planting in flower beds
and alpine slides. In floriculture, car-
nations are used for cutting and sale.
In greenhouses, remontant carnation,
which is often called Dutch carnation,
is grown for cutting. The main meth-
od of propagating Dutch carnation is
meristem tissue culture, which makes
it possible to obtain virus-free planting
material in a timely manner (Pralhad,
2009; Khatun et al., 2018; Sreelekshmi
and Syril, 2021).

In recent years, two trends can be
clearly observed in research on the cul-
ture of tissues and cells of higher plants.
The first is related to an in-depth study
of the biology of cultured cells, exam-
ining features of their growth and dif-
ferentiation (Gao et. al, 2017; Isah,
2019; Zhang et al., 2022). The second
is more applied, which aims at a wid-
er application of techniques and meth-
ods of tissue culture to solve important
practical problems that arise in floricul-
ture. One of such effective and cost-ef-
fective methods is the culture of apical
meristems and microclonal propagation
and improvement of plant material in in
vitro culture (Klyachenko et. al.,2003;
Kushnir and Sarnatska, 2005; Muszyns-
ka and Hanus-Fajerska, 2017). This
method makes it possible to obtain a
large amount of plant material in a short
period of time. In addition, during the
propagation of plants in tissue culture,
they are freed from pathogenic microor-
ganisms and, in many cases, from virus-
es. In the process of micropropagation,
there is no risk of re-infection of plants.
The improvement of planting material
improves the quality of products (Kol-

dar, 2010; Sreelekshmi and Syril, 2021).

Despite the large number of experi-
mental works devoted to morphogene-
sis and reproduction in vitro, the tech-
nology of microclonal reproduction has
not been developed for many species
of ornamental plants and in floricul-
ture. The reason for this is, first of all,
the lack of clear methods, their com-
plexity, secondly, the use of scarce and
expensive components of the nutrient
medium and insufficient knowledge of
the morphogenetic potential of plants
and ways of managing them in tissue
culture. Today, the issue of virus-free
carnation planting material production,
its reproduction and adaptation to con-
ditions in vivo is still relevant. To satisfy
the growing demand for carnations, the
use of traditional approaches in the re-
production and selection of these plants
is not enough.

The purpose of the work is to study
the features of production of virus-free
material of different varieties of Dutch
carnation and its clone micropropaga-
tion in the conditions of in vitro.

Research materials and methods.

As explants, shoots with axillary
and apical buds of two varieties of
carnations, Dutch "Tiya" and "Raffino
Linde" were used for introduction into
the in vitro culture. The research meth-
ods generally accepted in biotechnolo-
gy were used in the work (Melnichyk
and Klyachenko, 2015). We conducted
research in several directions: studying
the ability of carnations to form callus,
the intensity of shoot formation in con-
ditions of in vitro, rooting of regenerat-
ing plants and their adaptation to condi-
tions in vivo.

Callus tissue was obtained by culti-
vating stem explants. Apical meristems
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1. Sterilant solutions, their concentration and treatment exposure

ST Exposure, min
sslff)gigfll:egs Concentration, % 1 option : 2 option
Thimerosal 1 2 2
C,H,OH 70 1 0.5
AgNO, 0.08 0.5 1

with leaf primordia 0.3-0.5 mm long
were used to grow mother plants. When
studying shoot formation, apical meri-
stems and intermediate microstalks of
carnations, 1-2 cm long with one pair
of leaves, which contain axillary meri-
stematic tissues, were used, as explants.
With donor plants carnations were cut
off the upper part of the stem, 1.5-2.0 cm
long, thoroughly washed in a soapy solu-
tion, then washed with running water and
rinsed twice with sterile distilled water.

For optimization of sterilization of
plant material, sterilant solutions and
step sterilization with different expo-
sures were used. Thimerosal, 70% eth-
anol and 0.08% AgNO, were used as
sterilants. Sterilization was carried out
sequentially (table 1).

Explants were transferredto testtubes
on a hormone-free Murashige-Skoog
(MS1) nutritious medium (Murashige,
Skoog, 1962) for adaptation. Tubes with
explants were cultivated in a thermostat
without lighting at a regulated tempera-
ture of 25+1°C. After a week, they were
tested for microorganisms caused infec-
tion.

Sterilization efficiency (Es), in per-
centage, was calculated according to the
formula:

Ke—Kvr.e.
Ec=——
Ke

x100%, where
Ke - is the total number of explants.
Kvr.e - is the number of affected
explants (Melnichyk and Klyachenko,
2015).

Carnation callus tissue was obtained
from sterile leaf plates and fragments of
microshoots (0.5-0.8 cm), by making
additional incisions. Shoots were cut
into segments of 2-4 mm carnation ex-
plants were cultured on a modified Mu-
rashige-Skoog medium (variant MSC1
with the addition of 0.2 mg/l BAP, 2
mg/l NAA, variant MSC2 with the ad-
dition of 0.5 mg/l BAP, 2 mg/l NAA
and MSC3, supplemented with 1.0 mg/1
BAP, 2 mg/l NAA).

For subcultivation, the mass of raw
callus substance was 2.0+0.10 g, the
duration of the passage was 28-30 days.
The plant material was cultivated in
penicillin vials in a TS-80 thermostat
without lighting at a temperature of 25 £
1 0C and humidity of 70—75%. The fre-
quency of callus formation was deter-
mined as the percentage of explants that
formed a callus from the total number of
explants. The average monthly increase
in raw callus mass was determined as
the difference between the final and ini-
tial mass (Melnichuk and Klyachenko,
2015).

To induce indirect morphogene-
sis, callus tissues weighing 2.0+0.10 g
were planted on MC medium with the
addition of 0.1-3.0 mg/l BAP, 0.5-2.0
mg/l kinetin and 0.1- 1.0 mg/l 2,4-D.
The plant material was cultivated at a
temperature of 25+1 0C, illuminance of
2.0-3.0 kIx, a 16-hour photoperiod, and
humidity of 70-75%.

Direct morphogenesis was achived
by cultivating apical meristems on
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modified MSA nutrient medium sup-
plemented with White's vitamins, BAP
at a concentration of 0.5 mg/l. For the
rooting of microshoots obtained in the
culture of isolated apical meristems,
they were transferred to the nutrient me-
dium MCP with a half set of macro- and
microsalts with the addition of 0.5-2.0
mg/l NAA.

Rooted carnation plants with
well-developed leaf blades and pet-
ioles of dark green color were taken
out of test tubes for adaptation . The
plants were transferred to a substrate
composed of perlite: peat (1:1), which
was previously autoclaved at 2 atm ac-
cording to Kushnir et all. (Kushnir and
Sarnatska, 2005). After planting the re-
generating plants in the substrate, they
were covered with glass cylinders to
prevent the plants from drying out, and
after 7 days, the plants were fertilized
with a solution of macro- and micro-
salts according to MS. After 2 weeks of
cultivation, the glass cylinders were re-
moved, the plants were kept for 7 days
and transplanted into open ground con-
ditions. Survival of plants in conditions
of in vivo was recorded.

The experimental material obtained
as a result of research was statistically
processed using the MS Excel analy-
sis package. The repeatability of ex-
periments is 3-15 times, the number of
samples used in the experiment is 10-
30 pieces. Arithmetic mean values and

their standard errors are given in the
tables.

Results and discussion.

In the course of research, we con-
ducted a number of experiments on ob-
taining an aseptic carnation culture. The
carnations were stored in water, brought
to the laboratory and thoroughly washed
under running water to remove dirt from
the stem surface. Difficulties associated
with sterilization of explants have been
noted in the literature (Radojevic et al.,
2010; Qadri et al., 2018; Ram et al.,
2019; Polivanova and Bedarev, 2022).
We used gradual sterilization with sev-
eral solutions of sterilants with different
processing exposure. The first option —
gradual treatment with Thimerosal - 2
min, 70% ethanol - 1 min and 0.08%
AgNO3 - 0.5 min. The second option -
gradual treatment with Thimerosal - 2
min, 70% ethanol - 0.5 min and 0.08%
AgNO3 - 1 min followed by washing
three times with sterile distilled water.
The shoot tips and nodal segments were
cut into small parts (1.0-1.5 cm) for ex-
plantation on a hormone-free MC medi-
um. The results of the research showed
that the effectiveness of sterilization
depended on the option of exposure to
treatment with sterilizing substances.
The second option of sterilization turned
out to be more effective, which made it
possible to free the plant material from

2. Efficiency of sterilization of carnation explants under different schemes of
aseptic processing

Number of infected The number of infected
Number explants on day 7, % explants on day 10, %
Variety of Version
explants
1 2 1 2

"Tiya" 100 4 1 2 -
"Raffino Linde" 100 2 - - -
NIR 0.15 0.05 0.20
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exogenous and endogenous infection.
Explants were screened for the presence
or absence of infection on the third and
seventh days of cultivation. The results
are presented in table 2.

From the presented data, it can be
seen that the second sterilization op-
tion was more effective, in which the
sterilization efficiency was 99% for the
"Tiya" variety on the 7th day, and 100%
for the "Raffino Linde" variety, respec-
tively.

After successful sterilization and
production of aseptic carnation seed-
lings on the 10th day of cultivation, the
explants were placed in biological test
tubes on nutrient media supplemented
with growth regulators to obtain callus
and regenerating plants. On the first or
second day of cultivation of sterile car-
nation explants, you can observe their
increase in size.

Thus, after analyzing the results
obtained by us, we can conclude that
aseptic processing of explants is used
the scheme of Thimerosal - 2 min, 70%
ethanol - 0.5 min and 0.08% AgNO3 -
1 min is the most effective. In addition,
the use of 0.08% AgNO3 reduces the
level of fungal infection if the exposure
time is lengthened.

According to research by domestic
and foreign scientists, the intensity and
efficiency of callusogenesis in plants
cultivated in vitro depends on external
factors, namely cultivation conditions,
and above all, the presence of growth
regulators in the nutrient medium
(Gang et al., 2003; Khatun et al.,2018;
Qadri, 2018). Growth regulators cause
numerous changes in plant tissues and
are the basis of structural transforma-
tion of cells during callusogenesis. The
presence of growth regulators in the
nutrient medium causes the formation
of a callus mass with a high degree of

proliferation, which makes it possible
to obtain a large number of regenerating
plants. It is known that the classic ra-
tio of auxins to cytokinins (10:1) in the
nutrient medium induces callusogene-
sis. In addition, a certain genotype has
its own peculiarities and difficulties in
the process of obtaining and cultivating
callus tissues.

Callus tissue was obtained by cul-
turing stem explants on a modified MC
nutrient medium with the addition of
growth regulators NAA and BAP in
different concentrations and ratios. For
callusogenesis, we used the following
series of nutrient media presented in the
table. 3.

3. Content of growth regulators in
callusogenic media

Version Growth regulators
1 0.2 mg/l BAP + 2 mg/l BAP
2 0.5 mg/l BAP + 2 mg/l BAP
3 1 mg/l BAP + 2 mg/l BAP

Penicillin vials with planted explants
were placed in the dark in a thermostat
with regulated temperature and humid-
ity of 70% and cultivated for 12 days.
Later, the explants were exposed to light
at a temperature of +23 +£ 1 0C and a 16-
hour light period. On the 24th day, the
formation of callus tissues was record-
ed, the results of which are presented in
the table. 4.

From the presented data, it can be
seen that the minimum mass of calli
was formed on average on the nutrient
medium of variant 1. In addition to the
growth characteristics, we described the
morphological characteristics of callus
tissues, namely compactness and color,
the results of which are presented in the
table. 5.

Therefore, within carnation variet-
ies, there were almost no significant dif-
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4. Dependence of callusogenesis of carnation variety "Tiya" on the content of
growth regulators in the nutrient medium

. The number of callus-forming
Variant Composition of the Number of explants
nutrient medium explants °
%o mass of callus, mg

1 MS + 0.2 mg/l BAP + 40 100 350£17.5

2 mg/l BAP
2 MS + 0.5 mg/l BAP + 40 100 820 +41.1

2 mg/l BAP
3 MS +1 mg/l BAP + 40 100 610 +30.5

2 mg/l BAP

5. Qualitative characteristics of carnation callus tissues depending on the

composition of the nutrient medium

Characteristics of carnation callus tissues
Variant Composition qf the nutrient variety
medium
"Tiya" "Raffino Linde"
1 MS + 0.2 mg/l BAP + 2 mg/l BAP light yellow, not light yellow, not
dense dense
2 MS + 0.5 mg/l BAP +2 mg/I BAP |  dense with green dense with green
cells cells
3 MS +1 mg/l BAP + 2 mg/l BAP dense with green dense with green
cells cells

ferences in the course of callusogenesis
processes, and its frequency was 100%.

One of the least studied aspects of
differentiation is morphogenesis. At
the same time, the complexity of re-
searching the physiological, biochem-
ical and molecular processes underly-
ing morphogenesis lies in the fact that
the differentiation of cells into organs
occurs asynchronously. However, dif-
ferentiating cells and differentiation
centers are spatially separated. In the
process of differentiation, morpholog-
ical structures are formed in cultivated
unorganized callus tissues, which lead
to the formation of buds, roots, stems,
flowers, whole plants in them (Mu-
rashige,1990; Jorapur et al., 2018). In-
direct morphogenesis takes place in
two stages, namely: the first stage is the
process of formation of callus tissues

on the explant; the second stage is the
formation of morphological structures
in callus tissues. At the same time, the
formation of morphological structures
is determined by a certain ratio of cy-
tokines and auxins, which is considered
classic 10:1. In the culture of callus tis-
sues, somatic embryogenesis and organ-
ogenesis (stem, root, floral, leaf) an be
distinguished (Zhu et al., 2018; Nikam
et al., 2019; Zhang et al., 2022).
Research on the induction of organ-
ogenesis is caused primarily by the re-
quests of breeders and geneticists who
are interested in using tissue culture
methods and genetic engineering to
obtain new forms of the most interest-
ing ornamental plants and flowers. The
capacity for organogenesis decreases in
tissues isolated by direction from apex
to base stems. The tendency to organ-
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6. Ability to organogenesis in vitro in carnation varieties

Intensity of organogenesis
No Variety Frequency of Number of shoots | Height of shoots,
organogenesis, % cm
1 "Tiya" 68.22 324036 6.15+£0.062
2 "Raffino Linde" 95.75 3.8+0.13 8.28 £0.091

ogenesis also decreases with multiple
transplants of callus tissues, and the
ability to root is preserved for a longer
time.

To induce indirect morphogenesis,
callus tissues weighing 2.0+0.10 g were
planted on MC medium with the addi-
tion of 0.1-3.0 mg/l BAP, 0.5-2.0 mg/I
kinetin and 0.1- 1.0 mg/l 2,4-D. The
plant material was cultivated at a tem-
perature of 25 £ 10C, illuminance of
2.0-3.0 kIx, a 16-hour photoperiod, and
air humidity of 70-75%. In our studies,
intensive organogenesis was observed
for both varieties of carnations (table 6).

Thus, when obtaining indirect mor-
phogenesis, it is necessary to take into
account the fact that the regeneration
ability of callus tissues of different car-
nation genotypes depends not only on
the genotype of the plants, but also on
the age category. With age, especial-
ly after the ninth passage, a decrease
in regenerative capacity is observed.
Perhaps the reason for this may be so-
maclonal variability, which occurs as a
result of long-term cultivation of callus
tissues.

It is generally known that one of the
main conditions for the regeneration of
plants with a meristem is the presence
and optimal ratio of a growth regulator
in the nutrient medium. Examples of
organ formation in tissue and cell cul-
ture are extremely diverse in relation
to certain types and concentrations of
phytohormones (Muszynska and Ha-
nus-Fajerska, 2017; Jorapur et al., 2018;

Khatun, 2018; Qadri, 2018). However,
there is no general formula regarding
the concentrations of phytohormones,
as well as other physiologically active
substances, which could be applied in
all cases. An important role belongs to
cytokinins, namely 6-BAP, kinetin and
auxins, such as IAA, NAA, IBA. The
types and level of exogenous phytohor-
mones in the nutrient medium are cur-
rently one of the main factors that make
it possible to direct the regulation of
growth, development and morphogene-
sis processes in tissue culture (Koldar,
2010; Zhu et al., 2018).

Taking into account that the apical
meristem contains endogenous auxins,
primerely IAA, we have developed a
nutrient medium for shoot formation
from the apical meristems of carna-
tions, which contains a substance from
the group of cytokinins - 6-BAP. Cyto-
kinins induce the development of ax-
illary buds in apical culture, stimulate
the growth of dormant organs, and also
regulate the growth of somatic embryos
and plant formation. as an explant, 0.3-
0.5 mm long apical meristems of carna-
tions of the "Tiya" and "Raffino Linde"
varieties were used. The results of shoot
formation are presented in the table. 7.

Carnation plants poduced from api-
cal meristems are presented in fig. 1.

Thus, the addition of cytokines to
the MC nutrient medium, and 6-BAP
directly, enables the development of
apical meristems and intensive carna-
tion shoot formation.
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7. Shoot formation from the apical meristems of carnations on the 7th week of

cultivation

Number of shoots The length

: Number of | Number of | The number | The number of

Variety ) of the

explants shoots, of shoots is, shoots, shoots, cm

1 shoots 2 shoots 3 or more shoots
"Tiya" 20 10 5 5 2.1+0.09
"Raffino 20 3 5 12 2.8+0.14

Linde"

A

Fig. 1. Regenerative plants obtained
from apical meristems of carnations
of the "Tiya" variety

Study of the process of experimen-
tal morphogenesis in vitro at all levels
of organization - from a single cell to
the top of a shoot - led to the creation
of microclonal reproduction of plants,
which is put on a commercial basis in
most countries. Clonal micropropaga-
tion is the use of the technique in vitro
for quick asexual production of plants
that are identical to the original. During
the regeneration of microshoots, mer-
istematic tissues that perform certain
functions in the plant organism are re-
organized, and at the same time their
primary functions are restored.

One of the important problems with
clonal micropropagation is a matter of

concentration of growth regulators that
add to the nutrient medium. Recently,
there has been evidence that high con-
centrations of growth regulators nega-
tively affect the morphogenetic features
of the obtained plants, as well as the
possibility of long-term micropropa-
gation in culture in vitro (Nikam et al.,
2019; Isah, 2019; Polivanova and Be-
darev, 2022).

It is possible that in the process of
cultivation of shoots, the gradual ac-
cumulation of growth regulators in the
cultivated tissues exceeds the necessary
physiological level and at the same time
they become toxic. This leads to chang-
es in the morphology of plants, suppres-
sion of the proliferation of axillary mer-
istems, and a decrease in the ability to
root. The use of media with a minimum
concentration of cytokinins, which en-
sure a high rate of micropropagation,
reduces their negative effect. Alternat-
ing cultivation cycles on media with
low and high levels of growth regula-
tors also prevents the negative effects of
cytokinins (Das et al., 2012; Arif et al.,
2014; Sreelekshmi and Syril, 2021).

Plants grown from the apical mer-
istems of carnations, 5-6 weeks after
the establishment of the experiment,
were grafted and micro-cuttings 1-2
cm long with one internode were used.
They were transplanted in such a way
that the internode was on the surface of
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8. Shoot formation of carnation variety from micro cuttings

Accounting time Shoots 1-2.9 | Shoots 3-4.9 | Shoots 5 cm Total shoots
cm long cm long long or more
Variety " Tiya "

The number of shoots after 26 +1.31 10+ 0.54 2+0.12 38 +1.93
4 weeks of cultivation
The number of shoots after 51+£2.52 16 £0.81 4+0.22 71 £3.55
6 weeks of cultivation

Variety "Raffino Linde"
The number of shoots after 28 +£1.40 18 £0.90 6+0.30 52 +2.60
4 weeks of cultivation
The number of shoots after 64 +3.20 24 +£1.20 8 +040 96 +4.80
6 weeks of cultivation

the nutrient medium. Explants were cul-
tivated at a temperature of +24-25 °C,
a 16-hour photoperiod, and humidity of
70-80%. Samples were examined twice
a week. Thirty explants were planted in
total. On the 4th and 6th week of cul-
tivation, shoot formation was recorded,
the results of which are presented in the
table. 8.

From the presented data, it can be
seen that after 4 weeks of cultivation,
the variety "Tiya" formed an average
of 38 developed shoots, while the vari-
ety "Raffino Linde" - 71 shoots. After
6 weeks of cultivation, the "Tiya" va-
riety produced an average of 52, while
the "Raffino Linde" variety - 96 shoots,
respectively.

Thus, our research clearly illustrates
the advantages of microclonal propa-
gation compared to conventional veg-
etative propagation, since an unlimited
amount of planting material can be ob-
tained from existing shoots by dividing
newly formed shoots and transplanting
them to a fresh nutrient medium.

Rooting of regenerative plants is the
final and one of the most difficult stag-
es in microclonal reproduction. Some
authors (Ali et al., 2008; Melnychuk
and, Klyachenko, 2015) recommend
to use mineral medium diluted twice

without growth regulators for rooting,
others (Muszynska and Hanus-Fajer-
ska, 2017) to add auxins. We studied the
effect of NAA auxin at a concentration
of 0.5 mg/l to 2 mg/l in an MS medium,
which contained half the concentration
of mineral salts, on the process of root
formation in the researched carnation
varieties and rooting on a hormone-free
nutrient medium.

Murashige-Skoog nutrient medi-
um of various variants: MSR1 - half
concentration of mineral salts without
adding growth regulators; MCP2 - half
concentration of mineral salts with the
addition of 0.5 mg/l NAA; MCP3 - half
the concentration of mineral salts with
the addition of 2 mg/l NAA. It should
be noted that root formation takes place
at the base of the shoots. Analyzing the
results of research on the rooting of re-
generating plants, carnations are shown
in the table. 9, it can be seen that MCP2
supplemented with 0.5 mg/l NAA is
optimally effective for both the "Tiya"
and "Raffino Linde" varieties. On this
medium, 90% rooting was observed,
while medium variants 1 and 3 gave,
respectively, 20% and 50% rooting of
shoots for the variety "Tiya". Regarding
the variety "Raffino Linde" 95% rooting
was observed on medium MCP1, while
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9. The influence of the composition of the nutrient medium on the rooting of
carnation shoots

Version The composition of the Number of Num'ber of rooted shoots
environment shoots units %
Variety '""Raffino Linde"
2 MS 40 8 20
2 %2 MC + 0.5 mg/l NAA 40 36 90
2 MS + 2.0 mg/l NAA 40 20 50
NIR 0.02 10.80
Variety "Tiya"
> MS 40 10 25
2 2 MC + 0.5 mg/l NAA 40 38 95
A MS + 2.0 mg/l NAA 40 18 45
NIR 1.10 2.75

medium variants 1 and 3 gave 25% and
45% rooting of shoots, respectively.

Thus, it can be concluded that, ac-
cording to the conducted research, the
best for rooting was the MS medium
with half the concentration of macro-
and micro-salts and supplemented with
0.5 mg/l NAa, which can be recom-
mended for rooting regenerating carna-
tion plants of various varieties.

The final and one of the problemat-
ic stages of plant reproduction by the
method of cultivation of isolated tissues
is adaptation, which in plants obtained
in vitro, quite complicated compared to
plants in vivo. Plants obtained in con-
ditions in vitro differ in anatomical fea-
tures, namely, a thin cuticle, which con-
tains little wax and wax-like substances;
a small amount of mechanical tissues;
leading bundles are weakly developed;
organs that are necessary for photo-
synthesis (stoma) function in a limited
way. Transplantation of intact plants in
vitro in terms of in vivo leads to stress,
because their organs, formed under
high air humidity and low light inten-
sity, cannot function adequately in new

conditions. During the gradual decrease
in air humidity, cuticles are formed in
regenerating plants due to adaptation
(Melnychuk et al., 2012).

We carried out the following manip-
ulations during the adaptation of carna-
tion regenerating plants. Test tubes with
rooted plants were opened, plants with
a well-developed root system were re-
moved, washed from the remains of the
nutrient medium, placed for 20 minutes
in a 1% solution of potassium perman-
ganate, and then planted in a substrate:
perlite: peat (1:1). Vessels with plant-
ed plants were placed in conditions of
high humidity for better rooting. After
10-12 days, as the plants adapted, they
took root and began to grow. The results
of survival of regenerating carnation
plants are presented in table. 10.

On the 30th day of cultivation, the
seedlings had a height of 8-10 ¢cm and
6-10 real leaves and were suitable for
planting in open ground in a green-
house. Thus, as a result of research con-
ducted on the adaptation of regenerating
carnation plants, we established that the
survival of plants of the "Raffino Linde"

26 | ISSN 2706-8382

BIONOTYHI CUCTEMU: TEOPIA TA IHHOBALIIT

Tom 15, N2 1, 2024



biomexHosozia ma bioiHxceHepis

10. Rooting of regenerative plants of different carnation varieties

Varie Plants planted in Plants that have taken root
ty the substrate units Y
"Raffino Linde" 30 27 90 +3.56
"Tiya" 30 25 83 +3.96

variety was 90%, while under the same
conditions, the variety "Tiya" - 83%, re-
spectively.

Conclusions.

It was established that when intro-
duced into the in vitro culture aseptic
processing of explants using the Thi-
merosal scheme - 2 min, 70% ethyl al-
cohol - 0.5 min and 0.08% AgNO, - 1
min is the most effective. In addition,
the use of 0.08% AgNO, reduces the
level of fungal infection contamination
under the conditions of lengthening the
exposure time. Within carnation vari-
eties, there were almost no significant
differences in the course of callusogen-
esis processes, and its frequency was
100%. It should be taken into account
that the regenerative capacity of callus
tissues of different carnation genotypes
depends not only on the genotype of the
plants, but also on the age category for
obtaining indirect morphogenesis. With
age, especially after the ninth passage,
a decrease in regenerative capacity is
observed. Addition of cytokinins to
the MC nutrient medium , and 6-BAP
directly, enables the development of
apical meristems and intensive carna-
tion shoot formation . According to the
conducted research, the best for rooting
was the MS medium with half the con-
centration of macro- and microsalts and
supplemented with 0.5 mg/l of NAA,
which we recommend for rooting re-
generating carnation plants of various
varieties. It was established that the sur-

vival of plants of the variety "Raffino
Linde" was 90%, while under the same
conditions, the variety "Tiya" - 83%, re-
spectively.
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OTPUMAHHA BE3BIPYCHOIO MNOCAAKOBOIo MATEPIAJ/1Y TBO34NKN

(DIANTHUS CARIOPHYLLUS L.) IN VITRO

BI0/10r4HI CUCTEMMU: TEOPIA TA IHHOBALIIT, 15(1): 17-29.

https://journals.nubip.edu.ua/index.php/Biologiya/article/view/48294

http://dx.doi.org/10.31548/biologiyal5(1).2024.002

AHomayisa. [ina ompumaHHA 6e38ipycHo20 NocadKo8o2o mamepiasy 28030UKU 8UKOPUCMA-
HO Memo0 Kysbmypu anikasbHUX mepucmem ma npamull i Herpamuli MopgpozeHes in vitro. Po3-
pobrieHa cxeMa OMpPUMAHHA acenmu4Ho20 mamepiany, AKa NonfA2ae 8 noemanHili 06pobyi eKc-
naaHmamig: Thimerosal —2 xs, 70% emunosutli cnupm — 0,5 xe i 0,08% AgNO3 - 1 x8, uj0 3HUMCYE
piseHb KOHMamiHayii 2pubHoi iHgeKuii. HagedeHo pe3ynbmamu 0ocnioHeHs KancozeHely ma
npAMOoeo i HerpAMo20 MopgozeHe3y 8 Kyabmypi in vitro ekcriaaHmamie 28030UKU 20/1GHOCLKOI,
ix 3anexHicme 8i0 8micmy peaynamopie pocmy 8 x#ususnbHoMy cepedosulwyi. BcmaHoeneHo, wo
MeHax copmie 28030UKU mMalixce He crnocmepieanucsa 3Ha4YHi 8iIOMIHHOCMI y MPoOMIKaHHI npoye-
cie kantocozeHesy. [pu ybomy Yyacmoma KantocozeHesy cmaHosuna 100%. 3a yMo8 OMpuUMaHHA
HernpAMo20 MmopgozeHe3y HeobXiOHO 8paX08Y8aMU 8iK KAAOCHUX MKAHUH. Picm ma iHmeHcus-
He na2oHOYymMeopeHHA 28030UKU 8iOMi4aauU Ha HusunsHomy cepedosuwyi Mypacize-Ckyea, 0o-
nosHeHomy BAM y koHueHmpauii 0,5 me/n. Halikpawum 015 yKOpiHEHHS 8UABUMAOCL cepedosu-
we MC 3 N0a08UHHOK KOHUEHMpPAuieo Makpo- i mikpoconeli 3 0o6aenaHHaAm 0, 5 me/n HOK,
AKe peKoMeHO08aHE HaOMU 0118 YKOPIHEHHA POC/UH-pe2eHepaHmie 28030UKU pi3HUX copmis. AK
cybcmpam 0214 adanmayii pocauH-pezeHepaHMie sUKOpUCMO8Y8aau mopg : nepaim y cnieio-
HoweHHi 1:1. [MpuxusaHicmb pocauH 28030UKU A0 yMoe in vivo 014 copmy «Raffino Linde» cma-
Hosuna 90%, modi sk dns copmy «Tiya» - 83% 6i0nogioHo.

Knrouoei cnoea: 28030uKa, KanocozeHes, MOpgo2eHes, Ma20HOYMBOPEHHS, pi3ozeHes.
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OCOBJ/INBOCTI KY/IbTUBYBAHHA IN VITRO POC/IUH
ACTPATANY LUEPCTUCTOKBITKOBOIO (ASTRAGALUS
DASYANTHUS PALL)

O.10. KBACKO,

KaHoudam bionozivHuUx HayK, 3a8idysay Kagedpu ekobiomexHosoezii ma
biopisHoMaHimms,
https.//orcid.org/0000-0002-2878-8683,

E-mail: kvasko_o@nubip.edu.ua
O.A. MAH}YPA,
acnipaHm Kagedpu ekobiomexHosozii ma 6iopisHomaHimms4,
https://orcid.org/0009-0005-0156-2093
HauioHanbHul yHisepcumem bGiopecypcis i npupodoKopucmyeaHHs YKpaiHu,
Kuis, YKpaiHa

AHomauia. [JocniduceHHA npuceayeHo sus4yeHHo ocobausocmeli Kynbmusy8aHHs
in vitro nikapcekoi pocnuHu Astragalus dasyanthus Pall, 3aHeceHoi 0o YepsoHoi
KHueu YKpaiHu ma mae cmamyc eudy, WO 3HUKAE. BupowysaHHA acmpazany
wepcmucmokg8imkogeo20 Ha mepumopii YkpaiHu Ha cb0200HiWHIll 0eHb YCKAAOHEHO
yepez HeOOCMYyrnHiCMb CUPOBUHHOI 6a3u HA MUMYACOB80 OKynosaHili niedeHHil
YacmuHU YKpaiHu, @ Makox« 4Yepe3 HU3bKYy HACIHHEBY MPOOYKMUBHICMb Kysabmypu.
lNepcrnekmusHUM €3aCMOCY8AHHAMEMOOI8 Kysnbmuey8aHHA POCAUHHUX MKAHUH in vitro
0719 8iOHOB/EHHA MPUPOOHUX y2pynosaHs A. dasyanthus ma po3uwupeHHa MOXAUBUX
0xcepes1 CUPOBUHU 0715 CUHMe3Y NIKaPCbKUX pevyos8uH. B daHili pobomi 6yno docnidiceHo
YMOBU OMPUMQHHA aCenmMuYHUX POCAUH acmpazasny WepcmucmoK8imKogoz20 3
HACiHHA Ma OuyiHeHOo 8naue nonepedHbol MexaHiyHoI cKkapugikauii Ha eHepeaito (io2o
MPOPOCMAHHA 3 YPAXyBAHHAM 8i0COMKA OMPUMAHUX CMepusabHUX MPOPOCMKis.
Kpim moeo, 6yno s8usHa4eHO egheKmuBHICMb MIiKPOKAOHA/bHO20 PO3MHOMEHHA A.
dasyanthus 3anexHo 8i0 cKnady #ususnbHO20 cepedosuUd, 30KpeMa KOHUeHmpauii
MaKpoenemeHmie ma HAABHOCMI i KOHUeHmpauyii peaynamopie pocmy. [NoKa3aHo,
Wo acenmuyHi poc/auHU acmpazasay WepcmucmoK8imKo80o20 MOMHA ompumamu
W/ASXOM  r108epxHesoi cmepunizauii HACiHHA, fAKe 6yn0 nonepedHso MiddaHo
MexaHiuHili cKkapugikauii, abo 3a ymos (i020 MPOPOUYBAHHA HA MHUBUALHOMY
cepedosuwyi Mypacuee ma Ckyea i3 0odasaHHAM 0,1 mz/n GeH3UAAMIHOMYPUHY.
Bu3Ha4yeHo, W0 Mum ma KOHUEeHMpPAuis UUMOKIHIHY 8naueae HA eghekmusHicmeo
MIKPOK/OHA/IbHO20 PO3MHOM(EHHA pocauH A. dasyanthus, modi AK 3MeHWeHHA
808i4i eMicmy MaKpoesieMeHmMie 8 #UBUSbHOMY cepedosulyi Cymmeeo He 8rnausae
Ha OaHuli NMOKA3HUK. B pobomi 3a3Ha4eHo, W0 000a8AHHA 8 X UBUbHE cepedosulye
6eH3UnaMiHOMypPUHY CMUMYsIOE ymBopeHHSA binbuwlol Kilbkocmi 000amMKo8UX Ma20Hi8
acmpazany wepcmucmoK8imKo80o20 8 Kyabmypi in Vitro y nopieHAHHI 3 #UBUAbHUM
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cepedosuuiem, ake Micmuso KiHemuH. Omxce, onmumanbHUM 0414 KysnbmugyB8aHHA in
vitro pocsauH acmpazany wepcmucmoK8imKos20 € 1usussbHe cepedosuuje Mypacuze
ma CKkyaa 3 0o0asaHHAM 0,5Me/n 6eH3unamiHonypuHy.

Knwuoesi cnosa: Acmpaean wepcmucmok8imkosull, MIKPOKAOHA/IbHE PO3MHO-

HEHHA, pe2yanamopu pocmy pPocsuH.

Bcmyn.

Ha cyyacHomy etarti po3BUTKY dap-
MAaIeBTUYHOI Tayly3i JIKapCchKi 3aco0u
POCIHMHHOTO TOXOMKCHHS OXOILTIOIOTH
3HAQUHy YaCTHHY SIK HAalliOHAIEHOTO
PHUHKY, TaK 1 PUHKIB TPOBIIHUX KpaiH
CBITY. 3a OILHKAMH EKCIIepTiB, ONN3b-
ko 25 % nikapchKuX 3aco0iB, 10 3a-
CTOCOBYIOTh y MEIWYHIA TPAKTHI B
YChOMY CBITI, OTPUMYIOTH Oe3mocepe]-
HBO 3 JIIKQpCHKOI POCINHHOI CHPOBHHU
(Mirzoieva T.V., 2018).

Astragalus dasyanthus - TpaB'sHU-
CTHl 0araToOpiuHUK, IO HAJICKHUTH [0
ponunu Fabaceae (0000BHX), TiKapchKka
pociuHa, MO 3aHeceHa 0 YepBOHOL
KHUTU YKpalHH Ta Ma€ CTaTyC BUMY, IO
suukae (Kirian V.M. et al., 2018). ®ap-
MaKOJIOT1YHI Tpernapard, po3poOsieHi
Ha OCHOBI AcCTparaiy IIepCTUCTOKBIT-
KOBOTO, BHSBJISIOTH CEIATHBHY, TiIlO-
TCH3HUBHY, IMyHOCTHMYIIOIOYY Ta Tera-
TonporekTopHy aktuBHOCTI (lonkova
et al., 1995). A. dasyanthus cuHTe3ye
TPUTEPIICHOBI TIKO3WAM (Ia31aHTO3H-
1), (raBoHoinu (kemriepon, KBep-
LEeTHH, 130paMHETHH Ta acTparajiosif),
JNyOWIIbHI PCUOBHMHH, KyMapHHH Ta
OKCHKYMapWHU, aMIHOKUCIOTH, BiTa-
MiHH, 30Kpema, Tokodepon (lonkova et
al., 1995; Jaradat et al., 2017; Krasteva
et al., 2016, Linnek et al., 2011). Kpim
TOTO, POCIHMHHU acTparaily I[IepCTUC-
TOKBITKOBHI 3[aTHI 10 HAKOIIMYCHHS
MaKpo- Ta MiKpOEJIEMEHTIB, 30Kpema,
CeJIeHY, KallbI[il0, KPEMHII0, ATFOMIHIIO,
3aJ1i3a, MarHito, IIMHKY, MaHTaHy, MOJTi0-
neny Toio (Zudova, Khvorost, 2021).

BupomyBanust pocnun A. dasyan-
thus Ha TepuTopii YKpaiHu Ha chOros-
HIIHIA JO€Hb Ma€ NEeBHI CKJIAIHOLLI.
[lepm 3a Bce, 3HAYHI TUIONI JUTS BH-
POIIYBaHHS JaHOTO BUAY POCIHH 3Ha-
XOIMJINCh Ha TEPUTOPIi OKYIIOBAHOTO
KpumMcpkoro miBocTpoBa, OTKe, LISl CH-
poBUHHA 0a3a Hapasi € HEZOCTYITHOI.
Kpim Toro, BHpOIIyBaHHsS acTparany
[IEPCTUCTOKBITKOBOTO  TPaIHIiHHIMHU
croco0aM 3 HaCiHHS Ma€e HU3bKY edek-
TUBHICTB, OCKUTBKU TaHUH BUI POCIHH
BIJIPI3HSAETHCS HU3BKOIO HACIHHEBOIO
nponyktuBHicTio (El-Sahhar et al.,
2013).

OcraHHIM 9acoM OCOOJIMBOI aKTy-
anpHOCTI HaOyBa€ BHKOPHCTAHHS Me-
TOJIB KYJIBTYPH TKAHUH POCIHH in Vitro
JUTSL 3art00IraHHs 3HIKEHHS YHCETbHO-
CT1 BUJIIB, 30KpEeMa THX, SIKi 3aHECEHI J10
UepBoHOT1 KHUTH YKpaiHu, Ta 3ale3rie-
qye 30epeKeHHs TCHETHYHHUX PECYpPCiB.
Tako MEPCIIEKTHBHUAM € CTBOPEHHS JTi-
KapchKOi CHPOBHHH Ha OCHOBI KYJIETYpH
POCIMHHMX TKaHUH in Vitro 3 MeTOrO 11
BUKOPUCTAHHS JJIsi CHHTE3y Oioyoriy-
HO aKTHBHHUX pedyoBHH. /{7151 OibmiocTi
BUIIB poay Astragalus KinbKiCTh pO3po-
OJCHUX €(PEKTHBHUX MPOTOKOJIB KYJb-
TUBYBaHHS In Vitro € HEIOCTaTHBOI.
[Tin0ip Ta onTUMi3alliss METO/IIB BBE/ICH-
HSI B ACENTUYHY KYJIBTYPY 3 TIOJAIBIIAM
MIKpPOKJIOHAJIbHAM PO3MHOKEHHSIM Ta
ajanTaiiero pociuH A. dasyanthus €
aKTyaJlbHAM 3aBIaHHIM, HAIPaBICHAM
Ha 30epekeHHs Oi10pi3HOMAHITTS IUX
POCIHH, a TAaKOX OTPHMAaHHS MEPCIICK-
TUBHOI CHUPOBHHU JJIsI OTPUMAHHS Ji-
KapChKUX PEYOBHH.
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Otxe, memoro pooomu Gyino ONTU-
MI3yBaTH CKJaJ JXHBHJIBHOTO CEepero-
BHUIIA JJISI MiKPOKIIOHAIEHOTO PO3MHO-
JKeHHA pocnuH Astragalus dasyanthus
Pall.

Mamepianu i memoou
00CTTiONEHHS.

BuxigHuM wmarepiajgoMm s OTpH-
MaHHsI aCeNTHYHHUX POCIHMH CIIyTyBajio
HaciHHs A. dasyanthus. BpaxoByrouu
HU3BKY CXOKICTh HACIHHS acTparaiy
[IEPCTUCTOKBITKOBOTO, @ TaKOX MOXK-
JIMBICTh MiJBMILEHHS JAHOTO IOKAa3HM-
Ka yepes MOTePeaHI0 MEXaHIuHy CKapH-
¢ikarito, JIs OTPUMAHHS aCENTHYHUX
pociuH Oyl0 3aCTOCOBAaHO 2 BapiaHTH
MiJITOTOBKK HACIHHSA JIO CTEepHIIi3allii:
0e3 monepeHbOT MeXaHiuHOT cKapudi-
Kallii Ta 3 MonepeIHbO0 CKapudiKalliero
HaCiHHS. ACENTHYHI POCIMHM acTpara-
JIy HIEPCTHCTOKBITKOBOTO OTPHUMYBAJIN
[IUISXOM TOBEPXHEBOI CTEpHIIi3amii Ha-

cinHs. JIJIg LbOro HAaCiHHS IOCIIIOBHO
ButpuMmyBaiu y 70% etanoni (30 cek),
25%-My pO3YHHI TIHOXJIOPUTY HATPII0
(komepiiitHuii  Tipenapar  «binmnzHaY)
Ta TPOMUBAJIH CTCPIIBHOIO TUCTHIIHO-
BaHOIO Bojot0 (Tpuui mo 10 xB). Ha-
CIHHS TPOPOIIYBATU HA >KUBIIBHOMY
cepemoBumi Mypacure Ta Ckyra (MC)
(Murashige, Skoog, 1963) 6e3 nonaBas-
HSl PETYJIATOPIB POCTY Ta Ha YKHBHIb-
HOoMy cepenoBumli MC, mOmMOBHEHOMY
1,0 mr/n 6ensmnaminonypuny (BAIT).
[Ticnst Toro BU3HAYAIM KUTTE3NATHICTH
Ta EHepril0 MPOPOCTAaHHS HACIHHS 3
ypaxyBaHHS CTEPHIBHOCTI OTPUMAaHUX
npopoctkiB. OTpHMaHHI  aceNTHYHI
MarOHU KyJIBTHBYBAJIH Ha >KUBUIIBHHX
cepenoBuiiax MC 3 pi3HUM BMICTOM
MaKpOEIIEMEHTIB Ta PEryJsITOPIiB POCTY.
Tak, mast MIKPOKJIOHAJIBHOTO PO3MHO-
JKCHHSI BUKOPHCTOBYBAJH CEPEIOBHUINA
MC 3 TOBHUM BMICTOM MaKpOCJIEMEH-
TiB Ta 2 MC 31 3MeHIIIeHuM BIBidi X
BMicTOM. JI0 KOKHOTO 3 IUX JOIaBAIU

1. Cxi1ag :KUBHJIBHHUX CEPeTOBUIIL IS MiKPOKJIOHAJIBLHOTO PO3MHOKEHHSI
pocauH A. dasyanthus

Bapiant Bwmict IuTokinin, AyKcHH,
cepeIoBHINA, MaKpoeJeMeHTIB I/ Mr/J1
Noz/m (MC a6o 1/2MC)

1. Y2 MC — —
2. > MC BAIL 0,5 IMK, 0,05
3. Y2 MC BAIL, 0,25 IMK. 0,025
4. Y2 MC BAIL 0,1 IMK, 0,01
5. > MC Kinerun, 0,5 IMK, 0,05
6. > MC Kinerun, 0,25 IMK, 0,25
7. 1A MC Kinerun, 0,1 IMK, 0,1
8. MC — —
9. MC BAIL, 0,5 IMK, 0,05
10. MC BAIL, 0,25 IMK. 0,025
11. MC BAII, 0,1 IMK, 0,01
12. MC Kinerun 0,5 IMK, 0,05
13. MC Kinerun, 0,25 IMK, 0,25
14. MC Kinerun, 0,1 IMK, 0,1
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PETYISATOpH POCTy OCH3MIaMIHOIYPHH
(BAII) Ta kiHeTHH y KOHIIeHTpaIlisX 0,1;
0,25; 0,5 Mr/i, a TakoX 1HAONIIMACTISTHY
kucioty (IMK) y konmentpanisx 0,01;
0,025; 0,05; 0,1 mr/x (Tabm.1).

Pesynvmamu docniosnenHs
ma ix 002060peHHs.

Pesynprati mOCHiIKEHb MTOKa3aiy,
0 MeXaHiuyHa ckapu@ikaiis CcyTTe-
BO IIJBHIIYE EHEPril0 INPOPOCTAHHS
HACiHHS POCIMH acTparaiy IIepCTH-
CTOKBiTKOBOTO. Tak, 3a yMOB morepe-
JIHHOI MeXaHIYHO1 ckapudikamii HaciH-
HSI BIZICOTOK JKUTTE€3IaTHUX CTCPUIIBHIX
HacinuH ckaagas 83,00+1,02 %, Toxi Sk
0e3 monepeHbOT MeXaHiuHOT cKapudi-
kanii — 3,00+0,06%. Bapro 3a3HauuTH,
0 TpU TPOPOIILYBaHHI HAciHHSA 0e3
nonepenHboi ckapugikanii Ha cepeo-
Buii MC, nornoHeromy 1,0 mr/n BATI,
BIJICOTOK JKHTTE3MATHUX CTEPUIIBHUX
Hacinua ckaagas 70,00+1,18 %, mo €
JOCTaTHHO BHCOKUM MOKA3HUKOM IS
JOCIIKYBAHOTO BULy POCIHH 1 HECYT-
TeBO (B 1,18 pasu) HIIKYKM 3a BiJICOTOK
KUTTE3MATHUX CTEPWIBHUX HACIHUH,
sike Oyno ckapu]iKoBaHO Iepel CTepH-
mizamiero. OTxe, U BBEICHHS B KyJib-
Typy in vitro pocnuH 4. dasyanthus no-
LTEHO BHKOPHCTOBYBATH HACIHHSA, SIKE
OyJ10 TIOTIEPEIHBO MiJIAHO0 MEXaHIYHIH
ckapuikaiii, abo mpopolryBaTH HOTO
Ha cepenopuili MC i3 nonaBanusm 0,1
mr/i BAII (puc.1).

JlocmikeHHs BIUTUBY KOMIIOHEHTIB
YKUBHJIBPHOTO CEpEIOBUINA Ha e(heKTHB-
HICTh MIKPOKIIOHAIEHOTO PO3MHOKECH-
HS POCIHH A. dasyanthus Tokasano, 1o
KOHIICHTpAIlisi MAKPOESIIEMEHTIB CYTTEBO
HE BIUIMBAE Ha KITBKICTh YTBOPEHHX Ta-
TOHIB Ha OJIHY BHXiIHY pociuHy. Tak,
IpU KYJIBTUBYBaHHI Ha CEpPEIOBUILI Y2
MC nanwmii moka3Huk cknanas 8,83+0,28
TAroOHIB Ha OJTHY BUXIJHY POCIHUHY, TOJI

Puc. 1. AcenTuyHi npopocTkH
A. dasyanthus, oTpuMaHi IJISIXOM
NMOBEPXHEBOI cTepuizanii HaciHHsA

SIK 32 YMOB KYJIBTHBYBaHHI Ha cepesio-
Bumi MC — 8,50+0,25 maroxiB Ha OiHYy
BUXIJIHY pociuHy (puc. 2.).

JlonaBaHHs B JKHUBHJIbHE CEPEOBHU-
IIe PeryasTopiB pocty, 30kpema BATII Ta
KIHETHHY 3HAYHO BIUIMBA€E Ha KiJIbKICTh
YTBOPEHUX TMAroHiB Ha OIHY BHUXIIHY
pocnuHy. Tak, Ha )XUBHILHOMY CEpezio-
Bt MC 3 nogaBanusm BAIT y koHIeH-
Tparii 0,5 mr/n 6ymno orpumano 20,0+1,0
MaroHiB Ha pociuny (puc. 3, A), Tofi K
Ha )XUBWIbHOMY cepenoBuii MC 3 fo-
JIAaBaHHSAM KIHETHHY y KoHIeHTpanii 0,5
Mmr/n orpuMano 14,50+0,30 maroHiB Ha
pociuny (puc. 3, b). OTxe, nogaBaHHs
BAII € Ginbin epeKTUBHUM IS MIKpO-
KJIOHAJIBHOTO PO3MHOXEHHS B IOpIB-
HSIHHI 3 KIHETHHOM (pHuc. 2, 3).

Ha edexTuBHICTH MIKPOKJIOHAIBHO-
T'0 PO3MHOXKEHHSI BIUTUBAE HE TUTHKHU THIT
UTOKIHIHY, O AOJAETHCS IO KUBHIIb-
HOTO Cepe/IOBHIIA, a i HOro KOHIIEHTpa-
mis. Tak, 3HMKEHHS KOHIICGHTpAIli sK
BAIl, Tak i kinetuny 3 0,5 mr/a go 0,25
ta 0,1 MI/J1 B )KHBHJIIBHOMY CEpEIIOBHIII
MC Ta 1/2MC npu3BOAMIO 10 3HUKEH-
HS KUTBKOCTI HOBOYTBOPEHUX TAroHiB B
1,78-1,91 pa3m.

Bapto 3a3HaunTH, 1110 Ha yCiX T0CITI-
JOKYBaHUX SKUBUJIBHUX CEpEIOBHIIAX,
JI0 SIKMX OyJi0 J0/IaHO ayKCHH 1HIOMIJI-
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KOMMNOHEHTH UBUIBHOIO cepegoeuula

Puc. 2. BniuB ckiaany ;KUBHJIBHOIO cepeaoBHIIA HA eeKTUBHICTH
MiKPOKJIOHAJILHOTO PO3MHOKEeHHS pociaun Astragalus dasyanthus

Puc. 3. Pociunu acTparaiy
HIePCTHCTOKBITKOBOIO 32 YMOB
KyJbTHBYBAHHS Ha cepelOBUIIAX
pizHoro ckaany: A — A. dasyanthus
HA JKUBUJIbHOMY cepegoBumi MC
0,5 mr/n BAII 0,05 mr/n IMK; b
— A. dasyanthus Ha JKUBWJILHOMY
cepenoBuiti MC 0,5 mr/i kKiHeTHHY
0,05 mr/a IMK.

MacisiHa kucnora (IMK) mist ykopiHeH-
HS yTBOPEHHX ITarOHiB, HE CIIOCTEpirain
(opMyBaHHSI KOPCHEBOI CHUCTEMH (pHC.
2). Takum umnoMm, IMK y mocmimkysa-
HUX KOHIICHTPALIsSX HE IPH3BOTUTH IO
IHII[IFOBAHHS KOPEHEYTBOPEHHS y pOC-
TuH A. dasyanthus in vitro.

Bucnosxu.

AcenTtuuHi pocnuau A. dasyanthus
MOXKHA OTPHMATH HIISIXOM [TOBEPXHEBOT
cTepuIIi3aliil HaciHHs, sKe OyJa0 more-
PEeNHBO MiJJIAHO MEXaHiuHii ckapudi-
Kallii, a0o 3a YMOB HOro mpopoIyBaH-
HS Ha >KUBWIbHOMY cepenounni MC
13 momaanusMm 0,1 mr/m BAIIL. Onru-
MaJIbHUM CEPEIOBHIIEM JIJIS MiKPOKJIIO-
HAJIbHOTO PO3MHOXXCHHSI € >KHUBHUJIbHE
cepenoBume Mypacure Ta Ckyra 3 I10-
nasagasam 0,5 mr/a BATI.
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FEATURES OF IN VITRO CULTIVATION OF ASTRAGALUS DASYANTHUS PALL

PLANTS

BIOLOGICAL SYSTEMS: THEORY AND INNOVATION, 15(1): 30-36.

https://journals.nubip.edu.ua/index.php/Biologiya/article/view/48473

http://dx.doi.org/10.31548/biologiyal5(1).2024.003

Abstract. The research is devoted to the study of the peculiarities of in vitro cultivation of the
medicinal plant Astragalus dasyanthus Pall, which is listed in the Red Book of Ukraine and has
the status of an endangered species. The cultivation of woolly-flowered astragalus in Ukraine is
currently difficult due to the inaccessibility of the raw material base in the temporarily occupied
southern part of Ukraine, as well as due to the low seed productivity of the crop. The use of
in vitro plant tissue cultivation methods to restore natural communities of A. dasyanthus and
expand possible sources of raw materials for the synthesis of medicinal substances is promising.
In this work, we investigated the conditions for obtaining aseptic Astragalus dasyanthus plants
from seeds and evaluated the effect of preliminary mechanical scarification on its germination
energy, taking into account the percentage of sterile seedlings obtained. In addition, the efficiency
of microclonal propagation of A. dasyanthus was determined depending on the composition
of the culture medium, in particular the concentration of macronutrients and the presence
and concentration of growth regulators. It has been shown that aseptic plants of Astragalus
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dasyanthus can be obtained by surface sterilization of seeds that have been previously subjected
to mechanical scarification or by germination on Murashige and Skoog nutrient medium with the
addition of 0.1 mg/I benzylaminopurine. It was determined that the type and concentration of
cytokinin affects the efficiency of microclonal propagation of A. dasyanthus plants, while halving
the content of macronutrients in the nutrient medium does not significantly affect this item. It was
found that the addition of benzylaminopurine to the culture medium stimulates the formation of
more additional shoots of A. dasyanthus in vitro compared to the culture medium containing
kinetin. Thus, Murashige and Skoog medium with the addition of 0.5 mg/I of benzylaminopurine
is optimal for in vitro cultivation of woolly-flowered Astragalus plants.
Key words: Astragalus dasyanthus plants, micropropagation, plant growth regulators.
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Abstract. The natural resources of Ukraine are suffering from russia forces. Ukraine
is known as one of Europe’s largest grain producers. Ukraine is a major exporter of
wheat (accounts for 10% of world exports), corn (15%), barley (15%), and sunflower
(especially oil — 50%). The ongoing the Russian-Ukrainian war strengthens the unstable
economic system in country. Military actions influence the environment of Ukraine in
terms of climate change, soil and impact on agriculture, water security and supply.
According to this, grain production in Ukraine decreased by 40%, and structure of crop
losses due to war: wheat — 39%, sunflowers — 17%, corn — 12%, barley — 8%, fruits and
berries — 3%, other crops — 21%. In addition, the Russian-Ukrainian war has impacted
water availability and quality (risk for water resources), soil quality and degradation
(risk for soil resources), forest health and productivity and habitat of species (risk
for biological resources). For instance, the description of sewage treatment plants
(the sewage treatment facilities were shelled in the city of Mykolaiv city, the sewage
treatment facilities in the village of Novotroitske, Volnovasky district, Donetsk oblast
were damaged etc. ), disruption of water supply to the crop production (damaged
irrigation systems in Ukraine: 94% in the Kherson region, 74% in the Zaporizhia region,
30% in the Dnipropetrovsk region ), pollution of the surface and underground waters
(massive flooding of military equipment and ammunition in reservoirs, leaks of oil
products and other chemical compounds).

In this article, we analyzed of the environmental situation under the impact of russian
aggression on the state of natural resources of the country and justification of the
consequences of this impact; identified the determination of the main risks for providing
the country with food and the branches of the national economy with water supply, as
well as the preservation of environmental components; proposed the development of
proposals for the assessment of environmental damage to the environment as a result
of the military aggression of the russian federation against Ukraine. We have identified
the main risk: for food safety (the impact of military actions on soil resources — a risk
of reduced food provision potential due to the loss of land productivity, since up to
30% of agricultural land is mined and according to the results of 2022, the crop yield
losses has reached 17%); for environmental safety (the impact on military actions on
water resources — damaged the dams and drainage systems, destruction of sewage
treatment plants, seizure of hydroelectric power plants, and mining of coastline caused
bacterial (oil products, lubricants) and organic (biogenic substances) pollution of water
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bodies and water shortages for the population (complete absence of water supply in
temporarily occupied territories) and agriculture (irrigation networks were affected));
for protection of ecosystems (up to 20% of the reserve fund has already been affected,
600 species of fauna and 750 species of flora, including those listed in the Red Data

Book, are threatened with extinction).

Keywords: biological resources, water resources, soil resources, the impact of

Russian-Ukrainian war, risks, implications.

Introduction.

The beginning of the Russian-
Ukrainian war, which is ongoing today,
should be considered from 2014, namely
since the capture Autonomous Republic
of Crimea. Scientists note that after the
russian federation’s full-scale military
invasion of Ukraine (from February 24,
2022), the war became the most promi-
nent conflict in Europe since the Second
World War (Rawtani et al., 2022; Ki-
reitseva et al., 2023) and caused nega-
tive environmental consequences in the
form of “ecocide” (Averin et al., 2022;
Hrytsku & Derii, 2022; Ladyka & Staro-
dubtsev, 2022; Makarenko et al., 2022;
Pereira et al., 2022; Strokal & Kovpak,
2022; Kireitseva et al., 2023). For more
than a year, the confrontation has been
going on, in which the russian federa-
tion is unsuccessfully trying to seize
new territories of the country, using for
this purpose various military activities
that cause a negative environmental
impact. For example, the use of explo-
sive weapons has damaged civilian and
industrial infrastructure and led to air,
soil, and water pollution (CEOBS & Zoi
Environment Network, 2022a; Cottrell,
Darbyshire, & Holme Obrestad, 2022;
Strokal & Kovpak, 2022; Weir & Dar-
byshire, 2022; Shor, 2023).

According to the data of the Ministry
of Environmental Protection and Natu-
ral Resources of Ukraine, for the period

from February 24, 2022 to March 30,
2023, environmental damages caused by
the russian aggression were estimated at
UAH 1.9 trillion (EcoZagroza, 2023b;
Shor, 2023). Among them, the damages
to the air (burning of petroleum prod-
ucts, wildfires, ignition of other objects)
were estimated at UAH 988,951 billion,
the soil (pollution) — UAH 12 billion,
waste generation (soil contamination
by waste) — UAH 855 billion, water
resources (spill of oil products and tox-
ic substances) — UAH 19 million, bio-
logical resources in the nature reserves
(fires, destruction of objects in the na-
ture reserve fund, deforestation) — UAH
223 million (EcoZagroza, 2023b).

As of March 22, 2023, according
to the International Coordination Cen-
ter for Humanitarian Demining at the
State Emergency Service of Ukraine,
30% of the country’s total area belongs
to potentially dangerous territories that
require the disposal of explosive objects
(EcoZagroza, 2023a). As a result, agri-
cultural crops grown on soils with mil-
itary-induced technogenic pollution can
cause the appearance of malignant tu-
mors in the population or disrupt the hu-
man nervous system activity (Brooman-
di et al, 2020; EcoZagroza, 2023a;
Holubtsov et al., 2023). It should be not-
ed that the long-term consequences of
war-induced environmental damage can
vary from persistent pollution (Averin et
al., 2022; Rawtani et al., 2022), loss of
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ecosystems and chernozems (Dmytruk
et al.,, 2022; Makarenko et al., 2022;
Holubtsov et al., 2023), and water qual-
ity degradation (Ladyka & Starodubt-
sev, 2022; Strokal & Kovpak, 2022;
Shumilova et al., 2023) to large-scale
and regional consequences of indus-
trial disasters (Kireitseva et al., 2023).
For this reason, the impact of military
aggression on the state of the environ-
ment has negative consequences both
on ecosystems and the country’s natural
resources (Makarenko et al., 2022; Stro-
kal & Kovpak, 2022), and human health
(UNEP, 2022).

The assessment of the consequenc-
es of russian aggression for natural
resources is a complex and under-es-
timated issue, since military activities
continue and cause irreparable damage
to the environment and threaten the
country’s environmental security. The
cause-and-effect relationship of this im-
pact of military activities on natural re-
sources in Ukraine is the emergence of
risks that, first of all, threaten to ensure
the implementation of the global Sus-
tainable Development Goals (SDGs)
and can cause poverty in the country
and the world (SDG 1), hunger (SDG
2), deterioration of the quality of water
resources and the threat of the epidemic
situation (SDG 6), causing the death of
the aquatic biota of the seas (SDG 14),
the destruction of biological resources
of ecosystems (15 SDG), and in general
— creating a threat to peace and justice
on the entire planet (SDG 16).

Material and methods.

The purpose of this paper is to deter-
mine the main cause-and-effect relation-
ships of the consequences and risks for
natural resources as a result of the impact
of military activities on them, as well as

to substantiate the legal and methodolog-
ical aspects of the assessment of natural
resources in conditions of war. The re-
search methodology included analysis
and synthesis of scientific, research, and
journalistic literature on this issue. Based
on the analysis of literary data, we devel-
oped a concept of scientific research that
took into account the cause-and-effect
relationships of the impact of military
aggression on natural resources and pro-
vided for three stages of research, which
included relevant tasks: Stage 1 — analy-
sis of the environmental situation under
the impact of russian aggression on the
state of natural resources of the country
and justification of the consequences of
this impact; the Stage 2 — the determi-
nation of the main risks for providing
the country with food and the branch-
es of the national economy with water
supply, as well as the preservation of
environmental components; the Stage 3
— the development of proposals for the
assessment of environmental damage to
the environment as a result of the mili-
tary aggression of the russian federation
against Ukraine. An important aspect of
the principle of scientific research is a
comprehensive approach to the assess-
ment of natural resources affected by the
Russian-Ukrainian war.

Results.

As a result of the russian military
aggression, natural resources underwent
significant changes, in particular water,
land, forest, and objects of the nature
reserve fund (Averin et al., 2022; La-
dyka & Starodubtsev, 2022; Makarenko
et al., 2022; Strokal & Kovpak, 2022;
Weir & Darbyshire, 2022). Over 2,300
crimes against the environment were
documented (EcoZagroza, 2023b; Shor,
2023). According to the concept of our
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Analysis and
The impact of Russian consequences
aggression on:
- land resources
- water resources
- - forest resources
- biological resources

Environmental
consequences:

- waste generation
- environmental
pollution

- damage and
destruction of
infrastructure

Proposals for
assessment

Risks and hazards (SDG
16):
- food provision (SDGs
1,2)

- water provision (SDG
6)

- preservation of
environmental
components and quality
of life (SDGs 14, 15)

Figure 1. Concept of scientific research (SDGs — global Sustainable
Development Goals)

scientific research, the Stage 1 involved
the analysis of the impact of military ac-
tivities on the state of natural resources
(land, water, forest, and biological) and
the determination of their environmen-
tal consequences (Fig. 1).

Analysis of the impact of military ac-
tivities on the state of natural resources
(Stage 1: support information in Table
1). Land resources. At the European lev-
el, Ukraine is considered the “breadbas-
ket of Europe”, as it is among the five
largest grain exporters in the world due
to its fertile soils — chernozems, which
are ideal for growing grain crops (Ben
Hassen & El Bilali, 2022; FAO, 2022;
Knox, 2022; Pereira et al., 2022). As a
result of the damage caused by military
activities to agricultural landscapes, the
crop yield losses for 2022 were up to
17% (Deininger et al., 2023). The im-
pact of military activities inflicts irrepa-
rable damage on land resources, causing
mechanical, physical, and chemical soil
contamination (Pereira et al., 2020; Cot-
trell, Darbyshire, & Holme Obrestad,
2022; Dmytruk et al., 2022).

Military and technogenic contami-
nants (radioactive elements, heavy met-
als, pesticide-derived dioxides, nitrate
and organophosphorus compounds,
polycyclic hydrocarbons) enter the soil

in the form of residues or particles due
to various types of military activities,
which during the Russian-Ukrainian war
led to significant negative consequences
(Broomandi et al., 2020; Pereira et al.,
2020). We note: a) the movement of
military equipment: caused a decrease
in soil water permeability and disrup-
tion of soil biochemical and microbial
processes in the areas of active military
activities, in particular, Donetsk, Lu-
hansk, Kherson, Mykolaiv, and Sumy
Oblasts (Omelchuk & Sadohurska,
2022); b) explosions (missiles, different
types of artillery shells, high-explosive
aerial bombs, drones, different types of
MLRS rockets, vacuum bombs, etc.):
provoked the destruction of a sequence
of soil horizons; 16 million hectares of
country’s land are contaminated with
ammunition, which poses a threat to
food security and water quality, and
the fields in the combat zones are solid
bursts from shells, scorched earth (Perei-
ra et al., 2020; Cottrell, Darbyshire, &
Holme Obrestad, 2022; Kireitseva et
al., 2023); c¢) mining of fields: led to
the destruction of the humus horizon
of the soil and the formation of craters
and pits in demining areas; as of Febru-
ary 2023, 30% of the territory is mined
(Shypulia, 2022) and only up to 20% of
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the territory was demined (EcoZagroza,
2023a); d) destruction of infrastructure
facilities and structures: fires and ex-
plosions of different objects occurred
as a result of russian airstrikes (fertil-
izer (ammonium nitrate) explosions in
the agricultural warehouse of the farm,
village of Dovhenke, Kharkiv oblast,
May 2022; fuel burning at the Aistra pe-
troleum storage and reserve, Chernihiv
Oblast, March 2022; destruction of the
waste management facility, Liubotyn,
Kharkiv Oblast, March 2022 (Cottrell,
Darbyshire, & Holme Obrestad, 2022)),
which caused persistent soil pollution
with combustion products, agrochemi-
cals, and fuel (Makarenko et al., 2022;
Holubtsov et al., 2023); e) the construc-
tion of fortified buildings (blindage,
trenches, tunnels, fuel and lubricant
storage facilities, and ammunition stor-
age facilities): caused a violation of the
soil water balance, which led the degra-
dation of vegetation and increased wind
and water erosion, especially in the areas
of active military activities (Makarenko
et al., 2022; Omelchuk & Sadohurska,
2022; Pereira et al., 2022; Holubtsov et
al., 2023). The largest military and tech-
nogenic burden on landscapes is typical
for the Luhansk (Northern Luhansk),
Severodonetsk-Lysychansk, and To-
retsk-Horlivka-Yenakiieve  industrial
agglomerations, where the areas are
characterized by a significant increase
in the level of mercury, arsenic, and cad-
mium in the soil, which exceeded the
maximum permissible concentrations
and background values (Holubtsov et
al., 2023). Most of the Kherson Oblast
(up to 70%) and a third of the territo-
ries of the Mykolaiv Oblast (up to 30%)
have disturbed agricultural lands due to
the constant movement of heavy russian
military equipment (Hurricanes, Urals,
Kamaz, etc.), which caused the emer-

gence of the so-called “soil trampling”
effect, already massive. Land resources
have become almost unusable (EcoZa-
groza, 2023b; Shypulia, 2023). After
the russian airstrike by cruise missiles
on March 25, 2022, 10 tanks with oil
products and most of the pipelines were
destroyed in the village of Kriachky,
Fastiv district, Kyiv Oblast. As a result
of pipeline damage, the total area of
contaminated land amounted to almost
9,000 sq. m and soil contamination with
oil products exceeded the maximum
permissible concentration by 17 times.
The amount of the damage to the land
amounted to UAH 41,981 million (Ma-
karenko et al., 2022; Maps of Green-
peace and CEE, 2023).

Water resources. Water is an indis-
pensable life resource and plays an im-
portant role in the Sustainable Devel-
opment Goals, providing equilibrium
between the natural resource use and
balanced development of the country
(Shumilova et al., 2023). A significant
factor for Ukraine’s balanced develop-
ment is water quality, which depends
on human activity and point and dif-
fuse sources of pollution (Strokal, M.,
Strokal, V. & Kroeze, 2022). However,
besides these factors, military activities
are necessarily involved in the condi-
tions of war in the country. This creates
risks that can cause the deterioration of
water quality, the emergence of danger-
ous epidemic situations, and the death
of the aquatic biota (Makarenko et al.,
2022). Ever since russia’s annexation of
Crimea (2014) and the occupation of a
large area of the Donetsk and Luhansk
Oblasts, military activities had a sig-
nificant impact on water supply of the
population and sectors of the national
economy, in particular by destroying
water treatment facilities in the occu-
pied territories (the pumping station in
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the village of Yasynuvate in Donetsk
Oblast; treatment plants in the cities
of Bakhmut and Shchastia), damaging
or using water supply systems for their
purposes (the Siverskyi Donets-Donbas
canal shutdown; arbitrary withdrawal of
the Dnipro River water from the North
Crimean Canal) (Khilchevskyi, 2022;
Strokal & Kovpak, 2022; Water Con-
flict Chronology, 2022). The aggression
of the russian federation continues to
cause damages to the country’s water
resources by destroying reservoirs and
dams (Ladyka & Starodubtsev, 2022),
undermining bridges (Khilchevskyi,
2022; Shumilova et al., 2023), and de-
stroying sewage treatment systems and
irrigation systems for watering plants
(CEOBS & Zoi Environment Network,
2022b). It should be noted that military
activities cause irreparable damage to
water resources. Only in May 2022, the
following were recorded on the territory
of the country: 8 cases of termination of
water supply; 6 cases of surface water
pollution (4 cases — due to the flooding
of military equipment; 2 cases — due
to the release of chemical substances
as a result of shelling); 5 cases of dam
damage (4 cases — at reservoirs; 1 case —
along the North Crimean Canal); 6 cases
of mine flooding; 1 case of bacterial con-
tamination due to mass death of poultry;
1 case of disruption of the hydroelectric
power station working (Kakhovka Hy-
droelectric Power Plant) (CEOBS & Zoi
Environment Network, 2022b; Shumilo-
va et al., 2023). During the year of the
russian federation’s full-scale military
invasion of Ukraine, the Ministry of
Environmental Protection and Natural
Resources of Ukraine recorded spills of
more than 11,000 tons of oil products
into the water, resulting in damage to
the state in the amount of UAH 106,347
million (EcoZagroza, 2023b).

It is worth highlighting the main
types of military activities that signifi-
cantly affect the state of water resources
(Table 1): a) seizure of water infrastruc-
ture (canals, hydroelectric power plants,
and reservoirs): taking the North Crime-
an Canal and the Siverskyi Donets-Don-
bass Canal under the control of the rus-
sian federation led to water shortages in
their regions and caused mass diseases
of the population; the occupation by
russian troops of the Kakhovka Hydro-
electric Power Plant and its reservoir
caused huge problems for the agricul-
ture of the Kherson and Zaporizhzhia
Oblasts, since the main pumping station
of the Kakhovka canal, which supplies
water for irrigation, is now located in
uncontrolled territory (Shumilova et
al., 2023; Strokal & Kovpak, 2022); b)
destruction of water infrastructure (res-
ervoirs, dams, canals, and water treat-
ment facilities/stations): caused inflow
of return waters into rivers without any
treatment (Strokal & Kovpak, 2022), in
particular, an 8-fold increase in mercury
concentration and up to 3-fold increase
in ammonium nitrogen and nitrite con-
centrations was recorded in the mouth
of the Sukhyi Torets River (in the area
of the Siverskyi Donets River) due to
the destruction of water treatment fa-
cilities and pumping stations in eastern
Ukraine (Shumilova et al., 2023); the
explosion of the sluice of the pumping
station at the Kozarovychi Dam (Irpin
River, Kyiv Oblast) led to the flooding
of about 2.5 thousand hectares of land
on the Irpin River floodplain and adja-
cent territories — the villages of Koza-
rovychi and Demydiv, Kyiv Oblast (La-
dyka & Starodubtsev, 2022), in winter,
the territory of these villages turned into
an “ice village”, creating real threats
to the local population and arable land
(Smyk & Tymchenko, 2023); ¢) mining
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and explosions of coastlines and wa-
ter bodies (water area of seas and riv-
ers): led to the threat of contamination
of water bodies with oil products and
dangerous substances, usually it is ob-
served in those water bodies near which
active military activities took place; de-
mining was carried out on the area of
93.5 sq. km of the water surface of the
Dnipro River, the Irpin River and the
Kyiv Reservoir; d) the presence of mil-
itary equipment in water bodies: caused
chemical pollution of water bodies, oil
stains appeared in the place of flooding,
in particular, two rotorcraft, 11 enemy
combat vehicles, and 21 anti-tank mines
were pulled from the Dnipro River and
Irpin River in Kyiv Oblast and two rus-
sian tanks were pulled from the Desna
River in Chernihiv Oblast (CEOBS &
Zoi Environment Network, 2022b; Ma-
tiash, 2022).

The consequences of these mili-
tary activities are long-lasting and are
a manifestation of water-related ter-
rorism. In the occupied territories, the
local population still remains without
proper access to water and is deprived
of basic sanitary conditions. It should be
noted that the quality of water and land
resources was affected by factors such
as the de-energization of territories,
including those used by agricultural
holdings. For example, the occupation
of the Kherson Oblast led to the de-en-
ergization of many settlements, includ-
ing local farms. In particular, 4.4 mil-
lion chickens died at a poultry factory
in Chornobaivka, and the mass death of
birds caused bacterial soil contamina-
tion, creating an environmental disaster
for natural resources (Belousova, 2022).
The discharge of untreated wastewater
due to the destruction of drainage sys-
tems leads to organic pollution of water
bodies since untreated wastewater con-

tains a large number of organic com-
pounds, helminth eggs, pathogenic bac-
teria, sulfates, and chlorides. This type
of pollution can lead to large-scale wa-
ter blooms, such as in the Dnipro River
and the Black Sea (Strokal, M., Strokal,
V., & Kroeze, 2022). Examples of the
negative impact of military activities on
the state of land and water resources are
given in Table 1.

Forest and biological resources. The
natural forest resources of the coun-
try, which are the “lungs” of our daily
life, the Emerald Network sites such as
Kinburnska Kosa, Oleshkivski Pisky,
Kakhovske Reservoir, Lower Dnipro,
and Dniprovsko Buzkyi Lyman, and
Ramsar Wetlands such as Dnipro River
Delta and Yagorlytska Bay suffer from
mining, constant shelling, and bomb-
ings (Sadogurskaya, 2022; Virlych,
2022); the construction of fortified
buildings goes through the valuable
territories of the Black Sea Biosphere
Reserve, Oleshkivski Pisky and Lower
Dnipro National Parks, Saga Landscape
Reserve, Berezovi Kolky Forest Re-
serve, Korsunskyi General Zoological
Reserve, Shaba Botanical Reserve, and
Khrestova Saga Botanical Reserve and
others (UNCG, 2022; Virlych, 2022).
These military activities are the causes
of fires and the destruction of the coun-
try’s biological resources (Makarenko
et al., 2022). Since the russian federa-
tion’s full-scale military invasion of the
country (February 24, 2022), 20% of the
nature reserves and 3 million hectares
of forests in Ukraine were affected by
the war as of December 2022 (UNCG,
2022). During the year of the full-scale
war, 2 biosphere reserves (the Black
Sea Biosphere Reserve and the Aska-
nia Nova Biosphere Reserve named
after Friedrich Falz-Fein), 10 nation-
al nature parks, and 8 nature reserves
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(Velikyi Lug (Zaporizhzhia Oblast),
Pryazovskyi (Zaporizhzhia Oblast),
Charivna Gavan (Crimea), Meoty-
da (Donetsk Oblast), Biloberezhzhia
Svyatoslava (Mykolaiv Oblast), Dz-
harylgatskyi (Kherson Oblast), Lower
Dnipro (Kherson Oblast), Oleshkivski
Pisky (Kherson Oblast), Kremin For-
ests (Luhansk Oblast), Azov-Syvash
(Kherson Oblast)), as well as about 600
species of fauna and 750 species of flora
were under threat of extinction, includ-
ing Red Data Book species (Ministry of
Environmental Protection and Natural
Resources of Ukraine, 2023).

It should be noted that as of Feb-
ruary 2023, deforestation and forest
toppling were recorded on the area of
281,223 hectares, which, according
to expert assessments, caused envi-
ronmental damages in the amount of
UAH 6,521 million; wildfires were
identified on the area of 60,269 hect-
ares and environmental damages due
to this type of violation was estimated
at UAH 166,870 million; violations of
the objects of the nature reserve fund
were recorded on the area of 1,240,113
hectares, which was estimated at UAH
102,309 million in environmental dam-
age (EcoZagroza, 2023b). According to
preliminary calculations of the Ministry
of Environmental Protection and Natu-
ral Resources of Ukraine, as of March
1, 2022, russia has already conducted
military operations on the territory of
900 objects of the nature reserve fund
with an area of 12,406.6 sq. km, which
is about a third of the area of the reserve
fund of Ukraine. It should be noted that
about 200 territories (2.9 million hect-
ares) of the Emerald network are under
threat (Omelchuk & Sadohurska, 2022).
The first cases of wildfires were re-
corded as early as March 12—14, 2022,
when russians deliberately set fire to

forests in the Exclusion Zone of the
Chornobyl Nuclear Power Plant. The
fire, which destroyed 15,000 hectares
of forests (including those contaminat-
ed by radiation) in the area from Irpin
to Chernobyl, caused air quality deteri-
oration and animal migration (UNCG,
2022). In the Drevlyanskyi Nature Re-
serve (Zhytomyr Oblast), 22 fires were
recorded, where forests and peatlands
were burning with a total area of about
2,120 hectares, which caused the migra-
tion of animals to the Republic of Belar-
us and the destruction of rare species of
flora (EcoZagroza, 2023b). As a result
of the sinking of watercraft (private and
utility boats, cutter) in the occupied ter-
ritory of the Kherson Oblast, more than
10 tons of fuel and lubricants leaked
into the Dnipro River, which caused
oil pollution and the death of river flo-
ra and fauna (Virlych, 2022). Also, the
occupation of the Zaporizhzhia NPP is
a war crime against nature, which has
caused great environmental damage to
biological resources. Besides the threat
to the radiation safety of Ukraine and
other countries of the world, at least
30 detonations of dogs, foxes, and wild
boars on mines were recorded during
the autumn months of last year due to
the mining of the perimeter around the
Zaporizhzhia NPP by russian occupiers
(Ecobusiness group, 2022).

The military activities in Ukraine
threatened three migratory wildlife
corridors of international importance,
causing a loss of biodiversity and a
threat to the existence of the Red Data
Book species: a) the southern wildlife
corridor (the Sea of Azov—Black Sea
latitudinal route): the largest in terms
of concentration of migratory birds in
Ukraine; it is a kaleidoscope of unique
coastal and marine habitats, primarily
estuaries, islands, salt flats, lakes, and
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flatlands, which are home to hundreds
of rare bird species (Omelchuk & Sa-
dohurska, 2022); plays a significant
role in the conservation of populations
of many migratory bird species (Ma-
karenko et al., 2022); the Black Sea
Biosphere Reserve (wildfires, which
were recorded due to persecution of the
reserve’s workers, affected the nesting
of birds) and the Askania Nova Bio-
sphere Reserve named after Friedrich
Falz-Fein (the territory is completely
under temporary occupation, constant
flights of aviation equipment have cre-
ated a stress factor for animals, the
collection of valuable animals such as
Kaffir buffalo, Przewalski’s horses, and
others, remains under threat of extinc-
tion), the Azov-Syvash National Nature
Park, the Dzharylgatskyi National Na-
ture Park, the Meotyda National Nature
Park (in the parks, the occupiers created
conditions for the provision of fishing
services, clay and salt mining, con-
struction, transportation of passengers
by water transport, excursion services,
and restaurant business services), and
the Oleshkivski Pisky National Nature
Park (some part of the park occupiers
turned into a military training area)
(Sadogurskaya, 2022; UNCG, 2022;
Virlych, 2022); the extermination of
dolphins occurs due to explosions in
the sea and mining of the marine envi-
ronment, which causes disorientation
of cetaceans, the formation of wounds
and large burns in their bodies, as a
result of which they die (for example,
dead dolphins were found on the coast
of the Tuzlivski Lymany National Na-
ture Park in April 2022 (Sadogurskaya,
2022)); b) the northern wildlife corridor
(Polyskyi latitudinal): located along the
forest belt of Polissia and in the north
of the Forest Steppe; during the occu-
pation of the Chernobyl Radiation and

Ecological Biosphere Reserve (Febru-
ary—March 2022), animals were forced
to migrate to the Republic of Belarus
due to fires and constant shelling, in par-
ticular, Przewalski’s horses, lynxes, and
birds were under threat (Makarenko et
al., 2022; Sadogurskaya, 2022; UNCG,
2022); ¢) the wildlife corridor of the
Dnipro meridian migration route: used
by waterfowl and coastal birds (geese,
ducks, loons, waders, martins, terns,
and others), the territory of this route,
which runs along the Dnipro River and
its tributary the Desna River, constant-
ly suffers from bombings, shelling, and
fires in the nature reserve fund (Maka-
renko et al., 2022).

It should be noted that all interna-
tional wildlife corridors have trans-
boundary significance and are import-
ant for the conservation of the Earth’s
biodiversity (Makarenko et al., 2022).
Currently, most of the migratory wild-
life corridors pass over the war zone,
which is the reason for the anxiety in
birds, their exhaustion due to changing
flight routes, lack of opportunity to rest,
and coming under shelling (Omelchuk
& Sadohurska, 2022). Also, some areas
of wetlands of international importance,
which are protected in accordance with
the requirements of the Ramsar Con-
vention, are in the zone of negative im-
pact (Virlych, 2022). Military aggres-
sion creates risks for bird migration, the
functioning of landscapes of migratory
wildlife corridors, and contributes to the
destruction of rare and endemic species’
ranges and natural habitats.

Besides the mentioned factors of the
impact of military aggression on natural
resources (land, water, forest, and bio-
logical), hazardous waste (generated as
a result of explosions and, accordingly,
fires in industrial and radiation facili-
ties) and livestock waste (generated as
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a result of the detonation of warehouses
with agrochemicals and waste, as well
as the destruction of livestock enterpris-
es), the largest number of which is con-
centrated in the zones of active military
activities (Kyiv, Chernihiv, Kharkiv,
Kherson, Zaporizhzhia, Donetsk, and
Sumy Oblasts), also have a significant
impact. For the year of the full-scale

The impact of military actions
on soil resources:

IMPLICATIONS

war in Ukraine, 3,500 sq. m of the ter-
ritory is contaminated with hazardous
waste and 683,382 sq. m of the territory
is contaminated with other waste were
recorded (EcoZagroza, 2023b).
Justification of risks and hazards
(Stage 2: support information in Figure
2). Based on the analysis of the environ-
mental state of natural resources (Stage

P RISKS
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Reduced yield ,Miii )
Reduced food B
production = E ;
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Losses of soil productivity Reduced crop o 5
land TAY (44 2
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quality
The impact of military actions  [\yp1 ICATIONS :——; RISKS -
OH Water resources: 1 B s
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— T~ Decreased watér 1 supply R g =
Eutrophication quality : - Agriculture >‘§ ] ;
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~ T it RE"
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1
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Disturbed

functions of
ecological |
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OF ECOSYSTEMS

RISKS FOR PROTECTION

Figure 2. Cause-and-effect relationships of the impact of military aggression
on natural resources, which created risks for food and environmental security
of the country and the world as a whole (developed according to information
and analytical materials: land resources (CEOBS & Zoi Environment
Network, 2022a; Dmytruk et al., 2022; Makarenko et al., 2022; Omelchuk
& Sadohurska, 2022; Shypulia, 2022; EcoZagroza, 2023b; Holubtsov et
al., 2023), water resources (CEOBS & Zoi Environment Network, 2022b;
Khilchevskyi, 2022; Ladyka & Starodubtsev, 2022; Strokal & Kovpak, 2022;
Water Conflict Chronology, 2022; Shumilova et al., 2023), biological resources
(Makarenko et al., 2022; Sadogurskaya, 2022; UNCG, 2022; EcoZagroza,
2023b; Maps of Greenpeace and CEE, 2023; Ministry of Environmental
Protection and Natural Resources of Ukraine, 2023))
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1), which developed as a result of the
military aggression of the russian fed-
eration and the justified consequences
of the impact of military activities on
the natural resources of the country, we
have identified the main cause-and-ef-
fect relationships of the emergence of
risks that can become a threat to the de-
terioration of food and water provision
of the population, the spread of infec-
tious diseases, and the impoverishment
of the country’s biodiversity (Fig. 1).
First of all, there is a risk of reduced
food provision potential due to the loss
of land productivity, since up to 30% of
agricultural land is mined and accord-
ing to the results of 2022, the crop yield
losses has reached 17%. Active military
activities taking place in the northwest-
ern part of the Black Sea are blocking
the seaports of Ukraine, creating a risk
of hunger for the entire civilized world.
This, in turn, can cause hunger and pov-
erty in those countries to which Ukraine
exports grain and oil crops, which can
lead to a global food crisis.

The impact of the war on water re-
sources and related infrastructure is
quite noticeable. Damage to dams and
drainage systems, destruction of sew-
age treatment plants, seizure of hydro-
electric power plants, and mining of
coastline caused bacterial (oil prod-
ucts, lubricants) and organic (biogenic
substances) pollution of water bodies
and water shortages for the population
(complete absence of water supply in
temporarily occupied territories) and
agriculture (irrigation networks were
affected). The negative consequences
of these events were the reduction of
water supply and the real probability
of the emergence of the epidemic situ-
ation, which in general poses a threat to
the environmental security of the coun-
try. The environmental sustainability of

ecosystems has also been significantly
affected by military activities.
Biological resources are also strong-
ly affected, especially by mining, con-
stant shelling and bombing, and in gen-
eral from the occupation. Up to 20%
of the reserve fund has already been
affected, 600 species of fauna and 750
species of flora, including those listed in
the Red Data Book, are threatened with
extinction. According to operational
data, active military activities are tak-
ing place in the territories belonging to
the nature reserve fund, which is about
900 various objects. The main risks as
a result of this should include the mass
destruction of valuable natural species
and communities that perform import-
ant biosphere ecosystem services and
the loss of habitats for transboundary
bird species. Also, as a result of constant
military activities, migratory wildlife
corridors of international importance
are being violated. Only in the southern
wildlife corridor, environmental crimes
were recorded at each object of the na-
ture reserve fund (for example, 30% of
the territories were burned in the Black
Sea Biosphere Reserve and part of the
territory in the Oleshkivski Pisky Na-
tional Nature Park was turned by the
occupiers into a military training area).
This situation created a threat to the
conservation of biodiversity and eco-
system sustainability as a whole.
Challenges regarding the assess-
ment of natural resources for the impact
of military activities (Stage 3: support
information in Table 2). Assessment
of natural resources for the impact of
military activities involves, first of
all, the determination of environmen-
tal damage. It is important to take into
consideration the systemic and integral
approaches in assessing environmental
damage and determining their scale.
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1. Basic provisions regarding environmental damage assessment

Title of the document Branch

Main provisions

International level

Geneva Conventions of 12 | Refers to the
August 1949
of international

armed conflicts

protection of victims

Article 35, Paragraph 3 of the Protocol
— “It is prohibited to employ methods
or means of warfare which are
intended, or may be expected, to cause
widespread, long-term and severe
damage to the natural environment...”

Refers to the
environmental

Convention on the
Prohibition of Military

or any Hostile Use of
Environmental Modification
Techniques

protection from the
use of hostile means

Article 1, Paragraph 1 — «States party
to the Convention undertake “not to
engage in military or any other hostile
use of environmental modification
techniques ...»

United Nations General Refers to the
Assembly Resolution
ES-11/5. Furtherance of
remedy and reparation for

aggression against Ukraine.

protection

mechanism of legal

Paragraph 3 — General Assembly
“Recognizes also the need for

the establishment, in cooperation
with Ukraine, of an international
mechanism for reparation for damage,

Adopted by the General loss or injury, and arising from the
Assembly on November 14, internationally wrongful acts of the
2022 Russian Federation in or against
Ukraine”
National level
Law of Ukraine On Refers to general Section 1, Article 69 — “Damage
Environmental Protection | indemnification caused as a result of violation of
provisions environmental legislation is subject to

compensation in full”

law

Civil Code of Ukraine Refers to damages | Section 1 — “Person to whom losses
due to the violation | as a result of violation of its civil
of civil law law are caused has the right to their
compensation”
Criminal Code of Ukraine | Refers to criminal | According to Article 441, “Ecocide” —

“Mass destruction of flora and fauna,
poisoning of air or water resources,
and also any other actions that may
cause an environmental disaster, — shall
be punishable by imprisonment for

a term of eight to fifteen years”. At

the same time, it should be noted that
there is no similar norm on ecocide in
international law

The assessment of environmental dam-
age caused by the armed aggression of
the russian federation against Ukraine
is one of the first, mandatory, and most
important stages of the entire procedure
for compensation for war damage. Since
Ukraine is trying to join the European
Union in the near future, in this case,

the implementation and approximation
of European Directives to ensure the
global Sustainable Development Goals
are strong arguments. Therefore, we
consider it expedient to take into ac-
count the legal norms and rules at the
international and national levels (Table
2). In particular, it should be noted that
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the provision of the Geneva Convention
stipulates that the use of methods or
means of warfare that may harm the en-
vironment is prohibited. The prohibition
of the use of any means of the impact on
the natural environment by states partic-
ipating in a military conflict is stipulated
in the Convention on the Prohibition of
Military or any Hostile Use of Environ-
mental Modification Techniques. With-
in the framework of the national level
(in the Criminal Code of Ukraine), the
definition of the term “ecocide” is spec-
ified, which clarifies that the deliberate
or mass destruction of natural resources,
which led to an environmental disaster,
is punishable by criminal law.

A comprehensive methodology for
environmental assessment for the im-
pact of military activities on natural
resources has not been developed, and
there are only some fragmentary ap-
proaches and methods. Thus, Hardash-
chuk (2022) proposes to conduct the
assessment in the following directions:
1) direct destruction of landscapes, eco-
systems, natural habitats, and plant and
animal populations; 2) threats and risks
of technogenic disasters caused by mil-
itary activities (destruction of industrial
facilities, infrastructure, etc.); 3) de-
struction and pollution of agricultural
landscapes, withdrawal of agricultural
land from circulation, and disruption of
natural systems of life support and nat-
ural services, which directly results in
risks for food security, etc.; 4) threats to
human life and health arising both from
the destruction of natural ecosystems
and as a result of technogenic disasters,
limited access to natural resources, at-
mospheric air and water pollution, and
threats of epidemic outbreaks.

Under the auspices of the Ministry
of Environmental Protection and Natu-
ral Resources of Ukraine, methods were

developed for determining the amount
of environmental damage caused to nat-
ural resources as a result of emergency
situations and/or armed aggression and
hostilities during martial law: a) land
resources — damaged land and soils (Za-
kon.rada.gov.ua, 04/04/2022 No. 167);
the land fund of Ukraine (Zakon.rada.
gov.ua, May 18, 2022, No. 295); b)
water resources — as a result of water
pollution and/or clogging, arbitrary use
of water resources (Zakon.rada.gov.ua,
July 21,2022, No. 252); within the terri-
torial sea, exclusive economic zone, and
internal waters of Ukraine in the Sea of
Azov and Black Sea (Zakon.rada.gov.
ua, 19.08.2022 No. 309); c) forest re-
sources — forest fund (Zakon.rada.gov.
ua, October 5, 2022, No. 414); d) nature
reserve fund — territories and objects of
the nature reserve fund (Zakon.rada.
gov.ua, October 13, 2022, No. 424).

All of the above methods include
forecasting national and sectoral recov-
ery costs; determine the amount of com-
pensation to the state for environmen-
tal damages, as well as to the national
property of the state, which includes
territories and objects of the nature re-
serve fund.

Systematic research on environmen-
tal assessment should become the basis
for the development of scientifically
based recommendations for the resto-
ration of natural resources, ecosystems
and complexes at the local and regional
levels. We suggest that when determin-
ing the consequences and risks caused
by military aggression, a systematic
approach and an integrated analysis of
the situation assessment should be tak-
en into account, which in combination
will create a comprehensive assessment
of the real situation of the impact on
natural resources. As a next stage, we
propose to include methodological and
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legal aspects of the national level in the
evaluation, as well as take into account
all provisions of legal norms and rules
of the international level.

Discussion.

Discussion connects with two as-
pects. The first aspect identifies the
limitations of the study, second — is im-
plications for the environmental man-
agement. In this article, we explored the
consequences of the Russian-Ukrainian
war and their impacts on the natural re-
sources of Ukraine which related to data
from 24 February 2022 — 01 May 2023.
We emphasized the main implication of
military action. We did not include all
local threats for specific natural resourc-
es in local territories which are occupied
by russian troops. This aspect requires
more in-depth research experiments.
However, we established the main risks
for food and water supply and for pro-
tecting the environmental state. These
risks depend on exploring the mined
fields, burned forests, polluted water
bodies, dead animals and birds, and de-
stroying their habitats. These are all the
consequences of conducting military
activities on the territory of Ukraine.

According to the second aspect,
we searched how the consequences of
war can influence environmental sys-
tems management. In this article, we
highlighted the agricultural position
of Ukraine in Europe focusing on the
world’s largest exporter of grains. How-
ever, due to the Russian-Ukrainian war,
agricultural lands are suffering from
military actions (phosphorus bombs,
weapons, shelling, mining) that led to
soil degradation and pollution, descrip-
tion of the hydrological regime of the
soil, etc. According to this, Ukraine has
lost over 50% of suitable agricultur-

al land (Angurets O., 2023). A lack of
productive soil can lead to a decreased
food supply in global and regional areas
(Fig. 2). We identified the cause-and-ef-
fect relationships of the impact of mil-
itary aggression on natural resources,
which created risks for the food and
environmental security of the coun-
try and the world as a whole. During
the Russian-Ukrainian war, environ-
mental management require to involve
scientists, international organizations,
and economists who can promote the
elimination of consequences. Also, en-
vironmental systems need to combine
international and national methodolo-
gies (Table 2) to solve ecological prob-
lems of protecting natural resources in
Ukraine.

Conclusion.

During the war, russia not only kills
Ukrainians and destroys the country’s
infrastructure, but contemporarily com-
mits environmental crimes and destroys
Ukraine’s environment every day. As a
result of the war, the environmental sit-
uation is deteriorating catastrophically.
Mined fields, burned forests, polluted
water bodies, dead animals and birds,
and destroyed their habitats — these are
all the consequences of conducting mili-
tary activities on the territory of Ukraine.

We note that although chernozems
have extraordinary resilience and
self-healing capacity, negative impact of
military activities on land resources will
have a long-term effect, which will be
manifested directly in a decrease in soil
water permeability, disruption of bio-
chemical and microbial processes, de-
terioration of water and air conditions,
nutrient cycles, and root nutrition of
plants. The restoration of land resources
is an integral part of the post-war recov-

Vol. 15, N2 1, 2024

BIOLOGICAL SYSTEMS: THEORY AND INNOVATION

ISSN 2706-8382 | 51



Strokal V., Berezhniak Y., Naumovska O., Vahaliuk L., Ladyka M., Pavliuk S., Palamarchuk S., Serbeniuk H.

2. The impact of war on natural resources

impact)

Environmental Implications Risk
impact of war
Land resources
Movement of military | Soil compaction, pollution of the territory with Loss of soil fertility
equipment (physical | products of military activities and decrease in land
impact) productivity
Explosions (chemical | The explosive wave provokes the destruction of | Violation of the

the sequence of soil horizons, which leads to a
violation of the air-water regime.

It changes the natural physicochemical properties
of the soil cover (pH, cation exchange, and humus
content), and various local landscape geochemical
anomalies are formed, which leads to a decrease
in land productivity in the long-term perspective.
Compounds of explosive substances, which enter
into the soil solution, are absorbed by the root
systems of plants and agricultural crops, freely
move between tissue membranes and, ultimately,
are completely deposited in plants.

Field mining
(chemical and
physical impact)

Demining territories leads to the destruction

of humus horizons, there are changes in the
granulometric, structural and aggregate state, and
physicochemical properties of soils.

Destruction of
infrastructure
facilities and
warehouses with
fuel and lubricant
materials (chemical
impact)

Causes fires and explosions, which is an indirect
impact on land quality. Induce persistent

soil pollution with combustion products,
agrochemicals, and fuel. The highest concentration
of petroleum products is observed in the places
where fuel and lubricants are spilled.

Most often, an important property of the soil

is violated — the ability to self-healing, and the
biological activity of the soil decreases due to
changes in the chemical composition of the soil in
places of significant oil spills.

melioration systems
Hazardous waste
generation

Product
contamination and
crop yield reduction

Construction of

Violation of the water balance in the soil, the

Decrease in land

fortified buildings development of wind and water erosion. productivity
(mechanical impact) | Increases the number of dangerous geomorpholo- | Waterlogging of the
gical processes: landslides, waterlogging, and soil | territories
subsidence.
Water resources
Seizure of water Caused the risk of water shortage in the Kherson | Water shortage
infrastructure (canals, | and Mykolaiv Oblasts (Strokal & Kovpak, 2022). | Threat of the
hydroelectric power | In the Kherson Oblast, 106 cities remained without | epidemic situation
plants, and reservoirs) | water, which is at least 64,700 inhabitants, in the | Crop yield losses
Mykolaiv Oblast — 40 cities (Shumilova et al., through the damage

2023).

The seizure of the Kakhovka Hydroelectric Power
Plant and reservoir led to a delay in water supply
in the irrigation system, which caused severe
problems in the agricultural sector in the Kherson
and Zaporizhzhia Oblasts.

to irrigation systems
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Environmental
impact of war

Implications

Risk

This is because the main pumping station of

the Kakhovsky Canal which supplies water for
irrigation, is now located in an uncontrolled
territory (Shumilova et al., 2023).

The Luhansk and Donetsk Oblasts were left
without water supply due to the seizure and later
shutdown of the Siverskyi Donets-Donbas Canal
(Shumilova et al., 2023).

Destruction of water
infrastructure

The occupation of the territories of Donetsk Oblast
led to the seizure of water treatment plants, and
subsequently to significant violations of their
functioning (Strokal & Kovpak, 2022). As a result
of the destruction of water treatment facilities

and pumping stations in eastern Ukraine, an
8-fold increase in mercury concentration and a
3-fold increase in ammonium nitrogen and nitrite
concentrations were recorded in the mouth of the
Sukhyi Torets River (in the area of the Siverskyi
Donets River) in July 2022 (Shumilova et al.,
2023). The inflow of return waters into rivers
without any treatment occurred due to the damage
to the treatment facilities (Strokal & Kovpak,
2022).

The explosion of the sluice of the pumping
station at the Kozarovychi Dam (the Irpin River,
Kyiv Oblast) led to the flooding of about 2.5
thousand hectares of land in the Irpin River
Floodplain and adjacent territories — the villages of
Kozarovychi and Demydiv, Kyiv Oblast (Ladyka
& Starodubtsev, 2022). In particular, during the
winter period, the territory of these settlements
turned into an “ice village” since the water,
although the flooding occurred in March 2022,
remained at almost the same level, creating real
threats for the local population and arable land
(Smyk & Tymchenko, 2023).

As a result of the missile strike, the dam of the
Karachuniv Reservoir near the city of Kryvyi Rih
was damaged, which caused the water level in

the Ingulets River to rise to 2 m. This led to the
flooding of a large part of the city of Kryvyi Rih
and agricultural land. In this regard, the content
of nitrogen-containing compounds and other
chemical elements doubled in the Ingulets River
(Ladyka & Starodubtsev, 2022).

Damage to the dam at the Oskil Reservoir in the
Kharkiv Oblast led to the flooding of the reservoir
area (Strokal & Kovpak, 2022).

The shelling that took place on March 14, 2022

at the water treatment facilities of the Vasylivka
water supply and drainage facility (the village of
Verkhnia Krynytsia, Zaporizhzhia Oblast) led to
the destruction of sewage pumping station

Water pollution
Flooding

Threat of the
epidemic situation
Decrease in land
productivity and
crop yield
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Environmental
impact of war

Implications

Risk

No. 1, which supplies wastewater from the city of
Vasylivka to the treatment facilities. As a result,
return water from the city now enters the Dnipro
River without any treatment (CEOBS & Zoi
Environment Network, 2022b; Strokal & Kovpak,
2022). Untreated wastewater contains a large
number of organic compounds, helminth eggs,
pathogenic bacteria, sulfates, and chlorides. Such
pollution can lead to an increase in the area of
water blooms in the Dnipro River and the Black
Sea with the onset of warming (Strokal & Kovpak,
2022).

Mining and
explosions of
coastlines and water
bodies

In the summer period, demining was carried out
on the area of 93.5 sq. km of the water surface of
the Dnipro River, the Irpin River, as well as the
Kyiv Reservoir, as they were the site of active
military activities (Matiash, 2022).

Mining of the coastlines of the Black Sea and

the Sea of Azov caused chemical and acoustic
pollution, physical damage to natural habitats of
birds, and the decline of environmental protection
activities (CEOBS & Zoi Environment Network,

Loss of aquatic biota
Violation in the
functioning of the
water ecosystem

An increase in the
temperature of the
reservoir

Pollution of

the reservoir

with dangerous

bodies

2022b). substances
(petroleum products,
heavy metals)
Presence of military | In the summer period, two rotorcraft, 11 enemy Water pollution
equipment in water | combat vehicles, and 21 anti-tank mines were with heavy metals,

pulled out of the Dnipro and Irpin rivers (Kyiv
Oblast), and two Russian tanks were pulled from
the Desna River in Chernihiv Oblast (Matiash,
2022). The sinking of the russian warship Moskva
(depth 45-50 m) by the Armed Forces of Ukraine
caused chemical pollution of the water body, oil
spills appeared at the site of the sinking (CEOBS
& Zoi Environment Network, 2022b).

radionuclides, oil
products

Other impact

The use of sonar systems by the naval forces to
detect submarines may be the cause of marine
animal stranding, such as porpoises and common
dolphins (CEOBS & Zoi Environment Network,
2022b).# As a result of the sinking of watercraft
(private and utility boats, cutter) in the occupied
territory of the Kherson Oblast, according to
preliminary calculations, more than 10 tons of
fuel and lubricants leaked into the Dnipro River.
This leads to the destruction of the river flora and
fauna, poisoning the area for many years. There is
a possibility that dangerous substances can reach
the Black Sea (Virlych, 2022).

Physical damage to
natural habitats
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ery of natural resources because they
are natural components of agricultural
landscapes that provide food not only
to Ukraine but also to many other coun-
tries of the world. The shortage of grain
crops can cause hunger and poverty in
some importing countries of Europe and
Africa. The impact of military activities
on Ukraine’s land resources will lead
to the irreversible degradation of cher-
nozem soils, which will become one of
the causes of the expected food security
crisis. It is worth noting that causing ir-
reparable damage to land resources, and
destroying the integrity of soil profiles
and landscapes — all this leads to signifi-
cant fragmentation of territories, disrup-
tion of functioning and destruction of
the structure of agricultural landscapes.

The main consequences of the im-
pact of military activities on water re-
sources include water pollution with
heavy metals and nitrogen-containing
compounds (mining of water bodies,
explosions of oil tanks, etc.), flooding of
territories and deterioration of their san-
itary condition (destruction and detona-
tion of dams), and absence of centralized
water supply (destruction of pumping
stations). The main risk is the shortage
of safe water use for various types of
consumption as a result of the seizure
of water infrastructure (for example, the
North Crimean Canal and the Kakhov-
ka Hydroelectric Power Plant) and the
destruction of dams and pumping sta-
tions (for example, the dams of the Os-
kil Reservoir in the Kharkiv Oblast, the
detonation of the dam and the pumping
station at the mouth of the Irpin River
at the confluence with the Kyiv Reser-
voir in the Kyiv Oblast); as well as the
strengthening of eutrophication pro-
cesses in water bodies due to water pol-
lution with various components and as a
result of flooding territories.

The construction of trenches and
fortified buildings destroys vegetation
and increases soil erosion, and garbage
and military waste pollute the soils and
groundwater. Following the movement
of the front line, the line of physical de-
struction of natural habitats also shifts,
especially where they are subjected to
intense shelling. An example of this is
the environmentally sensitive wetlands
along the Dnipro estuary in the south of
the Kherson Oblast, which were used
for fortification by Russia after its with-
drawal from Kherson.

Regarding the legal aspects of
the environmental assessment of the
damage caused by military activities,
Ukraine should rely on the legal force
of paragraph 3 of the UN General As-
sembly Resolution ES-11/5, according
to which an international legal protec-
tion mechanism for reparation for losses
and consequences arising from the in-
ternationally wrongful acts of the rus-
sian federation in Ukraine was created.
At the national level, in accordance with
Article 441 “Ecocide” of the Criminal
Code of Ukraine, the perpetrators of
the aggressor country must be punished
with imprisonment for a term of 8 to 15
years for the mass destruction of natural
resources. Besides that, competent pro-
fessionals in the field of environmental
protection and economists should im-
prove the criteria in the methods that
must be taken into account for assessing
the damage of various natural resources
in order to fully compensate the damage
caused by the russian federation.

References
1. Averin, D., Van der Vet, F., Nikolaieva, I.,
& Denisov, N. (2022). The environmental
cost of the war in Ukraine. Green Euro-
pean Journal, April 6, 2022. URL: https://

Vol. 15, N2 1, 2024

BIOLOGICAL SYSTEMS: THEORY AND INNOVATION

ISSN 2706-8382 | 55



Strokal V., Berezhniak Y., Naumovska O., Vahaliuk L., Ladyka M., Pavliuk S., Palamarchuk S., Serbeniuk H.

www.greeneuropeanjournal.eu/the-envi-
ronmental-cost-of-the-war-in-ukraine/
Wenning, R. J., & Tomasi, T. D. (2023). Us-
ing US Natural Resource Damage Assess-
ment to understand the environmental
consequences of the war in Ukraine. In-
tegrated Environmental Assessment and
Management, 19(2), 366-375. https://doi.
org/10.1002/ieam.4716

Rawtani, D., Gupta, G., Khatri, N., Rao, P.
K., & Hussain, C. M. (2022). Environmen-
tal damages due to war in Ukraine: A
perspective. Science of The Total Environ-
ment, 850, 157932. URL: https://www.sci-
encedirect.com/science/article/abs/pii/
S0048969722050318?via%3Dihub
Pereira, P., Basi¢, F., Bogunovic, I., & Bar-
celo, D. (2022). Russian-Ukrainian war
impacts the total environment. Science of
The Total Environment, 837, 155865. URL:
https://www.sciencedirect.com/science/
article/abs/pii/S004896972202962X-
?via%3Dihub

Kicaj, H., Polukarov, Y., Prakhovnik, N.,
Polukarov, 0., & Kachynska, N. (2023).
How war in Ukraine is affecting the cli-
mate. International Journal of Environ-
mental Studies, 1-8. URL: https://doi.org/
10.1080/00207233.2023.2174743
Hrytsku, V., & Derii, Z. (2022). Ecological
consequences of war in Ukraine. In Pres-
ent Environment and Sustainable Devel-
opment. pp. 56-57. URL: https://ibn.idsi.
md/vizualizare_articol/158385
Makarenko, N. A., Strokal, V. P., Berezh-
niak, Y. M., Bondar, V. I., Pavliuk, S. D., Vag-
aliuk, L. V., ... & Kovpak, A. V. (2022). The
war consequences on natural resources
of Ukraine: analyses and methodologies.
Scientific reports of NULES of Ukraine,
2022 (4(98)). URL: http://journals.nu-
bip.edu.ua/index.php/Dopovidi/article/
view/16137

Strokal, V., & Kovpak, A. (2022). Military
conflicts and water: consequences and
risks. Scientific Journal of “Ecological Sci-

10.

11.

12.

13.

14.

15

16.

ences”, 5(44). URL: http://www.ecoj.dea.
kiev.ua/archives/2022/5/14.pdf

Strokal, M., Strokal, V., & Kroeze, C.
(2022). The future of the Black Sea: More
pollution in over half of the rivers. Ambio,
1-18. URL: https://link.springer.com/arti-
cle/10.1007/s13280-022-01780-6

Ladyka, M., & Starodubtsev, V. (2022).
Water reservoirs and the war in Ukraine:
environmental problems. EUREKA: Life
Sciences, (6), 36-43. URL: http://journal.
eu-jr.eu/life/article/view/2664
Shumilova, O., Tockner, K., Sukhodolov, A.,
Khilchevskyi, V., De Meester, L., Stepanen-
ko, S., ... & Gleick, P. (2023). Impact of the
Russia—Ukraine armed conflict on water
resources and water infrastructure. Na-
ture Sustainability, 1-9. URL: https://www.
nature.com/articles/s41893-023-01068-x
CEOBS, & Zoi Environment Network
(2022a). Ukraine conflict environmental
briefing. Industry. Report. URL: https://
ceobs.org/ukraine-conflict-environmen-
tal-briefing-industry/. Date accessed:
May 10, 2023
CEOBS, & Zoi
(2022b). Ukraine conflict environmental
briefing. Water. Report. URL: https://ceobs.
org/ukraine-conflict-environmental-brief-
ing-water/ Date accessed: May 10, 2023
Khilchevskyi, V. K. (2022). Water and armed
conflicts — classification features: in the
world and in Ukraine. Hydrology, hydro-
chemistry and hydroecology, 1(63), 6-19.
URL: https://doi.org/10.17721/2306-
5680.2022.1.1

Environment Network

. Water Conflict Chronology. (2022). Pacific

Institute. Retrieved from https://www.
worldwater.org/water-conflict/ Date ac-
cessed: May 10, 2023

Smyk, M., & Tymchenko, N. (2023). Ice vil-
lage: How Demydiv lives 10 months after
flooding: report from 04 January 2023.
URL: https://rubryka.com/en/article/de-
mydiv-in-winter/ Date accessed: May 10,
2023

56 | ISSN 2706-8382

BIONOTYHI CUCTEMU: TEOPIA TA IHHOBALIIT

Tom 15, N2 1, 2024



Ekonoeia

17.

18.

19.

20.

21.

22.

23.

24,

Matiash, T. (2022). Two Russian heli-
copters, more than 10 combat vehicles
and 20 mines were pulled from rivers
in the Kyiv region (report from 06 Au-
gust 2022). URL: https://Ib.ua/soci-
ety/2022/08/06/525463_z_richok_kiivsh-
chini_vityagli_dva.html

Dmytruk, Y., Cherlinka, V., Cherlinka, L., &
Dent, D. (2022). Soils in war and peace. In-
ternational Journal of Environmental Stud-
ies, 1-14. URL: https://doi.org/10.1080/00
207233.2022.2152254

Broomandi, P., Guney, M., Kim, J. R., &
Karaca, F. (2020). Soil contamination in
areas impacted by military activities:
A critical review. Sustainability, 12(21),
9002. URL: https://www.mdpi.com/2071-
1050/12/21/9002

Holubtsov, 0., Sorokina, L., Splodytel, A.,
& Chumachenko, S. (2023). The impact of
russia's war against Ukraine on the state of
Ukrainian soils. The results of the analysis.
Kyiv: NGO Center for Environmental Ini-
tiatives Ecoaction. URL: https://ecoaction.
org.ua/wp-content/uploads/2023/03/
zabrudnennia-zemel-vid-rosii-summary.
pdf

Pereira, P.,, Barcel6, D., & Panagos, P.
(2020). Soil and water threats in a chang-
ing environment. Environmental research,
186, 109501. URL: https://www.sci-
encedirect.com/science/article/abs/pii/
S0013935120303947

Shypulia, V. (2022). Black soil is disap-
pearing: Russia has staged ecocide in
Ukraine. News from December 22, 2022.
URL:  https://ua.korrespondent.net/arti-
cles/4543578-znykaie-chornozem-rosiiav-
lashtuvala-v-ukraini-ekotsyd

Omelchuk, 0., & Sadohurska, S. (2022).
Nature and war: how russian invasion de-
stroys Ukrainian wildlife. Ecoaction. URL:
https://en.ecoaction.org.ua/nature-and-
war.html

Kireitseva, H., Demchyk, L., Paliy, O., &
Kahukina, A. (2023). Toxic impacts of the

25.

26.

27.

28.

29.

30.

31.

war on Ukraine. International Journal of
Environmental Studies, 1-10. URL: https://
www.tandfonline.com/doi/full/10.1080/0
0207233.2023.2170582

Cottrell, L., Darbyshire, E., & Holme
Obrestad, K. (2022). Explosive weapons
use and the environmental consequenc-
es: mapping environmental incidents
in Ukraine. The Journal of Conventional
Weapons Destruction, 26(1), 4. Date ac-
cessed: February 12, 2023

Weir, D., & Darbyshire, E. (2022). Environ-
mental trends in the Ukraine conflict, 10
days in. URL: https://ceobs.org/environ-
mental-trends-in-the-ukraine-conflict-10-
days-in/ Date accessed: February 12, 2023
EcoZagroza. (2023b). Dashboard with data
on environmental threats. Official data of
the Armed Forces of Ukraine for the pe-
riod 24.02.2022-30.03.2023. URL: https://
ecozagroza.gov.ua/en?fbclid=IwAR-
3r38cnbG48KICI1P1tktgllaknj7UoPWkVt-
7fpd3pfR8VPIGzjoieEROA. Date accessed:
May 10, 2023

EcoZagroza. (2023a). Briefing on the en-
vironmental damage caused by the Rus-
sia’s war of aggression against Ukraine
(March 16-22, 2023). Official resource of
the Ministry of Environmental Protection
and Natural Resources of Ukraine. EcoZa-
groza. URL: https://ecozagroza.gov.ua/en/
news/105 Date accessed: May 02, 2023
Shor, K. (2023). News: War and the Envi-
ronment: Useful Information Resources.
Information Center “Green Dossier”. URL:
https://www.dossier.org.ua/news/infor-
mation-about-war-impact-on-environ-
ment/ Date accessed: May 10, 2023
UNEP. (2022). The Environmental Impact
of the Conflict in Ukraine: A Preliminary
Review: report from 14 October 2022.
URL: https://www.unep.org/resourc-
es/report/environmental-impact-con-
flict-ukraine-preliminary-review Date ac-
cessed: May 21, 2023

FAO. (2022). Ukraine: FAO scales up efforts

Vol

.15,N2 11,2024

BIOLOGICAL SYSTEMS: THEORY AND INNOVATION

ISSN 2706-8382 | 57



Strokal V., Berezhniak Y., Naumovska O., Vahaliuk L., Ladyka M., Pavliuk S., Palamarchuk S., Serbeniuk H.

32.

33.

34.

35.

36.

to save upcoming harvest, ensure export
of vital grains. URL: https://www.fao.org/
newsroom/detail/ukraine-fao-scales-up-
efforts-to-save-upcoming-harvest-ensure-
export-of-vital-grains/en Date accessed:
May 23, 2023

Ben Hassen, T., & El Bilali, H. (2022). Im-
pacts of the Russia-Ukraine war on global
food security: towards more sustainable
and resilient food systems? Foods, 11(15),
2301. URL: https://www.mdpi.com/2304-
8158/11/15/2301 Date accessed: May 10,
2023

Knox, J. (2022). Why is Ukraine known as
the ‘breadbasket of Europe’? Here’s what
it produces and exports. URL: https://
www.farminglife.com/country-and-farm-
ing/why-is-ukraine-known-as-the-bread-
basket-of-europe-heres-what-it-produc-
es-and-exports-3584361 Date accessed:
May 10, 2023

Deininger, K., Ali, D. A., Kussul, N., She-
lestov, A., Lemoine, G., & Yailimova, H.
(2023). Quantifying war-induced crop
losses in Ukraine in near real time to
strengthen local and global food security.
Food Policy, 115, 102418. URL: https://
www.sciencedirect.com/science/article/
abs/pii/S0306919223000167?via%3Dihub
Date accessed: April 18, 2023

Maps of Greenpeace and CEE. (2023). En-
vironmental damage map. Greenpeace
Central and Eastern Europe (CEE). URL:
https://greenpeace.at/cee-press-hub/
greenpeace-and-ecoaction-launch-map-
of-environmental-destruction-caused-by-
russia%E2%80%99s-war-in-ukraine/ Date
accessed: April 26, 2023

Digest of the key consequences of Russian
aggression for the Ukrainian environment
for February 2-8, 2023. Official resource
of the Ministry of Environmental Protec-
tion and Natural Resources of Ukraine.
URL: https://mepr.gov.ua/dajdzhest-kly-
uchovyh-naslidkiv-rosijskoyi-agresi-
yi-dlya-ukrayinskogo-dovkillya-za-2-8-lyu-

37.

38.

39.

40.

41.

42.

togo-2023-roku/ Date accessed: April 01,
2023

Belousova, K. (2022). A mass pestilence
is being investigated at the Chernobaev
poultry farm. URL: https://ecopolitic.com.
ua/en/news/na-hersonshhine-rassledu-
jut-massovyj-mor-na-cherno-
baevskoj-pticefabrike-2/ Date accessed:
April 13, 2023

Ecobusiness group. (2022). Due to the
Russian occupation of the Zaporizhzhia
NPP, not only the infrastructure of the
station suffers, but also the environment
and animals. News for November 11,
2022. URL: https://ecolog-ua.com/news/
cherez-okupaciyu-rosiyanamy-zaporiz-
koyi-aes-strazhdaye-ne-lyshe-infrastruk-
tura-stanciyi-ale-y Date accessed: Febru-
ary 20, 2023

UNCG. (2022). Russian ecocide in Ukraine
is deliberate destruction of forests.
Ukrainian Nature Conservation Group.
News from 18 May 2022. URL: https://
uncg.org.ua/rosijskyj-ekodyd-v-ukraini-
umysne-znyshchennia-lisiv/  Date
cessed: April 01, 2023

Virlych, E. (2022). Scorched land and
poisoned rivers: how the Russians are
destroying ecosystems in the Kher-
son region. News from 22 November
2022. URL: https://eco.rayon.in.ua/
topics/552424-vipalena-zemlya-i-otru-
eni-riki-yak-rosiyani-znishchuyut-eko-
sistemi-na-khersonshchini Date accessed:
February 05, 2023

Ministry of Environmental Protection and
Natural Resources of Ukraine. (2023). The
year of the full-scale invasion of the Rus-
sian Federation: the Ukrainian environ-
ment was among the victims. News from
22 February 2023. URL: https://www.
kmu.gov.ua/news/rik-povnomasshtabno-
ho-vtorhnennia-rf-sered-zhertv-i-ukrain-
ske-dovkillia Date accessed: February 26,
2023

Sadogurskaya, S. (2022). War and the sea:

ac-

58 | ISSN 2706-8382

BIONOTYHI CUCTEMU: TEOPIA TA IHHOBALIIT

Tom 15, N2 1, 2024



Ekonoeia

43,

44,

45,

46.

47.

how hostilities threaten the ecosystems of
the Black and Azov seas. Ecoaction. URL:
https://en.ecoaction.org.ua/war-and-the-
sea.html| Date accessed: February 20,
2023

Hardashchuk, T. (2022). War and the envi-
ronment. URL: https://day.kyiv.ua/uk/ar-
ticle/den-ukrayiny/viyna-i-dovkillya Date
accessed: February 18, 2023
Zakon.rada.gov.ua, 04.04.2022 p. Ne 167.
On the approval of the Methodology for
determining the amount of damage caused
to land and soil as a result of emergency
situations and/or armed aggression and
hostilities during martial law. 04.04.2022
p. Ne 167. URL: https://zakon.rada.gov.ua/
laws/show/z0406-22?lang=en#Text Date
accessed: April 01, 2023
Zakon.rada.gov.ua, 18.05.2022 p. Ne 295.
Methods of determining damage and loss-
es caused to the land fund of Ukraine as a
result of the armed aggression of the Rus-
sian Federation, approved by the Order of
the Ministry of Agrarian Policy and Food of
Ukraine. 18.05.2022 p. N2 295. URL: https://
zakon.rada.gov.ua/laws/show/z0586-
22#Text Date accessed: April 01, 2023
Zakon.rada.gov.ua, 21.07.2022 p. Ne 252.
Methods of determining damages caused as
a result of water pollution and/or clogging,
arbitrary use of water resources", approved
by the Order of the Ministry of Environ-
mental Protection and Natural Resources of
Ukraine. 21.07.2022 p. Ne 252. URL: https://
zakon.rada.gov.ua/laws/show/z0900-
22#Text Date accessed: April 01, 2023
Zakon.rada.gov.ua, 19.08.2022 p. Ne 309.
Methods of determining damage caused

48.

49.

50.

to the surrounding natural environment
within the territorial sea, exclusive mari-
time (economic) zone and internal sea wa-
ters of Ukraine in the Azov and Black seas.
19.08.2022 p. Ne 309. URL: https://zakon.
rada.gov.ua/laws/show/z1253-22#Text
Date accessed: April 01, 2023
Zakon.rada.gov.ua, 05.10.2022 p. Ne 414,
Methodology for determining damage
and losses caused to the forest fund as a
result of the armed aggression of the Rus-
sian Federation, approved by the Order
of the Ministry of Environmental Protec-
tion and Natural Resources of Ukraine.
05.10.2022 p. Ne 414. URL: https://zakon.
rada.gov.ua/laws/show/z1308-22#Text
Date accessed: April 01, 2023
Zakon.rada.gov.ua, 13.10.2022 p. Ne 424,
Methodology for determining damage
and losses caused to the territories and
objects of the nature reserve fund as a
result of the armed aggression of the Rus-
sian Federation", approved by the Order
of the Ministry of Environmental Protec-
tion and Natural Resources of Ukraine.
13.10.2022 p. Ne 424. URL: https://zakon.
rada.gov.ua/laws/show/z1416-22#Text
Date accessed: April 01, 2023

Angurets O., Khazan P., Kolesnikova K.,
Kushch M., Cernochova M., Havranek M.
(2023). Report: Ukraine, damage to the
environment, environmental consequenc-
es of war. NGO “Green World — Friends of
the Earth”. URL: https://cleanair.org.ua/
wp-content/uploads/2023/03/cleanair.org.
ua-environmental-consequences-of-rus-
sian-war-in-ukraine-war-damages-en-ver-
sion.pdf Date accessed: April 26, 2023

Cmpokaneo B.[., bepexcHak €.M., Haymoscbka O.l., Bazaniok /1.B.,

Jladuka M.M., Maeniok C.A., Manamap4yk C.M., CepbeHiok A (2024)
MPUPO/IHI PECYPCU YKPATHU: HAC/TIAKU TA PU3UKUN POCIHCbKOI ArPECII.
BI0/10rI4HI CUCTEMM: TEOPIA TA IHHOBALJIL, 15(1): 37-60
https://journals.nubip.edu.ua/index.php/Biologiya/article/view/48302
http://dx.doi.org/10.31548/biologiyal5(1).2024.004

Vol. 15, N2 1, 2024

BIOLOGICAL SYSTEMS: THEORY AND INNOVATION

ISSN 2706-8382 | 59



Strokal V., Berezhniak Y., Naumovska O., Vahaliuk L., Ladyka M., Pavliuk S., Palamarchuk S., Serbeniuk H.

AHomayis. Bio pocilicokux silicbk cmpaxc0arome npupodHi pecypcu YKpaiHu. YkpaiHa ei-
doma AK 00uH 3 Halibinbwux supobHUKie 3epHa 8 E8poni. YKpaiHa € 8e/UKUM eKCriopmepom
nweHuyi (10% ceimosozo ekcriopmy), KyKypyo3u (15%), aumeHrio (15%), coHAwWHUKY (ocobauso
onil = 50%). Pocilicbko-yKpaiHcbKa 8iliHa, wjo mpusae, 3MiyHoe HecmabinbHy eKOHOMIYHY cu-
cmemy 8 KpaiHi. Bilicokosi 0ii enausatome Ha 008KinAA YKpaiHU 3 mo4Ku 30py 3MiHU Kaimamy,
rpyHmMy ma 6nausy Ha cinbCbKe 2ocrnodapcmeo, besneky 8o0u ma nocma4yaHHA. BidnogioHo
00 yboeo, supobHUYMBO 3epHa 8 YKpaiHi ckopomunoca Ha 40%, a cmpykmypa empam 6po-
Hato yepes giliHy: nweHuya — 39%, COHAWHUK — 17%, Kykypyod3a — 12%, AYMiHb — 8%, nnodu
ma A200u — 3%, iH. kKynemyp — 21%. Kpim mozo, pocilicbKo-yKpaiHCcbKa 8iliHa 8nauHyna Ha Ha-
ABHICM®b i AKICMb 800U (pU3UK 048 B0OHUX pecypcis), Akicme | dezpadayito rpyHmy (pusuk 0asa
rpyHmosux pecypcis), 300po8’s ma npodyKkmusHicme sicie i cepedosuuje nMPoOHUBaHHsA sudie
(pusuk 0na 6ionoziyHux pecypcig). Hanpukaad, onuc o4ucHux crnopyod (06¢cmpinaHo o4ucHi cro-
pyou M. MuKona€esa, nowKoO¥eHo o4UCHi cropyou c. Hosompoiybke BosHosacbkoz2o palioHy
JloHeuybKkoi 0b6aacmi mowjo), nopyweHHsA 8000M10CMAYaHHA 00 C. POCAUHHUYMBO (MOWKoOxH e-
HO 3powlysasnbHi cucmemu 8 YKkpaiHi: 94% y XepcoHcoKili obaacmi, 74% y 3anopisskili o6nacmi,
30% y AHinponemposcokili ob6aacmi), 3a6pyOHeHHA nosepxHesux ma nidzemHux 800 (macose
3amonneHHA gilicbkogoi mexHiku ma 6oenpunacie y 800olimax, BUMOKuU) Hagpmonpodykmie ma
iHWUX Ximi4HUX crnonyk).

Y cmammi npoaHanizo8aHo eKkoso2iyHy cumyay,ito nio enausom pocilicbkoi azpecii Ha cmaH
MpupoOHUX pecypcie KpaiHu ma obrpyHmMye8aHHA HAC/iOKi8 Uybo20 8rausy; 8U3HAYEHO OCHOBHI
PU3UKU 015 306€3rneYeHHA KpaiHu npodosoabcmeom ma 8000M0CMA4aHHA 2any3eli HApPoOHo20
2ocnodapcmaa, a makox 36epexeHHA KOMIoHeHMie 008KinA; 3anpPonoHO8AHO pPO3pPObKy npo-
no3uyili Wo0o OYiHKU eKosMo2iYHOI WKOOU HaBKOAUWHbOMY cepedosuly 8HACMIOOK 8ilicbkosol
aepecii Pocilicbkoi @edepayii npomu YkpaiHu.

Mu 8u3Ha4unu ocHosHul pu3uK: 015 NPodo8osb4oi besneku (8raus silicokosux 0ili Ha rpyH-
mosi pecypcu — pusuK 3HUMCEHHA NomeHyiany npodososnbyozo 3abe3neyeHHA Yepe3 smpamy
npodykmusHocmi 3emsi, ockinbku 00 30% cinbcbKo2ocnodapcbKux y2idb sudobysaemesca i 3a
pesynbmamamu 2022 poky empamu epoxato caeHynu 17%); 0na ekonoeiuHol be3neku (snaue
silicbkosux 0ili Ha 800HI pecypcu — MOWKoOHeHHa 0amb i OpeHaUcHUx cucmem, pylHye8aHHA
OYUCHUX criopyd, 3axonneHHA 2idpoenekmpocmatyiti, miHysaHHA 6epe2oeoi niHii, crnpu4uHeHe
bakmepianeHUM (Hagpmonpodykmu, macmunaa) ma opaaHiyHum (b6iozeHHi pe4osuHu) 3a6pyo-
HeHHsA 80000M | Hecmaya 800U 0715 HaceneHHsA (MoeHa 8idcymHicme 8000MOCMAYAHHA HO MUM-
4aco80 OKYMOBAHUX MepuMopifnx) ma cinbcbKoao 2ocnodapcmaa (mocmpamcoanu 3poulyeasbHi
mepexi)); Ha oxopoHy ekocucmem (yxce nocmpaxcoasno 0o 20% 3anoeioHo2o ¢oHAY, nid 3az2po-
3010 3HUKHEHHA 3Hax00AamMebcsA 600 sudis payHU ma 750 sudis ¢hiopu, y momy Yucai 3aHeceHuUXx
0o YepsoHoi kHuzu).

Kntouoei cnosa: biopecypcu, 800HI pecypcu, rpyHmosi pecypcu, enaue pociliceKo-yKpaiH-
CbKOT 8iliHU, pU3UKU, HACAIOKU.
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EBTPO®IKALIA KNIBCbKOIO BOAOCXOBULLIA
YKPAIHU: Oornan NUTAHHA

A.B. KYPOBCbKA,
3006y8a4 HayKo8020 cmyreHsA 00Kmopa ginocodii
3i cneyianbHocmi 101 «EKonozis»,
E-mail: an.vs.kovpak@gmail.com;
https://orcid.org/0000-0002-0588-1041
HauyioHanbHuli yHisepcumem bGiopecypcis i npupodoKopucmyeaHHs YkpaiHu
YKpaiHa, m. Kuis

AHomayjis. AKmyaneHicme pobomu nos8’a3aHa i3 HAA8HUMU NPoyecamu eempoai-
Kauii y 800olimi Kuiscbko2o 8000CxX08UWA, AKi 3 KOHHUM POKOM 8Ce MOCUSHHMbCA.
JlocnioxeHHA nposodunucs Ha ocCHO8i Mamepianie 1a60pPaMopPHUX 00CiOH eHb B0OCEHU
2021 poky (0o nmoyamky nosHomacwmabHO20 8MOpPeHEeHHS POcCii Ha mepumopito
YKkpaiHu) ma eoceHu 2023 poky (nicna nosHomacwmabHo20 emopeHeHHs). Mema
pobomu nepedbavasna 8U3HAYUMU OCHOBHI MPUYUHHO-HACAIOKO8I 38’A3KU MiOCUNeHHSA
npoyecie esmpodgpikayii eodolimu Kuiscbkozo sodocxosuwia, AKi HOABHI HUHI.
BcmaHosneHo, wo eempogpikayis Kuiscbkoeo sodocxosuuwa 8i06ysaemoca y npupooOHUX
ma aHMpono2eHHUX yMmosax. B xodi aHanizy 6yn0 8UOKpeMseHO OCHOBHI MPUYUHU
MpuUpoOHOI (nepeHeceHHA MOMCUBHUX PEYO8UH 3a PAXyHOK noseHell ma nasookis,
nocuneHHA abpasiliHux npouecis, 3MiHQ KAiIMamy ma memnepamypHo20 pexcumy)
ma aHmporozeHHoi eempodikauii (cinbcbko2ocnooapcbkuli ma micoKuli OpeHaxHci,
gilicbkosa OisnbHiICMb). AHQAAI3YHOYU MPUYUHHO-HACNIOKO8I 38°A3KU iHMeHcugikauii
npouyecie esmpogikauii, Hamu niOKpecseHO OCHOBHI HACMIOKU 8i0 GHMPONO2eHHOI
HasaHMaxeHHA 011 sodolimu sodocxosuuia 0158 800HOI Biomu (3miHa mpogiyHux
38’A3Kie y 800HIl ekocucmemi, mop pub, 3MeHWeEHHA 800H020 biopi3HOMAHIMmMS),
eanyseli HAPOOHo20 2ocrnodapcmaa (nozipweHHA ecmemu4HoI YyiHHocmi ma akocmi
800U 019 8000KOPUCMYBAHHSA, PeKpeayii ma cinbcbko2o 20cnodapcmed), d Makoxc
b6e3rnocepedHbO YMOYHEHO, WO 20/108HUMU HACAIOKamu 05 8000UMU 8 Uuinomy €
MOoKcuYHicme 800U (nossa uyiaHobakmepili, wo € wKidausumu 8a4 6iomu ma arodel;
3HUIKEHHA PO34YUHEeH020 KUCHI y 8000UMi, W0 3yMOB/IE Hecripuamausi ymosu 045
(PyHKUiOHY8aHHA Biomul).

Knwuoei cnosa: Kuiscbke soldocxosuwie, esmpodpikayisa, mo4kosi Oxcepena
306pyOHeHHs, Oughy3Hi Oxcepena 3a6pyOHeHHS, 3MIHA KAiMamy, NOXCUBHI pevyosuHU,
AKicmb 800U.
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Bcmyn.

B VYxpaini Bci chepu rocrogapcbkoi
TSUTBHOCTI (BOZOIIOCTav9aHHsI, 3POIICH-
HsI, pHOOPO3BENICHHS, PEKpeallist TOIIO)
HampsiMy 3aJeXaTh Bil e(EKTHBHOC-
Ti (DyHKI[IOHYBaHHS BOJHOI TOJITHKH
(Strokal V.P., 2021), sixa mae 3abe3rie-
YyBaTH SIKICHOIO Ta OE3[IEYHOI0 BOIOIO
y nocratHiil kimpkocti (Strokal V.P.,
Kovpak A.V., 2022a). Opnsiero i3 mpu-
YHH TOTIPIICHHS SIKOCTI BOOH SIK MJIS
HApOIHOTO TOCIONApCTBA, TaK 1 IS
BOJHHX 00’€KTIB € MOCHJICHHS Y BOIO-
HMax MmpoIieciB aHTPOIIOTEHHOTO EBTPO-
¢yBanus (Dmitrieva, O. et al., 2023;
Mishra R.K., 2023).

3okpema, KwuiBchke BogOCXOBHIIE
3aiiMae HalBUIIE TIOJIOKEHHS Y KacKal
JHITPOBCHKUX BOIOCXOBHII Ta BiJHO-
CHUTBCSL IO KaTeropii «BEIUKUX» BOIO-
cxoBuml Ykpainm (Khilchevskyi V.K.,
Hrebin V.V., 2021). Kuiscbke Bomocxo-
BHIIC — II€ JMHAMIYHA TiIpOCHUCTEMA,
sIka BUHUKJIa Ha MICIIi 3aTOIUICHOI 3a111a-
BHU Ta OeperoBux Tepac pidok JIHimpo
ta [Ipun’sate (Zub, L.M., Tomchenko,
0.V, 2015). Iarencudikaris ciabCchKO-
TO rOCIOAapCTBa Ta 3MiHA KIIIMaTy BBa-
JKAIOTHCSI OCHOBHUMH YHHHHKAMH, IO
MIiJACHITIOIOTh TIPOSIBU HEOC3MEKH aKy-
MyJSIii OI0TeHHUX PEYOBUH B PE3yib-
TaTl TPYHTOBO-EPO3IHHUX MPOIECIB Ta
MPOBOKYIOTh «IIBITIHHSD BOIM MPH ITiJI-
BHIICHI Temreparypu moBiTps (Pichura,
V.1, 2016). IIpote BapTO 3a3HAYUTH, IO
AQHTPONOTeHHHI BIUTHB Ha BooiMy Ku-
{BCHKOTO BOJIOCXOBHIIA BiIOyBa€THCS
MOCTIHHO, HOCHUTh CHUCTEMHHH Xapak-
TEp Ta MPOSBISIETHCS Yepe3 BHYTPIII-
Hi (TOUkOBI Ta Audy3HI 3a0pyaHEHHS,
CIIOBUTRHEHHS pycia Tedil, Jaerpajais
naHaAmadTiB) Ta 30BHIIIHI BIUTUBY (Bil-
CBKOBI JIii, pyiHYyBaHHS BOJHOI iH(Dpa-
CTPYKTYpH, HecTabilbHa EKOHOMIUHA
CUTYyalIlisl, HU3bKUI PIBEHb COIIAIbHUX

3ax0JliB, HECIPOMOXHICTh 3abe3rie-
YEeHHS BHCOKOE(DEKTHBHHMX TEXHOJIOTIN
ouuIIeHHs cTiyaux Box) (Strokal, V.P.,
Kovpak, A.V., 2022b).

Amnaniz ocmanuix 0ocnionceno
i nybnixauiii.

bararo BYeHHMX-HAyKOBIIIB 3aiiMa-
IOThCS TIHTAaHHSMH, IO CTOCYIOTHCS
SKOJIOTIYHOTO CTaHy BOJOCXOBHII. Y
npargix Imurpiea O.0., Lanko H.C.,
Menbnik JI.B., €menpsaoB C.I1. pos-
KpUTI HAyKOBi MiJXOJAX Ta TPUHIUIH
JOCII/DKEHHST TIpoIeciB  eBTpodikarii
CKJIAZIOBUX HABKOJHIIHHEOTO Cepelo-
BUIIA Ta OOIPYHTOBAaHE BHKOPHCTAaH-
Hs TIrMEHTIB (DITOTUIAHTKOHY IIOJI0
OLIIHIOBAHHS CTYIICHS EBTPO(YBaHHSI
BogoiM (Dmitrieva, O. et al., 2023).
Cyxononscrka 1.JI. Ta KoBambosa I.B.
JOCITI/DKYBaJId  BIUIMB  BMICTY  CIIO-
JYK HITPOT€HY Yy BOJOHMMAax Ta Horo
BILUIMB Ha (DITOIUIAHKTOH Yy BOJOWMAaXx
(Kovalova, 1.V., & Sukhodolska, I.L.,
2023). Buenumu 3poOineHui aHaui3
BOJOHM 3 BHKOPHCTAHHSM METOIUKHU
OLIIHKH EKOJIOTIYHOTO CTaHy BOIOWMH
Ha OCHOBI EHTPOIIHHO-3BaKEHOTO 1H-
JICKCY SIKOCTI BOAM JIIISHKH p. JIHITpO
(Bezsonny, V.L., 2023). Takox BueHH-
MU JOCITIDKYETBCSI TUTAaHHS PO3BUTKY
MPOIIECiB  eBTPOQIKAIl KOMIIOHCHTIB
JOBKIJUISL Ta HACHIIKH TAHOTO IIPOIe-
CYy Y BHUIVISII «IBITIHHS», IO MOXE
MPU3BECTH 10 JAerpanarii MpupoTHUX
BOJIHUX OIOICHO3IB, MOMYJAIi 1 Ha-
BiTh B IiJIoMy ekocucteMu (Dmitrieva
0.0.and others, 2023; Akinnawo S.O.,
2023). ExosoriuHi, CTaTUCTHYHI Ta iH-
TerpajbHi METOIW aHaji3y TNpoIecCiB
eBTpodiKaIlil JOCTIHKYBAIA BYCHI 3
Benukoi bpuranii Ta Kurtaro (Zhang,
Y., Li, M., Dong, J. and others, 2021),
Hinepnaunie ta Asctpii (Strokal M.,
Kahil T., Wada Y., Albiac J., Kroeze C.,
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2020; Suresh K., Tang T., van Vliet M.,
Bierkens, M.F., 2023). ITixxix mozaemnto-
BaHHS Ta ONTHMI3allii, 3aCHOBaHUI Ha
CKJIaIHOMY 1HJEKCI eBTpodikaiii s
BU3HAYCHHS HABAHTAXXCHHSI, PO3MOLIi-
JICHOTO KiJIbKOMa MOXUBHUMH PEUOBH-
HAMH HABEJICHO Y Mpalsix 3apyOiKHHUX
BueHnx (Yang Y., Li K., Liang, & Wang
X.,2024; Akinnawo S.0O., 2023). Bruus
mporieciB eBTpodikallii Ha SKICTb MUT-
HOI BOJIM TaKOX € aKTYalbHOK TEMOFO
HaykoBliB (Mishra R K., 2023), ski 30-
CEepeKYIOTh yBary Ha BaroMOCTi O4YH-
IeHHs1 eBTPO(MHOT BOAU ISl MUTHUX Ii-
Jiell, OCKIIBKH BBXKAIOTH 1[0 €BTPO(HA
BOJIa CTAHOBUTH CEPUO3HY 3arpo3y st
37I0pOB’sI TBAPHH, JIFOICH.

BiamoBigHo 10 CKa3aHOro, SKiCTh
BoziotiMu KHBCHKOTO BOIOCXOBHIIA TIO-
TpeOye OLTBII 3HAYHOT YBaru JJIsl TOCTi-
JUKeHHsI, OCKIJIbKHM 3a0e3redye BOIO0
2/3 wactuau KwuiBchkoi o6iacti. 3Ba-
JKarO4u Ha mpoOsieMu eBTpodikallii, sKi
HAsBHI y BOJIOWMI BOIOCXOBHIIA, JaHE
MUTaHHS MOTpedye OULIBII JETaTBHOTO
aHaNi3y HAa BHSBICHHS OCHOBHHX ITPH-
YUHHO-HACIIIKOBUX 3B’ A3KIB M1 ACUJIEH-
Hs MpoueciB eBTpodikartii, siki nmporpe-
CYIOTh Y JIaHil BOJOWMI.

Mamepianu i memoou
00CTTiONHCEHHA.

JocmimpKeHHsT IPOBOAMIINCS HA OC-
HOBI MatepianiB JabOpaTOPHUX TOCTi-
JokeHb Bocenn 2021 poky (10 moyarky
MMOBHOMACIITa0OHOTO BTOPTHEHHS pO-
cil Ha TepHUTOpif0 YKpaiHH) Ta BOCCHHU
2023 poky (micisi MOBHOMACIITAOHOTO
BTOprHeHHS). Mema po6omu tepen-
0adana BH3HAYUTH OCHOBHI INPHYHH-
HO-HACJIAKOBI 3B’A3KM  MiACWICHHS
nporieciB eBrpodikarii BogoiMu Kuis-
CHLKOT'O BOJIOCXOBMIIA, SKI HasBHI HUHI.
OCHOBHHMU 3aBIAHHAMHU poOOTH Oyiio
BHOKPEMHTH NPUYUHH TIOSIBH TIPOLECIB

MIPUPOIHOI T AHTPOIIOTEHHOI eBTPOdi-
Kallii y BOJOMMI BOJIOCXOBHIIA; 3p0O0OH-
TH aHajli3 OCHOBHMX HACIIJIKIB IOSBU
mporieciB  eBrpodikamii BOJOWMH Ta
Bi10Opa3UTH iX OCHOBHI POOIEMHU IS
BH/IiB IPUPOJOKOPHUCTYBAHHS Ta BOJHOT
€KOCHCTEMH.

Pesynvmamu docniosncenHs
ma ix 062060peHHA.

KuiBchKe BOJOCXOBHUIIIE MA€ BaXKITH-
BE 3HAYCHHS JIJISI PETYINIOBAHHS PIYKOBO-
O CTOKY B HUHIIIHIX peaisx (Sryberko,
A.V., 2022). Cinig 3a3Ha4TH, 10 JaHE
BOJJOCXOBUIIIE BUKOHYE DPSJ Ba)KITUBHX
(GyHKIINW, 30KpeMa BOIHO-PETYJIsIiii-
HY, 3aXHCHY, BOIOTOCIIONAPCBHKY, PH-
0OroCromapCchKy, CKOJOTIYHY (YHKIIT
(Strokal, V.P., Kovpak, A.V., 2022a).
Jesiki 13 (QyHKIIHA MeperuniTaroThes 13
norpedaMu HApOAHOTO TOCIONAPCTBA,
30KpeMa BOAOTOCHOAapchka (HYHKITiS
BIJIMOBiTa€ 3a MOTPEOH SK BOAOIIOCTA-
YaHHS, 3pPOIICHHS Ta PUOOPO3BEICHHS
(Strokal, V.P., Kovpak, A.V., 2021a;
Strokal, V.P., Kovpak, A.V., 2022a).

30KkpeMa BYEHI HAa3WBAIOTH BOJO-
cxoBuIa p. JIHinpa «eBrpoGHUMHU BO-
nocxouinamuy (Dmitrieva O.0. and
others, 2023), siki € JpKepelaMu BOJIO-
MocTayaHHs s 2/3 yacTHHUA YKpaiHu.
BinmoBinmHo, Tmporiec  eBTpodyBaHHS
MOCWIIOE Y BOJAOWMMI TIPOLIECH EBTPO-
¢bikarii — «IBITIHHSI BOJOWNM» — IHTCH-
CHUBHOTO PO3MHOXEHHS  (DiTOIJIaHK-
TOHY y BOJOWMI, SIKHH CIPHUHUHIOE
3HAYHI EKOJIOrIYHI HACHIAKHA IS BCIX
cep rocnoaapchKoi TisTbHOCTI (prbo-
PO3BEACHHSI, BOAOIIOCTAYaHHS, 3POILCH-
Hsl, HAITyBaHHS TBapuH TomIo) (Strokal,
V.P., Kovpak, A.V., 2021a; Boyd C.E.,
& Boyd C.E., 2020). Bapro yTounurwy,
10 came 3a0pyAHIOBaYi BOZOHMHU € TIPO-
JYKTaMH JKUTTEISUTBHOCTI TUTAHKTOHY 1
noripmeHHst sikocti Boau. Lli mporecu
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HaHOLIbIIe MPUTAMaHHI 03epaM Ta BO-
JOCXOBHUIIIAM, aJPKE BIJIHOCHA HEPYXO-
MICTh BOTHOTO CEPEIOBUIA CIIPHSIE Ha-
KOIMMWYCHHIO y BOJHIM TOBIII GiOTeHHUX
eneMmeHTIB (Sryberko, A.V., 2022).

Bapro 3a3HaunTH, MO NPOTITOM
octanHiX 50 pOKiB JHWHaAMiKa pi3HOMa-
HITTSI (iToriaHkToHy KHiBCBKOTO BO-
JOCXOBHIIIA ITOCTIHHO 3pocTac. 3a NaHu-
Mu jpociipkensb (Scherbak, V.I., 2015)
TAKCOHOMIUHUM CKJaa (DiTOMIaHKTOHY,
SIKUM TIPUCYTHIW y BogoriMi KuiBChKo-
ro Bojocxosuma ckiaamae Cyanophyta,
Euglenophyta, Diphyta, Cryptophyta,
Chrysophyta, Bacillariophyta, Xantho-
phyta, Chlorophyta. Yactka cuHBO-3€-
neHux Bogopocrei ckinamae 10-14%. B
XOJll TOCITI/PKEHb BUCHHUX, OyJTI0 3a3Haue-
HO, 1110 cyKIiecist (iTormmankToHy Kuis-
CBKOTO BOJJOCXOBHIIA XapaKTEPU3YETh-
cs SK 3€JICHO-I1aTOMOBO-CHHBO3EICHA
(Scherbak, V.1, 2015).

EBpodikartis € cepiio3HOI0 €KOJIOoT Y-
HOIO TIpoOIeMoro BogoiimMu KuiBchbKkoro
BOJJOCXOBHIIIA, 10 BHHUKAE KOIU HAJ-
JUIIOK TTOKHUBHUX PEUOBUH TOTPAILISIE
y BOIOWMY, IO BiITIOBIIHO MPU3BOIHUTH
JI0 HAJUIMIIKY MPOCTUX POCIHH ((iTor-
JAHTKTOHY). Lle#t mporiec Mae cepio3Hi
HACIIJKHA sl SIKOCTI BOIU Ta BOIHOI
exocucteMu KHUIBCBKOTO BOIOCXOBH-
ma (Strokal V.P., Kovpak A.V., 2021a;
Strokal V.P., Kovpak A.V., 2022b).

3 mi€ro METO0 HaMu OyJI0 TpoaHalli-
30BaHO MPUYMHHO-HACIIIKOBI 3B’SI3KU
MOCHUJICHHSI MPOIIECIB eBTpOdiKallii, sKi
MH CHOCTEPIraeMO MPOTSITOM OCTaHHIX
pokiB gociimkeHHs. OCHOBHUIN Haro-
Joc Oysio 3po0JIEHO Ha aHali3i BMICTY
MMO)KUBHUX PEYOBHH (CIIONYK a30Ty Ta
(docdopy), piBHS 3a0e3MEUESHOCTI BO-
NOHMH pO3YMHEHNM KucHeM (Strokal
V.P., Kovpak A.V., 2021a; Strokal V.P,,
Kovpak A.V., 2022b).

Bapro 3azHaumtm, moO Ha SKICTH
BogorMH KHIBCHKOro BOIOCXOBHIIA

BIUIMBAIOTh SIK AaHTPOIOT€HHA eBTPO(di-
Kallisi, Tak i npupojaHa (tadm.l, puc.1).
IIpuponHa eBTpodikallisi Bi0yBaeThCs
yepe3 MPUPOJIHI MPOIECH 1 € MOBUIbHI-
11010, i1 MOYKHA MPOCIIIKYBATH B Yaci Ta
B JUHAMII BPaxOBYIOUM CTAaTHCTHYHI
JlaHl TIOTIEPEIHIX OCIIPKCHh HAayKOB-
uiB. Ilpore aHTpororeHHa eBTpodika-
il XapaKTepU3yeTbCsS MPUCKOPCHUM
MIPOIIECOM, SIKHi Ma€ OUITBII BUPAKCHHH
Xapaxrep.

Ciig BIAMITATH, IO OCHOBHHUMHM
NPUYMHAMA TOCHIJICHHSI MPOIIECIB TPH-
POAHOT eBTpodiKallil € 3MiHa KIIMAaTY,
30KpeMa MiIBHIICHHs PiBHS TeMIepa-
TYpH TOBITPSI, IO CIPUYUHHIO 301JTb-
IICHHS KUTBKOCTI HEPIBHOMIPHUX OIla-
JIiB, HAsBHICTH OE3MOPO3HOTO MEpioay
(2021 pik), TOSBY HETHIIOBOI IMOCYXH
y mepiomu BecHH Ta BoceHH (Strokal
V.P., Kovpak A.V., 2021b; Snizhko, S.,
2021). Jani mpolecd CHOHYKald J0
TIOSIBY TTABOJIKIB Ta MTOBEHIB, SIKi Y CBOIO
4epry CIPHYMHWINA TOCHJICHHS adpa-
31HHUX MPOIIECIB Ha MpaBoMy Oepesi Bo-
JOCXOBHIIIA, 3apPETYILOBAHOCT] y HETJIH-
OOKHMX MiCISIX BOIONMH, 10 3MCHIIICHHS
TIMOMHU BOJOUMH.

Aumponoeenna esmpoixayis BO-
JOWMH Ma€ YiTKO BHPKCHHH XapakTep.
30kpeMa HaMH OyJnOo TPOCIIIKOBAHO
BIUIUB aHTPOIIOTCHHUX YNHHHKIB Ha BO-
JIOHMY BOIOCXOBHIIA (CLIBCHKOTOCIIO-
JApChKUK JIpeHaX, MIChKUH JIpeHaXK,
BiliHa) y 2021 pori ta B 2023 pomi. Ha
pucynky 1B ta 1I" 3a 2021 pik mocii-
JDKCHHS — CXCMAaTUYHO HABEICHI OC-
HOBHI aHTPOTIOTCHHI YMHHHUKH Ta (HOTO
Micip gociipkenHs. Ha ¢oro moxe-
MO TPOCITIJKYBaTH YacTKOBI MpPOILECH
eBTpodikarii, Mop pub y Micigax Oins
c. Ka3opoBuui, HasBHICTh MOXHBHHUX
pedoBuH. Cimij 3a3HAYUTH, IO BIUIUB
pivok Kizka Ta IpmiHb Mae BakiuBe
3HAYEHHS, OCKIJIbKH y iXHIX BOAax Mic-
TATHCS TIOKWBHI PEYOBHHU Ta iHIII 3a-
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1. EBrpodixyBanns KuiBcbKoro Bogocxopuina

I[Ipupoana esrpodikanist

AHTpONOreHHa eBTpodikauis

Hpuunna: 3amonnenns abo nepenecenms
NOJICUBHUX peyogun: CE30HI TOBEHI Ta Ta-
BOZAKHU, SIKi CHPUYMHMIN OO NEPEMiICHHS
MIOKUBHUX PEYOBHH 13 3eMIIi 10 BOIOHMH, Ta
BIJIKJIQJICHHS 1X Ha JIHI BOJOCXOBHIIA, YTBO-
PIOIOYH OCau.

Hpuunna:  Cinbcokococnodapcbkuil  Ope-
Hadc: C.I. TIpaKTHKa Iiependadae BUKOPHU-
CTaHHs JIOOpHB, OaraTux CHOJYyKaMH a30Ty
ta (ocdopy, sKi i gac IOy 3MUBAIOTHCS
3 TIOJTiB 10 BOIOMMH BOZOCXOBHIIA

HasuicTs | [Ipornosyemo mo 1e BinOysa- | HasBHicTh | B3nosx mpaBoro Oepera Bomo-

npobneMu: |€TbCsl Ha MpaBill CTOPOHI BO- | IPOOJIEMU: |CXOBMINA PO3MILIEHI IIpUBAT-
JIOCXOBMINA, OCKIIBKM Ha I HI CUJIbCBKI HACENCHI MyHKTH
TepuTopii MNPHUCYTHI OOBaIM (Hogi ITerpisui, Crapi Ierpis-
ta ocunu (Bix c. Cyxomyuus mi, Jhorik, HemuniB, Kaza-
1o c¢. Crapi IlerpiBi), HasiBHI poBuui, Jlumep, ImiGiBka), B
abpa3iiiHO-3cyBHI Ta abpa3iii- SKUX BEIEThCS JIOKAJIbHA CLib-
HO-00BaNbHI mpouecu abpasii CBKOTOCIOJIAPChKa  JTISUTBHICTD
(Bim Mexx c¢. Mikrip’s 10 c. (Strokal, V.P., Kovpak, A.V,
Crapi IlerpiBui) (Strokal, V.P., 2022b). BixnosigHo He mepen-
Kovpak, A.V., 2022a). Ilin 0aueHo HISKUX KOHTPOIIOHOYNX
4ac JIOCIIDKEHb CIIOCTEpirain 3aXOJiB 1010 BHKOPHCTAHHS
albpasiiiHi pouecu JIOOPHB CEIISTHAMH.

Hacninku: |CnoBinekHeHHst pycna  piuku | Hacmigku: | HeKkoHTposiboBaHE HalIXO/KEH-
(mBuKocTi Tedii) Hakormuen- Hs NOXHMBHUX PEYOBUH Y BO-
Hs1 OioMacy Ha JIHI PiuKH (3MCH- JIOMMY BOJIOCXOBHIIA
HIy€eThes TNIMOUHA pyclia)

Hpwunna: 3uvina knimamy ma memnepamy-
pu: 30UTBIICHHS KUTBKOCTI HEPIBHOMIPHUX
omnaiB 3a ocTanHi 10 pokiB, KOJMBaHHS TEM-
nepartyp (Big ILyke BUCOKUX JI0 HU3bKUX, a00
HasBHICTH 0€3MOPO3HOTO MEePiofy, sIK Ie Oyiio
y 2021 porii)

Mpuunna: Micekuii Openadic: y MicTax Ta
CUTbCHKHX HACENICHUX MYHKTAX YTBOPIOETHCS
3HaYHa KUIBKICTH CTIYHUX BOJ, JTOIIIOBUX CTO-
KiB 1 IPOMUCIIOBUX BiAXOAIB, siKi Oarati mo-
JKUBHUMH PEIOBUHAMH Ta 3a0pyIHIOBAYaMH

KuiBcbke BOIOCXOBHUILE Ma€e
TPaH3UTHY (CTOKOBI BHUAU Te-
yiif — npaBuil Geper BOLOCXO-
BUIIIA) Ta HETPAH3UTHY 30HY
Tewili (BomHI Macu — JIBHUH
Oeper Bomocxosuina) (Strokal,
V.P, Kovpak, A.V., 2022a). 3a
nmannmu (Strokal, V.P., Kovpak,
A.V.,, 2021b) 3 2016 p. cnocre-
piraeThes TiBHICHHS TEMIIC-
paTypu TOBITpSL B CEpemHbO-
My Ha +1,7 °© C Bulle HOpPMHU.
3aJIekKHICTh Bl TeMIeparypu
HOBITPS NPOCTIJIKOBYEThCS 32
HOKa3HUKAMU ITOKHBHHX PEdO-
BUH Y BOJII.

B nepion 3 BucOKuMU TeMmIepa-
Typamu HOBITps (BIITKY) IpoO-
necu eBTpodikalii  MOCHITO-
I0ThCs1. 30€piraeThes TCHICHIIIS
JI0 301IbLICHHS IHTEHCUBHOCTI
onais (rpyaess 2019 p

Hassuicts
npooneMu:

HassricTh
npooneMu:

B3nosxk mpaBoro Gepera Boo-
cxouma 75% mpucaanOHUX
MPUBATHHUX JAUITHOK HE MAlOTh
LIEHTPAJII30BAHOTO  BOJIOBI/IBE-
nenns (Strokal, V.P., Kovpak,
A.V., 2022b). BigmosimHo BH-
Bi3 KOMYHAaJbHUX CTIUHHX BOJI
3 BUTPIOHHX sSIM HE KOHTPO-
JIIOEThCS,  HAsABHICTH OOal-
TOBAaHUX BUTPIOHUX SIM 3TiJHO
BHMOT HE KOHTpoOstoeThes. Ha
mpaBoMy Oepe3i 3HaXOAATHCS
C.. Ta TPOMHKCIIOBI MiANPH-
emctBa (TOB «Uirncu JIrokcy,
TOB «Arpomacy). Jlia cropo-
Ha BOJOCXOBHIIA IPEICTABIICHA
3€JICHOI0 JTICOCMYTOI0 Ta 0a3a-
MH BigmounHky (Strokal, V.P,
Kovpak, A.V., 2022b).

Hasxanp mpotsirom AociipKeHb
(2020-2023 pp.) Mu HE 3MOIIH
orpumarH iH(opmaIliro mpo
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IIpupoana esrpodikauist

AHTpONoOreHHa eBTpodikauis

BUIIAJIO MiBTOPAMICSUHI HOPMU

onanis (Strokal, V.P., Kovpak,
A.V., 2021b) Ta NOsSBU HETH-
noBoi nocyxu (Snizhko, S. and
others, 2021).

HasBHICTH CHCTEMH OYHCTKH
CTIYHUX BOJI HA MiAPUEMCTBAX
SKi 0e3MocepeIHbO CKUIAK0Th-
Csl Y BOJAOWMY BOIOCXOBHIIIA.
Takok B3IOBXK JIiBOI CTOPOHH
MU TIOCTIHHO CIIOCTEpiraiu He-
CaHKI[IOHOBaH1 CMITTE3BAIMIIIA,
skl posMiteni Oymu 3a 50-100
METPIB BiJl BOIOIMHU.

Hacminku:

BinOymucs 3miHM y Mopmensix
IUPKYILIT BOAU, IO CIIPUYH-
HIJIM 10 3MCHILCHHS IIBUJIKO-
CTi Te4il, YUM CaMUM 3YMOBHB-
MW TIPOLIECH 3apPeryIbOBaHOCTI
BojiocxoBmia (Strokal, V.P.,
Kovpak, A.V., 2021b)

Hacmigku:

B npobGax Boau, siki Oynu Bi-
nibpani OLIA MiANPUEMCTB Ta
B3JOBX JIBOTO Oepery BOJIO-
cxoBumia 3a 2021-2022 poxu
CIIOCTEpiraju 3Ha4HE IEePEBU-
[IEHHS MTO)KUBHUX PEYOBHH Ta
HasIBHICTb CMITTSI Y BOJOMI
(mmactuky)  (Strokal, VP,
Kovpak, A.V., 2022b). TIpo-
THO3YEMO IO JaHa CHUTYyaIlis
crpusia 30UTbIICHHIO OioreH-
HOTO HAaBaHTAKEHHS Y BOJIOMMI,
OCKUIBKM B OOHIH 13 TOYOK
Binbopy mpod (c. Kazaposuui,
2021 p.) Oymo 3HaiijeHO MOp
pu6. B iHmii touni (3a 10 kM
Bix Kwuiscekoi 'EC mo npam-
61) y 2021 pori criocrepiranu
HAsBHICTb 3aMYJICHHS, IOSIBH
HE3HA4YHOI KUIBKOCTI IiaHOOaK-
Tepiit, mpote Bocenu 2023 poky
— HAasIBHICTb BOIOPOCTEH 301J1b-
uacs y BOIOUMI CyTTEBO 1 MU
CIIOCTEpIrajiy 3Ha4YHi MOCHIICHI
MPOLIECH EBTPOQIKAILiI.

Mpuunna: Biticbkosi Oii: pyliHYBaHHS BOJI-
HOI 1H(pPACTPYKTYpH, IO IPU3BOAUTH JIO
MaCOBHX 3aTOILUICHb TEPUTOPIH, BUHOCY MO-
JKMBHUX PEUOBMH Ta PI3HOTO poay 3a0pyu-
HIOBA4iB JI0 BOJAOHMH, BOITHOTO IePilUTy s
BCIX BH/IIB HAPOJHOTO TOCIOAAPCTRA

HasgBHicTh
poOIeMu:

Cunig 3a3HauuTH, MO 3 IOYAT-
Ky MOBHOMACIITaOHOTO BTOp-
THEHHsI pocii mpuoepexHi 30HU
BOJIOCXOBHIIA, JaMOM, TiIpo-
TEXHIYHI CIIOPYIH MOCTIIHO 3a-
3HAIOTh BIUIUBY. 3 METOIO 3aXH-
cty M. Kuesa, 25 motoro 2022
poky Oyna 3pyiiHOBaHa Jamoa,
110 3axXHUILaIa A0IuHy p. Ipninb
Bix 3arommenns. BiamosimHo,
micnst pydHYBaHHS BifOys10Cs
3Ha4YHEe 3aTOIUICHHs cin Jlemu-
JB 1 yacTKoBO ¢. Ko3aposuui,
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IIpupoana esrpodikauist

AHTpONOreHHa eBTpodikauis

B TOMY YHCIJI — 3aTOIUIEHI Me-
JiopoBaHi  yrijas. 3aTorieHa
QUITHKA B HAsBHOCTI 1 HHHI,
TOOTO cutyauis 3 2022 poky 1o
2023 pik BKJIOYHO HE 3MiHH-
nacs. Ha niit ginstHIi Moskemo
CIIOCTEpIraTl SIK HAaCEJICHH]
noButhk pudy (Strokal, V.P. and
others, 2023).

3 noniB Bi0OYBCs 3MUB BETUKOL
KUIBKOCTI OpraHiyHUX, OioreH-
HHUX PEYOBHH, BiJIXOJIIB Pi3HOTO
xapakrepy (MOKPHIIKH, TLIac-
TUKOBI IUIALIKH, CKJIO, TBEPIl
moOytoBi  Bimxoan) (Strokal,
V.P. and others, 2023). ITinrBep-
JDKCHHSIM IIbOTO € HAsBHICTh
71a00paTOPHUX JIOCIIIKEHb, B
SIKHUX MOpPiBHAHO 13 2021 pokom
(o pyiHyBaHHS aMOu) BMICT
MIO)KUBHUX PEUOBUH 301IBILIHB-
cs no 3 pasiB) (Strokal, V.P,
Kovpak, A.V., 2022c¢).

Hacmigku:

3arajibHi HaCTIIKU:

Jlns  BomHO1  OioTH

(exocucrema):

— 3minu y eudosomy cknaoi (TpodivyHuX 3B’43Kax) BOAHOI Oi0TH

— 3azubeny pubu BHACTIZIOK 3MEHIICHHS KUIBKOCTI PO3YMHEHOTO
KHCHIO Y BOJI

— 3menwennn 6iopiznomanimms 3a paxXyHOK IPUTHIUEHHS 1X poCTy
3a PaXyHOK aKTHBHOTO IBITIHHS BOIOPOCTCH

Jis ramyseit Hapon-
HOTO  TOCrojapcTBa
(BUIM BOJOKOPHCTY-
BaHHS)

— Hozipwenna ecmemuunoi yinnocmi 600oimu. 30kpeMa HaMip-
HHH piCT BOIOPOCTE MOXKE MPU3BECTH 10 IOMYTHIHHS Ta KaJlaMyT-
HOCTI BOZIH, IIOSIBU HETIPUEMHOTO 3arlaxy i 3MiHU KOJIBOPY, L0 MOXeE
3poOHTH BOIY HETIPHIATHOIO JUIS PEKPEaiifHIX 3aX0/IiB.

— Hozipwenns axocmi 600u ma it docmynnocmi. BMicT moXXMBHUX
PCYOBHH 3yMOBIIIOE OiOreHHE 3a0pYAHEHHS BOIOWMH, 110 CTBOPIOE
3arpo3y IS BUKOPHUCTAHHS JaHOI BOAU y TaTy3sX CLIBCBKOTO FOCHO-
JapcTBa (POCIMHHMIITBO Ta TBAPHUHHHIITBO) Ta B PHOHIN rarysi.

JIns BOAHOI eKocHc-
TeMd Ta B cdepax
rocroJapcTBa

— Tokcuunicms 600u - NOSIBA TOKCHHIB 1liaHOOAKTEPil (MIKPOITHCTH-
HM) € IMIKIZJIMBUMH JUIsl BogHOi duiopu Ta (hayHM Ta CTaHOBISTH
HeOe3MeKy Ul 3[0pOB’sl JIIOAUHY IPH MOIAJaHHI B cepeauHy abo
yepe3 MPsIMUE KOHTAKT 13 3a0py/IHEHO0 BOJIOK. TaKoK TOKCHUHICTh
BOJIY CIIPUYMHIOE Ae(hilUT BOAH Y BCIX raly3sx FOCIONapCTBa.

— 3Husicenna po3uunen020 KucHio, 110 IPUTHIUYye PO3BUTOK Ta PO3-
MHOKCHHS BOJIHOT 010TH, a TaKOX BIUIMBA€E HA PHOHY Taiy3b rOCIO-
JlapcTBa. 30KpeMa y Mipy 3pOCTaHHS MOMYJIALIT BOIOPOCTEH TOBCTHI
IIap Ha IIOBEPXHI BOJM MOXe OJIOKYBaTH COHSYHE CBITJIO, IIE 3aBaKa€e
3aHypEHHM BOIHHUM POCIHHAM (DOTOCHHTE3YBaTH Ta BUPOOISATH KH-
CCHb
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Puc.1. — CxemaTuuHe 300pazkeHHs] IPMYUHHO-HACTIIKOBUX 3B’ A3KIB
inTeHcudikauii npouecis esrpodikauii Bogoiimu KuiBcbkoro Bogocxosuia
(A — NpUYMHHU Ta HACJHIAKM Big npupoaHoi esTpodikauii; b — npuunnu
Ta HACJHIIKHU BiJ anTponorenHoi esrpodikanii; B, I' — BnjuB Ha Bogoiimy
AHTPONOTeHHOI0 HABAHTAKeHHs BilMOBiIHO 10 nocigxeHb Bocenu 2021
POKY (IpUYMHHU Ta Hacaiaku HaBeneHi y Ta0xa.1); I, E - BiuiuB Ha Bogoiimy
AHTPONOTeHHOI0 HABAHTAKeHHs BilMOBiIHO 10 nocigxeHb BoceHu 2023
POKy (IPMYMHM Ta HACTIIKU HaBedeHi y Tadu.1)).

OpyIHIOBadi, SIKi IEPEBUIIYIOTh BCTa-
HoBJeHi HopMu (Strokal, V.P., Kovpak,
A.V., 2022b). [licnst moBHOMACIITaOHO-
TO BTOPIHEHHS POCii Ha TEPUTOPIIO Kpa-
iHu (24.02.2022 p.) ecTeTUYHUN BUIIIA]
Ta SIKiCTh BOIOWMH BOIOCXOBHIIA CYTTE-
Bo moripurmcs (auB. puc. 1J] Ta 1E).
Sk 6aunmo 3 (HOTO, MPOLIECH aHTPOTIO-
reHHoi eBTpodikallii CyTTE€BO MOTipIIH-

mucst. 3 cxemu (puc. 1/]) mu 6aummo sk
pyitHyBaHHS nam6u mo Oimst c. Kazapo-
BUYI BIDIMHYJIA Ha CTaH Bomoimu. Bapro
cKazatH, 1o gamba Oyna 3pyiiHOBaHa 25
mrotoro 2022 poky, BinOyIocs 3aTOILICH-
HSl TEPUTOPIN Ta BIAMOBIIHO BHHIC TO-
JKUBHUX PEUOBHH Ta IHIIKX BiIXOMIB i3
MIPUBATHOTO CEKTOPY CEJISTH JI0 BOIOMMHU
BOZOCXOBHIIIA, I HAHI MH CIIOCTEPIraEMo
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110 Ha MICIIi PO3JIMBY — 3aTOILICHI MeJTio-
paTUBHI YTiJJ151 — TaK 1 3JTAIIAINCS BOHU
3aroruieHnMH (Tadn. 1) (Strokal, V.P. and
others, 2023; Strokal, V.P., Kovpak, A.V.,
2022c; Strokal V., KurovskaA., & Strokal
M., 2023). Hamu cnporHo3oBaHo, IO
3a paxyHOK CTOKOBHX TEWill Ta BOIHHX
Mac, TIOKMBHI PEYOBHHU Ta BIIXOOH 3
3aTOIUICHOT TEPHUTOPIi MOTPAIUBINN IO
BOJIOMMM BOLOCXOBMILA — HAMIWILIIA 10
MPOTIJICKHOI CTOPOHM BOIOCXOBHINA
(J1iBa cTOpOHA) 1 3yMOBHJIM MacOBE PO3-
MHOKEHHSI [[IaHOOAKTEepid Y370BXK MpHU-
OepexHOI JIiBOro Oepera BOIOCXOBHIIA
Ha IMOWHI BOmoWMH 10 2 MeTpiB. Ta-
KOX Y JISSIKUX JIIJISTHKAaX BOIOWMH (BiJI C.
Kazaposuui, B cTopoHy J10 ¢. Jlemumin)
3yCTPIYAIOTHCSI TOKPHIIKY Y BOIOWMI Ta
BiJIXO/TM PI3HOTO MTOXO/PKEHHS. B minstHII
(3a KazapoBuiipkoro 1amM0010 B CTOPOHY
c. Jemunis, me BinOysoCs 3aTOIUICHHS
TEPUTOPIi) BOAOMMA Mayia BHIVIS «KH-
woT90i BoAm» (CIIOCTEPEIKESHHS MPOBO-
o 19 ot 2023 p.).

BapTo 3a3HaunTH, 1110 BilichKOBa [i-
SUTBHICTh JIOCHTH CYTTEBO BIUIMBAE Ha
cTaH BozoWMH. HaykoBisiMu kadenpu
exoyiorii arpocdepu Ta EKOJOTIYHOTO
KOHTpoJto HarionansHoro yHiBepcute-
Ty OiopecypciB 1 IPUPOTOKOPHUCTYBAH-
Hs YKpainu Oyiu 3po0JeHI TPYyHTOBHI
JOCIIDKEHHS OO0 BIUTMBY 3pYHHOBA-
HOT BOAHOI i1H(pacTpykTypH (mamowu,
rpe0iti, KOMyHaJIbHI CTaHIIii TOIIO0) Ha
CTaH MPUPOTHHUX BOJHUX PECYpCIB Ta
iXHIO SIKiCTh. 30KpeMa HHMH OOIpYH-
TOBAHO, IO SIKICHUIA CTaH BOIOH CyTTE-
BO TIOTIPIIYEThCS MiJl Yac pyHHYBaH-
HA namM0 Ta KaHai3aliMHUX OYMCHUX
cranmiit (Strokal, V.P., 2023).

Bucnosxu.
EBtpodikariss KniBcbkoro Bomocxo-

BUIIIA BiOYBAETHCS Y MPUPOIHUX Ta aH-
TPOTIOTEHHUX yMOBaxX. B xomi anHamizy

OyJI0 BHOKPEMJICHO OCHOBHI MPUYHHU
NpUPOTHOI (NEPEHECEHHS TOKUBHHUX
PEUYOBHMH 32 PaxXyHOK [TOBEHEH Ta IMaBOA-
KiB, MOCHJICHHs a0pa3iiHUX MpOIIECIB,
3MiHa KJIIMaTy Ta TEMIEpPaTypHOTO pe-
JKHUMY) Ta aHTPOTIOreHHOI eBTpodikarii
(CiTbCHKOTOXOBHIIA TSI BOMHOI Oi0TH
(3MiHa TpPO(IYHUX 3B’SA3KIB y BOIHIH
€KOCHCTEeMi, MOp pUO, 3MEHIIICHHS BOJI-
HOTro 010pi3HOMAHITTS ), TATy3ei HapoI-
HOTO rocmojgapcTBa (TOTipIICHHS ec-
TETUYHOI IIHHOCTI Ta SIKOCTI BOIM JUIA
BOJOKOPHCTYBAHHS, peKpearii Ta cijab-
CBKOTO TOCITOZApPCTBA), & TAKOXK Oe3mo-
CepenHbO YTOYHEHO, IO TOJOBHUMHU
HACJIIJTKAaMH TSI BOIOWMHU B IJIOMY €
TOKCHUYHICTh BOAM (IOSIBa IiaHOOAKTE-
piii, IO € MIKI[UIMBUMHU Ui OiOTH Ta
JFOJCH; 3HIDKCHHST PO3UMHEHOTO KHCHIO
Y BOJO¥MI, III0 3yMOBIIIOE HECIIPUSTIIH-
Bl YMOBH JiJIsl PYHKI[IOHYBaHHS O10TH).

3poOHBIIN OIS MPOOIEMH EBTPO-
¢ikarii KHIBCbKOT0 BOIOCXOBHIIA MOXK-
Ha CKasaTH, o eBTpodikallis BOTOHMH
BOJIOCXOBHIIIA TIepeOyBae Ha eTarll «IBi-
TIHHS BOIOPOCTEH», SKOMY TMepenye
eTar HaJIXOIHKECHHS TO)KUBHIX PCUYOBUH
JI0 BOIOWMH, Ta HACTYITHUM € — BHCHa-
JKCHHSI KHCHIO y BOJIOMMI 1 CTBOPCHHS
«MeptBUX 30H». [1[06 He nomycTHTH
nepexia nporecy eBrpodikarii 10 Ha-
CTYITHUX €TaIliB HEOOXiTHO MPOBOIUTH
P 3aXO0[IiB, 30KpeMa MiHIMI3yBaTH 3a-
OpyIHEHHS 3 TOUYKOBUX JDKEpEIl, TaKHX
SIK CTIYHI BOJW; 3MCHIIIUTH HAIXOKCH-
HSl TIOKUBHAX PEUYOBHH BiJ CLIBCHKOT
MPaKTHKK (CUTbCHKUU JpeHax) Ta iH-
X qudy3HAX IKepen 3a0pyaIHeHHS.

Y OpomoBKEHHI JOCHTIKEHb Iie-
pendaueHo MPOJOBKEHHSI IPYHTOBHOTO
AQHAIIITHYHOTO aHAaJI3y BMICTY TOXHB-
HUX PEYOBHMH y BOJOWMI, Ta Ha OCHOBI
HOro — KOHKPETH3allis YAHHUKIB BILIH-
By Ha SIKICTh BOIH JUISI BHIIB KOPUCTY-
BaHHA (CUIBCBKE TOCIIOAAPCTBO, PEKpe-
arfisl, MATHI 1iT).
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Abstract. It is known that the process of eutrophication in freshwater (especially in lakes and
reservoirs) is increasing every day. That is why the relevance of this research is related to the
existing processes of eutrophication in the Kyiv Reservoir of Ukraine. The research was conducted
on the basis of laboratory research materials in 2021 year (before starting russian-Ukrainian
war — 24.02.2022) and in 2023 year (after 600 days starting russian-Ukrainian war). The main
aim of the research was to determine the main cause-and-effect relationships of strengthening
eutrophication processes of the Kyiv Reservoir, which are currently available. It has been
established that eutrophication of the Kyiv Reservoir occurs under natural and anthropogenic
conditions. During the analysis (2021-2023 years), we identified the main causes of natural
(transportation of nutrients due to floods, increased abrasion processes, climate change) and
anthropogenic eutrophication (agricultural and urban activities, military activities). Analyzing
the cause-and-effect relationships of the intensification of eutrophication processes, we
emphasized the main consequences of the anthropogenic load on the water body of the reservoir
for aquatic biota (change in trophic relationships in the aquatic ecosystem, reduction of aquatic
biodiversity), for different branch of human activities (deterioration of the aesthetic value and
water quality for water use, recreation and agriculture). Also, we highlighted the implications of
eutrophication for the reservoir such as water toxicity that can influence the water bodies and
biota (the appearance of cyanobacteria, which are harmful to biota and people).

Keywords: Kyiv Reservoir, eutrophication, point sources of pollution, diffuse sources of
pollution, climate change, nutrients, water quality.
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AOCNIAXEHHA PIBHA AKYCTUYHOIO
3ABEPYQHEHHA TA MOro BN/1IUB
HA XUTTEAIANBHICTb NTIOAWUHU

J1.E. MICKYHOBA’,
doueHm Kaghedpu 3a2asbHOI ekonoeii, padiobionoezii ma 6e3neku
HUMMEODiANbHOCMI,
https://orcid.org/0000-0002-6351-0660,
piskunova2712@ukr.net,
IA. CEPBEHIOK",
cmapuwuli 8UK1A0aY Kaghedpu eKosoeaii azpocgepu Ma eKosoeiyHo20 KOHMPOSHo,
https://orcid.org/0000-0001-9187-0623
bojruw@ukr.net
H.b. FTO/IIYEHKO?,
3a8i0ysay cekmopy MiXHapPoOHo20 crnispobimHuymea 8iddiny HayKoso-
rnpasosozo 3abesneyeHHs Mma MiHHapPoOHO20 crispobimHuymea
https.//orcid.org/0000-0002-0382-318X
HauioHanbHul yHisepcumem 6iopecypcie i npupodoKopucmys8aHHA YKpaiHu
YkpaiHa, m. Kuis
2YkpaiHcbKuli iHcmumym exkcriepmu3su copmie pocauH, m. Kuie, YKpaiHa

AHomayisa. Pesynbmamu aKyCmMu4yHUX 8UMIPI8 ma couyionoeidHi 00CniOHeHHs
cgid4ams, WO 20/108HUM OHEPENOM OKYyCMUYHO20 3abpyOHeHHA 8 micmax €
asmompaxcrnopm. [MpubnauzHo KoxHul Opyeuli micekull wumenbs cmpamoae 8id
CMBOPIOBAHO20 HUM WYMY.

HedockoHanicms 3aKkoHO0a840- HOpMamMueHOi 6a3u, 8i0cymHicmb eKOHOMIYHUX
saxcenie pe2ysto8aHHA O0MYCMUMUX PiBHI8 38YKY € MPUYUHOI 3pOCMAHHA AKYCMUYHO20
306pyOHeHHA micm.

Halibinew sus4yeHuli npomucnosuli wym, a npobaemy mMicbKo20 8YaAUYHO20 WYMY
docniorweHo meHwe. [ocaidumu syauvHull wym Oyxe Hernpocmo, OCKinbKu uel
8UO WYMy MOXe BUHUKaMU 8i0 s8enuKkoi Kinbkocmi dxcepen. Memor pobomu 6yno
BUMIPHOBAHHA WYM08020 306pyOHeHHs ma (020 pexcumy 8 Mmexax 080X Micm Pi3HUX
KpaiH. Po32as0 npouecis 8nausy wymogozo 3abpyoHeHHA Ha 300p08’a AOUHU | cmaH
HABKONUWHBLO2O Cepedosuwd, aHasi3 Cy4YacHO20 CMAHY WYMO08020 3a6pyOHeHHs
ypbaHi308aHUX mepumopill, 8USHAYEHHA CY4YAaCHUX MEeXAHi3Mi8 8UpiWeHHA MuUMaHb
w000 Wymosozo 3ab6pydHeHHs ypbaHizosaHuUx mepumopiti. B YKpaiHi iocymHi sumoau
Wo00 2paHUYHUX 8enuUYUH 014 iIHOUKamMopie MOHIMOpPUH2Y CepeOHbOPIYHUX pieHie
wymoso20 3abpyOHeHHA Ma OYiHBAHHSA ix seauyuH. Tomy, HeobxioHo 3anposadumu
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nocmiliHuli MoHiImopuHz pisHie wymy 8i0 nepecysHuUx Oxcepesn, aoxe 3apa3
YKPQiHCbKUM 30KOHO0a8CmMBOM He repedbayeHo 4imKoz20 anzopummy pe2nameHmayii
MOHIMopuHa08UX 00CIOHEHb WYMY, WO YCKAAOHIE npoyec obpobKu ma aHanisy
iHpopmayii, HeobxiOHOi 0na CcKkAAOeHHA AKICHOI cmpamez2iyHoi Kapmu wymy 074
MicbKo20 cepedosuuya.

JlocnidxceHa OUHamMiKa wymosozo 3a6pyOHeHHA Ha 8ynuyax lonociiscbkozo palioHy
m. Kuesa y nopieHaHHI 3 synuyamu m. KenoH HimeuyuHa O0ae 3mozy 3po3ymimu, wo
cymmesuli 8raus Ha piseHb WymMo8020 3a6pyOHEeHHA MA€e mun 00POXHbO20 NOKPUMMA,
iHMeHcusHicmb pyxy, opeaHi3ayis ma cKaad MpPaHcnopmHo20 nomoky. Memodu
PO3PAxyHKY O4iKy8aHO20 pigHA wymy asmomobinbHo20 mpaHcrnopmy, Moxcyme 6ymu
83ami 3a ocHosy rnpu subopi bydisenbHO-aKycmMu4yHUX 3ax00i8 w000 3axucmy 8id

MPAHCIOPMHO20 WYMy HUMA08UX MPUMIU,eHb ma 2poMadcbKux byodigers.
Kntouoei cnosa: akycmuyHe 306pyOHEHHA, aKycmuKka, wym, QisuyHi napamempu
wymy, 0xcepesno wymy, yabmpaseyK, HABKOMUWHE MPUpPOOHE cepedosuuye.

Bcmyn.

IkigmuBuil Ta HEOE3IIEUHUI BIUIMB
[IyMy Ha OpraHi3M JIFOMUHH BCTAHOBJIC-
HO nocTteMeHHO. CTYIiHb TaKOTO BILIH-
BY, IIEPEBAKHO, 3AJIC)KUTH BiJ PiBHS Ta
Xapakrepy myMmy, GopMu Ta TPUBAIOCTI
BIUIMBY, & TaKOXK IHAWBITYaJIBHHX 0CO-
onmuBoctelt mroauad. Lym Hame uTh 10
3arajgbHO (Hi310JIOTTYHKUX TOIPA3HHKIB,
SIKi 32 TIEBHUX OOCTABUH MOXYTH BILIH-
BaTH Ha OUTBIIICTh OPraHiB Ta CHCTEM
OpTraHi3My JIFOIHHH.

HeratuBHuii BIUIMB Ha JIFOJMHY Bij
mrymy meraroiicy Ha 36% Oinpm 3Ha-
YYIIWA, HIXK BiJ MaJiHHS TIOTIOHY, SIKE
CKOPOYY€E KUTTS JIIOMUHU Y CEPEIHBO-
My Ha 6-8 pokiB. 3 Qizionorianoi ToU-
KH 30py IIYMOM MO)Ke OyTH Ha3BaHUU
Oynb-KHi HeOaKaHWW 3BYK, SIKUM 3a-
Ba)Ka€ CIPHUHATTIO KOPHCHUX 3BYKIB
(JTro7IChKOT MOBH, CHUTHAJIIB TOIIO), IMO-
pyIIy€e THIIY Ta 3MIHCHIOE IIKIITABUN
BIUIHMB Ha JIFOIMHY.

3a ocramHi 30 pokiB cmocTepira-
€TbCsl 30UTBIICHHS IIYMOBOTO HaBaH-
TakeHHs Ha 12-15 1BA y BCiX BETUKHX
Meranojiicax CBiTy, CyO'€éKTHBHA Tyd-
HICTB BHpOCHA B 3-4 pa3u. Y cydacHHX
MICTax, 31 3HAYHUM PYyXOM TPAHCIIOPTY,

piBeHb IIyMy HaONMXKEHUH 10 Hebe3-
neunoi mexi 80 nbA (Zerbino, D.D.,
2013).

Oco0nrBO Bpaxae BIUIHB ITyMOBOTO
3a0pyJHEHHS Ha KUTeliB MicT. Excriep-
TH BBaXKAIOTh, II0 y BEIIMKUX MicTaxX
IIyM CKOPOYY€E TPHUBAIICTH JKUTTS JIFO-
quan Ha 8-12 pokiB (Yaremko Z.M.,
2005). Sdxmo Ha 100 THC. CUTBCHKUX
MenikaHniB npunanae 20-30 THX, XTO
MOraHo 4ye, TO B MicTrax I nugpa
301IbIIYEThCS Y 5 pasiB. SKIO piBeHb
IyMy TocTiiHo niepesuiiye 85 nbA, To
y JIFOMUHU 3HUXKYEThCS cinyX 3 30 po-
KiB, B TOH Yac SIK IIPHPOIHIM BBaXKaIOTh
Takuid mporec y Bimi micns 70 pokis
(Honcharuk, E.G. et al., 2006).

PesynbraTi akyCTHYHHX BHMIpIB Ta
COIIIOJIOTIYHI JIOCIIDKEHHS CBII4aTh,
IO TOJIOBHUM [DKEPEIOM aKyCTHYHO-
ro 3a0pyIHCHHS B MiCTaxX € aBTOTpaH-
cmopt. Ha cporomni cmoctepiraetbcs
TEHICHIIIST A0 PO3IIUPEHHS IUIOMT aKyC-
TUYHOTO TUCKOM(pOPTY Ha 3a0yIT0BaHUX
TepuTopisx. HemockoHamicTh 3aKOHO-
JIaBY0- HOPMATUBHOI 0a3u, BiICYTHICTH
CKOHOMIYHHX Ba)KENiB PEryJIIOBaHHS
JOMYCTHMUX PIBHIB 3BYKY € IPHYHUHOIO
3pOCTaHHS aKyCTHYHOTO 3a0pyTHCHHS
MICT.
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Haii06inb1r BUBYCHUH TIPOMHUCITOBUI
IyM, a MpoOJieMy MiChKOTO BYJIMYHO-
ro mymy JociimpkeHo meHmie. Jloci-
JUTH BYJIMYHHH IIIyM JyX€ HEIpOCTO,
OCKIJIBKH [IeH BUJI IITyMY MOYKE BUHHKa-
TH BiJI BEJIMKOT KUTBKOCTI JKEPEII.

Bu3HayeHHs ~ HACTIIKIB  BIUIMBY
AKyCTHYHOTO 3a0pyAHEHHS TOBKIJIJIS HA
JIIONMHY, BCTAHOBJICHHS JKEpEN aKyc-
THYHOTO 3a0pyIHEHHS JAOBKULISA B Pi3-
HUX Micisgx MicTa Kuesa Ta HOpiBHSIHHS
13 IIyMOBHUM 3a0pyIHEHHSIM BYJIHUIb €B-
POTEHCHKUX MICT MUTAHHS aKTyaJlbHE,
Hacamrepes, i3-3a MOXIJIMBOCTI Ipoa-
HaJi3yBaTH OCHOBHI METOAM 1 3aco0u
3aXUCTy BiJI aKyCTHYHOTO 3a0pyJIHEH-
Hs JTOBKUUIS Ta HAJaTH PEKOMEHJAIlii
MO0 3HIDKCHHS PIBHS aKyCTHYHOTO
3a0py/IHECHHS.

Mema pooomu — NOCIIHKESHHS PiB-
Hsl aKyCTHYHOTO 3a0pyJHEHHS Ta HOTo
pPeKHMY B MeEXax JBOX MICT Pi3HHX
KpaiH. Po3misyn mporieciB BIUTUBY IIy-
MOBOT'O 3a0py/JHEHHS Ha 3JI0pOB’s JItO-
JIMHH 1 CTaH HaBKOJIUIITHBOTO CEPEI0BH-
1a, aHaJli3 Cy4acHOTo CTaHy IIIyMOBOTO
3a0pyaHEeHHsT ypOaHI30BaHUX TEPUTO-
pii, BUBUCHHS TUTaHb MPABOBOTO pe-
T'YJIFOBaHHS 3aXUCTy HaBKOJIMIIIHBOTO
Cepe/IOBHUIIA Ta HACEJICHHS BiJl IIyMYy B
VYkpaiHi Ta BU3HAUYEHHS Cy4acHUX Me-
XaHi3MiB BUPIIICHHS MUTaHb MO0 IIy-
MOBOTO 3a0pyJHEHHs ypOaHi30BaHUX
TEPUTOPIH.

OcobnmBa yBara mpuaLIsIach BCTa-
HOBJICHHIO OCHOBHHUX JIKEpEJ BILIURBY,
IHTEHCHBHOCTI IITYMOBOT'O HaBaHTaKECH-
HsI B3JIOBXX aBTOMOOUILHHMX IIIAXIB Ta
MOONH3Y JKUTIIOBUX OYIWHKIB, SIKI 3HA-
XOIIATHCS B3JIOBXK JIOPIT, 3yITHHKaM Ipo-
MaJICBKOTO TPAHCIIOPTY.

Memoou 0ocnidxcens.

HATypHI BUMIPIOBaHHS PIBHIB aKyc-
THYHOTO 3a0pyJAHEHHS, aHai3, MOopiB-

HSTHHS JJAHUX HAaTYpPHUX BHMIPIOBaHb 3
HOPMATHBHUMH, CTaTUCTUYHA 00poOKa
pe3yIbTaTiB AOCHIIKCHD, y3araibHEeH-
Hs. BuMiproBaHHS MaKCHMaJIbHOTO
PIBHSI 3BYKY IPOBOIMJIKCEH 33 IOIIOMO-
TOI0 MYIBTU(YHKIIIOHAJIBHOTO TIpHJIa-
ny FLUSET-965, mo ¢ikcye nrymoBi
BIUIMBM B Y4acTOTHOMY jiama3oHi 31.5
I'm no 8 KI'n, moxuOka BUMIiprOBaHHS
+1,5 nbA. Tlpunaag MIiCTHTh aKyCTHY-
HUH (QUIBTP, 1O TO3BOJISIE 3HIMATH 3
Ta0JI0 TIOKA3HUKH PIBHS 3BYKY, UyTHICTh
skoro B miamasoni Big 30 no 130 nBA.
BumiproBaHHS TTPOBOIMIIMCH 33 CTaH-
JTapTHOIO METOAWKOIO, TPWIAJ BHKO-
PHCTOBYETHCS B HAYKOBHX JOCIiPKCHHS
kadeaporo 3arajabHOI E€KOJIOTii, paiio-
OioJorii Ta Oe3lmeKd KUTTEMISAIbHOCTI
HVYBIll Ykpainu.

[epmni HaykoBi BiJIOMOCTI PO MiCh-
K 1ryM Oyau oTpuMani B 20-X pokax
20 cromitTs, ko gokropom dpi CLLHA
i P. Tontom B AHDiil Oynu mpoBeneHi
HaTYpHI JOCIIDKEHHS MICBKHX JDKEpE
mymy. B Ykpaini mogiOHi 10CiKEeHHS
Oymu 3pobneni B 30- x pokax: PkeBHi-
uum C.M., Ha's3pkum IJ1., CrnaBinum
L., OnexcieBum C.I1., Jlipmumem C.5.
Ta iHIWMUMU. Bke Tomi DOCHiKEHHS TO-
Ka3aJli, 10 MICBKUH IIyM CKIIaJaeThbCs
MEPEBAXHO 3 IIyMIB MICBKOTO TpaH-
CIIOPTY, TPOMHUCIIOBHUX IiAIPUEMCTB Ta
MOOYTOBUX IIyMiB. Y I[bOMY TPaHCIIOPT-
HI IIyMHU € TiepiioMy Micii. Haliuacrime
caMe IIyM BiJ TPaHCIOPTY BH3HAYAE
IIyMOBHI (hOH MicTa i TOMy HOro 3HHU-
JKEHHSI € OCHOBHUM 3aBIaHHSIM PO3pO0-
KH CITUTBHOT Ipo0iieMu 60pOTHOH 3 MiCh-
KHUM IIIyMOM. AJle CydacHii JIFOMUHI BXKe
HE BTEKTH BiJ| IIIyMy HaBiTh y KBapTHPI,
TOMY IO MOCTIHHO MPAIO0Yl MOOYTOBI
MIPUJIAJIN, TEJICBI30pP 1 PaIio TepeBHIIy-
FOTh JIONTYCTUMHUMN PIBEHB 3BYKIB.

3a caHiTapHUMH HOPMaMH, JIOITY-
CTHMHUM piBHEM IIyMY, SKHU € Oe3red-
HUM Uil CIyXy HAaBiTh 3a TPUBAJIOTO
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BIUIMBY, IPUIHATO BBa)kKaTu: 55 neuu-
OcmiB y neHHuid yac 1 40 BHOYI Bijmo-
BimHO. Taki BEJIWYMHU BBAXKAKOTHCS
HOPMAJIbHUMH JUIsl HAIIOTO ByXa, ale,
Ha XKaJlb, HalJacTilIe 1 TOBCIOIHO BOHU
MOPYIIYIOTHCS, 0COOIMBO y MeXax Be-
nmukux MicT (Zhitkova N.Y., 1999).

Buxonsuu 3 11b0ro, MOXKHa CTBep-
JOKYBaTH, IO OUIBIIICTh IIyMiB, 3 SKH-
MM MH CTHKAaeMOCS IOJHs, Habararo
MEPEBHIIYIOTH JOMYCTUMUI TIOPIT HOP-
MU. | 11 JTHIIe YacTHHA IyMiB, SIKi HAac
OTOYYIOTh. AJIKE € IIIe IITyM BiJl TeJeBi-
30pa, ry4HOl MY3HKH, POOOTH Oy/IiBelb-
HOI TEXHIKH, IKUM MH cami IIiJIJIacMO
CBIl ciIyxoBHi amapart. | BIacHOpydYHO
3aBJAEMO HAIIIOMY CJIyXy BEIHYE3HY
mkony (Tyasto A.A. & Kuymova M.V,
2018).

Ha paHmii MOMEHT poO3IIAIaeThCs
roctpa mnpolieMa IIyMOBOTO 3a0py-
HeHHs y KueBi: 3HaYHOI 4aCTHHU KH-
TBCBKUX JKUTJIOBUX OYIHWHKIB piBEHb
[IyMy MOMITHO TIEPEBUIIYE JOMYCTHMI
3HaueHHs. OCOOMUBO TEPEBUILYIOTH
HOPMATHBH IIIyMy PallOHU 3 BEJTMKHUMH
MaricTpaJlbHIMH aBTOTpacaMu 1 paio-
HU 1HTEHCUBHOI 3a0Yy/I0BH.

3rifHO0 3 eKCINEPTHUMH OIliHKa-
MH, Oau3pko 80% HaceIeHHS CTONMIN
MPOKUBAE B 30HAX AKyCTHYHOTO JIHC-
koMpoprty. JlocmigHUKaMHU BCTaHOBIIC-
HO, IO CIOCTEPIraeThCsi MOTIPUICHHS
MPUPOJHOTO IMYHITETYy Ta IiJBHUIICH-
Hs 3arajibHOi 3aXBOPIOBAHOCTI JIFOICH
(Pukalo M. et al., 2016).

3HaYHUN BKJIA]] y 3arajibHy 3BYKOBY
MOTY)KHICTh TPAHCIIOPTHOTO IIIyMY BHO-
CATH caMme JIETKOBI aBToMo0ini. Bonu €
JUKepeJiaMl HU3bKOYaCTOTHOTO IIIyMY,
SIKUM Ma€ BUCOKY TIPOHUKHY 3/1aTHICTb.
301IbIIEHHST KIIBKOCTI BaHTa)KHOIO Ta
rpoMajJcbKoro TpaHcmopty Ha 13% y
TPAHCIIOPTHHUX TMOTOKAX MOCHIIIOE IIYM
Ha 11b (Pukalo M. et al., 2016).

B nanuii yac mymu sl yMOB MiCh-

Kol 3a0yJ0OBH HOPMYIOTh BiJIOBIIHO
mo JIBH B.1.1-31:2013 «3axuct Tepu-
TOpiH, OYIMHKIB 1 CHOPYI BiJ IIyMY»
(DBN V.1.1-31:2013). Canirapui HOp-
MU € OOOB'SI3KOBUMHU Il BCIX MiHicC-
TEpCTB, BIIOMCTB Ta Oprasisaiii, 1o
MPOCKTYIOTh, OyAYyIOTh Ta CEKCILTyaTy-
FOTh JKHUTIIO Ta TPOMAJIChKI OyIiBIIi, 110
PO3pOOIISIFOTh MPOEKTH IJIAaHYBaHHS Ta
3a0y/I0OBH MICT, MIKpPOpalOHIB, HTJIO-
BUX OY/IMHKIB, KBapTaJIiB, KOMYHIKaIIiH,
a TaKOX TS OpraHisalliif, mo mpoeKTy-
F0Th, BUTOTOBJISIIOTH T4 EKCILIyaTyrOTh
TPaAHCIOPTHI 3aCO0H.

Pesynvmamu docniosnenHs
ma ix 002060peHHA.

Jlyis BU3HAYCHHS HACTIJKIB BILIUBY
(hi3uyHOTO 3a0pyIHEHHS JOBKULISA Ha
monuHy Oyno oopano Bynuili B [onoci-
iBCbKOMY paiioHi micTa Kuepa Ta Bymuili
micta Kenbn, Himeuunna (Puc.1, 3, 5).

VY eKkcrepuMeHTATbHHUX OCHiIKEH-
HSIX BUKOPHCTAHO METOJIMKY BH3HAYCH-
HSI [ITyMOBOTO 3a0pynHeHHs aTMochepH
B MicTax Ta KOe(ilieHTy HOro corialib-
Hoi HeOe3neku (Yaremko Z.M., 2005).

CymapHuil piBeHb IHTEHCHBHOCTI
3BYKy Lc, SIKHI CTBOPIOETHCS AEKIIBKO-
Ma JpKEepeIaMHu IyMy 3 OJHAKOBHM PiB-
HeM L1, 00unciroroTh 3a (opMyIioro:

Lc= L1 +10In N

e N — KiUIBKICTh JpKeped.

lIyM TpaHCIIOPTHOTO MOTOKY 3alie-
JKUTh BIJI TPaHCIOPTY, IHTEHCHBHOCTI
PYXY, CTaHy IIOKPUTTS BYJIHIIb.

Benuunna mymy, SKUii CTBOPIOETH-
Csl TPAHCIIOPTHHM TIOTOKOM, 3aJIC)KHUTh
BiJl IIBUJAKOCTI PyXy, IHTEHCHBHOCTI
pPyXy Ta THITy aBTOMOOLTIB. 3a piBHEM
[IyMy, SKHWA CTBOPIOIOTH aBTOMOO1I, 1X
MOAUISIOTH Ha TPH TPYIIN:

* JIETKOBI;
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* BaHTa)XHI KapOIOpaTopHi;

* BAHTAXKHI AU3EIbHI.

OuikyBaHUH piBEHb IIyMy BH3Haua-
F0Th 32 (HopMYyII0F0:

L1 = 44,4+ 0,268V +

N1+ 4N2 +8N3
\%

+101In ( )+ % Pi,

ne V- MIBHOKICTH PyXy aBTOMOOI-
JTIB, KM/TOJL;

N1 — IHTEHCHBHICTb PyXY JIETKO-
BHMX aBTOMOOIJIIB, TOI;

N2 - iHTEHCHBHICTh PyXy BaH-
TOKHUX KapOHOpaTOpHUX aBTOMOOIMIB,
rox’;

N3 - IHTEHCHBHICTD PyXy BaHTaX-

HUX IH3EJILHUX aBTOMOOINIB, rox .

> Pi— cyma momnpagBok, sika BpaxoBye
0COONMBOCTI PO3TAaIIyBaHHS TEPUTOPIH
MPOTHO3YBAHHS MIyMy (B MEpPIIOMY Ha-
OJMDKEHHI [MMHU TONpPaBKaMH MOXKHA
3HEXTYBAaTH).

3a piBHEM MIyMy 3HAXOIUMO Koedi-
LIEHT COLIaJIbHOI HEOE3ITEKH, ITOB’ I3aHO1
13 IyMOBHM 3a0pyJAHECHHSIM TEPUTOPII:

T1=0,04 (L1 - 55) Hi

ne L1 — piBeHb miyMy Ha TepuTOpIi,
SIKHH TEPEBUINY€E T'PAHHIHOIOIYCTH-
MUH piBeHb y 551b;

Hi - KIIBKICTB JIOAEH, K1 M1 11af0Th-
cs1 il rymy.

IHTerpanbHuiA MOKa3HUK COIIATBHOT
HeOe3MeKH ITyMOBOTO 3a0pyIHEHHS BH-
3HAYAETHCS 32 (POPMYIIOIO:

Jis mocipxeHHst Oy BUOpaHi TpU

Bynuii M. KenbH HiMeuunna 3 pizHUM
AKyCTHYHHM HABAHTAXKCHHSIM, IO Har-
JISITHO MOYKHA MOOAYMTH HA PUCYHKY | :

Puc. 1. M. KesibH, a) ByJnust Aache-

ner str./Aaxenep mrpace; 0) ByJIuIs

Haupt str./XaynTt mrpace; B) ByJ1uns
Siirther str./ 3roprep mrpace

Bymunst  Aachener — str./Aaxenep
HITPACEe XapaKTePU3YEThCS BEIUKUM
HABAHTAXKEHHSIM TPAHCIOPTHOTO TIO-
TOKY, alie JaHa BYJHIS BiTHOCHTHCS,
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1. Bu3nayenns ymMoBHX napamMerpis ByJunb M. Kenbn, Himeuunna
(rpyaenb-motuii, 2023 p.)

HazBa IBua- InTen- YacTka aBTOMOOLTIB KinbkicTs
By/Hub KIiCTh pyXy | cuB- JlerkoBux | Banrtak- Ban- Joei,
aBTOMOOi- | HicTh K1 X Kap- | Tammmx | WO NPOKH-
sV, PYyXy Oroparop- | AM3eIbHUX BaloThb y 30H.i
Km/ron | N, 1/ ron wnx, K2 K3 aii mymy, Hi
Aachener str. 50 800 0,65 0,25 0,10 1000
Haupt str. 50 1500 0,60 0,20 0,20 800
Siirther str. 50 400 0,70 0,20 0,10 1200

stk BuaHO 3 Puc. 1(a), g0 mrymosaxwuc-
Hux. Bynauns Haupt str./Xaynrt mrpace
- HAWOUTBII 3aBaHTA)KEHA TPAHCIIOPTOM
(Puc. 1(0)). Bymuus Siirther str./ 3roptep
mrTpace - HaMEHIII 3aBaHTaXXCHA TPaH-
crioproM. Miclisl TPOBEJICHHS BUMIpIB
BHOMpAIHCS Ha JITHKAX BYJIHIIb 1 TOPIT
31 CTaJIOKO IIBUIIKICTIO PyXy TPAHCIIOPT-
HHUX 3aC001B 1 IPOBOJIMIIACH B TPHOX MicC-
X B paniyci 30 m Big goporu. [epina
MO3MIIS — HaWOJIMKYE MO Micls IMpo-
JKUBaHHS IIIONCH; JApyra, HpPaKTUYHO,
OlIs1 TOpOTH; TPETs — OIS JUISTHKH, Jie
Jlopora Ma€ KpyTHl BWUIMH, SKUH, Ha
HaIly JIyMKy OCJaOJIOBaB IIBUIKICTb
aBTOMOOLTIB. BHUMIprOBaHHS MPOBOIH-
JIUCh Y KOXHIM Toulli npotsrom 30 XB.
[NapanensHO BiZOMpATUCh MOKA3HUKH,
IO/I0 MiJPaXyHKy KiTbKOCTI, BHIY Ta
IHTEHCUBHOCTI TPaHCIIOPTHOTO MOTOKY.
[Ipu mocmijpKeHHI IIyMOBOTIO 3a-
OpyIHEHHS TOJIOBHE 3aBIAHHS Oyiio
BHU3HAYUTH IHTEHCHBHICTH PyXy aBTO-

MOOLUITIB Ha 3aMPOIIOHOBAHUX BYJIHIISIX,
4acTKy aBTOMOOUIIB Ta KUIBKICTH JItO-
Jeid, 1110 TPOXKUBAE, UM MPAIIOE HA CKC-
MEPUMEHTAIIbHIN TePUTOPIi.

VY nmocnijpkeHHI cepiio3HO Tepe-
MOHOI0 CTAJIO BHUIUICHHS cepell TpaH-
CIIOPTHOTO IOTOKY KapOIOpaTopHi Ta
JIN3ENIbHI aBTOMOO1II, a TaKoK BH3Ha-
YHUTHU MPABHIBHO KUTBKICTH JIOAEH, M0
MIATAI0THCS ITYMOBOMY 3a0pYJHEHHIO.

Jpyrum erarmoM poGotu Oyno Bu-
3HAYEHHS [ITYMOBUX IapaMeTPIB BYIHIb
M. Kuesa, Ykpaina. s ekcriepuMeHTy
Oyyii BUOpaHi 1Bl Byauil B [onociiBebKo-
My paiioni: ['epoiB O60poHu (MicIist 3ami-
piB I'epoie O6oporu 13-15); IIpocmekr
Tonociiepkuit 59-b. CxeMaTnaHO TOYKH
3aMipiB MpeZCTaBIICHI Ha puC. 2, 4.

Bymums Tepois O6opoHH Xapakre-
PH3YETHCS, B IIIIOMY, SIKIIIO HE paXyBaTu
«4ac [1ix» He 3HAYHUM HaBaHTKCHHSIM
TPaHCIOPTHOTO  IOTOKY, IIBHAKICTH
PYXy aBTOMOOLTIB i3-32 TOPOXKHIX TIepe-

2. Buznayeni mymoBi napamerpu Byauub M. KeabH

(rpyaenn- Jotuii, 2023 p.)

Bynnns OuikyBanuii Koediuient Buznauene mymoBe 3a0pyIHeHHS],
piBeHBb 1HIYMY, coniajgbHOl
Hebe3nexn,T1 I Bumip II Bumip | III BUMip
Aachener str. 89,9 1392 43 40 41
Haupt str. 102,8 1912 49 50 54
Stirther str. 86,8 1272 34 37 38
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3. BusHayeHHs IIyMOBHX napaMmeTpis By1unb M. KuiB, Ykpaina

HazBa Bua- InTen- YacTrka aBTOMOOLIIB KinbkicTn
ByauuL KicTh pyxy | cuB- Jlerko- | BaHTak- | BaHTaK- Jonei,
aBT?MOﬁl- HiCTb sux K1 | mux kap- HEX 8- 110 NPOKH-
JiB v, pyxy N, Gropatop- | 3eabuux BaIOTh y 30Hi
KM/T0], 1/ rox nx. K2 K3 > | aii mymy, Hi
9
I'epois
OGopon 13 65 390 0,90 0,05 0,05 2000
IIpocnext
Tomociis- 70 1200 0,60 0,20 0,20 1500
cekuii 59- b

Ko He nepeBuinye 50 km/rox (puc.3).
3aMipu IPOBOIMIINCH B TPHOX MICISX B
paniyci 30 M Big goporu. Ilepria mosu-
is — HAKOJIMKYE IO MICIIS TPOKUBAH-
Hs1 monielt (puc 3); apyra, - 01 TOpoTH;
TpeTss — OUlA IIJSTHKH, e J0pora Mae
KpyTU# BUTUH, akuil (kopmyc Nel HY-
Bill Vkpainw), 3MeHIITYBaB IIBUAKICTH
aBTOMOO1UTIB. BUMIprOBaHHS MPOBOIH-
JIUCh Y KOXKHIHM TouIi npoTsiroM 30 XB.

[Ipocnext TonociiBebkuit 59-b -
HAMOLIBII 3aBaHTAXXCHUI TPAHCIIOPTOM
B ['onociiBcbkoMy paiioHi Ta i B Kuesl,
B 1JtoMy (puc.5). BuMipu npoBOAHIHCH
TaKOX B TPhOX Micisx. J[Ba BUMIpH - B
pamiyci 30 M BiJ TOpOTH — HAa TEPUTOPIT
kiiHigHO1 JikapHi Nel(Q. OxuH BuUMIp —
MPAKTHYHO O1JIs JIOPOTH.

Bioset

ATB-MapKeTQ
FonociiBCbKuit @
3

S

L epsine
ROI5 06650 — — ——

@ PectopaH "lMpara"

[onociiBCbKuit panoHHUI
cya micta Kuesa

B pesynbrari MpoBeICHHST €KCIIEpH-
MEHTAIIbHUX JIOCII/DKCHb HA BYIHIIX
HimeuunHu, sIK MOKa3ylOTh pe3ysibTa-
TH, PO3paxOBaHUIl OUYIKYBaHUI piBEHb
mIyMy KapJUHAJIbHO BIAPI3HABCA Bij
¢i3uyHOTO BHMIpY MmIyMy 1 OyB, MpH-
Onu3HO, BABIYI MeHmUM. Ha meprimii
MOMIIsi/I, BUHUKAE TOSICHEHHS — BCTa-
HOBJICHI  IyMO3aXHMCHI KOHCTPYKIII,
aJne % 3 TPbOX BYJIHUIb, TUIBKH BYIHIIS
Aachener str. 3 [IIyM03aXHCTOM.

MoskHa BigMITHTH, 110 HiMeuyunHa,
TaK sk 1 SAnonis, paniis Ta O6araro iH-
[IMX KpaiH BUKOPHCTOBYIOTH IIYMOIIO-
DIMHAJIBHE IOPOYKHE TIOKPUTTS JIIS 3HHU-
JKEHHS IIyMy IIHH aBToMOOuTiB. Jlns
SHIDKEHHsI PiBHS 3BYKY YCITIIIIHO 3aCTO-
COBYIOTh HACHITH 1 3€JICHI HACAKECHHS

HYBiM Ykpaiti
kopnyc N2 1

SoTaHIy' g
y.(fau HY.,
" YKpaiHu

Map data ©2023 Google

Puc. 2. Cxema po3TralmiyBaHHs TOYOK 3aMipiB IIyMOBOI0 HABAHTAKEHHS,
Byauus I'epoiB O6oponn
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Puc. 3. 3aBanTaxeHicTh TpaHCHIOPTHUM NOTOKOM ByJuli ['epoiB O6oponu

e
= Q @ | Yu - YiPecropaun | lmforeni ;. ()Y saimmmnca - £ Mysei | @ Tpancnopr | B An > # @
o vremier sonumons W Teinico §p WP VARUS oS &
aaaaaa
a
seratare @
/A pr-wnanep
AT
°ﬂEEMHbKMMA E.Ccna ° +
in Tywkr Heanamocti P =
Dq‘% Hisgeuxo o niuen N°241
&
% 1 Molino Q) £ Homecare €
88 Qtoamea 3
g arer,
I s
Kinacera wicexa @) y
3 B @ Kniiana nikapHs Ne10 Fonociiscskuit (=}
aa rorens p @ _HorapncKyasuenca olagin . Kncoa, X
NN o =
Quovio h
a @ %
HCbKa UepKea %,
e 4 e @ %, o %
) gy B Flowers Py
Fonociiacexa M crpononT @
9, aenea rek Q) +
=) Q) Pl non
Benmapr &) Hauionahonn GEntD e
Onexcanapa 10BXeHKa Sogle 0y, o § ENEE =
S < Miysen Maxendo €3 o, = c
a > 2 et Puni Keprorpagivo i- © Google, 2023 Yxpaina

Puc. 4. Cxema po3TamyBaHHsl TOUYOK 3aMipiB LIYMOBOI0 HABAHTAKEHHS,
Hpocnekrt IonociiBebknii 59-b

i T T

Puc.5. Ilpocnext IonociiBebkuii 59-B, micus Touok 3amipis

pi3HUX THITIB. PO3pO0IeHHS KOMIDIEKCY MM €(QEKTUBHOCTI IITYMO3aXHCHUX 3a-
[IYMO3aXHUCTy 3IHCHIOEThCS BIJTNOBIA-  XOMIB 1 iX BapPTICTIO, @ TAKOXK BUMOTaMH
HO 110 HEOOXITHOTO 3HIDKCHHS pIiBHS  OE3MEeKH, 0COOIMBOCTAME CKCILTyaTalii
3ByKY, a BHOIp CKpaHHUX CIIOPYI IPO-  Ta CCTETHYHHUM CIIPHHAHSITTIM.

IMKTOBaHU, HacaMITEpea MipKyBaHHS- ono Bymuup Kwuesa, orpumani
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4. Bu3zHadyeHHs IIYMOBHX NapameTpiB Byunb M. Kuepa

Bysmmus OuikyBaHmii Koediuient BuznaueHe mymMoBe 3a0pyJHeHHs],
piBeHBb HIYyMY, comiajgbHOl dB
Hebesmexu,T1 I Bumip II Bumip | III BUMip

Uipols 83.8 1152 56 49 58

OpOHH
IIpocnexr
T'omociis- 102,1 1886 92 89 100
cpkuii 59- b

MY JTOCHIJKCHHSAX IIIyMOBOTO HaBaH-
TaXXEHHs JaHi CBiI4aTh MpOTE, IO MO-
pymrytoteest Bumoru CHIll 30-77-84
Binm 03.08.1984. Ha tepuropisx, mio
MPWISATAIOTh JIO KUTJIOBUX OYIMHKIB,
3aKJIaJ[iB OXOPOHHU 37I0POB’Sl Ta OCBITH,
JIOTTyCTUMHUIN piBeHb 1mymy Big 7.00
10 23.00 rogmuu BimmosigHo mo JBH
360-92 mae cranoButd 55 nbA; Oins
TYPTOXKUTKIB - 601BA; Ha rmomnaakax
BimnounHky—451bA (BNiP 12.04-2002;
DBN V.1.1-31:2013).

TakuM YUHOM, TEPEBUINEHHS J0-
MyCTUMOTO PiBHS NIYMY 3a JaHUMH J0-
cmipkeHb  [0M0CIiBCHKOTO  MTPOCIEKTY
cknagae 20-25 nbA. IllymoBe HaBaH-
TaXCHHS, 1110 CTBOPIETHCS TPAHCIIOPT-
HMMH ITOTOKAaMH MICTa, 3HaXOAUThLCS B
MeXax aKyCTHYHOT 00JIacTi 3BYKOBOTO
CUPUAHSATTS JIIOAWHHU, ajie¢ Ma€ CyTTeE-
BHU BIUIMB Ha opraHizm. ToOTO MOXHa
CTBEPDKYBATH, IO MIChKI MEIIKaHII
JKUBYTh Ta MPAIIOIOTh B YMOBaX MOCTIi-
HOTO aKyCTHYHOTO JAHCKOM(DOPTY, SKHH
B CBOIO Yepry NpPU3BOAUTH JO E€MOIIii-
HOl Ta (ismuHOi Hampyru. Ha Bymwmi
I'epoiB ObopoHU 1IryMoBe 3a0pyIHEHHS
BiJl TPAHCIOPTHOIO TMOTOKY HE BHXO-
JIUThH 32 MEXI1 JTOMYCTUMHUX HOPM.

Takox, KpiM OYIKyBaHOTO piBHS
mymMy OyB BHU3HaYCHHH KOe(DillieHT
comjanbHoi Hebe3NeKH, Mo 3a CBOIM
MOHSTTAM, TIOKa3ye MOXKIIUBICTh YU He-
MOJKJIMBICTh TPOXKUBAHHS HACEJICHHS
Ha JaHii Tepuropii. SKio xoedimieHT
coliaJibHOT HEOE3MEKU CTAaHOBUTD O1/1b-

e 1500, KOHTPOJIb 32 (PAKTUUHUM IIIy-
MOBHM 3a0pyIHECHHSIM Ha JaHil TePUTO-
pii € 000B’s13k0BUM. Ha oj1Hii 13 ByTHIL
KenbHa (Tabm. 2) koedilieHT coriaib-
HOi HEOE3MEeKH MEePEBHUIILye BCTAHOBIIC-
Hi HOPMATHUBH, aJi¢ IIell TTOKa3HUK PO3-
paxoBaHUH 3 Pe3yNbTATiB OYiKyBaHOTO
PIBHS IIyMY, IO KapJAWHAJIBHO BiIpi3-
HSJIMCh BiJl (DI3UYHUX BHMIPIB IIIyMY.
VY wmicti Kuesi koedimieHT corrianbHol
HeOe3MeKN HAWBUINUN 1 TIEpEBUINYE
nonyctumi Mexi Ha [Ipocnekri [onoci-
iBchkOMy 59-B, K 3a3HaueHO BUIIE, HA
TEPUTOPIi MICHKOT KITIHIYHOT JTIKapHi.

Bucnosexu i nepcnexmuséu.

[Ipu omparroBaHHi JiTeparypy Bil-
3HAYEHO, 10 B YKpaiHi BiJICYyTHI BUMO-
'Y [[0JI0 TPAHUYHUX BEJIMYNH JUTS 1H/I1-
KaTOpiB MOHITOPHHTY CepeIHbOPIUHUX
PIBHIB IIIyMOBOTO 3a0py/IHEHHS Ta OIli-
HIOBaHHS iX BeJquunH. TomMy, HEOOXiTHO
3alpOBAUTH MOCTIMHHN MOHITOPUHT
PIBHIB IIyMY BiJl MEPECYBHUX JDKEPE,
aJke 3apa3 YKpalHChKHUM 3aKOHOJIAB-
CTBOM He MependayeHo YiTKOro ajiro-
PHUTMY pEriaMeHTaIlil MOHITOPUHTOBHX
JOCIIDKEHb IIyMYy, M0 YCKJIAIHIOE
mporec 00poOKK Ta aHami3y iHdopMma-
i1, HeoOXI1IHOT /Ui CKJIaJeHHs AKICHOI
CTpaTeriyHoi KapTH MIyMy Uil MiCHKOTO
CepeIoBHIIIA.

Jocnimkena guHaMiKa IIYMOBOTO
3a0pyJHEeHHs Ha ByJHISX [onociis-
CHKOTO PAaWOHY y TIOPIBHSIHHI 3 BYJIH-
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sivu M. Kenbr HimeuunHa gae 3mory
3pO3yMITH, IO CYTTEBUH BIUIMB Ha pi-
BEHb IIyMOBOTO 3a0pYIHEHHS Ma€ THII
JIOPOKHBOTO MOKPUTTS, IHTEHCUBHICTh
PYXY, OpraHizaiist Ta CKJia | TPaHCIIOpT-
HOTO TMOTOKY. MeToi po3paxyHKy oui-
KyBaHOTO PIiBHSI IIIyMy aBTOMOOIJIBHOTO
TPAHCIOPTY, MOXKYTh OyTH 3aCTOCOBaHi
nmpu  BUOOpPI OymiBETBHO-aKYCTHYHUX
3aXOJIiB IIO/I0 3aXHCTY BiJl TPAHCIIOPT-
HOTO IIyMy JXHTJIOBHX MPHMIIICHb Ta
IPOMAJICHKUX OyIiBEb.

Pesynbrarti IOCHIKEHb Ta HasiB-
HICTh CaHITAPHUX HOPM JOMYCTUMHX
PIBHIB IIyMy 3HAa4YHOK) MIpOKO JAI0Th
MOYKJIMBICTh PO3POOUTH TEXHIYHI, apXi-
TEKTYPHO-TUIAaHYBaJIbHI Ta aIMiHICTpa-
THBHI 3aXOJ{, CIIPSIMOBaHI HA CTBOPEH-
HS IIYMOBOT'O PEXHMY, 10 BiAMOBiIa€E
Tiri€EHIYHAM BHMOTaM, SIK Y MiChKiii 3a-
Oy/0Bi, TaK i B OyIWHKAX Pi3HOTO MPH-
3HAYEHHSI, JI03BOJISIE 30€PErTH 310POB's
Ta MpaIe31aTHICTh HACEICHHSI.
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Abstract. The results of acoustic measurements and sociological studies indicate that the main
source of acoustic pollution in cities is motor vehicles. About one in two city residents suffers from
the noise it generates.

Imperfect legislative and regulatory framework, lack of economic instruments to regulate
acceptable levels of noise is the reason for the growth of acoustic pollution in cities. The most
investigated is industrial noise, while the problem of urban street noise is less studied. It is very
difficult to study street noise because this type of noise can originate from a large number of
sources.

The aim of the study was the measurement of noise pollution and its mode within two cities
of different countries. In particular, it is the review of the processes of noise pollution impact on
human health and the environment, analysis of the current state of noise pollution in urbanised
territories, as well as the identification of modern mechanisms for solving noise pollution issues in
urbanised territories.

The dynamics of noise pollution in the streets of Holosievsky district of Kyiv in comparison
with the streets of Cologne, Germany allows us to understand that the type of road surface, traffic
intensity, organisation and composition of traffic flow has a significant impact on the level of noise
pollution. The methods of calculation of the expected noise level of road transport can be taken as
a basis for the selection of building-acoustic measures for protection of residential premises and
public buildings from transport noise.

Key words: acoustic pollution, acoustics, noise, physical parameters of noise, noise source,
ultrasound, natural environment.
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ETUNEH | XUPHI KUCNTOTU
AK MAPKEPU CTPEC-CTIMKOCTI O3UMOI MLLEHUL|

C.B. AHAPEUYEHKO?,
0oKkmop bionoziyHux HayK, npogecop, 3a8i0ysay Kageopu ekonoaii,
ORCID 0009-0004-8098-4237,
serhiy.andreychenko@e-u.edu.ua
5.0. KYPYIIA,
0okmop 6ionoziyHuUx HayK, doueHm Kagheopu exkonoeii ma naHOwWagmHo20
ousaliry,
ORCID 0000-0002-1043-6014,
bogdan.kurchii@e-u.edu.ua
A.B. K/IEMKO?,
0okmop bioso2iyHuUx HayK, cmapwull HayKosul crispobimHUK,
3a8i0ysay Kaghedpu 3a2aabHOI eKonoeii, padiobionoeii ma 6esnexku
HUMMEODiANbHOCMI,
ORCID — 0000-0002-7061-453X,
alla.klepko@gmail.com
1€sponelicbkuli yHisepcumem,
byneeap akademika BepHadcbkozo, 16 B, 03115 Kuis
2HauioHanbHuli yHisepcumem biopecypcie ma npupoooKopuCmMyeaHHA
YKpaiHu, lepoie O6opoHu, 13, 03041, Kuis

AHomauyia. Y aspapHo2o cekmopa YKpaiHu icHye pAd 2no06anbHUX npobrem,
BK/1I0YAIOYU EKOs02iUHi (hakmopu, Maki AK 3MiHa Kaimamy, noeeHi i nocyxu, AKi
CrPUYUHAIOMb MOWKOOHEHHA MKAHUH POC/AUH i 3HAYHI 8Mpamu ypox<aro npoodososnbyux
Kynomyp. Cymmesor nepewKoOow po38UMKY a2papHoz2o eocrnodapcmea ma
npoodososnbyoi besnexku 8 YkpaiHi € 6iomuyHi pakmopu, 30kpema namozeHHi bakmenpii,
gipycu ma mikpoepubu. Mikpoepubu pody Fusarium € Halbinbw MowupeHuMu i
aepecusHUMU 306YOHUKaMu ¢y3apio3zy 3epHosUX Kynbmyp, ocobauso e nuwieHuyi. Li
nepewKooU MOMCHA 1000aAAMU 8rPOoBAOHEHHAM 8 a2POHOMIYHY MPAKMUKY copmie
nweHuyi, cmilikux 0o ¢py3apio3y. OOHAK cenekyis nuwieHuUyi Ha cmilikicme 0o gy3apio3y
waxom mpaouyiliHoeo 6azamosikogozo 8i0bopy € mpyodomicmKoww ma 0opoeoro.
Tomy nowyK HOBUX e(peKMUBHUX IHCMpPyMeHmi8, AKi crnpuamumyme 8i060py pPocauH
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i3 6aXAHUMU XAPaKMepucmuKkamu HA PAHHIX emanax cenekyiliHux npoz2pam, €
aKMyanbHUM 3080GHHAM. B 1060pamopHuUx 00CniOHEHHAX BUKOPUCMOo8y8asnu
copmu nweHuyi pizHoi cmilikocmi 0o abiomu4Hux i Giomu4YHUX haKkmopie 8 MosLosuUX
ymosax: cmiliki, cepedHbocmiliKi i Hecmiliki. EmuneH i #UpHi Kucaomu eusHa4anu
2030XpomMmamozpagiyHUMU memoodamu.

BuseneHo 3aKOHOMIpHOCMI CcuHMe3y emuseHy i XUPHUX KUC/A0m pisHUMU 30
cmilikicmto 0o biomuyHux i abiomuyHux pakmopie copmamu o3umoi nweHuyi. Cmidki
copmu xapakmepusyomsca cymmeso binbwium 8MiCMom Yux CrosyK 8 ropieHAHHI i3
HecmilKkumu. AHGM02iYHO 3aKOHOMIPHICMb 8UABEHA | M0 8iIOHOWEHHIO 00 8UAA2AHHA
pocnuH: yum 6binbwuli emicm yux cnonyk, mum binbwa cmilikicme 00 8UMAALAHHA.
B OaHili cmammi suknadeHo 08a mMemooOu OUuiHKU cmilikocmi o3umoi nweHuyi 0o
abiomuyHux i 6iomuyHUX cmpecis, AKi Moxymes 6ymu iMrnemMeHmMo8aHi 8 npozpamax

cenekyiliHozo s8idbopy.

Knrovosi cnoea: o3uma nweHuys, hy3apios, emusneH, *UpHi Kucaomu.

Bcmyn.

[luTaHHS BIDKUBAaHHS JIIOACTBA B
yMOBaxX MIOOAJBHOT 3MIHM KJIIMaTy —
[e TaKOK MHUTaHHS CTAaJOTO PO3BHTKY,
BimoOpaxkeHoro B Pesomtorii I'ene-
pamsHOi Acam6iei OOH (13-ta wminm)
(ICCIRP, 2023). Opnak, KiIiMaTHYHI
3MIHH YacTO PO3IVISITAIOTHCS SIK TIIO-
0anbHi, HAATO AOCTPAaKTHI 1 CKIAIHI
IUTSL PO3YMIHHS IIMPOKHM 3arajioM Ha-
cesieHHs kpaiH. ToMy Hapasi HeoOXiaHi
KOHKpETH1 [ii JJIsi BUPIIICHHS JaHOl
MpoOJaeMH: TIOMIMPEeHHS 1H(OopMaIi 3
AKIICHTOM Ha HayKOBI 3HaHHs Ta 0013Ha-
HICTB IIMPOKOTO 3arajy HaceIeHHs PO
MTOKPOKOBI MOYKJIMBI HACITIIKH T7100aJTh-
HUX 3MIiH A1 KOHKPETHUX 30H 3€MHOI
kyni. CporomHi mpoOnemMamu Kiimary
3aMalOThCS TAKOXK W 1HII MIXHAPOIHI
oprawuizarii, 30kpema UNEP, UNESCO,
WMO, IPCC, FAO. Came mig 1poro
Oyna cTBopeHa "MixHapoaHa iH(OP-
MalliiiHa mporpama IIOa0 3MIiHH KJIi-
mary" (ICCIP) (SGBCL, 2023). [nsa
reorpaiqvHOrO TIOJNIOKEHHS  YKpaiHu
aKTyallbHOIO € Tpo0ileMa 3aMiHH poc-
JUHHOTO CBITY, MEpII 3a BCE IESKUX
KyJbTHBOBAHUX POCIMH, Ha OUIBII
CTIMKII 10 3HAYHO MiABUILEHUX TEM-

neparyp. HaBith 3a0e3neueHHst pocinH
BOJIOIO i IOXXMBHUMH PEUOBHHAMHU HE
MOXKE€ TapaHTyBaTH IIOBHOTO 3aXHCTY
pociHrHaM, Yepe3 [ie KOPUCHOIIHHA [UTs
CIIO)KUBAHHS JIIOAWHOIO 1 TBapUHAMHU
YacTHHA YPOXKAI0 CYTTEBO 3MEHIIYETH-
cs. YacTkoBO 3apa3 e BHPIMIYETHCS 3a
PaxyHOK ITOJIBY BOJAOIO i3 CBEPUIOBHH
MiA36MHAMH COJTLOBUMH BogaMu. [Ipo-
Te Ie TaiTh B COO1 HEraTHB 3aCOJICHHS
IPYHTIB B TIEPCIICKTHBI, 1110 IIe O1IbIIe
YCKJIQIHUTP arpapHe BUPOOHHIITBO.

3a ingopmariecro Global Burden
of Crop Loss (GBCL) project Brparu
YpOXaro B CBITOBOMY BUPOOHHMIITBI CTa-
HOBISITE 10 40% (Impacts of Europe's
changing climate, 2008). Btpatu Bin
KOJIMBAaHHS TeMIlepaTryp (3HIKEHHS 1
MiABHUIICHHS BIIHOCHO ONTHUMAaJbHUX)
JOCSTAIOTh B PI3HUX perioHax €BpoIu
10 30%, 0 CTaHOBUTH JECATKH €BPO
BTpar (B TOMY YHCII 1 HAa CTpaxyBaHH),
JI0 TOTO X 3a porro3amu e B 2008 p.
i BTpaTH B MailOyTHLOMY OyIyTh CYT-
teBo 30imbmIyBaruch (Farber C. et al.,
2019).

OTxe, y arpapHOro cekropa Ykpa-
{HM iCHYe psii DI0OAJIBbHUX MpoOdIieMm,
BKJTIOYAIOYH CKOJIOT1YHI (DakTopH, Taki
SIK 3MiHA KJIIMaTy, MOBEHI, MOCYXH, SKi
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CIPUYUHSIOTh TTONIKOKCHHS TKAHUH
B pOCJIMHAX 1 3HA4YHI BTpaTH X 3elie-
HOi MacH. Po3mmpeHHs mpumaTHuX s
00poOITKY 3eMellb OOMExeHe B psiji
perioHiB Ykpainu. IHmmit HampsMok —
iHTeHCH(DIKallis MOCIBIB — MOCIa0IIoe
3[ATHICTh IPYHTY y BiJHOBJIECHHI CBO-
€1 POIIOYOCTi, IO MOXKE CHPUUYNHHTH
3HAUHy BTpaTy IIOKUBHUX pPCUOBUH
IPYHTaMH.

JonaTkoBOIO IMEPEIIKOIOK0 PO3BUT-
Ky arpapHOTo TOCIOIapCTBa Ta MPOIO-
BONBYOI Oe3mekd sk B YKpaiHi, Tak i B
YChOMY CBITI € XBOPOOH POCIIHH, SIKi 3y-
MOBJIEHI K OIOTHYHHUMHM, TaK 1 a0l0THY-
HUMH cTpecamu. Tak, maToreHHi OakTe-
pii, BipycH Ta TpHOH, @ TAKOX IIKITHUKH
Ta Oyp’sIHU € OMHUMHU 3 OI0THYHHX CTpE-
COpIiB, KOTP1 CIPUYMHSIOTH Pi3HI (OPMH
O10THYHUX XBOPOO POCIIHH, Ha SKI MPH-
nanae 20—40% BTpaTH MPOILyKTUBHOCTI
arpapnoro Bupoouuirea (Chen Y. et al.,
2019).

Mikporpu6 Fusarium graminearum
Schwabe, € HafOLIBII TOIIUPEHHM i
arpecuBHUM 30yIHHKOM (y3apio3y B
3epPHOBHX KYJIBTYpax, 0COOIHMBO Y IIIIE-
Huii (Ajdanian L. et al., 2023). Tlos-
HOT BHUpocnenudiuHoi CTIHKOCTI 10
(by3apio3y B YKpaiHCHKHUX KOMEPIIHHO
BHPOIIYBaHUX COPTIB IIICHUIII HEMAE.
Kpim TOro, 3mMiHa arMoc(hepHUX YMOB
BiJlirpae BUPIMIANBGHY POJb y TIpoleci
3apakeHHS. BUCOKHI pHU3UK 3apakeH-
Hs pocyiiH rpubamu pomy Fusarium y
Baxignii Ta IliBHIUHIA YKpaiHi, KoM
TeIyIa Ta BOJOTa Iorojaa 30iraeTbes i3
LBITIHHSAM IIICHUIIl T4 paHHIM HaJU-
BOM 3€pHa. Y TaKHX EKCTPEMalbHHX
yMOBax XiMIYHI 1 arpOTEXHIYHI 3aXOAH
0OpOTHOU CTAFOTh MATOC(HEKTUBHIUMH.

[pupomHo, mo 1i MPOOIEMH MOXK-
Ha IOAOJIATU BIIPOBAKCHHSIM B arpo-
HOMIYHY TIPAKTHKY COPTIB IIICHHII,
CTIMKHX 110 (y3apiosy. OmHAK CEIeKITis
MIICHUI]l Ha CTIMKICTh 10 (y3apiosy

[UIIXOM TPAIUIIIIHOTO 6araToBiKOBOTO
BiZOOPY B MOJNBOBHX YMOBax € TPYIO-
MICTKOIO Ta Joporor. JlocTymHi MeTo-
I, HANpPHKIAA, KapTyBaHHS JIOKYCIiB
KUIBKICHUX O3HAK, METOOW CeJeKIii
in vitro 3 BUKOPUCTAHHSM aHaJi3iB Bi-
JNOKPEMJICHOTO JIUCTS, € KOPUCHHMHU
IHCTpYMEHTaMH Ul TOIEPEIHBOTO
CKPHHIHTY CTIMKOCTI POCIHH 10 ypa-
JKeHHs Mikporpubamu pomy Fusarium.
[IpoTe omHIEIO CYTTEBOIO MEPEIIKOIOI0
JUIS  CTIMKOT MIIeHHIl a0 (y3apiosy
€ Te, M0 Ii MOXXHA OIIHWTH JIMIIE Ha
JOPOCIIUX POCIMHAX B MOJIBOBUX YMO-
Bax. Xoya aHaji3H, 110 OIMCaHi BHUIIE,
€ KOPHCHUMH ISl BHBYCHHS Oararbox
aCIIEeKTIB, MOB’sI3aHUX 13 CTIAKICTIO IO
(dy3apiody, aKTyaJbHHUM CTa€ TOIIYK
HOBHUX OiJblI ONTUMAIBHUX METOIIB
OLIIHKH CTIMKOCTI POCIIHH 70 (y3apiosy.
JKupHi KHCIIOTH BIJITparOTh BaXKJIUBY
poib y (YHKIIOHYBaHHI MEMOpaHHHUX
CTpyKTyp. Takok BOHH MOXYThH IIPO-
SIBIISATH 1 AHTUOKCHIAHTHI BJIACTHBOCTI.
Cepen MpHPOIHUX PETYISTOPIB POCTY
€ CTHUJICH, KWW TAKOX BiJIIrpae BajkiIH-
BY pPOJIb Y 3aXHCHHX PEaKI[isIX POCIUH
nporu naroreHiB (Kryuchkova L.O. et
al., 2006). Ha oCHOBI IMX JJaHUX HAMH
JOCITIDKEHO 3IaTHICTh JO YTBOPCHHS
STIICHY Ta J>KHUPHOKUCIOTHHU CKJIaJ
PI3HUX COPTIB POCIIMH 03UMOI MIICHHUIII.

Mamepianu ma memoou
oocrioneHv

Jocmingym TNpoBOAMIM 3 O3MMOIO
nmmenuneto (7Triticum aestivum L.) Ha
copTax pi3HOi cTifikocTi 70 (y3apio-
3y (Kurchii V.M. et al., 2000): Komxym-
6is i Cmynsaka (criiiki), KniBcpka 8
(cepenHbo cTilikmit), binonepkiBcbka
HamiBkapiaukoBa i [lomonsHka (cnpuid-
HATIWBI). HaciHHA 03uMOi TMIICHHUII
MIPOPOIIYBAIIU B CTEPHIBHAX YMOBaX 3a
BIJTHOCHOT BOJIOTOCTI TOBITPSl B cepe/l-
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HpOMy 60-70 % y TemHIH Kamepi Hpu
23 °C. Yepe3 4 mHi BUPOILYBaHHS POC-
JIUH B TEMHIH Kamepi, X MepeHOCUIH Y
pocroBy kamepy mpu 23 °C Ta cBiTIIO-
BOTO PEKUMY, IO CKIIaJaBcs 3 14 rognH
cBiTia, a 10 romun tempsiBu. CepeaHii
MOTIK (POTOHIB BiJ| IITYYHOT'O OCBITJICH-
Hi B POCTOBIA Kamepi cTaHOBUB 140
MKMOJIB/M%/¢ (5000 mrokc). Ii1st BUBUECH-
HS BUIUICHHS €THIICHY BUKOPUCTOBYBa-
JIM TIOBHICTIO PO3BUHEHUH TIEPILIUIA JTUC-
TOK MOJIOAUX POCIIMH O3MMOI ITIICHHIII.
ETunen Bu3Hayamym Ta3oBHM Xpoma-
torpagom (Selmihrome, Ykpaina), sk
ormmcano panime (Liljenberg C. et al.,
1985). X KupHOKHCTIOTHUH CKIIa]] BU3HA-
Yay B €TiONFOBAHUX KOJCONTHIIAX Ta-
30B0r0 Xpomarorpadiero (Xiao R. et al.,
2022), me mepiii JUCTKH OYJId BHITUMH
3a KoJleon Tyl Ha 1-5 Mm.

Pesynvmamu docniosnenHs
ma ix 062060peHHA.

Pi3Hi copTy 03UMOI MIIIEHUIT MAIOTh
y JIOCTaTHIN KUIBKOCTI BJIACHI peryJis-
TOPH POCTY, sIKi 3a0€3MeUyIOTh iX PICT,
MPOAYKTUBHICTD 1 CTIHKICTH 1O O10THY-
HUX 1 abioTHyHKUX cTpeciB. [Ipore ponb
MPUPOIHKUX PETYIATOPIB POCTY POCIUH

y mpornecax CTIHKOCTI 10 a0i0THYHUX 1
0i0oTHYHUX (haKkTOPiB MOTPeOye MOIaTb-
LIUX JOCIIKEHD.

BcranoBineHo, Mo HaiOIIbIIYy KiJlb-
KICTh €THJICHY BHIIISUTH JINCTKH COPTIB
Konym6ist i Kuicbka 8, Toni sik ITomo-
JIsiHKA 1 BinoriepkiBcbka HaIiBKapiIuKo-
Ba — HallMeHIy Horo KutbkicTh (Taom.
1). BusiBieHO 3B 30K M CHHTE30M
eTWJICHY 1 CTIHKICTIO POCIIHMH JI0 BHJISI-
rands. Tak, HAHOUIBII CTIMKI 10 BUJIS-
raaas coptu Komym6ist 1 CmymisHka
CUHTE3YBaJIM HaHOTBIIY KUTbKICTh €TH-
neny, Toi sk copt [lomonsHka (cXmib-
Ha 10 BWIAraHHsa) — Haitmenuy. Cepen-
HbOCTIMKMI copT KuiBchka 8 3aiimaB
MPOMIXKHE MicIIe.

JKMpHOKUCIIOTHHIA CKJIa] pPOCIUH
BIJII'PA€ BAXKIIMBY POJIb Y CTIHKOCTI JI0
abioTyHKUX 1 GloTHuHKX cTpeciB (Lim
G.H. et al., 2017; Timmusk S., et al.,
2020). [11-12]. CymapHa KUTBKiCTh
JKUPHUX KHUCIIOT y CTilikuxX coptiB Ko-
mym0Oist i CMyTIITHKa BUSBUIJIACHh 3HAYHO
BHIIOI0, HIK y HecTiiikux [logonsHku
1 BinonepkiBcbkoi  HamiBKapIMKOBOI
(Tabm. 2).

Ha croromHi 3araisHO BU3HAHO, IO
(akTopu 30BHIIIHBOTO CEPEAOBHIIA
BIUIMBAIOTh SIK HA BIPYJICHTHICTH Ta-

1. CunTe3 eTUJIeHy 3eJIeHMMH JUCTKAMHU 2-THKHEBUX POCJIUH 03UMOL

M eHuIi
Bucora | ETunen, | Bucora | ETunen, | Bucora | Etunen, | Bucora | Etu-
Ha3sga POCINH, | HJI/T | POCJHMH, | HJI/T | POCIUH, | HIT POCJIUH, | JIeH,
copry M CM M CM M CM M HI/r
CM
Komymoist 13,8+0,18 15248 12,6+£0,20 | 219+12 | 13,2+0,39 | 18149 14,6+0,17 | 131+7
Cumyrmmka | 14.9£0,16 | 16111 [ 14,2035 | 20119 [14220,30 | 200£20 | 1512027 | 916
Kuiscpka 8 | 14.60,17 | 99+8 | 14,5£0,25 | 81+6 |14,6+028 | 5044 | 18,14045 | 54+5
Momomsirka | 20,1023 | 136 | 14,6+033 | 36+5 [16,6+0.81 | 41x6 | 1592061 | 16+4
Binomnep- 15,1+0,19 16+3 15,2+0,45 41+5 14,8+0,36 36+4 16,7+0,38 | 24+4
KiBChKa
HartiKapu-
KOBa

Tpumitka: Hi1 — HaHONITPH, T — rpam, CM — cyxa maca
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2. BMicT :XKMPHUX KHCJIOT B KOJEONTHJISIX 03UMOI MIIIeHU |

Hasea |Bmucora BwmicT »KHPHHX KHCJIOT, MI/T CHPOI MacH
copry fﬁ;‘::) C16:0 | C18:0 | C18:1 | C18:2 | C18:3] C20:0]C22:0| C24:0] Cy-
’ MapHO
MM
Komywm6in | 39913 | 176+8 | 742025 | 163+0.8 | 212411 | 9545 | 24 | 29 | 06 | 5129
Cvyrmka | 46.2+2.2 | 18012 | 7,740.35 | 16,8413 [216+13 | 8549 | 23 | 3.1 | 06 | 5115
Kirisonka 8 | 57424 | 16247 | 724038 | 16,0£00 | 17749 | 84+7 | 23 | 24 | 04 | 4513
Monomsrxa | 57,9423 | 14127 | 6,5£0,38 | 12,6:0,7 [ 177410 734 | 05 | 09 | 04 | 4119
Binuepkin- | 51,2422 | 88£021 | 6.940,6 | 7,104 | 12555 | 5955 | 03 | 04 | 03 | 287.0
ChKa Hari-
KapJIMKOBa

TOT€HIB, TaK 1 Ha MEXaHi3MH CTIHKOCTI
pocnuH. 3miau B KoHueHtpaiii CO2,
TEMITepaTypi Ta TOCTYIMHOCTI BOIU MO-
J)KyTh MaTW MO3UTUBHUM, HEUTpaIbHUN
a00 HEeTaTWBHHI BIUTUB HAa PO3IOBCIO-
JDKCHHSI TTaTOTCHIB 3aJIC)KHO BiJ OITH-
MyMy HaBKOJMIIHBOTO CEPEIOBHUINA
TSl TaToreHHol cucteMu. OTke, iCHYE
morpeba y JOCTIDKCHHSAX B3a€EMOJIT
POCIHH 1 MATOTeHIB y MOTOYHOMY Ta
MaiOyTHEOMY EKOJIOTIYHOMY KOHTEK-
cTi. st po3yMiHHSI BCHOTO KOMILICKCY
TaKHUX MpoOJieM HeoOXiJHI JAaHi JOBro-
CTPOKOBOTO MOHITOPUHTY  (hi3ioyoriv-
HOTO CTaHy POCIIHH Ta 1X MiKpOOiOMHO-
T'O OTOYCHHS.

[IporHo3yeThes, mo 30MTKH, CHPH-
YUHEHI (y3apio3oM y TINEHHIN, HMO-
BIpHO, 3pOCTYyTh 13  MiJABHIICHHIM
TeMIeparypu Ta OUIbIIKMM BMICTOM BYT-
JIEKUCIIOTO ra3y B arMocdepi, Cipuyn-
HEHUMHM 3MiHOW Kiimary (Miedaner T.,
Juroszek P., 2021; Hay W.T. et al., 2022;
Wilson W. et al., 2018).

[IpoTsiroM  OCTaHHIX  JCCATHIITh
arpoxiMiKaTd YCIIIIHO KOHTPOJOBAIH
XBOPOOH POCIIMH 1 3MEHIIIYBaJIA MacoOBi
BTparu Bpoxkaro. OnHaK X HaaMipHE Ta
HETPaBHJIbHE BUKOPHCTAHHS IPU3BEIO
IO TIOSIBU PE3UCTEHTHOCTI Yy MATOTCHIB,
3a0pyIHEHHS HABKOIHUIITHBOTO Cepe-
JOBUINA Ta HAKONMWUYCHHS IIKIITHBHX
XIMIKaTiB y HEIUJILOBUX OpraHi3mMax.

B mpoMy 3B’S3Ky 3arajibHOBIZIOMO, IO
HAKOIMMYCHHS arpoXiMiYHUX pPEUYOBUH
€ MOTEHIIHHOK 3arpo30r0 s 0iopis-
HOMAHITTSI Ta MOXKE 3arPOXKyBaTH 3I10-
POB’10 JIIOCH 1 TBApUH Yepe3 XapaoBHI
JIAHITIOT.

Jlo Toro >k, BUKOpUCTaHHs (yHTi-
OMJIIB Ta HagsBHUX TEXHOJIOIIH, AKI 3a-
CTOCOBYIOTBCSI SIK TPAAMIINAHI 3aco0H
00poThOU 3 (y3apio3oMm, 30iTbIIYIOTH
BUTpPATH Ha BUPOOHHIITBO 1 HE HAIOTh
pearbHOTO TIO3UTHBHOTO e(eKTy Bin
ypoxaro 3epHa (UN’s The 2030 SD).
Tomy HalieekTHBHIIII Ta Oe3neyH1 s
HABKOJIUIITHBOTO CEPEIOBHINA CTPATETIl
MaloTh TOEJHYBATH B COO1 BIAMOBIAHI
arpoOHOMIYHI METOAM 3 TiJABHIICHOIO
CTIMKICTIO KYJIbTHBOBAHHUX POCIIHH.

JIyist MOCSITHEHHSI CTIMKOTO arpapHo-
ro0 BHUPOOHMIITBA TEPMIHOBO IOTPIOHI
AJBTEPHATHBHI €KOJIOTIYHO YHCTI METO-
i 0opoThOM 3 XBOpoOamMH poCiuH. Y
[Mopsinky IEHHOMY CTaJIOTO PO3BUTKY Ha
nepion 10 2030 poky OOH nHakpecmuna
T AXOIH JJISL JOCSATHEHHS IIPOIOBOIIBIOT
Oe3MeKn MUITXOM PO3BUTKY aarTarlii
KyJBTYp O 3MiH HaBKOJHIIHBOTO Ce-
penoBuINa, ONTUMI3alii eQeKTHBHOCTI
BUKOPHCTAHHS PECYPCIB 32 TOTIOMOTOI0
TOYHOTO 3eMJIEPOOCTBa, 3MEHILICHHS
PO3pHBY BPOXKAHHOCTI, CHPUINHEHOTO
tornorpadivyHuMHu, Oi0(DI3UIHUMH YU
COIIATbHO-€KOHOMIYHUMH OOME)KCHHSI-
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MH, a TAKOX BITPOBA/KEHHSIM €(DEKTHB-
HUX METOJIB 30epiraHHs Ta nepepoOKu
Xap4OBHUX MHPOAYKTIB Uil 3MEHIICHHS
BIJIXOMiB.

Bucnosexu i nepcnexmuséu.

B pesysprari 1ociipkeHb BCTAHOB-
JICHO, 110 HAHOUIBINY KIJIBKICTh €THIIC-
HY MPOAYKYE JIUCTS HAWOUTBIN CTIHKUX
JI0 BWISATaHHs copTiB mineHuii — Ko-
mym6ii Ta CmynsiHka. B Toii ke wac
JUCTSl CXWIBHHUX 10 BUJISATAHHS COPTIB
MIIeHUIl, 30kpema [lomonsHKu, BHII-
JSUT0 HAMEHITy KUTBKICTh CTHIICHY Y
BHOOPIII 3 5-TH AOCIIPKSHUX COPTIB.

Kpim 1mporo, mokaszaHo, IO >KUPHO
KHCJIOTHUH CKJIaJ| POCIIMH y BEJHKIH
Mipi BU3HAYa€ iX 37aTHICTh MPOTUCTOS-
TH a0iOTHYHHUM Ta OIOTHYHUM CTpEcaMm.
UYepes Te, cymapHa KiTbKICTh JKUPHHUX
KHCJIOT y CTIMKHX 10 BIJIATaHHS COpPTIB
o3umoi mmenuti Komym6ist i CmymisH-
Ka OyJja 3HAYHO BUILE, HIK Yy HECTIHKUX
coptiB — Ilomonsuka i binopycbka Ha-
TMiBKapJINKOBA.

Ha ocHOBI OTpuMaHUX JaHUX 3aIpo-
MOHOBaHO (1310J10r0-010XIMIYHI METOH
JOCIIDKEHHS, 0 MOXYTh JOTIOBHHTH
pO3po0OKy e(hEeKTUBHHUX CTpaTerid, 3a-
CHOBAHUX Ha €KOJOTIYHUX HOY-Xay, IS
00poThOU 31 30yAHHKaMHU (y3apiosy Ta
MIATPUMKH CTIHKHX arpapHUX CHCTEM,
Ta sIKi MOXXYTh OyTH IMIIJIEMEHTOBaHI B
mporpamax CeleKIiiHoro Bibopy.
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Abstract. There is a number of global problems in the agricultural sector of Ukraine, including
environmental factors such as climate change, floods and droughts, which cause damage to plant
tissues and significant losses of food crops. A significant obstacle to the development of agriculture
and food security in Ukraine are biotic factors, in particular pathogenic bacteria, viruses and
microfungi. Fusarium is the most widespread and aggressive pathogen to grain crops, especially
to wheat. These obstacles can be overcome by introducing wheat varieties resistant to Fusarium
into agronomic practice. However, selection of resistant wheat to fusariosis along the path of
traditional centuries-old selection is a laborious and expensive road. Therefore, the search for new
effective tools that will facilitate the selection of plants with desirable characteristics at the early
stages of breeding programs is an urgent task. Methods. Wheat varieties of different resistance
to abiotic and biotic factors in field conditions were used in laboratory studies: resistant, semi-
resistant and non-resistant. Ethylene and fatty acids were determined by gas chromatographic
methods. The results. Patterns of ethylene and fatty acid synthesis in winter wheat varieties
with different resistance to biotic and abiotic factors were revealed. Resistant varieties are
characterized by a significantly higher content of these compounds compared to non-resistant
varieties. A similar regularity was found in relation to the lodging of plants: the higher the content
of these compounds, the greater the resistance to lodging. Conclusions and perspectives. This
article describes two methods of assessing the resistance of winter wheat to abiotic and biotic
stresses, which can be implemented in breeding programs.

Key words: winter wheat, fusarium, ethylene, fatty acids.
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JOCNIAXKEHHA NATOrEHHOCTI 130NATIB
FPUBA GAEUMANNOMYCES TRITICI — 36YAHUKA
O®1060/1b03Y MLUEHUL O3UMOI

A.P. OJ1I®PEP,
acucmeHm Kaghedpu pimonamonoeii im. akademika B.®. MepecunkiHa
https://orcid.org/0009-0000-2088-0947, dr.olifer@nubip.edu.ua
HauioHanbHul yHisepcumem biopecypcis i npupodoKopucmyeaHHsA YKpaiHu

AHomayis. [locnioxceHo namoaeHHi enacmusocmiizonsmieepuba Gaeumannomyces
spp., sudineHux i3 ypaxceHux ogioboanbo30M KopeHie nuieHuyi o3umoi. Bci izonamu
XapaKmepu3ysanuca 8ULOH NAMO2eHHICMI0 HA POCAUHAX MWeHUYi ma AYMeHI0, MeHWe
ypaxcyeasu osec rnocieHuti, momy bynu ideHmugpikosaHi Hamu fK G. tritici. Ha nweHuui
o3umili Ginbwicme i3onamie G. tritici npossunu cepedHili piseHb Namo2eHHocMi,
00UH i30/1AM xapakmepu3ysascs HaliBUWOK NamozeHHicmo, y 080X i30aamu pieeHb
namoaeHHocmi 6y8 icmomHo Huxcyud.

13 ypaxeHux pocauH nuweHuyi o3umoi 6yno eudineHo 30 i30n19Mie MmemHo-
3a06apeneHux 2pubis, AKi 3a KyabmypanbHUMU O3HAKAMU rornepedHbo 8i0HeceHo 00
pody Gaeumannomyces. [lns 8CMaHoOBAeHHA 8UG080I HanexHHocmi 8udineHux i30aamie
Gaeumannomyces Mu 60ciounU iX MAmMo2eHHICMb ma crneyiani3auito Ha MpPbLox 3epHOBUX
Kynemypax: NuweHUyi, AYMeHi, 8i8ci. Bci i301amu ypaxcysanu KopeHi 8Cix mpbox Kysnbmyp,
npome binbw Namoz2eHHUMU 8UABUUCA HA MWeHUYi 03umili ma sumeHi o3umomy. 3a uiero
03HAKOK nonepedHso ix byno 8idHeceHo 0o nidsudy G. graminis var. tritici (menep — eud
G. tritici). [TamozeHHi enacmusocmi i3019mie 00cniOHCy8anU HA cx00ax POCAUH MWeHUYi
o3umoi copmy EnuK. Bci npoaHanizosaHi Hamu izonamu G. tritici npossunu pi3Huli piseHsb
namozeHHoCMi. 3a MOKA3HUKOM «pO38UMOK X80p0obuU» iCMOmHO U0 MAMo2eHHICm1o
MOPIBHAHO 3 IHWUMU i30/19MamMu Xapakmepu3ysascA i3onam G. tritici 9/1. binbwicme iHWUX
i30n1amie npossunu cepedHro namoeeHHicmes (3/20, 7/20, 2/16/21, 3/16/21, 16/22), i nuwe
0ea izonamu (1/20, 4/16/21) sussunuca HU3bKONAMO2EeHHUMU.

Y c80iXx 00CiOHEHHAX KPiM MOKA3HUKA «PO38UMOK X8opobu» 8 banax (0-4) 015 oyiHKu
namoz2eHHOCMI i307Mi8 MU 8UKOPUCMOBY8AU MOKA3HUKU, AKI XapakKmepusyroms picm
i po38UMOK poC/UH, a came «maca 1 NPopocmMKa» ma «mMaca KopeHie 3 1 npopocmka».
Bpaxosyrouu OaHi Mo YumM MOKA3HUKAM, iCMOMHO 8UWOK NMAMO2eHHICMIO MOPIBHAHO 3
IHWUMU [3018MamMu Xapakmepu3syeascs i3019m 9/22: Npu yparceHHi HUM Maca rpopocmkie
i KopeHie 3 nweHUYi 03UMOI Y10 3HAYHO HUXCHOIO, HiMC 8 IHWUX sapiaHmax. I3onamu 3/20
i 7/20 xapakmepusysanuca cepedHbOoo Namo2eHHICMIo, Mpu 3aPaxeHHi HUMU 8iomivasnu
icmomHe 3HUMeHHAM Macu KopeHie npopocmkie. 13onamu 16/22 i 3/16/21 npossusnu
HU3bKuli piseHb MamMo2eHHOCMi — 3HUXEeHHA MacuU KOpeHig bys10 HeicmomHuUM.

Knwuosi cnoea: Gaeumannomyces tritici, ogio60sa603, namoeeHHicme, nuieHUUs
03UMa, i30719mM, WMam, po38UMOK xeopobu
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Axmyanvnicme.

[Momynsii rpyHTOBUX TPUOIB CKJIa-
JAfOTBCSl 3 PI3HUX 3a IIaTOTCHHICTIO
[ITaMiB, IO 3HAYHOIO MipOI0 BILIHBAE
Ha MIKIJJIUBICT XBOPOO POCIHMH, SKi
BOHM CHpH4HHAIOTE. Odiodombo3Ha
KOpPCHEBA THIJIb, 30yJIHUKOM SIKOi TPHO
Gaeumannomyces tritici (Hemandez—
Restrepo et al., 2016), B Garatbox Kpai-
HaX CBITY € OCHOBHUM (paKTOPOM, SIKUH
3HIKYE YPOXKAWHICTD 3CPHOBUX KYJIb-
typ (Mauler-Machnik et al., 2002). B
VYkpaini xBopoba Brepiie Oyna BHsBIIC-
Ha y 70-X poKax MHHYJIOTO CTOJITTS, a
BXke 710 cepenuHu 80-X POKIB MOLTUPH-
macs 1o BCii YKpaiHi, KpiM IesSKuX pa-
rioniB JliBoOepesxoks. Huni B [Tomicci Ta
[TiBriuHOMy JlicocTeny 11 MOIMIMPEHHS
HA MOHOKYJITYpI IIICHUII 03UMOI I10-
csrae 76-100% (Grytsiuk N.V., 2015)..

Amnaniz ocmanix 0ocrionceno
ma ny6nikauiii.

HesBaxarouun Ha 3HAYHY yBary, siKy
JOCIIIHUKKA TIPOTATOM 0araTbox Aecs-
THJIITh TPHUIUISIOTE BHUBYEHHIO O(io-
0011603y, TpOOIEMa 3aXHCTy 3€PHOBUX
BiJl ypa)Xe€HHsI XBOPOOOIO 3aJHIIIAETHCSI
HeBupimeHow. Ha choromHimHii 1eHb
HAKOITMYECHO BEJIMKY KUIBKICTh 1H(Op-
Malii mpo epeKTUBHICTh XIMIYHUX, Oi-
OJIOTIYHUX, IMYHOJIOTIYHHX, arpoTex-
HIYHHX Ta IHIIUX 3aXOJiB ii KOHTPOJIIO.
[HTEHCHBHI JOCIIKEHHS 3 BUSIBICHHS
JUKepel CTIHKOCTI 0 XBOPOOW MPOBO-
ISITBCS III€ 3 MUHYJIOTO CTOMITTS (Scoot
& Hollins, 1983). Macmtabni gocii-
JDKSHHsI IIOJI0 MOUIYKY JPKepesi CTiid-
KOCTi Ta PO3pOOJICHHSI METO/IB OIIIHKH
CTIMKOCTI COPTIB MIICHHIII O3MMOI 10
oiobonp03y mpoBomMIUCS B YKpaiHi
3 80-x pokiB (Lisovyi M.P. et al., 1991;
Lisovyi M.P., Ripenko V.M., 1991;
Kriuchkova L., Gritsyuk N., 2017).

[IpoTe copTiB MIIEHHUI, CTIHKKX MPOTH
XBOpOOH, HE 3aPEECTPOBAHO.

VY 3aXMCTI POCIWH TIICHHUI O3H-
Mo1 BiZl 0(hi000JI03y MPOBITHY POJIb
BIJII'pae He JIMINE reHeTUYHA CTIHKICTh
COPTIB JI0 XBOPOOH, ajie 1 30BHilIHI (ak-
TOPH, SIKi BIUTMBAIOTh Ha 30yIHUKA XBO-
pobu. BcraHOBIEHO, 110 HA KOJIOHI3a-
1iF0 KOpeHiB mineHuIi rpubom G. tritici
BILIMBAIOTh Taki (akropu, sK ¢isio-
JIOTIYHUH CTaH KOPEHIB, SIKUi, B CBOIO
4epry, 3aJeKHUTh BiJl KOPEHEBOTO YKHB-
nenns (Gilligan, 1983). Inmmm anHHA-
KOM, SIKHH 3MEHIITY€ YPasKCHHS IIICHH-
1l XBOPOOOI0, € KOJIOHI3allisl puzochepu
Ta KOPEHEBHX KIIITHH CYITyTHBOIO aHTa-
roHictuaHOI Mikpodoporo (Cook et
al., 1995). € naHi, 10 MomepeIHs KoJo-
Hi3allis KOPEHIB HeMaTOreHHUMH Tprda-
Mu, y Tomy uaucii G. hyphopodioides,
ICTOTHO TIJBMILY€E CTIHKICTh MIICHHII
10 ypaxeHHs ditomarorenoM G. tritici
(Osborne et al., 2018).

Ipynrosi Oakrepii, 30KpeMa.
Pseudomonas pp. 1 Bacillus pp., Takox
CHPHUSAIOTh MPHUTHIYEHHIO 0(i000503-
HOT iH(exkuii. Bucoka 3aceneHicT pu-
30c(hepHOro IpyHTY OaKTepisIMH ITiIBH-
IIy€ CYIPECUBHICTh IPYHTY, IO CIIPHSIE
KpamoMy pOCTy POCIWH Ta IIiJBHILYE
CTIMKICTh IO ypakeHHs (iTomaroreHa-
Mmu. 1{ikaBo, 1110 HAHOIbII IHTEHCUBHO
JOCIIDKyBaacs CyNpecUBHICTh IPYH-
Ty BimHOCHO rpuba G. tritici (Deacon,
2006).

Mema 0ocridrcennsn — i3 ypaxeHUX
0(10060TbO30M POCTHH MIICHUI O3H-
MOi BUILUIHTH 130JITH 30yTHHKA XBOPO-
OU Ta JOCHIANATH 1X MATOr€HHICTD.

Mamepianu ma memoou
oocridxieHv.

Binbip ypaxeHux 0¢io00a6030M
3pasKiB POCIUH MIICHUIII 03UMOI COp-
Ty €WK, TPOBOMMIN Ha IOCIIIHUX
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3axucm i KapaHMUH POCAUH

JUISHKax J1aboparopii  (itomaronorii
y BII HYBill Ykpaiau «ArpoHoMivuHa
JIOCITIZIHA CTAHIIis» MPOTIroM BereTalti-
rHoro mepiomy 2020-2022 pp. Inenrtu-
¢ikarito 30yIHUKIB Ta BHIUICHHS X B
YHCTY KyJIBTYpPY IIPOBOIMIIH B TIPOOIEM-
HIA  HayKOBO-JOCHTIIHIN JabopaTtopii
«Mikosorii 1 ¢itonaronorii» kadenpu
¢itonaronorii iM. akam. B.®. Ilepe-
cunkina. Buminennto rpuba G. tritici B
YHCTY KyJIBTYPYy IlepeayBaja BizyaiabHa
IIarHOCTHKA XBOPOOH 33 OYOPHIHHAM
KOPCHEBOi CHCTEMH MIICHHIII O3UMOI.
Jis i3omsmii rpuba TepeBakHO BUKO-
PHUCTOBYBaJIM TKAHUHH KOPEHIB 3i cj1a0-
KHM CTyIIEHEM YpPaKCHHS, OCKITBKU
IpY CHIBHOMY TOIIKOMKCHHI KOPEHIB
MATOTCHOM BUJIUICHHIO HOTO B YHCTY
KYJBTYpy TIePEIIKO/DKAIOTh YHCICHHI
rpubH-canpodiTH, SKi K BTOPHHHI KO-
JIOHI3aTOPH 3aCEeNUIN BiMEpJi TKaHH-
HU 1 MOXYTb BUTICHATH (iTOmaroreHa
3aBISKH CBOEMY MIBHIKOMY POCTY B
gamkax [leTpi Ha ITYYHOMY ITOKHBHO-
MY CEepEIOBHILI.

VYpaxkeHI KOpEHI PETeNbHO BiIMH-
BaJIM BiJI IPYHTY, MOBEPXHEBO Je3iHi-
kyBaiu 10%-M pO3YHHOM TiOXJIOPUTY
HaTpito mpoTsarom 10 xB., IBidi 00MO-
JIICKYBaJIM CTEPHIILHOK BOJOKO 1 MPO-
CylryBaiau (iIBTpyBaJbHAM ITalICPOM.
[lImMaToukn KOpeHiB po3mipoM 2-3 cMm
MOMIIIANY Ha KapTOIUISTHO-TITIOKO3HUH
arap (KI'A) B vamku [letpi Ta iHKYOY-
Banu B TepMmocTari npu 25°C npoTsrom
5 — 7 ni6. Konowii rpu6iB, sKi MOSBIIS-
JIHCST HABKOJIO KOPEHIB, PO3IIISIIANH i
Mikpockoniom. Skmio Tipu mo kpasx
KOJIOHI MaJli XapaKTepHHH 3aKkpyue-
Hui Bursia («curling back») (Kwak
& Weller, 2012), 1i i3omsaTH 11eHTH)I-
KyBamu sik Gaeumannomyces spp. dis
OTPUMAHHSI MOHOI30JIATIB BHKOPHCTO-
ByBasin Meton «hyphal—tip» (kiHIeBi
ridu): KiHIEBI TiH M MIKPOCKOIIOM
00epexkHO BIJIpi3aiu 1 MEPEHOCHIIH 10

iHImx yammok Iletpi 3 KI'A.

HasexxdicTh BUIINEHUX 130JITIB 10
Buny G. tritici (momepeaHs Ha3Ba — IiJi-
Bun G. graminis var. tritici) BA3HauaIu
3a JIONOMOTOI0 TECTy Ha MaTOrCHHICTh
Ha DI3HUX BHJAX 3EPHOBHX: IIICHHUII
03HMMO{, STAMEHIO 03UMOT0, BiBCa MOCIB-
HOTO.

3apakeHHSI POCIHH TIICHUI O3H-
MOi1 30yJHHUKOM XBOPOOH IPOBOAMIN
3T1IHO METOJIMKH, OmnMcaHoi Bateman
(1988) Ta MoaudikoBaHOI HAMH 3 Bpa-
XyBaHHSIM OCOONMBOCTEH ITaTOTCHA.
Momuoizomsitu G. tritici BUPOUTYBaIU
MpoTsiroM 4 THXKHIB B yaikax [letpi Ha
KTA. [Ins 3apakeHHS BUKOPHCTOBYBa-
JI KOJIOH130BaHi i30J1TaMu Tprda «ara-
POBI AMCKK», BUPi3aHi B KyJIbTypi rpuba
Ha PiBHIM BIJICTaHI BiJl IICHTPY YaIlKH.
Ix momimmanu Y TUTACTUKOBI IMITIHAPUY-
Hi €éMHOCTI (IiameTpoMm 4,5 cM) peBep-
COM JIOHH3Y Ha ITOTIePEeAHBO HACUTIAHUH
CTEepHJIBHUH MiCOK, SIKUH CITyTyBaB Cy0-
CTpaToM JjIsi BUPOIYBaHHs POCIHH. B
JIMCKaxX piBHOMIPHO, Ha Biactani 1-1,5
CM OIHMH BiJ OIHOTO, POOWIN OTBOPH,
B gKi 3akiagand 1o | HaciHWHI mie-
HUII JUISE TIPOPOIINYBaHHS. Y KOXHIH
TaKii EMHOCTI TPOPOIIYBAJIU 110 5 HaCI-
HuH. [T0BTOpHICTB JOCTiAYy — 6-KpaTHa.
Bcporo mo ko)kHOMY BapiaHTy JOCIITY
BupoutyBaiu 1o 30 pociauH. 3Bepxy
THOKYJTIOM 3 HACiHHSM MPHUCHIIANN TTiC-
KOM 1 BECh CyOCTpaT 3BOJIOKYBAIH 0
MTOBHO{ BOJIOTOEMHOCTI BOJIOTiHHOIO BO-
TO10.

€MHOCTI CTaBIIIM Ha TaIllO Ta 3aJd-
mranu 0e3 MONMBAaHHS 32 TEeMIIEPaTypu
25°C 10 mosBU CXOIIB. 3 IMOSIBOIO CXO-
IIB POCIUHH TEPiOIUYHO MOJIUBAIH, A
gepe3 6 THKHIB IPOPOCTKU BHKOITYBa-
JIM, KOpeHI OOMMBAaJM BiJ MICKY Ta 3a
CHMITTOMaMH (TIOYOPHIHHSAM ITOBEPXHI
KOpEHIB) 1 32 HAsABHICTIO Ha MOBEPXHI
KOPCHIB XapaKTepPHUX YOPHUX IIUPO-
kux Tip («runner hyphaey), BUANMUX
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IiJT MIKPOCKOIIOM, JIarHOCTYBaJId XBO-
poOy.

OOniku XBOPOOW TPOBOIWIM 32
4-6anpHOI0 mIKasior: 0, pOCIMHH 310PO-
Bi; 1, 1o 10% TOBEpXHi KOPEHIB OYOP-
H10; 2, Bia 10 10 25% KOpeHiB MOYOpHi-
110; 3, 25-50% KOpeHiB MOYOpH1IO; 4, Bij
50 no 100% xopeHiB HOYOPHLIO, TIOYOP-
HiHHS BigMiYaeTbCid HA OCHOBI credia
npopoctka (Ownley et al., 1992).

Pesynvmamu docniosnenHs
i ix 062060peHHsI.

I3 ypaxeHux pocivH 03UMOI TMIe-
HULi Oyno BujaiaeHo 30 i30J1TiB TeM-
HO-320apBlICHUX TPHOIB, SIKi 3a KyJb-
TYpaJIbHUMH  O3HAKaMH  IOTEPEIHBO
BiHEceHO 10 poay Gaeumannomyces
(Kwak & Weller, 2012). [Ins monais-
IIUX JTOCHIHKEHb MH BifiOpain 8 mo-
HOI30JIATIB: 13 [JOCHIAHUX JIISHOK
naboparopii ¢itonaromorii y BII HY-
Bill Vkpainn «ArpoHoMidHa TOCIiTHA
CTaHIiA». Y HaHUX 130/4TIB BU3SHAYAIU
BHJIOBY HAJISKHICTh Ta JOCIIIKYBaIH
MaTOTeHHI BIACTHBOCTI Ha MPOPOCTKAX
POCIHH-Xa35iHIB.

Ha croronui Bigomo 19 Bunis Gaeu-
mannomyces (Hemandez—Res-trepo et

al., 2016). Tpuaymii yac y Mmexax ito-
nmatoreHHoro Buny G. graminis BULLIS-
JM TpH TABKUAK: G. graminis var. tritici,
G. graminis var. avena ta G. graminis
var. graminis, Ccepel SKUX MeplIui
MiABUA Oifbllle ypaxKye MIICHUIO 1
SYMiHB, ApYyTuil — oBec, a G. graminis
var. graminis — puc i Tpasu (Peixoto et
al., 2013). Ha cworoaHi mepimi JBa mif-
BUAM OTPUMAIId CTaTyC OKPEMHX BH-
niB, BignosinHo, G. tritici 1 G. avenae
(Hemandez—Restrepo et al., 2016).

Jns BCTaHOBIIEHHS BHUIOBOI Ha-
JIEKHOCTI BHUAIEHUX 130iATiB Gaeu-
mannomyces MH JOCTITWIA IX Maro-
TeHHICTh Ta CHEMiai3allil0 Ha TPhOX
3ePHOBHX KYJIBTYpax: IIICHUI, sTIMe-
Hi, BiBci. Bci 130518TH ypaxkyBaau Ko-
peHi BCiX TPHOX KYJBTYp, MPOTE OLIBII
MATOTCHHIMHU BUSBIUIHCS Ha TIICHUI
03UMill Ta STYMEHI 03UMOMY. 3a IIEF0 03-
HAKOIO IOTIePEIHBO X OylIo BiZHECEHO
no miasuay G. graminis var. tritici (Te-
nep — Bun G. tritici).

TTaToreHHi BJIaCTUBOCTI 130JIATiB J10-
CITIIKYBAJIA Ha CXOAAX POCIHH IIICHHU-
i 03uMoi copty €muk. Bei mpoanaiizo-
BaHi Ham| 1301TH G. fritici TIPOSTBUITA
pi3HMII piBEHh MATOr€HHOCTi. 3a Io-
Ka3HUKOM «PO3BUTOK XBOPOOM» iCTOT-

1. I3oasiTu Gaeumannomyces tritici, BujiijieHi i3 pocjiMH NueHui 03uMoi
(2020-2022 pp. copt €auk, Jadoparopis ¢ironarosorii y BIl HYBill
Ykpainu «ArpoHOMidHA J0C/IiAHA CTAHIISD)

. Po3BuTok XBOpOOH
BoasT Pik

baix (0-4) %
1/20 2020 1,10 27,5
3/20 2020 2,34 58,5
7/20 2020 1,87 46,8
2/16/21 2021 2,20 55,0
3/16/21 2021 1,46 36,5
4/16/21 2021 1,10 27,5
16/22 2022 1,83 458
9/22 2022 2,88 72,0
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HO BHUIIIOIO ITATOTCHHICTIO MOPIBHIHO 3
IHIDUMH 130JSITAMU  XapaKTepU3yBaBCs
isomar G. tritici 9/22 (Ta6n.1). Binb-
IIICTh THIINX 130JIATIB POSIBHIIU CEepe/l-
HIO matoreHHicTh (3/20, 7/20, 2/16/21,
3/16/21, 16/22), i nuuie naBa i30JS9TH
(1/20, 4/16/21) BUABHIKMCS HU3BKOTIATO-
TeHHIMHU.

3a  pe3yapraraMH  JOCIIKEHb
Kprouxooi JI.O. ta I'puwtok JI.A., no-
[IPY HAsIBHICTh HU3BKOIIATOTCHHUX 130-
JATIB y momymsnisx rpuba G. tritici,
IHIN TPYHTOBI TaroreHu - Fusarium
spp., Pythium spp. 3Ha4HO TOCTyHa-
TmHCS HOMY SIK 32 arpecHBHICTIO, TaK
1 3a CIHIBBIIHOIIEHHAM BHUCOKOIIATO-
TeHHUX 1 HHU3BKOMATOTCHHUX IITaMiB
(Kriuchkova & Gritsyuk, 2017). Lle nae
MiJICTaBH po3rIsAfaTd 0(}io0onbo3 5K
HaHOUTBII HeOe3MeuHy cepel KopeHe-
BHX XBOPOO MIICHUII 03UMOI.

Chig  BIAMITHTH, IO 3apayKCHHS
30ymHUKOM 0(h1000JIb03y KOPEHIB poc-
JIMH MIIEHULI O3MMOI Ma€ CBOI 0CO-
OmmBoCTI. 30YIHUK HE PyHHYE KIITHHU
MOBEPXHI KOPEHIB, SIK IIe BiJAOYBaEThCS
MU 3apakeHHI IHIIUMH TPYHTOBHUMH
natoreHamu (Fusarium spp., Pythium
spp.,), @ Ha TEPUIOMY €Tarli KOJIOHI3ye
X TIOBEPXHIO, OOILTITAIOYH MEPEKUBOM
YopHHUX MIMPOKHX Tid. Tomy KopeHi
CIIOYaTKy HE PyHHYIOTHCS, a, HAaBIIAKH,
CIIOCTEPIracThCsl  Jesika  CTHMYILAIIS
iX pOCTy MOpIBHSHO 3 HE3apakKeHHM
koHTponeM. [loTiM 30ymHHK NMPOHHUKAE
BCEpEANHY CyIWH KOPCHEBOi CHCTE-
MM, 3aKyIOPIOIOYM ii, [0 TPU3BOAUTH
10 OJOKYBaHHS HAIXOIKCHHS BOAU IO
HA/I36MHOi YaCTHHU DPOCIUHH, BHACIHI-
JIOK 9OTO pociinHa B’siHe 1 rune. HaBiTh
Ha JOPOCIIUX POCITHHAX CHMIITOMH XBO-
poOH YacTO 3aIMINAIOTHCS HETIOMIiTHH-
MU Yepe3 HEMOMIKOIKCHICTh 30BHIITHIX
TKaHWH KOPCHsS, a 3HIDKCHHS MPOIYK-
THUBHOCTI 1 HaBiTh 3aru0eNb POCIUH Ya-
CTO TIPUIUCYIOTh IHIIMM (haKTOpam.

2. IlaToreHHi BJ1acTHBOCTI i30/1TIiB

G. tritici
Po3Butox
BoasT xBopo6u, | [laTorennicTn
6an (0-4)
3/20 2,34 ceperHs
7/20 1,87 ceperHst
9/22 2,88 BHCOKa
16/22 1,83 HU3bKa
3/16/21 1,46 HU3bKa
HIP -

VYV ¢BOIX MOCHIIKEHHSIX MH BHKO-
PHCTOBYBAIM TOKa3HUK  «PO3BUTOK
xBopoOu» B 6anax (0-4) 1y OIiHKH Ia-
ToreHHocTi 13oyATiB (Tabn. 2). Bpaxo-
BYIOYH JIaHi 10 UM ITOKa3HUKaM, iCTOT-
HO BHUIIOKO MTATOTCHHICTIO MOPIBHIHO 3
IHIDUMH 130JSITAMH  XapaKTepU3yBaBCs
1305t 9/22. [30matH 3/20 1 7/20 xapak-
TEPU3YBAINCS CEPETHBOIO IAaTOrCHHI-
cTro. [30msat 16/22 1 3/16/21 nposiBuim
HU3BKHI PIBEHb MATOTEHHOCTI.

Ha nporiec 3apakeHHS pOCIINH TIIIe-
HUIII 30yTHUKAMU KOPEHEBUX XBOPOO B
MPUPOIHIX YMOBaxX, KpiM IATOTCHHO-
CTI 130JISTIB, 1CTOTHO BIUIMBAIOTH 1HIII
OioTuuHi (hakTopH, 30KpeMa, CTIHKICTh
COpPTY, CYIPECHBHICTh IPYHTY, TOIIO,
K1 LIKaB1 JUI HONANBIINX JTOCHTIIKEHD.

Bucnosexu i nepcnexmuséu.

Hamu nociigkeHo IaroreHHi Bia-
CTHUBOCTI 130JISTIB Ha CXOJaX POCIHH
IIIeHuni copry €muk. Bcei mpoana-
mizoBaHi i3omsaTH G. tritici TPOSBUIIA
pI3HUH piBEHBb ITATOTCHHOCTi. 3a TO-
Ka3HUKOM «PO3BHUTOK XBOPOOH» iCTOT-
HO BHIIIOKO TATOT€HHICTIO TIOPIBHSIHO 3
IHIIMMY  130JI5ITAMH  XapaKTepU3yBaB-
csa 3omar G. tritici 9/22, iHun 13071s-
TH TMPOSIBHIIM CEPEIHI0 IMaTOreHHICTh
(3/20, 7/20) i HU3BKY NOTAreHHICThH
(16/22, 3/16/21).
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[Ipu OLIHKK MAaTOTEHHOCTI 130JIATIB,
MH KOPHCTYBAJIHMCS TMOKA3HHUKOM «PO3-
BHUTOK XBOpoOH» B Oanax. BpaxoByrouu
JaHi 1Mo MM MOKAa3HHKaM, iCTOTHO BU-
OO MATOTEHHICTIO MOPIBHSHO 3 HINH-
MU 130JISITAMH XapaKTePU3yBaBCs i30T
9/22, nipu ypakeHHI HUM 0Oajl pO3BUTKY
xBopoOu OyB 2,88.

Ha niporiec 3apaskeHHs pOCIIMH IIIiIe-
HUI 30yTHUKaMH KOPEHEBHX XBOPOO B
MPUPOIHIX YMOBax, KpiM IaTOTEHHO-
CTI 130JISITIB, 1CTOTHO BIUIMBAIOTH 1HIII
OioTuuHi (hakTopu, 30KpeMa, CTIHKICTbh
COpPTY, CYIPECHBHICTH IPYHTY, TOIIO,
SIK1 LIKaB1 I HONANBIINX JTOCTIIKEHD.
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Abstract. Isolates of Gaeumannomyces spp. obtained from diseased roots of winter wheat
showing take-all symptoms were characterized by pathogenicity. All isolates were more
pathogenic on wheat and barley than on oat, and were identified as G. tritici. Most isolates of G.
tritici were characterized as middle pathogenic, the pathogenicity of one isolate was higher than
those of others, and two isolates showed the lowest pathogenicity.
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30isolates of dark-colored fungi were isolated from the affected plants of winter wheat, which
according to cultural characteristics were previously assigned to the genus Gaeumannomyces.
To establish the species affiliation of the selected Gaeumannomyces isolates, we investigated
their pathogenicity and specialization on three grain crops: wheat, barley, and oats. All isolates
affected the roots of all three crops, but they were more pathogenic on wheat and barley. Based
on this feature, they were previously assigned to the subspecies G. graminis var. tritici (now the
species G. tritici). The pathogenic properties of the isolates were studied on seedlings of Yelyk
wheat plants. All G. tritici isolates analyzed by us showed a high level of pathogenicity. The G.
tritici 9/1 isolate was characterized by significantly higher pathogenicity compared to other
isolates according to the "disease development" indicator. Most of the other isolates showed
medium pathogenicity (3/20, 7/20, 2/16/21, 3/16/21, 16/22), and only two isolates (1/20,
4/16/21) were low pathogenic.

In our research, in addition to the "disease development" indicator in points (0-4) to assess
the pathogenicity of isolates, we used indicators that characterize the growth and development
of plants, namely "weight of 1 seedling" and "mass of roots from 1 seedling". Taking into account
the data on these indicators, isolate 9/22 was characterized by significantly higher pathogenicity
compared to other isolates: when affected by it, the mass of wheat seedlings and roots was
significantly lower than in other variants. Isolates 3/20 and 7/20 were characterized by medium
pathogenicity, when infected with them, a significant decrease in the mass of the roots of
seedlings was noted. Isolates 16/22 and 3/16/21 showed a low level of pathogenicity - the
decrease in root mass was insignificant.

Key words: Gaeumannomyces tritici, take-all, pathogenicity, winter wheat, isolate, strain,
disease development.
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