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Anomauia: [Ipeocmasneno inghopmayiro 3 iHOZEMHUX TIMEPAMYPHUX Odxcepei
WOo00 MIKpOYUCMUHIE CUHbO-3€]IeHUX ooopocmell. Bucseimneno cyuacnuii cman
npooONeMamuKyu  «YBIMIHHAY B000UM MA 3HAYEHHS UYbO20 ABUWA O JIHOOUHU.
Jlocniooicenns nposedero 3a 060Ma emanamu: 1a00pamopHuM i HamypHum. Buodineno
yucmy Kyaemypy Phytophthora infestans, Ha AKiti HpOBOOUIUCH NOOATLUL
oocniodcennsi. Buolinenus i3onamie 300iCHEHO HA A2ApPU308AHOMY HONCUBHOMY
cepedosuwyi. 13 docmynuux awmucenmuxie 0y10 00paAHO NepMAaAHSAHAM Kaunilo U
emanon. Hamypui Oocniou nposedeno ma excnepumenmaivhux ninisx Solanum
lycopersicum wwisixom  Oiaenocmuxu  03HaK  3axe0pl06anHs Ha  Gimopmopos.
Busnauenns  nomemnyitinoco  He2amuéHo20  6HAUBY  0OPOONIEHUX  CYCNEH3IEI0
yianobakmepiti  poCiuH — MomMamy — GUKOHAHO  MemoooM  Oiomecmy8auHs 3
BUKOPUCMAHHAM K mecm-00 ekm Achatina fulica.

Onucano 6naue MoKCUHIE CUHbO-3EJIeHUX 8000pOCmel — MIKPOYUCMUHIE HA
konoHii Ph. infestans in vitro. I[Ipedcmasneno goomomempuune cnocmepedicenHs 3a
3MEHUWEHHAM KINbKOCMI KOJIOHIU I3 NPOMIJNCKOM Hacy 6 mpu 000u. Ycmanosiero
Gimogpmopocmamuunuti echexm MiKpoyucmuHis. 3agikcosano dezpadayiro i301mie
Ph. infestans na nacmynuuii 0ensv niciisi 00poOKuU KONOHIL cycneHnsieo yianobaxkmepii.
Buseneno ineioyrouuii eghexm, matisice 00 HOBHO20 3HUKHEHHS CUMNIMOMIG Y POCIUH,
Wo OyIU Yacmro8o ypasiceni Gimogmopozom ma supousysanucsy in vivo. Busnaueno,
wo 00pobaeH] MIKPOYUCTMUHOM POCIUHU MOMCHA 88adcamu  Oe3neyrHumu OJisl
nO0ANLULO20 CHONCUBAHHS, 3a2UOENb MOOETbHUX OP2AHIZMIB He 3aPeECmpPO8aHo.

Knwuosi cnosa. mixpoyucmun, moxcuunicmo, incioimopu, gimogmopa, in
vitro, biomecmysanHs, mecm-o6’e€km, in vivo, biobeznexa

Bcemyn. HailimommpeHimmmu — Ta Phytophthora npuninserscs 3Ha4yHa
OJTHUMU 3 HeOe3MeuHux € yBara, IO TIOB’SI3aHO 3 BEJIHUKOIO
3aXBOPIOBaHHS, IO  IHIYKYIOTBCS KUIBKICTIO PYHHIBHUX XBOPOO, sIKi BOHU
¢itomarorennumu  rpubamu. Ha ix COPUYUHIOITh Y  PI3HOMAaHITHHUX
yacTKy mnpumnanae nonaa 80 % xBopoO CLITbCHKOTOCTIOIAPCHKUX KYJIBTYD.
pociuH. Jlo mpencTaBHUKIB  poOay [IpencTaBHUKM IHOTO POAY, 30KpeMa
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Phytophthora infestans, crnpuunHOOTH
bitopTOopo3, y OUIBMIINA Mipi, POIUHH
Solanaceae [1].
BUPIIICHHS

Tomy mpomo3suiii
IIOTO  THUTAaHHI €
aKTyaJIbHUMHU, OCOOJMBO SKIIO BOHH
CIPUATUMYTh 3MCHILICHHIO  XiMi3allii
ramsysi.

Boanouac mmpokorw mpo0iaeMoro
ChOTOJIEHHA €  «IBITIHHA»  BOIU
JlainpoBcbkoro kackaay. CHHbO-3€/1eH1
BOJOPOCTI CXWJIBHICTh  JI0
IIBUJIKOTO BHUBUIBHEHHSI TOKCHHIB Yy

OTOUyIOUl BOAU. € BeNMKa KUIBKICTh

MaroThb

myOmikarii cepen 3apyOiKHUX
HayKOBIIIB CTOCOBHO XIMIYHO1
CTPYKTYpH, TOKCUYHOCTI,

TOKCHUKOKIHETUKA 1 TOKCHUKOJIUHAMIKHU
MikporucTuHiB [2]. Takox y mitepaTypi
NPUCYTHI JaHl MNpo 010aKyMyJIALI0
MIKPOIIMCTHHIB B OpraHi3Max TBapuH 1
pPOCIIMH, $IKI y CBOIO Yepry JIOJIu
BUKOPUCTOBYIOTh SIK XapyoBi JpKepena
[3, 4].
OTxe miax Yac BUKOPHCTAHHS
MIKOLIMCTHHIB, SIK OIOTEXHOJOTTYHOI'O
npemnapary y 60opots0i 3 (hiTOMiKO3aMHU
BUPINIYETbCSI KOMILJIEKCHA TMpobiema:
YTHII3aIlisE BOJOPOCTEH, IMOKpaIeHHS
CTaHy BOJIHUX €KOCHUCTEM Ta BIJIOBIIHO
ix O10pI3HOMaHITTS, TPO(]iIaKTUKa Ta
Ooporb0a 3 MiIKO3aMHU Ha NPHUKIAAL
dbitodToposy pOCINH
Solanaceae HE
010JIOTIYHUMH TIpEnapaTamu.

Mikpoructuan (ML) — omni 3

POAVHU
MIK1JJINBUMU

HAWBIJOMIIIUX 1 IIUPOKO MOIIUPEHUX
I[IaHOTOKCUHIBY TMpICHUX BOJAX, iX
POyIICHTaMHU €
poaiB Anabaena,

OCHOBHUMU
1iano0akTepii
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Microcystis, Planktothrix, SKi
CIPUYHUHSIOTh TOKCHYHE «IBITIHHS»
BoOIM Yy  BcbomMy  cBiTi.  MI]

PO3UMHAIOTECS Yy  BOJIL Bonu
3aJIMIIAI0THCS CTa0IIbHUMU Y BOJOMMAX
no 7 ni0b, TpuBajdui 4Yac CTaOUIbHI Yy
bimpTpoBaHiil a00 JeioHI30BaHINA BOI.
MII criiiki 10 XIMIYHOTO TiapoJIi3y abo
okuciaeHHss 3a pH, Oau3pkux [0
HetpanbHux. [1i7 yac KUM'aTiHHA BOHU
HE PYHHYIOTHCS YMIPOIOBXK IEKUTBKOX
roJiH. 3a BHUCOKOI Temmeparypi i
eKCTpeMaibHO BUCOKHX a00 HU3bKUX pH
yHacHiIOK Tiapomizy 3a 10 TkHIB
nerpanye Ounemie 90 % MC. Bonm
1HIIIUMHA

yKe

OKHCJIIOIOTECSI  O030HOM  Ta
CHJILHUMU OKHCJIIOBaYaMH,
CcTaOUIBHI 3a 11 COHIYHOTO CBITIJIA.

3a JTaHUMH MDKHApOHOT
rigporeosoriynoi nporpamu UNESCO
«CYANONETY,

IiaHoOakTepi 1

«UBITIHHSI»
MosiBa  TOKCHHIB
BUSIBJICHO Y BOJIOMIMax 1 BOJOTOKax 65
KpaiH CBITy. Y KpaiHax 13 XOJOJHHUM
kiiMaroM MI[-poylieHTH MEIKaTh
y 91 % o3zep. MII BusiBIICHO B KJIITHHAX

MPEICTaBHUKIB IIaHOOAKTEPIN 13 POdIB

Anabaena, Anabaenopsis,
Hapalosiphon, Microcystis, Nostoc,
Planktothrix, Phormidium i
Synechococcus [5].

MII € UKJITTYHUMUA
rernraliciaTungamMmu 3 HE3BUYANHOIO
XIMIYHOIO CTPYKTYpOIO ¥  MEBHOIO

KIJIBKICTIO HEOLJIKOBUX aMIHOKHCIIOT. Y
HUX TpHU BapiabenbHI METWUJIbHI TPYIIH.
MetunyBaHHS € MOIIHPEHOIO
Moau(iKalier B 010JIOTIYHO aKTUBHUX

IIpUPOJHUX TIICNTUAAX, IO CIIpPHUIE,
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HMOBIpPHO, 3MIIIHEHHIO CTaOUIBHOCTI
METITUTY npu MPOTEOTITUIHOT
nerpagamii - [6, 7]. MikporucTuH
CHUHTE3YIOThCSI BEJTUKHUMU
(hepMEHTHUMH  KOMIUIEKCaMH, IO
CKJIaJIAlOThCI 3 HepiOoCOMaIbHUX
[IENTUI-CUHTETA3 1 [IOJIIITETITHA -
cuHTeTas [8].

Hepibocomanbhi MENTHUI-
CUHTETA3U BIJIPI3HSIOTHCSA
KOHCEPBAaTUBHOIO MOIYIBHOIO
CTPYKTYPOIO. Koxen MOJTYJIb
CKJIAJA€ThCId 3 KATAITHUYHUX JIOMEHIB,
BIAMOBIJAJIBHUX 34  aJE€HUIIOBAaHHI,
ocBiTYy Tioedipy ¥  KOHJIEHCAIIIIO

crienu(piyHUX aMIHOKHUCIOT. [ogaTkoBi
JOMEHH, HEOOX1JHI I MOAMUQIKaIi
aAMIHOKHCJIOTHHX 3aJIMIIKIB, TaKUX SK
eniMepizaiis, reTepoLuKIII3allis,
OKHUCIICHHS, dbopMiTIOBaHHS,
BIJHOBJICHHSA a00 N-METHJIIOBaHHS,
MOXYTh OyTH TakKOXX BKJIOYEHI Yy
MOIyJb [7].

Vei 11 010CHHTETHYHI OCOOIUBOCTI
MIPU3BOAATH 110 PI3HOMAHITTS
mianoOaktepianpHux MIl — monax 60
dhopm.
BU3HAYCHI HYKJICOTHHI MOCIIIOBHOCTI

130MOppHUX [ToBHiCcTIO
O10CMHTETUYHHUX T€HHHUX KJIACTEPIB IS
Microcystis, Planktothrix, Anabaena,
Nodularia i Nostoc [5]. Y Anabaena uei
hepMeHTHUM

KOMIIJIEKC KOAY€EThCA

FeHHUM KJIacTepoM, Mo Mictuth 10
reniB (mcyA-J) [9].

Sxmo BiIOMI T€HH, MO0 KOIYIOTh
010aKTMBHI KOMIIOHEHTH, MOJKHA 3a
JIOTIOMOT'OI0 HAaIPaBJIEHOTO MYTareHe3y
OTpUMAaTH  BIJAMOBIAHI MYyTaHTH 3
MOPYIIEHUM O10CHHTE3y IIMX PEYOBHUH 1
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cripoOyBaTH BUBYUTH 1 3pPO3YMITH
¢yHKIil ux MetabomiTiB. Y paszi MI]
Taki MyTaHTU OyJTu OTpUMaHi IIISTXOM
iHCeprii abo gememii mCy TEHIB Yy
mramax Microcystis aeruginosa i M.

agardhii [7, 8, 10]. 3a gomomMoro

1HCEpLIMHOTO MyTareHe3y OyJ0
MOKa3aHO, IO TEeHH, SKi KOAYIOTh
MEeNTIICUHTETA3Y, 3anmy4eHi 10

MPOJYKYBaHHS MIKPOIIMCTUHY 1 Ti, IO

MalTh  OAWH  TEHHUH  KiacTep,
BIJIMOBIJIAJIBHUN 32 TMPOAYKIIIO BCIX
Bapiantie ML y mrami Microcystis
aeruginosa PCC 7806 [8].

Mamepian i pe3yiomamu.
Jlunamika po3BUTKY ¢itodTopo3y 3a
OCTaHHI pOKM 0a3zyeTbCsi Ha aHaI3l
METEOPOJIOTTYHUX MOKA3HUKIB
LHEHTPAJbHOIO Iosicy Ykpaimu. €
B3a€EMO3B’SI30K  MDK  IHTEHCHBHICTIO
po3BUTKY (iTodTOpO3y TOMaTa Ta
OCHOBHHMH €KOJIOTTYHHUMH (PaKTOpaMH
— BOJIOTICTIO, TEMIIEPATypOIO TOBITPA,
KUIBKICTIO OIIaJiB. 3HAYHa KUILKICTH
omai (30—-60 mm) Ta Bucoka (65—85 %)
BOJIOTICTh  MOBITPS 3  OJIHOYACHUM
3HUKEHHAM Temmneparypu ao 15-17°C
CIPUSIOTH PO3BUTKY 3aXBOPIOBAHHS, SIKE
MO>K€ MMOYMHATHCH 3 | IeKkau 4epBHS 10
I nexamu ceprnus. [lomanepimuii mepedir
XBOPOOHU 3JICKUTH BiJ] MOTOJHUX YMOB 1
MO)Xe HaOyBaTH XapakTepy emidiToTii,
gk O0yrno y 2000, 2003, 2008, 2011, 2015
pokax. JliTepaTypHi jpKepena CBiI4aTh,
1110 HaBITh y 3aCYILJIUBI POKU Y BEPECHI—
KOBTHI 32 YMOBHM PSICHUX OIaiB
YPaKEHICTh Mi3HIX COPTIB TOMaTa MOXKE

csratu 45 % 1 Bue [11].
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[TommmupenHus dbitodpTopu
KOHTPOJIIOBATH JYXK€E CKIAIHO, aJDKE 115
MOMYJISIIS Ma€ JEKUIbKAa YHIKaIbHUX
pHUC: TOMOTaIi3M, TOOTO ABOCTATEBICTh
OpraHi3MiB; T1HaJIPOMIKCIC, TOOTO 3MiHY

CTaTl 3a HasSBHOCTI MEeBHUX (HEPOMOHIB;

Ay’Xe  MIBUAKE CTBOPEHHS  TaKHUX
PI3HOMAHITHUX CTPYKTYp SIK OOCIIOpH,
300CTIOPH,  XJIAMIAOCIOPH;  MIBUIKY
€BOJIIOLII0 HOBUX pac 1 IITaMiB;
3/1aTHICTh MPOJAYKYBaTH T1OpUIHI BUIU
[12].

JlociaKeHHs BILJIUBY
aJbIOTOKCHHIB Ha dbitodTopy

POBOAMIIOCH Yy TpW eTamm:l — eram
MaTeMaTUYHOTO MOJICTIOBAHHS PpeaKIlii
Phytophthora infestans Ha
MikporcTuu  (puc  1);2 eram —
7abopaTopHi  JOCHIKEHHS  BIUIMBY
mikponuctuHiB Ha Ph. infestans; 3 —
HATYpHI EKCIIEPHUMEHTH BHUKOPHCTAHHSI

MIKPOLIMCTUHIB  JIJIA O0opoTHEOH 3

dbitodTOopo3M Ta OioTecTyBaHHS
0e3IeyHOCTI IPOIYKIIT micis
3aCTOCYBaHHS  IILOTO  O10JIOTIYHOTO
METOY.

Puc. 1. PEM-300pa:kennsi kosnonii Microcystis aeruginosa Kiitzing, 3000x

[13]

Konnentpamnis MI[ y Bomi 3 p.

Huinpo 'y M.
BHU3HAYEHAa aBCTPIACHKUMM KOJETraMH 3

Kpemenuyk Oyna

Binencekoro yHiBepcutety (puc. 2). Ha
cydyacHOMYy cmekTpodoromerpi Oymnu
JOCTIIKEH1 Bl MpoOu BoJH, 10 Oynu
BimiOpaHi 3 TPOMDKKOM dYacy y JiBa
Po6ouoro

THXKHI. 00J1aCTIO
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criektpooToMeTpa ISl  BU3HAUCHHS
koHieHTparlii ML 6yno o6pano 450 HMm,
TOOTO
KOHIICHTpAIlist MII

BUINME CBITJIO. OTtxe,
CTaHOBHUTH
npubmmsHO 3,5 mr/nm3. Tpencrapnenuii
HUK4Ye rpadik mogaHui 6€3 aBTOPChKUX

3MIiH.
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Puc. 2. PesyabraTtu (pOTOCHIEKTPOMETPUYHOIO JOCTIKEHHS] KOHLIIEHTpauii

MiKpPOIUCTHHIB

Hepen BHMKOHAaHHAM OCHOBHOI'O

JOOCHIKEHHS HEOOX1IHO  3A1MCHUTH
HU3bKY TMONEPENHIX MAaHImyJsamid 1
0e3nocepeHbO
kynetypu Ph. infestans. dociimkenns
MIPOBOJIUIIOCH 32 METOJIUKOI0, OITUCAHOIO
y [14].

3apa)KEHOTO MAaTOTEHOM JIUCTS 1 cTeben

OTpHUMAaTHU YUCTy

Buninenas  130i4TiB 13
OyJ10 6e3pe3yJIbTaTHUM — y CEPEIOBHIII

pO3BHUBaNIACS JuIie CTOPOHHS
Mikpodsopa. Sk cepemoBuie s
13071TiIB~ Oysio  oOpaHo
noxxuBHUM arap Big TOB «®apmakTusy»
TY V 24.4-37219230-001:2011 Takoro

yMicTy: nenToH ¢epmentatuBHuid 10 r/

BUIJICHHSA

am3; arap mikpo6iomoriuanii 10 1/ am3;
HATpio XJI0pua 5 I/ AM3; IpikIKOBHUIA
eKCTpakT 3 1/ mv°.

[Tonepenus oOpoOka BHXIJITHOTO
Marepiany ne3iH(}iKyrouuM 3acoboM €
Ty’Ke BaXJIMBUM €TarioM. AJKe 3aBIISIKU
IIbOMY MOJKHA MO30yTHCSI KOHTaMiHAIIi1
130JI51TIB CTOPOHHBOIO MiKpodioporo. 3
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NEepeliKy JOCTYMHUX Je31H(PIKYIOUnX
pedoBuH Oyino o0OpaHO T€pMaHTaHaT
KaJlilo Ta eTwioBHil cnupT. B 000x
BUMagKkax Oyno Tpu eranu OOpOOKH.

[lepmmii Ta #gpyrui eram — 1€
MOCJIIJIOBHE 3aMOYyBaHHS y
nepMaHraHari  kamio  (€THIOBOMY

CIUPTI y APYyroMy BHUIIAJKY) 31 3MIHOIO
PO3UYMHY Yepe3 KOKHI 5 XBUIHMH. TpeTiit

eTarl — 1II¢ MPOMHUBAHHS BHUXIJIHOTO
MaTepiany ymnpoioBX 1  XBHUJIWHU
TUCTUIHOBAHOKO BOJIOIO. [Ticas
ne3iHdexii BUXITHUNA Marepiai

PO3MIIIYIOTh Y CTEPUJIBHIA  Hari
ITerpi. Ilepen o0OpoOKOIO BHXIIHHI
MaTepial  HeOOXiTHO Hapi3aTH Ha
IIIMATOYKH PO3MIPOM MPUOIH3HO 5 Ha 5
MM.

CTBOpEeHHS MaTEMaTUIHOI MOJIEIT
JOCTIPKEHHS BIUTMBY MIKPOIIUCTHHY Ha
Ph. infestans Oymo peamnizoBano 3a
JI0TIOMOT OO0 MIPOrPaMHOTO

3abe3neueHHss Matlab. Otpumani naHi
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CB1/IYaTh po MEePCIIEKTUBHICTh
BukopuctanHa MI] s G6opoTsOu 3
biToPTOPO30M  KYIBTYpHUX POCIIHH,
ajpKe Jerpanaris

['onosHOIO

CIIOCTEPITAETHCS
MIKPOTPUOKOBHX  KJIITHH.
METOI0 J1Ta0OpaTOpHUX JociikeHb Ph.
Infestans Oyno
MOBEIHKKA KOJIOHIM MIKporpuba Imij
BIuiiBoM MII,

CIIOCTCPCIKCHHA

MO0 3HAXOMATBCS Y
CyCIIeH31i CHHBO-3CJICHHX BOJOPOCTEH.
VYcTaHoBiieHO HEOTHOPITHICTh
MOP(OIOTIYHUX O3HAK, IO TPOSBUIOCS
y  PpI3HHUIIl  CTPYKTYypH
tonorpadii, MBUIKOCTI POCTy. Takoxk
criocTepirajiach pi3Ha 3JaTHICTH J0

KOJIOHIH,

YTBOPEHHSI MTOBEPXHEBOIO  MILENIIO.

JliameTp KOJIOH1M BapitoBaBcs Bijg 2 A0 5
MM. Jlesiki KOJIOHIT XapaKTepu3yBaJIUCs

C1a0KMM  PO3BUTKOM  MOBITPSIHOTO

MILIENIIO, 1HIII HaBOHAKH — JOCHUTH

cuwibHUM. [loBepxHs winenito Oyna
BaTOMO/110HOI0 200 MaBYTUHHOIO.

180
160
140
120
100
80
60
40 25
20 0

KinpkicTh KOIOHII

Infestans
XapaKTEepPU3y€eThCs y)KE JUHAMIYHUM
PO3BUTKOM, YHCEIBHICTh 301JIBLIY€ETHCS
nporpecii. s
CTBOPEHHSI KPHUBOI POCTY MOl
POBOIUIIOCS
MipaxyHOK

[Tomysstrris Ph.

y  TE€OMEeTpUYHiN

CIIOCTEPEXKEHHSI  Ta
KUJIBKOCTI KOJIOHIM
MIOJICHHO B OJMH 1 TOW K€ yac.
[pyHTyIOUMCh Ha 3i0paHUX JaHUX Oyla
noOyioBaHa KpuBa pocTy momyJsiii Ph.
infestans (puc. 3). YcraHoBlieHO, MO
MOBHUM ILIMKJ PO3BUTKY U jerpanamii
nomyJysiii piTopTOprU MOKE TPUBATH Y
cepeaaboMy 20 110. YV neskux BUIaIKax
TPUBAJICTh (a3 MOKe 3MIHIOBATHUCS Ha
JIEKIIbKa 0. besnocepentubo
JOCIIJDKCHHST JUHAMIKUA KyneTypu Ph.
infestans mix BILTMBOM CycrieH3ii CHHBO-
3€JIEHUX BOJIOPOCTEHN MOPIBHIOBAINCH 13
JOCIKEHHSIMU:

HA KYJBTYDY,
GyHTIUAIB HA KyJIbTypy, JdWHaMiKa

KyJIbTypH 0€3 CTOPOHHIX YNHHUKIB.

TaKUMH BIIJIMB

AHTUO10THKIB BILJIMB

163
150

134 130

1 no0a 3 nob6a 4 nobda 6 noda 7 noda 8 noda 9 noda

TpuBamicTh KyJIbTUBYBaHHS

Puc. 3. ExciepumenTt Ne 1 — ¢a3u pocry nony.asimii Phytophthora infestans 3
A0AaBaHHSAM cycHeH3ii miano6akrepiii in vitro
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[Tepuwnii EKCIIEPUMEHT

TYMKY,
HaloOiTpImMil iHTepec. BiH momsras y

npeicTaBisie, Ha  Hally
BuponryBaHHi monyssimii Ph. infestans
Ha TOXHWBHOMY arapi 3 JJI0JaBaHHIM
CyCIIeH31i CHHBO-3EJICHHMX BOJOPOCTEH.
3a  pe3yabTaTaMd  E€KCIIEPUMEHTY
o0y 10BaHO KpUBY (a3 pocty (puc. 3).
Ha movaTtok ekcmoHeHIiansHO1 (a3u
n100a)
HapaxoByBana 40 komoniid. YUepe3 nBi

(ueTBepra MOMYJISALISA
I00M YMCEIBbHICTD 30UIBIIMIIACE 10 163
kojoHil. Ha moctii 1061 KynbTypa
oyna ob6pobnena 0,001 am® cycnensii
CUHBO-3€JIeHUX Bojopoctel. [lomanbiie
CIIOCTEPEKEHHSI 3a POCTOM KYJIbTYpH
B1I0yBanochk aHajnoriyHo. Ha cbomy
no0y HamuyBasiock 150 KoJloHIN, Ha
BocbMy J00y — 134 kosoHli, Ha

ne’ary — 119  xomoniii. Takox
3ahiIKCOBAHO 3MEHIIICHHS IHTEHCUBHOCTI
criopoHoteHHs ¢itonatoreny. Komonii
BTpaTWJIM OOPHCH 1 MEPETBOPUIIMCS Ha
PO3MMUTI TUISIMHU.
Chnuparounch Ha  OpUTIHANbHI
pPO3paxyHKH MOJYKHA KOHCTaTyBaTH, IO
1HT161TOpOM
infestans €

¢byuritun (D,,. = 35 %). Jemo mMeHmy

Hale()eKTUBHIIITUM

pO3BUTKY KousoHiii Ph.
e(peKTUBHICTh  MOKa3ye  CYCIEH3Iis
ianoOaktepiit (D,,, = 27 %), i 3HaYHO
MeHIIa €(EeKTUBHICTh CIOCTEPITAETHCS
s antudiotuxy (D,,, = 17 %). Orxe,
mpoBefeHi  IN VItro  gociimKeHHs

BIAMOBIJAIOTE IIOCTABJIEHIM MeTli #
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MIATBEP/KYIOTh, 10 111 MI] cunbo-
3€JICHUX BOJOPOCTEN € MPUTAMaHHUMH
iHri0yroul BJIACTMBOCTI, 30KpeMa —
NPUTHIYYIOUMH BIUIMB Ha KoJoHiKA Ph.
infestans  [14]. Tomy mnomnepenaHi
JTOCTDKCHHS €  TIATPYHTAM IS
OIAJTBIIOTO BUBYCHHS BILJIUBY
anerorokcuHiB Ha Ph. infestans in vivo
3a]1s1 BU3HA4YCHHs piBHS 0100e3meKu
CHE1aJbHOTO BUKOPUCTAaHHS CYCHEH311
1iaHoOakTepii, ockiabku ix ML Mar0Th
3/1aTHICTh 10 aKyMYJISIIT y
PI3HOMAHITHHX O10JIOTIYHUX 00’€KTaX,
TOMY B@XJIWBO HE JIMIIE€ BUSBHUTH iX
1HT10yt0uy fit0 Ha (HiTO(TOPO3 TOMATIB,
a W BH3HAYUTH HACKUIBKH POCIIHHH,
00poOsieH1 HUMU, OyayTh O€3NEeYHUMU
JUISL  CIIOKWUBAaHHS  JIIOJUHOKO YU
TBapHUHAMH.

JIJisl eKCIIepuMEeHTy B3SITO TOMAaTu
copTy
JIarHOCTYBAJIMCS 03HAKHU 3aXBOPIOBAHHS

«KIMHATHUID, Ha SIKAX

¢diTtodpTOopo3oM pizHOI (HopmMHU. YMOBHO
OyJ0 BHOKPEMJIEHO YOTHPHU CTYyMNEHS
natoresesy: 1 cTymiHb — MOYAaTKOBUH
(BpaxkeHHMMHM € HaWHWXK41 JucTs (puc. 4,
A)); 2 — nerkuit ctyminb (BpaXKeHO J1Ba
HUKHIX TIOSICK JIUCTSI Ta CTEOJI0 MK
aumu (puc. 4, B)); 3 crynidb — cepennii
(Bpaxxeno Bci abo  Maibke  BCi
BEreTaTUBHI YaCTUHU POCIUHU (puc. 4,
B)); 4 — Baxkuii cTymiHb (BpakeHO BCi
ab0 Maibke BCl BereTaTMBHI  Ta

reHepaTUBHI YaCTUHHU pociuHU (puc. 4,

).
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Puc. 4. Cryneni 3axsopoBanHsi Ha gitopTopo3s (A—-1,65-2,B-3,T —4)

Pocauam 06pobiisucs cycneH3iero
miaHoOakTepii  aABOMa  crocobamu:
OOIPHUCKYBaHHIM Ta/ab0 TOJIMBAHHIM
IpyHty. B 000X Bumaakax TepMmiH
3aCTOCYBaHHS CYCMeEH31i ckianaB g0 14
1i6. SIKmo 3a mei mepiosl y poCiIuHA He
cCriocTepirajgoch (GpiToPpTopoCTaTUHUHOTO
ebekTy, TO cmocid BBakaBcid HeE
epextuBHUM. [lin 9ac excnepuMeHTy
00poOKy
JI0JJaTKOBUMHU PEUOBHHAMH, TIOJTUBAHHS
3BHYAHOIO  BOJIOIO, BHUKOPUCTaHHS

no0puB To1io. Takoxk sl OIIHIOBAHHS

Oyi0 BUKJTFOYCHO

MKIAIUBOT  mii  cycmeHsii  Hewo
oOpoOmsimicss ¥ 3M0pOBI POCIMHHA —
KOJHUX 3MIH Y KOHTPOJBHHX TOMAaTIB

He 3adikcoBano [14]. Pesynpratn
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JOCITIIKEHB 1N VIVO 3BEIEHO Y MaTPHUIIO
(Tabn. 1), moOpiBHSUIBHUI aHAJI3 SIKUX
TI03BOJISIE€ 3pOOUTH BUCHOBOK ITPO T€, III0
13 JIBOX oOpaHux croco0iB
oOMmpHCKyBaHHS OyN0 €(PEKTUBHIIINM Y
MOPIBHSIHHI 3 TMOJIUBaHHAM TIPYHTY. Y
NEeplIIoMy BUNAJAKY CIOCTEPIrajgoch a0
75 % edextuBHocTi (s 30 pocnauH 13
40 3apeeCcTPOBAHHIM
edeKT), a
e(EeKTUBHICTh 1HIIIOTO — CTAHOBHUTH 10
50 % (mst 20 pociun i3 40 3adikcoBaHO

npurHideHHss ¢irodropo3y) 3a yMOB,

¢diTodTopocTaTHUHUI

KOJIU 00poOKy CYCIICH31€10
1iaHoOaKTepiil pO3MOYUHATM BXKE IMPHU
nepmux o3Hakax (HITONmaToJIOrI4HOTO

nporecy (puc. 5).
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1. Pe3yabTraTH J0CHiTAKEeHHSI BIUVIMBY MiKpouucTuHiB HadiTodTopo3

TOMATIBY HATYPHHUX YMOBAaX BUPOLLYBAHHS

Croci6 . CTymHP B.HXU.IHa KIHBKICTP POCIHH EdexTuBHicTs,
(biTOmaToI0riYHOTO KUTbKICTh 3 IPUTHIYEHHSIM 0
BHECCHHS - %
porecy poCIuH ¢bitodTopo3y
E 1 30 75
2 2 28 =75
2
2 3 10 25
a
g 4 0 0
° 40
1 20 ~50
2
= 2 15 ~30
[aa]
= 3 3 0
o
=
4 0 0

b

Puc. 5. IlposiBu dirodproposy TtomartiB miciasi mnosuBaHHa (A) Ta
oonpuckysanns (b) cycnensiero nianodakrepii

Ilix d4ac JOCHIKEHh BHU3HAHO
BIJIMOBITHUAN CIMOCIO OOpPOOKU POCIHH,
K1 Oynu
MOBHICTIO ypaxkeHi ¢itodToporo, He
edekTBHUM. BapTo 3ayBakuTH, 1110 Ha

MOBHICTIO ab00 Maixe

TaKii cTajii 3aXBOPrOBaHHS (YHTIHUIN,

0 5 HHUHI Ha pPHUHKY, TaKOX €

HeedeKkTUBHUMU. 3acTocyBanHsa ML, sk
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1Hr101TOpIB  PITOPTOPO3Yy, Ma€E CEHC
numie Ha modatkoBidt (1) 1 jerkikd (2)
CcTaglsax MaTOJIOTTYHOT'O MpoIIECy.

Maifke aHAJIOTIYHUMU € Pe3yJIbTaTh
EKCIIEpUMEHTY (BIAXUIICHHS B MEXKax 3—
5 %) mis kapToruTi Ta OakIaXKaHiB, SIKi
MOJIAHO Y BUTJISL TicTorpamu (puc. 6).
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0 4 0
4 ¢popma | O 0
op 0 dopma 0
. - i
2 § 3 |4
3
_E_ (opma Solanum S dopma g
S melongena T
= £ _
& = Solanum = 5 18
= 2o melongena = 20
s popma E (bopma ' A
(@) m Solanum &) 9
lycopersicum ]
1 24
1 popma 29
thopma ! 20
0 20 40 0 50
Pocaunu, mr Pocaun
A b

Puc. 6. KisbkicTh pociiun 3i 3MeHIeHHSIM NPosABiB ¢iTodTOpO3y BHACTIIOK
00po0KHu cycneH3iclw HiaHoOakTepiii HUIAXOM O0ONpPHCKYBaHHA (A) i moJaMBY
rpynra (b)

OtpuMaHi pe3yJbTaTy NPU3BOJATh Bubip ocHoBaHuii Ha  JIEKIJIBKOX
IO  HACTYIIHOIO  MHTAaHHA  IIOJO0 MPUYMHAX: MOJIIOCK € O101HAUKATOPOM
OiosoriuHoi  O€3meKd  MOAABLIOrO CTaHy CepeloBUIIA, Ma€ IMIBUAKY
CIOKUBAaHHSI OOPOOJICHUX POCIIMH, IO peakIiil0 Ha  HEraTUBHUM  BIUIUB
3YMOBJIIOE€ HEOOXIJIHICTh MPOBEACHHS XIMIYHUX  YUHHUKIB; €  JIOHOPOM
OloTecTyBaHHS TOMATIB Ta  IHIIUX HEpPBOBOT TKAaHWUHU JUJISl  JIIKYBaHHS
KYJBTYP, 10 0OpOOISUTHCS CYCIICH31€I0 JI0JIEN; K  MOJEIBbHHH  OpraHizM
Bogopocteil.  Tect-00’ektoM  OyIio JNOCTYIIHUW TMIJI Yac YTPUMAaHHS dYepe3
o0paHO HAa3eMHOr0 paBiiuKa AXaTiHY CBOIO BCEI/IHICTb.

ririntcbky (Achatina fulica) (puc. 7).

Puc. 7. TectyBannsi piBus 6io0e3nexkn oopodaenux tomartiB Ha Achatina
fulica
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s KOHTPOJIIO
010TEeCTYBaHHA pazoM

i yac

13 TOMaTaMmu,

KapToIUler0 Ta OakiakaHamMu OyJiu

BUKOPHUCTaHI SIK MOJENbHI OpraHi3Mu

1HIIT ~ KyJbTYpPHI POCIMHHM: OTIPKH,

CTPYYKOBUI Tepellb, cajaT JIaTyK, SKi
TaKOX 00POOISUTHCS CYCTICH31€0 CHHBO-
3eJIeHuX ~ Bojopocrei.  Pesynbratn
OloTecTyBaHHS y3arajdbHEHO y BiABIIHIN
matputi (Ta6:. 2).

2. Pe3yabTaTu 0ioTeCTyBaHHS Pi3HUX OBOYEBHMX KYJbTYP MicJs 00poOKH
cycneHsicl niaHo0akTepii

KinbkicTh 0cOOMH TeCcT-00’€KTY

Pocania Crioci6 06pobku
poc/nH BUXIJHA 0e3 peakiiii 3 HICTATHBHOIO
peaKIi€ero
Tomar icTiBHUI IToyiuB 30 0
(Solanum lycopersicum) OOnpHUCKyBaHHS 28 2
Oripok 3BHYaiHHI [Tonus 30 0
(Cucumis sativus) OO6npucKyBaHHS 24 6
[epens cTpyduKoBHiA [Tonus 30 0
Capsicum annuum
(Cap ) OO6npucKyBaHHS 30 25 5
Canar naTyk [Tonus 30 0
(Lactuca sativa) OOmpUcKyBaHHS 18 12
Baxnakan Hosnus 30 0
(Solanum melongena) OGnprcKyBaHHS 27 3
Kaproms ITonus 30 0
(Solanum tuberosum) OGNpPHCKYBaHHS 26 4

3a pesyiabratramMu Ol0TECTyBaHHS

YCTAHOBJIEHO, IO

pPOCIIMHH,  SIKI

IIOJINBAJINCA Cy0HCH3i€IO CHHBO-

3€JICHUX BOJIOPOCTEM, HE 3aBlIalId HISIKOT

BI3yaJIbHOI IKOJU
opranizmam. Ilpote
oOMpHCKyBaJuCH,
HEraTUBHY peaxIiio:

3MCHIIINIIN CBOIO

CXOBAJIUCA B MY,
MOSICHUTH IPOSIBOM

MOJEIbHUM

pOCIVHH,  SIKI
CIIPUYMHUIIN

MOJIFOCKH

AKTUBHICTH 1
0 MOXXHA

3aXHUCHOTI'O

pediiekcy Ha BIUIMB aJdbIOTOKCHHIB Ha

MOKPUBUA  TUIA,  OCKUIBKH  TICHS

npuOupaHHs 3aJUIIKIB CyCHeH3li Ha

Ne 5 (93), 2021

JOCTIKYBaHUX POCIMHAX MOJIFOCKHU
CIIOJKMBAJIM 1X B 1XKY.

Bucnoexku. JlocmmKeHO BIUIUB
mikponuctuHiB ~ Ha  Phytophthora
infestans B ymoBax in vitro & in vivo. vV
HATYpPHOMY €KCIIEPUMEHTI BUKOPHUCTAHO
TOMATH, HA  SIKHX IPOBEICHO
JIarHOCTUKY CUMNTOMIB (iTOhTOPO3y
3a 4OTHpMa CTaAisIMH TATOJOTIYHOTO
nporecy.  Pociuaum  oOpoOssuiucs
CYCIIEH31€10 CHHBO-3€JICHUX BOAOPOCTEH
JIBOMa CIIOcOO0aMu: OOMPUCKYBaHHSIM 1
MOJIMBAaHHSAM TIPYHTY. EQeKxTuBHICTH
MEepIIoro crnocody craHoButb 75 %. Y
pe3ynbTaTi 3acTOCYBaHHS JIpyroro —

Hayxkogi nonosini HYBIIl Ykpainu ISSN 2223-1609
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dbitodpTopocTaTUUHUN edexT
3apeecTPOBAHO TUTST 50 %
eKCIIepUMEHTATLHUX ~ pociuH.  OTKe,

CIIUPAIOYNCh HAa OTPUMAaHI PE3yIbTATH
IYMKY, IO
MIiKpOIIUCTHHAM npuTaMaHHa
BJIACTHUBICTh TPHUTHIYYBAaTH PO3BUTOK
dbitodToposy
[IUISIXOM  OOTIPUCKYBAHHS CYCIIEH3IEI0

MOJKHa BHUCJIIOBUTHU

TOMaTiB, 30KpEMa,

[[1aHOOAKTEeP1H, IKy MOXKHA PO3IJIAIATH,

SIK 010TEXHOJOTTUHUM mpermnapar,

BUT'OTOBJICHUH 13 padiHOBaHOT OlomMacu
MIKPOIMCTHUCY, MPOTH MIKO31B POCIIHH.
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RESEARCH OF MICROCYSTINS AS INHIBITORS OF PHYTOPHTHORA
INFESTANS DEVELOPMENT
V. V. Nykyforov, O. V. Novokhatko, O. V. Maznitska, O. A. Sakun, S. V. Digtiar

Abstract: Information from foreign literary sources regarding microcystins of
blue-green algae is presented. The current state of the problem of reservoirs
«bloomingy» and the significance of this phenomenon for humans are reflected. The
research was carried out in two stages: laboratory and full-scale. A pure culture of
Phytophthora infestans was isolated, on which further studies were carried out.
Isolation of isolates was carried out on agar nutrient medium. Potassium
permanganate and ethanol were selected from the available antiseptics. Field
experiments were carried out on experimental lines of Solanum lycopersicum by
diagnosing signs of late blight disease. The determination of the potential negative
effect of tomato plants treated with a suspension of cyanobacteria was carried out by
the method of biotesting using Achatina fulica as a test object. The effect of blue-green
algae toxins — microcystins — on colonies Ph. infestans in vitro is described.
Photometric observation of the decrease in the number of colonies with a time interval
of three days is presented. The phytophtorostatic effect of microcystins has been
established. Degradation of Ph. infestans the next day were fixed after treatment of the
colony with a suspension of cyanobacteria. An inhibitory effect was revealed, almost
to the complete disappearance of symptoms in plants partially affected by late blight
and grown in vivo. It has been determined that plants treated with microcystin can be
considered safe for further consumption; the death of model organisms has not been
registered.

Key words: microcystin, toxicity, inhibitors, phytophthora, in vitro, biotesting,
test object, in vivo, biosafety
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