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AHHOTALUSA

Hacrosimuit 0030p MOCBAIIEH 0aKTEPUATEHOMY OXOTY IIOJOBBIX KYJIBTYp, KOTOPBIH SIBISETCS
OITACHBIM KapaHTUHHBIM 3a00JICBaHUEM, HAHOCSIIIUM OTPOMHBIN SKOHOMHYECKUHN yIepO Mo BCEMy MUpY.
3aboneBanue pacupocTpaHuioch Oonee yeM B 50 cTpaHax ¢ MOMEHTa €ro OTKpHITHSA B 1870-¢ TOmBI.
Bosoyautens 3aboneBanus Erwinia amylovora BkiroueH B eAMHBIN MEpeUYeHb KAPAHTHHHBIX OOBEKTOB
EBpasuiickoro skoHoMHYeckoro coro3a. JlaHHoe 3a0oJieBaHHE BBI3BIBACT CEPHhE3HOC MOPAKECHUE WU
rubemh II00BBIX JepeBbEB B MUTOMHHKAX, CaJlaX, 3aMe/JIeHIe HACTYIUICHHUS TUIOTOHOIICHHS Y MOJIOIBIX
JIEPEBBEB, MTOTEPH YPOIKasl.

KawueBble cioBa: OakTepualibHBIN 0XKOT, IMJIOAOBBIE KyJabTyphl, Erwinia amylovora, mepst
00pBOBI.

BakTepuanbHBIA 0KOT TUIONOBBIX KYJIBTYp SBISETCS HanOoJiee OMAacHBIM 3a00JIeBaHUEM
MJIOJIOBBIX KyJIbTyp. BrepBrie 3a0oneBanne Obuto onucano B 1780 r. B CeBepHoit Amepuke. B
1924 rogy Oone3Hp mpoHuKiIa B MTanuio U HIMPOKO PacHpOCTpaHUIIACh IO BCEH TEPPUTOPHUU
EBponel. K Hacrosimemy BpeMenum 3a0osiieBanue BbIssBIeHO B 50 crpaHax wmwmpa [1,2].
Bakrepuanbublii oxor oOHapyxeH u B crpaHax OsBmiero CCCP, B Ttom umcne Poccum,
benopyccun, Ykpaumne, MongaBuu, JlarBuu, Kazaxcrane, Kupruzuum [3,4]. Ha Teppuropumn
Kazaxcrana 6akTepraibHBIN 00T OBLI BIIEpBbIE 3aperucTpupoBan B Havyaje 2000-X roioB u ero
apeaJ U3 rojia B roJl pacuiupsercs. 3a nocjieJHue CeMb JIET IIIOIIAU CaJI0B, 3apakeHHbIe JaHHON
00s1e3Hb10, BEIpOCTH B 40 pa3. ITo CBA3aHO ¢ OJArONPUSATHBIME JJIS Pa3BUTHUS O0JIE3HH IPUPOIHO-
KJIMMaTHYEeCKUMH yCJIOBHSIMH (yMEpeHHas TeMIlepaTypa M BbICOKas BIQXHOCTh BO3/1yXa),
0COOCHHO Ha 0Tre U Iro-Boctoke Kazaxcrana, SIBISIONMXCS OCHOBHBIMU 30HAMU BBIPAIIUBAHUS
MJI0JIOBBIX KyJIbTYyp. Ha cerogusmauii 1eHp, Mo JaHHBIM ATEHTCTBA 10 CTaTUCTHKE PecmyOnmnku
Kazaxcran, 3aHsTas miomaab o NocajakaMu s0JI0HU U rpymu cocTtasisieT cebime 36 000 ra, u3
HUX okoJyio 3 100 ra 3aHMMaeT copt sA0JOHH «ATOPT». 3apakeHHas OaKTepUaIbHBIM O0XKOTOM
miomanab cocrapiaser 419,9 ra, B ToM umciae mo obOnactsaMm: B AnmatuHCcKon — 342,0 ra,
JKamOpuickoii-72,6 ra u Typkecranckoii -5,3 ra.

CuMnTomMbl 3a00NIEBaHUSI HAYMHAIOT TIPOSBISATHCS HA BEPXYIIKAX JIEPEBBEB, 3aTEM
nepexoIaT Ha 0oJiee KpyIHbIE BETKH, a BIOCIEACTBUH PACIIPOCTPAHSIIOTCS HA CTBOJI U J1aXKe KOPHU
pacTeHusl, BEI3bIBas OTMUPAHKE BCEro aepena [5-7]. Haubomnee moaBep:keHbI 3apakeHUIO IIBETKH,
OJIHOJIETHHE T100erM U Mojojble 3aBs3u. [lepBble cUMNOTOMBI 3a00JieBaHUS HAYMHAIOT
MPOSIBIISATECS. BECHOM BO BpeMs IBEeTeHUs. Ha NHCThSIX BHayalle MOSBISIOTCS HEOOJbINNE
KpacHoBatble (y S0JIOHW) M TeMHO-Oypble (y TpyIIM) HEKPO3bl MEXIY J>KHIKaMH, KOTOPHIC
pacmpocTpaHsoTes K nepudepun, yBenuuuBasch B pasmepe [8]. Momozasie 3eneHbie moderu
VBSIAAIOT, a BEPXYIIKM MX 3arubaroTcss B BUAE mocoxa. [lopa’keHHbIE LBETKH U JHCTbSl HE
OMaJaloT, AOJTO OCTaBasACh Ha BETBSIX, HATIOMUHAS OIAJIEHHBIE TIOCIIE MOXkKapa IepeBbs (PUCYHOK
1, a, 6). Orcrona u Ha3BaHue 3a0oyeBaHUsI — «okor». CHavana WHQHUIMPOBAHHAS TKaHb
CTaHOBUTCA OJIECTSAIICH U MOKPHIBAETCS MACISHUCTON CyOCTaHIMEH, 3aTeM HEKPOTU3UpYETCs U
ccpixaercst [9]. Bo BnaxHyro morony HaOmonaeTcs OOMIBHOE BBIIEICHHE OaKTepHalbHOTO
JKCCyJaTa MOJIOYHO-0EJIOT0, 3aTeM JKEITOBATO-IHTAPHOTO I1BeTa (pUCYyHOK 1, B, T). [TopaskeHHBIC
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IBCTKU CTAHOBATCSA BOAAHUCTBIMU HA BU, 3aTCM TCMHCIOT U YBANAKOT. 3acoxime OBCTKHU 516J'IOHI/I
IpUOOPETAIOT TEMHO KOPUYHEBYIO OKPAcKy, TPYLINM — MOYTH YEpHYI0, KOTOpPhIE HE OMaJaioT B
TeyeHue ce3oHa. Kopa pacTtpeckuBaercs, B CyXyl0 NOroay HOJCHIXaeT U YETKO OTHAEISAETCS OT
37I0pOBOM TKaHH. JIpeBecuHa MoJi KOpOH B MECTaxX MOPaKEHUS MPUOOPETAET KEITO-OPAHKEBBIN
nBeT. Ha He3penbIx mioax mosBISIOTCS MACISIHUCTBIE KpAaCHO-Oyphle WM YepHO-Oyphle MATHA,
3a KOpPOTKOE BpeMsl OXBaThbIBAaIOIIME BCIO MOBEpXHOCTHh Iutoga. Co BpeMeHeM II0JbI
myMmuduupyorcs. Haubonee MHTEHCHBHO pa3BUTHE 3a00JI€BAHNUS IPOUCXOIUT BECHON BO BpeMs
[[BETEHUS 1 pOCTa MOOETOB U OCEHBIO BO BPEMSI BTOPUYHOTO [[BETEHHUSI.

| Nalba L

Pucynoxk 1 - CUMIITOMBI IOpaskeHHsT OaKTEPHATBHBIM 0KOTOM

Paznuuaror Heckonabko (opm OOJIE3HHM: OKOT TUIOAOB, MOOEroB M IBeTKoB. Hambomee
OMAaceH OXOT IIBETKOB, TaK KakK depe3 3aBs3b OAKTEpHUM JIETKO IMPOHUKAIOT B pPACTEHUS U
pacrpoCTpaHsIOTCs 10 BceM ero opranam. Kpome toro, 6akrepun, BO3OyauTen OaKTepruaIbHOTO
0’KOra, MOTYT HAaxOJHUTbCS Ha TOBEPXHOCTH pACTEHUH B 3MU(UTHOM COCTOSHHH. VIMeHHO
Snu(UTHBIE MOMYJSAIMM OakTepuil Ha LBETKaX B OOJIBLIIMHCTBE CIydaeB CIyXaT MPUYMHON
pacnpocTpaneHus: 6akrepuanbHoro oxora [10]. Eciau cunbHOe pasMHOXeHHE OaKTepHii BECHOM
COBMAJIaeT C LIBETEHHWEM SIOJOHM WJIM TPYIIH, CYIIECTBYET OMACHOCTh AMUGUTOTUU OOJIE3HU.
Kpymnubie snu¢uTHBIE MOMYISIUM MAaTOreHa OOBIYHO pPAa3BHBAIOTCA HA PbHUIBIAX ITECTHUKOB.
[lepeHocuMKaMu WHOKYJIIOMa SIBJISIOTCS MYpaBbH, MYEJbl, OCHI, IIMEIH, Myxu U Tiau [11].
AxTHBHas WHQEKIHMS MOXET pa3BUBAThCS B XOJE€ BBINAJACHUS JOXKICH, OOWIBHON pPOCHI,
CMBIBAIOIIEH OaKTEpUH C phUIbIA. BakTepuy MPOHUKAIOT B OTBEPCTUSI HEKTAPHUKOB, TJI€ HAXOIAT
ONaronpusATHYIO Cpeay JUIs CBoero pa3BuThsi. Ha Gonbiiue paccTosHUS UH(PEKIHS TIEPeHOCUTCS
OTUIAMH (TIPEUMYIIECTBEHHO CKBOpPLAMHU U APO3JaMH) WU C MOCAJOYHBIM M MPUBUBOYHBIM
Martepuaiom [ 12].

CoBpemeHHbIe copTa S0JIOHU U IPYIINA UMEIOT PA3INYHYIO0 BOCTIPUUMYHUBOCTD K TOPAKECHHUIO
6aKT€pI/IaJIbHI>IM OXKOI'OM. I/IMMYHHBIX COpPTOB Ha CGI‘OI[HSII_HHI/Iﬁ JCHDb HET. IIo JAAaHHBIM Pa3JIMIHBIX
JUTEPAaTypHBIX MCTOYHMKOB W HAIIUX HAOJIOJIEHUH, OYEHb BOCHPUHUMYHBBEI COpTa SOJIOHU:
Aiinapen, [I>xonaran, ['ana, )Kenesa, Anopt, Cnapran, Yemnuon, Ckoporuiognoe, Huskopocnoe,

36



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

Maprosckoe, Butazp. Cpenne u manno BocnpuuMuuBble copra: Jxonaronna, Amnup, ['onaen
Hemumec, Pen nenumec, Koptnaun, [laynapen, Ilunosa, Kurynesckoe, Kpacusoe, Buiinesoe,
Meura, Men0Oa.

Bo30Oyautenem OakTepuanbHOTO OKora sBisieTcss Oakrtepust Erwinia amylovora -
NOJBMKHBIE TPaMOTpHIIATENbHBIEC Mano4ky pazmepom 1,1-1,6 X 0,6-0,9 MKM ¢ 3akpyrieHHbBIMA
KOHIIAMU U ¢ OOJIBIINM KOJIMYECTBOM KI'YTUKOB Ha MmoBepxHocTH. CHOp U Karcyl He 00pa3yloT.
OntumanbHas Temmneparypa pocra 26-28°C, munumanbHas — 6-8°C, morubarot npu 43-50°C.
BecHoil, ¢ HayagoM COKOJABM)KEHHUS, OaKTepUU AaKTUBUZUPYIOTCS U HAYMHAIOT aKTHBHO
pa3MHOXaTbCs. DTOMY CIIOCOOCTBYET BBICOKAsl BJIAKHOCTh BO3yXa M TemIieparypa Bbime 18-
20°C. B pesynprare pa3sMHOXKECHHS OaKTEpUi TOSBISAETCS OSKCCYNAT, BBIJCISIONIUNACI Ha
NOBEPXHOCTh B BHUJE MEIKHUX Kalejdb WIA HE3aMETHOW TOHKOW IUICHKHM W SIBJISIOLIMICS
UCTOYHUKOM MEPBUYHON MH(EKIINU LBETKOB, JIUCTHEB U OJTHOJIETHUX MMOOETOB.

Mepbol 60pbobI C OAKMEPUATTLHBIM 0HCOZOM.

U3 cymectByronmx mep OopbObl HM OJHA HE JAaeT IOJIHOM TapaHTHUH O3J0POBIEHUS
3apakeHHOH MaHTauu. [103ToMy OCHOBHBIMU 3JI€MEHTaMHU MPEIOTBPAIIECHUS PACTIPOCTPAHEHHS
0aKTepUaIbHOTO OOTa IUIOJOBBIX SIBJISIFOTCS HMCIOJB30BaHHWE 3J0POBOTO  IOCAJA0YHOTO
MaTepHala U CBOEBPEMEHHOE BBISIBIICHUE 04aroB WH(EKIUH.

ATpOTEXHUYECKUE MEPOTIPUSITUS:

-BoikopueBka u cxxuranue OOJNBHBIX PACTEHUH B HACAXICHUSX, IJI€ YCHIXaHUE JICPEBHEB
nocturaet 30% u 6onee. [Ipu cmabom 3apakeHUH JEPEBHEB JOMYCKACTCS YAAICHUE OTACIbHBIX
NOpPaXEHHBIX BETBEH KPOHBI C 3aXBaTOM 3710poBoil TkaHu 20-40cM HM)KE BHIMMOM TpaHUIIbI
nopaxenusi. O0A3aTeNbHBIM 3JIEMEHTOM SIBIIsIeTCS Ae3uHpekuus pexyuiero nactpymenra 10%
pacTBopoM MenHoOro kymnopoca, 70% merunoBeiM ciupToM uiau 10% pacTBopoM rumoxiaopuaa
Na, nesundexuus cpe3oB 1% pacTBOpoM MeIHOTO Kyropoca 1 00MasKa UxX CaJoBbIM BapoM, JINOO
OMYJIbCUOHHON KPAaCKOM.

-YianeHue JAMKOPAacTYUIMX KOPMOBBIX  pacTeHUM  (OOSIpBIIIHUK U KU3WUJIbHUK,
pOM3pacTaIOIIKX Ha pacctossHuH onmxke 500 M ot cana).

-boprba ¢ nepeHocurkamu 00JIe3HU: TS, MEIIHULIA U JIP. HACEKOMBIE.

-OTKa3 OT BHECEHMs TIOBBIICHHBIX 03 Aa30THBIX YAOOpEHMI, TOBBIICHHUE
HeCTenu(PUIECKON yCTOWYMBOCTH pACTEHUH K HEOJIarompusTHBIM (DakTopaM OKpyXKaromen
CpEenBl.

-OTKa3 OT JIETHUX 3€JICHBIX ONepaluii B 3apa’keHHBIX HACAKICHUSX.

XuMudeckuit MeToj] 00phOBI.

-Jlnss  GoppObI ¢ OakTEepHAIBHBIM  O0KOTOM  TUIOJOBBIX IIUPOKO  MPUMEHSFOTCS
Menbconepxkamue npernapatsl [13]. OqHako ycTaHOBIEHO, YTO B MPHUCYTCTBUU MelIu OaKkTepuu
E. amylovora mepexoisT B JKH3HECIIOCOOHOE, HO HEKYJIbTHBHPYEMOE COCTOsIHHE. B Takom
COCTOSIHUM OaKTepUU >KU3HECIIOCOOHBI, HO HE pPACTyT Ha TBEpAOH mNuUTaTelabHOM cpene. B
OJIaronpHUsATHBIX YCIOBUSIX OaKkTepUM BOCCTAaHABJIMBAIOT CBOK MATOT€HHOCTh W OMAaCHBI MAJIs
pactenmii-xo3sieB [14]. IlpumeHeHME MeabCOMEPKAIIMX NPENapaToB MU3-3a OCOOCHHOCTEH
noBe/eHNs OakTepuil B NMPUCYTCTBUUM MEIAM PEKOMEHAYETCS B Hadaje Ce30Ha, TaK Kak 3TO
IIOMOT'aeT YMEHBIINThH KOJIMYECTBO HHOKYJIIOMA B cany [15].

-Hauunas ¢ 1950-x romoB myisi 60peOBI ¢ GaKTepUaIbHBIM OXKOTOM CTalIM MPUMEHSTHCS
AHTUOMOTHKH, a UMEHHO, CTPENTOMHIINH, OKCUTETPALUKINH, KACYyMHH M TeHTaMuiuH [16].
HaunGonee 3¢(heKTUBHBIMU M3 HUX OKa3aJIUCh CTpenTOMHIMH W KacymuH [17]. Ilpemaparsr Ha
OCHOBE aHTHOMOTHKOB MMEIOT OIpe/eIeHHbIe IMpeuMyIiecTBa B OoppOe ¢ (UTONaTOreHHBIMU
MUKpPOOPTraHW3MaMHU 10 CPaBHEHHIO CO MHOTUMH OakTepuuugamMu. B 4acTHOCTH, aHTUOMOTUKU
IPUMEHSIOTCS B OYeHb HU3KHMX KOHILIEHTpPALUAX, U Ha €IUHHIY 00pabaThiBaeMoOil IJIOMIaTu MX
MOMAaIaeT 3HAUYUTEIbHO MEHbIIE, YeM JIPYrux mnpemnapaToB. OCHOBHON HEIOCTATOK MPUMEHEHUs
AHTUOMOTUKOB COCTOHMT B TOM, YTO y OAaKTEepHil OBICTPO pa3BUBACTCA K HUM PE3UCTEHTHOCTH, a
caMy aHTHOMOTHKHM TOTAJAa0T B opraHu3M uenoBeka [18]. UYepe3 mecsi mocie mpuUMEHEHUs
AHTUOMOTUKOB B caay OaKTepHajbHBIC MOMYJSLUU HE OTIMYAIOTCA OT TAKOBBIX OAKTEpHii, HE
00paboTaHHBIX aHTUOMOTUKAMHU.
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bonee TOro, TaKk KaK CTPCIOTOMHUIUH MPOAYHUPYCTCA INOUYBCHHBIMU AKTHUHOMUIICTAMU,
00paboTKa pacTeHW ATUM AHTHOMOTUKOM HE MEHSET MHUKpPOQIOpy MOYB M HE MPHUBOJUT K
YBEJIMUEHUIO Y OaKTEepHii TCHOB YCTOMYUBOCTH K JaHHOMY aHTUOUOTHKY [19]. UTOOBI yMEHBIIUTH
YacTOTy BO3HMKHOBEHHS IITAMMOB OaKTepui, YCTOWYMBBIX K aHTUOMOTHKAM, UX HCIOJB3YIOT
TOJIKO TIPH BBICOKOM PHUCKE TOPAKEHUS OaKTEpUaTbHBIM 03KOTOM.

DKcnepThl 0TMEYAIOT, YTO B cTpaHax EBpocoro3a 3amperaeTcst mpuMeHeHHe aHTUOMOTHUKOB
B PAaCTEHUEBOJICTBE U ca/loBojcTBE. HO B CBA3M € TeM, YTO S5KOHOMHYECKAasi BPETOHOCHOCTh 3TOTO
KapaHTUHHOTO OOBEKTa OYEeHb BEJIMKAa B CE30HBI, OJArompHsTHBIE [JIsl PaCHpOCTpaHEHUs
0aKTepUaTbHOTO OXKOTa, HWHOT/A pa3pelIaeTcss HWCMOJIb30BaHHWE CTPENTOMHUIIMHA TOJBKO B
KOHBEHIIMOHANIBHBIX CaJlaX Ha OYEeHb OTPAaHMYEHHON TEPPUTOPUU M MO OYEHb CTPOTUM
KOHTPOJICM. HpI/I TOYHOM CO6JIIOI[CHI/II/I 03, CPOKOB NPUMCHCHUA U NICPUOJA OXKUJAAHUS BIIOJIHC
BO3MOXXHO TOJIy4€HHE TMPOIYKIUHU, HE COJAepKalllell HU caM aHTUOMOTHK, HM TPOAYKTHI €ro
pasioxKeHusl.

buonornueckuit MeTos1 60PHOBI.

B MOCJICAHCC BPEMS IMOABUIIUCH MHOFOO6CH_IaIOH_[I/I€ JAaHHBIC YCIICHIHOTO HMCIIOJIL30BaHUA
HEKOTOPBIX BHUJOB OaKTEpU-aHTaTOHKCTOB B 00pr0Oe ¢ OakTepranbHbIM 0koroM [20-22]. Busr
Bacillus umeror nmonryro HMCTOpUIO TpUMEHEHHS B OHOKOHTPOJE M CTHMYJIMPOBAaHHH POCTa
CENbCKOXO03UCTBEHHBIX KYIbTYp [23, 24]. K HacTosAIIEMy BpEMEHH BBISIBIEHO HECKOJIBKO BUIOB
OakTepuii, KOTOPBIC MOTEHIIUATHHO MOKHO HCIIOIB30BATh MPOTUB 0AKTEPUATILHOTO 0XKOTa, B TOM
yrcie, oTHocsmmecs K poay Pseudomonas: P. fluorescens A506 [25] u EPS62e [26], P. orientalis
F9 [27], P. vancou- verensis L16, P. chlororaphis 3M, P. congelans 35M. P. protegens 59M [28];
poxasi Pantoea: P. agglomerans E325 [29], u P. agglomerans 10c [30], P. vagans C9-1 [31]; poasr
Bacillus: B. subtilis QST713 [24]. B. amyloliquefaciens [32]; Paenibacillus polymixa N179 [33];
Lactobacillus plantarum [34]; Serratia sp. [35].

Cpenn HHX HECKOJIBKO OBUIM KOMMEPIIUAIM3HPOBAHBI KaK OWOMECTUIIMIBI, TaKue Kak
BlightBan A506 (P. fluorescens A506, CIIIA), Bloomtime (P. agglomerans E325, CIIIA),
BlossomBless (P. agglomerans P10c, Hosast 3enanust), BlightBan C9-1 (P. vagans C9-1, CIIIA),
Serenade (B. subtilis QST713, CIIIA), Biopro (B. subtilis BD170, IlIseiinapust) u BlossomProtect
(Aureobasidium pulllans, T'epmanwst).

OpnHako, mpoOseMa 3aKIYaeTcsi B TOM, YTO MHKPOOBI-aHTarOHUCTHI, 3G GEKTUBHBIE IN
VItro, MOT'yT HEJJOCTaTOYHO YCIEUIHO IOAJCP)KUBATH MTOPOT TONYIISIUKN B IIPHPOJHBIX YCIOBHIX
U3-3a CJI0O)KHOCTH BBDKHBaHHUS B €CTECTBEHHOW cpene obOuTanus. Tak, ObUIO yCTaHOBJIEHO, YTO
apdextuBHocTh PSeudomonas fluorescens EPS62e 3aBuCHT OT YCHENIHOW KOJOHHU3AIMU
OaxkTepuil Ha MOBEPXHOCTH pacTeHui. [Ipu H3yyeHuM NUHAMUKHU YMCIEHHOCTH momynsuuu P.
fluorescens AS506, ObLIO yCTaHOBJIEHO, YTO pa3Mep MOMYJSIUH OaKTepHii-aHTarOHUCTOB
YMEHBIIIAJICS ¢ yBEeJIHUECHUEM Bo3pacTa 1BeTKoB. [Ipu aTom poct momyssiiuu P. fluorescens A506
CONPOBOXKIAJNICS yMeHbLIeHWeM momymsinuu E. amylovora u ocnabnenuem Oonesnu [36].
Bricokyto 3¢(HEeKTHBHOCTh B YCIOBHSIX caja MOKa3aJl0 COBMECTHOE HCIOJIb30BaHUE OaKTEpHii-
AQHTarOHUCTOB C CEPHOM M3BECThIO (MONMUCYNb(UI KanbLus), KOTOpas MpHUMEHSETCS UIs
YMEHBIIEHUS IJI0JJOBOM HAarpy3ku Ha pactenus [37].

Taxum 06pazom, HECMOTPS Ha 3HAYUTEIbHBIE YCUIIHSI IO 00phOE ¢ OaKTepHaIbLHBIM 05KOTOM
BO BCEM Mupe, 00JI€3Hb MO-TPEXKHEMY BBI3BIBAECT OOJIBIINE OTEPH YpOKas U THOEIb IePEBLEB.
XapakTepHble CHMIITOMBI 0aKTEPUAIBHOTO 0KOTa — TOSIBIIGHHE DKCCy/IaTa, 00pa3oBaHHE SI3B U
COTHYTBIX TTOOETOB, “MPaMOPHOCTH” Ha Cpe3e KOPHI U Jp., 00JIerdarT ero 1uarnocTuky. OmHaKo,
JaHHOe 3a0o0JieBaHME MOXHO CIIyTaTb C JPYTHM, IOXOXXHMM Ha OaKTepHabHBIA OXOT,
3a00/IeBaHUEM - HEKPO30M KOpBI IUIOJOBBIX JEPEBbEB, KOTOPOE BBI3BIBAETCS OakTepueit
Pseudomonas syringae. Bce 3To BbI3bIBaeT HEOOXOIUMOCTh Pa3padOTKH OBICTPBIX M HaJCKHBIX
METOJIOB JUArHOCTHKH OaKTepHaIbHOTO 0OXora IIogoBbIX. Kpome Toro, HecMOTpst Ha TO, 4YTO
3P PEKTUBHOCTH OMOMECTHLUIOB i OOPbOBI C OaKTEpUANbHBIM OKOTOM BBI3BIBAET CIIOPHI,
JaHHas npo0sema mpecTaBiIseT O0IbIION HHTEepeC He ToNbKO B Kasaxcrane, HO U BO BceM MUDE.
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DUHAHCHPOBaHUE
Jannoe wuccrnenoBanune ¢uHaHcupoBaioch KomuteTom Hayku MUHHCTEPCTBA HAyKH M
BBICIIET0 0Opa3oBanus Pecriyonuku Kasaxcran (rpant Ne BR 8574022).
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Abstract
Fire blight of fruit crops is a dangerous quarantine disease that causes huge economic damage around
the world. This disease has spread more than 50 countries since its discovery in the 1870s. The causative
agent of the disease Erwinia amylovora is included in the unified list of quarantine objects of the Eurasian
Economic Union. This disease causes serious damage and death of fruit trees in nurseries, orchards, slowing
the onset of fruiting in young trees, crop losses.
Keywords: fire blight, fruit crops, Erwinia amylovora, control measures

Fire blight of fruit crops is the most dangerous disease of fruit crops. The disease was first
described in 1780 in North America. In 1924 this disease appeared in Italy and spread widely
throughout Europe. To date, the disease has been identified in 50 countries around the world [1,
2]. Bacterial fire blight has also been identified in the countries of the former Soviet Union,
including Russia, Belarus, Ukraine, Moldova, Latvia, Kazakhstan, and Kyrgyzstan [3, 4]. On the
territory of Kazakhstan, fire blight was first registered in the early 2000s, and its range is expanding
from year to year. Over the past seven years, the area of orchards infected with this disease has
grown 40 times. This is due to favorable natural and climatic conditions for the development of
the disease (moderate temperature and high air humidity), especially in the south and southeast of
Kazakhstan, which are the main areas for growing fruit crops. To date, according to the Agency
on Statistics of the Republic of Kazakhstan, the occupied area under plantings of apple and pear is
over 36 000 hectares, of which about 3,100 hectares are occupied by the Aport apple variety. The
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area infected with bacterial burn is 419.9 hectares, including 342.0 hectares in Almaty region, 72.6
hectares in Zhambyl region and 5.3 hectares in Turkestan region.

Symptoms of the disease begin to appear on the tops of the branches, then move to larger
branches, and subsequently spread to the trunk and even the roots of the plant, causing the death
of the entire tree [5-7]. Flowers, annual shoots and young ovaries are most susceptible to infection.
The first symptoms of the disease begin to appear in the spring during flowering. Small reddish
(in apple) and closely brown (in pear) necrosis appear on the leaves between the veins, which
spread to the periphery, increasing in size [8].

Young green shoots wither, and their tops are bent in the form of a staff. Affected flowers
and leaves do not fall off, remain on the branches for a long time and in this way resemble trees
scorched after a fire, hence the name of the disease “fire blight” (Figure 1, a, b). First, the infected
tissue becomes shiny and covered with an oily substance, then it becomes necrotic and shrinks [9].
In humid weather, there is an abundant release of bacterial exudate of milky white, then yellowish-
amber color (Figure 1, c, d). Affected flowers become watery in appearance, then darken and
wither. Dried apple flowers become dark brown, pears almost black, which do not fall off during
the season. The bark cracks, dries up in dry weather and is clearly separated from healthy tissue.
The wood under the bark in the affected areas acquires a yellow-orange color. On immature fruits,
oily reddish-brown or silver-brown spots appear, covering the entire surface of the fruit in a short
time. Over time, the fruits mummify. The most intensive development of the disease occurs in
spring during flowering and shoot growth and in autumn during secondary flowering.

LAl

Figure 1 - Fire blight symptoms

There are several forms of the disease: fire blight of fruits, shoots and flowers. The fire blight
of flowers is the most dangerous, since bacteria easily penetrate into plants through the ovary and
spread to all its organs. In addition, bacteria that cause bacterial fire can be on the surface of plants
in an epiphytic state. It is the epiphytic populations of bacteria on flowers that in most cases cause
the spread of fire blight [10]. If a strong reproduction of bacteria in the spring coincides with the
flowering of an apple or pear tree, there is a danger of an epiphytoty of the disease. Large epiphytic
populations of the pathogen usually develop on the stigmas of pistils. Ants, bees, wasps,
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bumblebees, flies, and aphids are carriers of the inoculum [11]. Active infection can develop
during rainfall, heavy dew, washing bacteria from the stigma. Bacteria penetrate into the openings
of nectaries, where they find a favorable environment for their development. Over long distances,
the infection is transmitted by birds (mainly starlings and thrushes) or with planting and grafting
material [12].

Modern varieties of apple and pear have different susceptibility to fire blight. There are
currently no immune varieties. According to various literary sources and our observations, apple
tree varieties are very susceptible: Idared, Jonathan, Gala, Geneva, Aport, Spartan, Champion,
Skoroplodnoe, Low-growing, Martovskoye, Vityaz. Medium and slightly susceptible varieties:
Jonagold, Empire, Golden Delicious, Red Delicious, Cortland, Paulared, Pinova, Zhigulevskoe,
Krasivoe, Cherry, Mechta, Melba.

The causative agent of fire blight is Erwinia amylovora - gram-negative bacteria of 1.1-1.6
x 0.6-0.9 microns in size with rounded ends and a large number of flagella on the surface. Spores
and capsules do not form. The optimum growth temperature is 26-28°C, the minimum is 6-8°C,
and they die at 43-50°C. In the spring, with the beginning of sap flow, bacteria become active and
begin to multiply actively. This is facilitated by high humidity and temperatures above 18-20°C.
As a result of the multiplication of bacteria, an exudate appears, which is released to the surface
in the form of small drops or an imperceptible thin film and is the source of the primary infection
of flowers, leaves and annual shoots.

Strategies for fire blight control.

Of the existing control measures, none of them fully guarantees the recovery of an infected
plantation, therefore, the main elements for preventing the spread of fruit blight are the use of
healthy planting material and the timely detection of foci of infection.

Agro technical:

- Uprooting and burning of plants in plantations where the drying of trees reaches 30% or
more. With a weak infection of trees, it is allowed to remove individual affected branches of the
crown with the capture of healthy tissue 20-40 cm. below the visible border of the lesion. An
obligatory element is the disinfection of the cutting tool with 10% copper sulphate solution, 70%
methyl alcohol or 10% Na hypochlorite solution, disinfection of sections with 1% copper sulphate
solution and coating them with garden pitch or emulsion paint.

-Removal of wild fodder plants (hawthorn and cotoneaster growing at a distance closer than
500m from the garden).

-Combating vectors of the disease: aphids, sucker and other insects.

-Refusal to apply high doses of nitrogen fertilizers, increase the non-specific resistance of
plants to adverse environmental factors.

-Abandonment of summer green operations in infested stands.

Chemical control.

- Copper-containing preparations are widely used to combat bacterial fruit burn [13].
However, it was found that in the presence of copper, E. amylovora pass into a viable but
uncultivated state. In this state, the bacteria are viable, but do not grow on a solid nutrient medium.
Under favorable conditions, bacteria restore their pathogenicity and danger to host plants [14]. The
use of copper-containing preparations, due to the behavior of bacteria in the presence of copper, is
recommended at the beginning of the season, as this helps to reduce the number of inoculum in
the garden [15].

-Since the 1950s, antibiotics, such as streptomycin, oxytetracycline, casumin and
gentamicin, have been used against fire blight [16]. The most effective were streptomycin and
kasumin [17]. Antibiotic-based preparations have certain advantages in the fight against
phytopathogenic microorganisms compared to many bactericides. In particular, antibiotics are
used in very low concentrations and per unit of cultivated area, they get much less than other drugs.
The main disadvantage of using antibiotics is that bacteria quickly develop resistance to them, and
the antibiotics themselves enter the human body [18]. One month after the antibiotics were applied,
the bacterial populations in the garden did not differ from the bacterial populations not treated with
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antibiotics. Moreover, since streptomycin is produced by soil actinomycetes, treatment of plants
with this antibiotic does not change the soil microflora and does not lead to an increase in bacteria
resistance genes to this antibiotic [19]. However, to reduce the incidence of antibiotic-resistant
bacterial strains, they are used only when there is a high risk of fire blight.

Experts note that the use of antibiotics in crop production and horticulture is prohibited in
the EU countries. But due to the fact that the economic harmfulness of this quarantine object is
very high, in seasons favorable for the spread of fire blight, the use of streptomycin is sometimes
allowed only in conventional gardens in a very limited area and under very strict control. With the
exact observance of doses, timing of use and the waiting period, it is quite possible to obtain
products that do not contain either the antibiotic itself or its degradation products.

Biological control.

Recently, promising data have appeared on the successful use of certain types of bacteria
against fire blight [20-22]. Bacillus species have a long history of use in biocontrol and crop
growth promotion [23, 24]. In addition, several bacteria have been identified to date that can
potentially be used against fire blight, including of the genus Pseudomonas: P. fluorescens A506
[25] and EPS62e [26], P. orientalis F9 [27], P. vancou - verensis L16, P. chlororaphis 3M, P.
congelans 35M. P. protegens 59M [28]; Pantoea: P. agglomerans E325 [29], and P. agglomerans
10c [30], P. vagans C9-1 [31]; Bacillus: B. subtilis QST713 [24]. B. amyloliquefaciens [32];
Paenibacillus polymixa N179 [33]; Lactobacillus plantarum [34]; Serratia sp. [35].

Among them, several have been commercialized as biopesticides such as BlightBan A506
(P. fluorescens A506, USA), Bloomtime (P. agglomerans E325, USA), BlossomBless (P.
agglomerans P10c, New Zealand), BlightBan C9-1 (P. vagans C9-1, USA), Serenade (B. subtilis
QST713, USA), Biopro (B. subtilis BD170, Switzerland), and BlossomProtect (Aureobasidium
pulllans, Germany).

However, the common problem is that antagonist microbes that are effective in vitro may
not be successful enough to maintain the population threshold in natural conditions due to the
difficulty of surviving in the natural habitat. It has been established that the effectiveness of
Pseudomonas fluorescens EPS62e depends on the successful colonization of the bacteria on the
plant surface. When studying the population dynamics of Pseudomonas fluorescens A506, it was
found that the population size of antagonist bacteria decreased with increasing flower age. At the
same time, the increase in the population of Pseudomonas fluorescens A506 was accompanied by
a decrease in the population of E. amylovora and weakening of the disease [36]. The combined
use of antagonist bacteria with sulfuric lime (calcium polysulfide), which is used to reduce the
fruit load on plants, showed high efficiency in garden conditions [37].

As aresult, despite significant worldwide efforts to control fire blight, the disease still causes
large crop losses and death of trees. The characteristic symptoms of fire blight - the appearance of
exudate, the formation of ulcers and bent shoots, “marbling” on a cut of the bark, etc., facilitate its
diagnosis. However, this disease can be confused with another disease similar to fire blight,
necrosis of the bark of fruit trees, which is caused by the bacterium Pseudomonas syringae. All
this necessitates the development of fast and reliable methods for diagnosing fruit blight. In
addition, despite the fact that the effectiveness of biopesticides in combating fire blight is
controversial, this problem is of great interest not only in Kazakhstan, but throughout the world.
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