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Annomayusn. CBOCBPEMECHHOE BBISBICHHE (DPUTOMATOTCHA U €T0 MICHTU(UKALNS SBISICTCS
B)XHBIM 3TAIlOM B YCIEIIHOW 00prOe ¢ O0Ne3HAMU pacTeHH. YBsiganue (BUIT) ObUIO OAHOH U3
OCHOBHBIX NMPUYMH THOCIH CAKCHIICB MPU BHIPANIMBAHIHA YKOPECHCHHBIX MHKPOMIOOETOB CIIUBHI,
MOJYYECHHBIX METOZOM KIIOHAJBHOTO MUKPOPa3MHOKEHHsI, B TIOUBEHHOM cyOcTparte. Llenbio wc-
clieIoBaHMs ObLTO BBISIBJICHHUE (PUTOMATOTEHA, BBI3BIBAIOIIETO YBSIIAHUE CAKEHIIEB CIIUBHI (Prunus
salicina Lindl.), momy4eHHBIX B YCIOBHSIX in Vitro, Ha dTAle aJanTalii K HECTEPHILHBIM yCIIO-
BUsIM. B pesynbrare MUKpOOHOIOTHUECKOTO aHaIN3a BETETATUBHBIX OPraHOB OOJIBHBIX CAXKCHIICB
CJIMBBI OBLIO BBIIENIEHO 23 mTamma 4 pojoB MUKpPOCKONUYecKux rpudoB. bomee 60 % rpuboB ot
00IIero Yuciia BBIACICHHBIX U30JIATOB ObUTH WACHTHPUIMPOBaHbl Kak Gibellulopsis nigrescens
(Pethybr.) Zare, W. Gamset Summerb. (6azuonum Verticillium nigrescens Pethybr.) Ha ocHOBaHUYN
KyJBTYpaJIbHO-MOP(OJIOTHUECKUX Tpu3HaKoB. COMyTCTBYIOIIAass MHUKO(IOpa BKIOUYana TrpuObI
pona Acremonium spp., Cladosporium cladosporioides (Fresen.) G. A. de Vries u Akanthomyces
lecanii (Zimm.). Gibellulopsis nigrescens siBnsieTcsi Hanboyiee BEPOSTHBIM MMAaTOT€HOM, BBI3bIBA-
IOIUM BEPTHIMIUIC3HOE YBSAJAHUE CAXKCHIIEB CIMBBI, XOTS JUISI OKOHUATEIILHOTO YCTAHOBIICHUS
BUpYJAeHTHOCTU G. nigrescens B oTHoueHuu P. salicina TpeOylOTCs JOMOIHUTENbHbIE (PUTONATO-
JIOTHYECKUE TECTHI.

Knroueswie cnosa: Gibellulopsis nigrescens, Prunus salicina, utonarorenssie rpuobl, Bep-
TUIMJUIC3HOE YBSIaHUE
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Abstract. Timely detection of a phytopathogen and its identification is an important step in
the successful control of plant diseases. Wilt disease was found to cause mass mortality of plume
plantlets obtained by clonal micropropagation and grown in the soil substrate. The aim of this
study was identification of a phytopathogen that causes wilting of the plum plantlets (Prunus sali-
cina Lindl.) obtained under in vitro conditions, at the stage of adaptation to non-sterile conditions.
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Microbiological analysis of stems and roots of the diseased plantlets revealed 23 isolates of fungi
belonging to 4 genera. More than 60 % of the fungal isolates were identified as Gibellulopsis ni-
grescens (Pethybr.) Zare, W. Gams et Summerb. (basionym Verticillium nigrescens Pethybr.) ac-
cording to the their cultural and morphological characteristics. Accompanying mycoflora included
Acremonium spp., Cladosporium cladosporioides (Fresen.) G. A. de Vries, and Akanthomyces
lecanii (Zimm.). It was concluded that G. nigrescens is the likely causal agent of wilt of the plum
plantlets, although pathogenicity tests are needed to establish the virulence of G. nigrescens to-
wards P. salicina.

Keywords: Gibellulopsis nigrescens, Prunus salicina, phytopathogenic fungi, verticillium
wilt
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BBenenue. CnuBa sBisieTcsl TMOMYy-
JIAPHOW ITUIOIOBOM KyJIbTypol Ha [lambpHem
Bocroke Poccun. B Amypckoit obnactu no-
Jy4€HO HECKOJIbKO COPTOB M COPTOOOpa31IoB
CJIMBBI, BKIIOYEHHBIX B ['ocpeecTp copToB M
PEKOMEH/I0BAaHHBIX ISl JTIOOUTENBCKOTO Cca-
noBojcTBa [1]. OmHako Bce 3TH copTa B Ha-
CTOSIIIIEE BPEMSI pa3MHOKAIOT METOJOM IPH-
BUBKHU Ha COOTBETCTBYIOILIUIA IMOJIBOM.

Jis moydeHus: KOpPHECOOCTBEHHBIX
pacTeHul COPTOBBIX CIIUB aMypPCKOW CEJIeK-
LANA OIKMCAH METOJ KJIOHAJIBHOIO MHUKPO-
pasMHOXXeHusa [2]. KpuTuueckum sTanom
BBIPALIMBAHUS TaKUX PpACTECHUM SBIAETCS
aJanTanus CaKeHIEB K HECTEPUIIbHBIM YCIIO-
BUSIM, KOI'/Ia YKOPEHEHHBIE PACTEHUS U3 CTe-
PUIBHOM NHUTATEIBHON CPElbl BBICAKUBAKOT
B [IOYBOTPYHT. B TakMX yCIOBMSIX Ca)KEHIIbI
HEMHHYEMO CTAJIKUBAIOTCS C MUKPOOPTaHU3-
MaMH U MOTYT IO/IBEpPraThCsi FPUOHBIM 3200-
JeBaHUsIM [2].

VYcnemnas 6oppba ¢ Oone3HsMH pac-
TEHU HEBO3MOXXHAa 0€3 CBOECBPEMEHHOTO
BBISIBJICHUSI 3a00JIeBaHWA W TMPaBHILHOU
uaeHTu(UKauu ux Bo3OyauTenend. Brrsc-
HUB MIPUYUHY THOEIH Ca)XCHIIEB, MOKHO HC-
MOJIb30BAaTh CBOEBPEMEHHBIE MEPHI JIJIS TIpe-
TOTBPALICHUS WX 3apakKCHUsI, YBEIUUNB TEM
CaMbIM BBIXOJI 3I0POBBIX PACTECHHIA.

Ilenvro uccnedosanun A6uno0cy 6viA6-
JleHue pumonamozena, 6v13v16a10U€20 y63-
OaHue cajdXcenHueg Cauebl, NONYYEeHHbIX Me-
mMOOOM KIIOHAIbHO20 MUKDPOPA3ZMHONCEHUA,
Ha 3mane adanmauyuu K HeCMepuibHbIM
ycnosuam.

Marepuaabl W MeTOABI HCCJIEN0-

Banusi. OOBeKTaMu WCCIEAOBaHUSA ObUIH
caxkeHlbl ciuBbl (Prunus salicina Lindl.)

coproB Jltonmmiia u biarosemeHckuii yep-
HOCJINUB C CUMIITOMaMH YBH}IaHI/ISI JINCTHLECB.

CaxeHI11bl OBLTH BBIPAIICHBI U3 MUKPO-
pacTeHui, MOJYYEHHBIX METOJIOM KIIOHAJb-
HOTO MHUKPOPAa3MHOXKEHHUS, YTO OIMCAHO B
pabote [2]. st yKOpEHEHHSI MUKPOTIOOETOB
UCTIOJIB30BAIM MUTATENbHYIO cpeny KBopu-
Ha-JlemyaBpa [uis pa3MHOXKEHHs 1MOOEroB
(QL PII) c nob6aBneHneM o-HapTHITYKCYCHOM
kucnotel (HYK) — 0,19 mr/n, unm mukporo-
Oeru mpenBapuTEIbHO BBIACPKUBAIH B pac-
tBope HYK — 15 mr/n, B Teyenue 16 gacos ¢
MOCJIeIyIOIUM BhIpalinBanueM Ha cpeae QL
PIT 6e3 perynsaTopoB pocra.

YKOpeHEHHbIE MHKPOPACTEHUS BbICA-
YKUBAJIM B CMeCh Topda 1 BepMukyauTa (2:1)
(mo 00BEMY), KOTOPYIO TMpEeaBAPUTEIHHO
CTepWJIM30BAIM aBTOKJIABUPOBaHHEM (OIHA
aTMoc(epa, 0OJIMH Yac) ¥ MOMeNIaiy B MOJINd-
TUJICHOBBIE MAKEThl C OTHOCUTEIHHOM BIIaX-
HOoCcThbIO 0KOJIO 100 %. [TakeThl mocTeneHHo
OTKpBIBAJIM, aIaliTUPYsl pacTEHUS] K KOMHAT-
HbIM yCOBUSAM. Ca)KeHIbl BBIPAIIUBAIA B
TeUYeHHE 5—8 MECALEB MPU KOMHATHOW TEM-
neparype u 16-4acoBOM CBETOBOM NEPHUOJIE.
Pactenus monkapmiMBalid corjiacHoO Tpebo-
BaHMIM, OIMUCAHHBIM B padore [2].

CumnTombl 3a00JieBaHUSI Y PACTCHHI
IIPOSIBIISUIMCH B YChIXaHUU U MPEXKIEBPEMEH-
HOM OIIaJICHUH JINCTHEB NP O0JIee IUTENb-
HOM COXpPaHEHUHU 3€JEHOr0 IBeTa CTeOIs.
Brienenne ¢uTOonaToreHHsIXx rpuOOB MPO-
BOAWIM C (parMeHTOB KOpHEW u ctelnei
ciuBbl. OparMeHThl NPOMBIBATIM B IPOTOY-
HOM BOJIE, 3aTEM IOBEPXHOCTHO CTEPHUIIN30-
BaJIM KOMMepueckuM orOenuBatenem «be-
JM3Ha», pa30aBICHHBIM CTEPUIBLHON BOJOM
(1:2) (mo 06bémy), B Teuenue 10 MUHYT ¢ mO-
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CJEAYIOLIEH MTPOMBIBKOM CTEPHIIBHON BOJOU
TpH pasa.

Crepun3oBaHHbIE (parMeHThl  pac-
KJIa/IbIBaJIM Ha MUTATENIbHYIO CPEy B YAILIKU
[Terpu. Ucnonb3oBanu cpexy Yaneka u xap-
TO(ETbHO-1eKCTPO3HbINH arap. s uaeHTH-
(GuKay MUKPOMULIETOB M30JISIThI BbIJIEIISIH
B YHUCTYIO KyJbTYypy U MX TAKCOHOMHUYECKYIO
IIPUHAAJIEKHOCTh YCTAHABIMBAIM IO KYJIb-
TYpaJIbHO-MOP(OIOTHYECKUM TPH3HAKAM CO-
TJIACHO ONpEeUuTeNsM [3, 4].

TakcoHOMUYECKH 3HAYMMBIE TPU3HA-
KU CIIOPOHOCHBIX CTPYKTYp U KOHUAHUN HC-
CIIEZIOBAIA C TOMOIIBIO METOAOB CBETOBOM
MUKPOCKOMHUU. MUKPOCKOIUIO BBITIONHSIIN C
UCTIOIb30BaHUEM MHUKpPOCKONOB Mukpomen 1
(Bap. 3-20) (Mukpomen, Poccus) u Axio Lab.
Al (Carl Zeiss, I'epmanusi). MukpodoTto-
rpadun ObLTH CIIENaHbl C MOMOIIBIO KaMephbl
Axio Cam ERc5s u nporpammHoro obecneue-
Hust AxioVs40 V 4.8.2.0.

Pe3ysabTarhl Hccie10BaHUS U 00CY K-
aenme. Ilpu BbIpallMBaHUU YKOPEHEHHBIX
100eroB CIUBbI B IOYBEHHOM CyOCTpaTe Bbl-
JKHUBAE€MOCTE Ca)KEHIIEB COCTABIISIET OT 35 1O
67 % [2]. IIpu aTOM GoJbIIAst 4acTh MOTHO-
IIUX PACTEHUU MPOSIBIIsIA MPU3HAKA BHIITA:
MOTEPsI IUCTHIMH Typropa U WX YBsIaHHE C
MOCJIeIYIOMIEH THOCIIbIO BCETO PACTEHUSI.

[Ipu MuKpoOHOIOTHYECKOM 00CIen0-
BaHUM TISITH CAXKEHIEB C CUMIITOMAMHU BUJITA
ObUT0 M301MPOBaHO 14 1 9 MTaMMOB MHUKPO-
MHUIIETOB U3 (pparMeHTOB KOpHEH U cTebIeid,
cootBeTcTBeHHO. bosnee 60 % rpuboB ObLTH
uaeHtuunuposansl  kak  Gibellulopsis
nigrescens (Pethybr.) Zare, W. Gams et
Summerb. B Bapuanrte ¢ ¢pparmentamu Kop-
Heill By ObL1 peicTaBiieH o0mIbHO (85 % ot
BCEX M30JIATOB, BBIJCIEHHBIX C KOpHEH); Ha
CTEOJISIX €ro J0JIsI 3HAYUTENbHO HIKE (22 %).

[Tpu KyIbTUBUPOBAHUH B UUCTOM KYIIb-
Type KonoHuu G. nigrescens TOCTUTalOT 4 cM
B nuametpe Ha 10 menp pocra. Kosonuu Bo-
inounsle, Oenble, CO BPEMEHEM CTaHOBATCS
TéMHO-cepbIMU (pHC. la). DkccynaT Ha mo-
BEPXHOCTH KOJIOHUH HE HAOIIOalIH, TUTMEHT
B cpeay He Bbiiensuics. OOpaTHasi cTopoHa
KOJIOHMH C BO3PAaCTOM CTaHOBWJIACh YEPHOM
B pe3yJsibTaTe OOUIBHOIO Pa3BUTHS XJIaMUIO-
crop.

Hanuume MHOTOYMCIIEHHBIX MeEJIaHU-
3UPOBAHHBIX CTPYKTYP B BUJE XJIAMHIOCIIOP
SIBJIICTCS  OTIUYHUTEIHBHOW OCOOCHHOCTBIO
BHJa. XJIAMUJIOCTIOPBI 00Pa3yIOTCsl OJTMHOY-

HO MJTM B KOPOTKHX LENOYKaX, YEPHBIE, TON-
CTOCTEHHBIC, pa3Mep BapbHPOBAI B IIPeIeIax
5-10 mxm (puc. 16).

Konunuu smmncongneie, 2,5-8 MKMX
x2—-3 MKM, coOpaHbl B CIIU3HMCTbIE T'OJOBKU
(puc. 2a). ®uanuasl IPEUMYIIECTBEHHO O/IH-
HOYHBIC, OyTBUICBH/IHBIEC, B MyTOBYATO pa3-
BETBJIEHHOW KHCTOYKE BCTPEYAKOTCS PEXKE,
10-30 mxm*2-3 MkM (puc. 20).

Gibellulopsis nigrescens (6a3uOoHUM
Verticillium nigrescens Pethybr.) npunan-
nexXuT ceMeiictBy Plectosphaerellaceae n3
otaena Ascomycota [5]. I'pud mmpoko pac-
MPOCTPAHEH MO BCEMY MHpY, SBISETCS MOY-
BEHHBIM CamnpoTpodoM, OJHAKO MOMKET KO-
JIOHU3UPOBATh Takke pactenus [6, 7, 8, 9].
B necHBIX U cenbCKOXO03HCTBEHHBIX MOYBAX
tora JlanmpHero Boctoka BuI BcTpeuaeTcs
penko [3]. I'pub ObL1 OOHApYKEH Ha KapTo-
dene, coe, caxapHOil CBekIe, MSTE, MOACO-
JHCYHHUKE, JIOUCPHE U APYTUX PaCTCHHSX.
[Tpu 5TOoM Bo MHOTHX ciyyasx G. nigrescens
ObUT cabbIM MMATOTEHHOM, WHOTJAa 6e3 mpo-
siBJIeHust cumnrtomoB [7, 9, 10, 11, 12, 13,
14]. Bomee Toro, oOHapy>KEeHBI THUIIOBUPY-
JeHTHbIE TaMMbl G. nigrescens, CIOCOOHbBIE
3alUIIATh PACTEHUS OT BEPTULMIIJIE3HOTO
yBsiiaHusl (BWJITA), BBI3BAHHOTO TOpasno 0o-
Jiee BUPYJICHTHBIM TaTOTeHOM Verticillium

dahlia Kleb. [13, 15].

Bepruminesnoe yBsiiaHue SBISIETCS
pacnpocTpaHEHHBIM COCYAMCTHIM 3a00JieBa-
HUEM KOCTOYKOBBIX KYJBTYp, B TOM 4HCIIE
CIIUBBI, U CBS3aHO C MOPaKEHHWEM IPOBOJIS-
1IN CUCTEMBI PAaCTEHUH, IPU KOTOPOM JIH-
CTbsl HAUMHAIOT COXHYTb, IOCTENEHHO BbI-
3bIBasl yBSIJAHME YaCTH WUJIM BCETO PAaCTEHUS
[16, 17]. Kpome marorenneix Verticillium
alboatrum Reinke et Berthold u V. dahlia,
napasuTamMM IJIOJOBBIX JI€PEBBEB SBISAETCS
u oOHapy>XeHHBIH Hamu V. nigrescens [18].
Opnako BUPYJIEHTHOCTb G. nigrescens 10 OT-
HOILIEHUIO K KOCTOUKOBBIM HE IMOJITBEPIKJIE-
Ha. ['pub BeLAensnu w3 yepemnu (Prunus
avium L.) [19], a Takke U3 KOpHEH KOCTOYU-
KOBbIX KyibTyp [3]. Ilpum mHOKynMpoBaHuU
Ca)KEHILIEB YETBIPEX BUOB PACTEHUN KYyJIbTY-
poii  G. nigrescens HAMMEHBIINE CUMIITOMBI
ObUIN y Ca)XEHILIEB MIEPCUKA, KOTOPbIE MPOSIB-
JISUTACH B MEHBIIIEM Pa3BUTHH HEKPO30B U I10-
YKEJITEHUH TOJIbKO OTNIEJIbHBIX JUCThEB [20].

Jlpyrue MUKpOMUIIETHI, BbI/I€JICHHbBIE
HaMH U3 OPraHOB OOJBHBIX Ca)KEHIIEB CIIH-
Bbl, MPEJCTaBICHBl pPOJIaMH Acremonium
spp. (17,4 % ot Bcex BBIACIEHHBIX H30-
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a) 0)
a) 10-1HeBHas KynbTypa Ha cpejie Yareka; 0) XJaMuI0CIophbl
Pucynok 1 — Mopdosoro-kyabrypajbible npusHaku Gibellulopsis nigrescens,
BbI/1€JIEHHOT0 U3 TKaHel cauBbl (Prunus salicina)

a) TOJIOBKU KOHUIUH (yBeNn4eHne MUKpockoma 120x);
0) MyTOBKa ¢ ¢puanmuaaMu 1 KOHUIUH (yBeTn4eHne MUKpockoma 480x)
Pucynok 2 — Mukponpenapart Gibellulopsis nigrescens
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natoB), Cladosporium cladosporioides
(Fresen.) G. A. de Vries (8,6 %) wu
Akanthomyces lecanii (Zimm.) Spatafora,
Kepler et B. Shrestha (13 %).

[IpencraButenn pona Acremonium
SBIISIFOTCSL  CanpoTpodaMu, BCTPEUAIOTCS
B TIOYBE M HA PACTUTEILHBIX OCTaTKax [4].
C. cladosporioides sBnsiercst canporpodom
U MOXET ObITh (haKyJIbTATUBHBIM I1apa3-
utroMm [21]. A. lecanii panee ObUT BKIIIOUCH
B coctaB poaa Verticillium n siBnseTcs ca-
npoTpodoM U Hecrenu(PHUIHBIM SHTOMOTIA-
ToreHoM [22]. XOoTs 3TH BHIBI TPUOOB 0OHA-
PY’KEHBI KaK €IMHUYHBIC U30JISTHl U, TAKUM
o0pa3oM, MOTYT OBITh OTHECEHBI K COIYT-
CTBYIOIIEH MUKpOQIOpe, UX NPUCYTCTBUE
MOXXET OKa3bIBaTh OTPHUIATEIHHOE BO3JIEH-
CTBHE Ha POCT Ca’KECHIIEB CIIMBBHI.

3akarouenue. [Ipeobnaganue uzomns-
ToB Gibellulopsis nigrescens, BBIACIEHHBIX
W3 TKaHeW pacTEeHWil CIIMBBI C CUMIITOMAaMHU
BWJITA, a TAK)KE JINTEPATYPHBIC JaHHbIC yKa-
3bIBAIOT HAa 3TOT BHJ MHKPOMHIIETOB Kak
HanOoJiee BEPOSITHYIO TPUYMHY BEPTHIIMII-

JIE3HOTO YBSIIAHUSI YKOPEHEHHBIX MHKPOIIO-
0eroB B Mporiecce ajanTaliid K HECTEPHIIb-
HBIM YCIIOBUSIM OKpyXaromieil cpeasl. Jlis
OKOHYATEJILHOTO YCTAaHOBJICHUS BHPYJICHT-
HOCTH B oTHoIIeHnu P. salicina He00X0IUMO
HpOBelIeHI/IC JOITOJIHUTCIIBbHBIX q)HTOHaTOJ'IO-
THUYCCKUX TCCTOB.

MuxkpopacTeHus, BbIPAIllCHHbIE B YC-
JIOBUSIX In Vitro, MEHEe YCTOMYMBBI K Hera-
TUBHBIM (D)aKTOpaM OKPYKaIOMIEH Cpelbl 0
CPaBHEHUIO C CaXXCHI[AMH, MOJYYEHHBIMU
n3 ceMmsH. Mcnosb30BaHHBIM I ajanTa-
LMY pacTEHUM MOYBEHHBIN CyOCTpaT (CMech
Toppa M BepMUKYyJIHUTA TOCIE ABTOKIJIABH-
poBaHMsI) HE M30ABISIET MUKPOPACTEHHS OT
MOTEHLMAIBHO MAaTOT€HHBIX MUKPOOPraHU3-
MoB. Topd, kak ocamouHas mopojaa Gorartas
OpPraHMYECKUM BEIIECTBOM, CTAHOBUTCS CYO-
CTpaToM JUisl CanpoTpPO(HBIX OpPraHU3MOB,
KOTOpBIE IMMOCEJATCS Ha HEM B HECTEPHUIIb-
HBIX YCJIOBUSX. J{71s1 mpenoTBpatieHus 60e3-
HU HEOOXOJMMO ONTUMHU3UPOBATH YCIOBHS
BBIpAILIUBAHUS U pa3pabaThIBaTh MPUEMBI 110
MOBBILIEHUIO YCTOMYMBOCTH CAXKEHLIEB.
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