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AHHOTAIUA

B xozne paboThl BIIEPBBIE TIPOBEIEH aHANIU3 (puToCca-
HUTapHOro prucka (A®P) maToreHHBIX TPU6GOB Diaport-
he cucurbitae m Stagonosporopsis citrulli nyis mogKapaH-
TUHHOU NPOAYKIMU — CEMSH THIKBEHHBIX KYJIBTYP.
B036ynuTesb 4ePHOW I'HUJIU THIKBEHHBIX KYJIBTYD
Diaporthe cucurbitae MOXXeT SIBJSITbCS IPUYNHOM rube-
JIV TIPOPOCTKOB TIPU PaHHEM 3apakeHuu. Ha miomax
pacTeHmii-x0351eB QUTOIIATOTeH BbI3bIBAET CUMITTOMBI
B BUJle KODUYHEBBIX MATKUX BIAJIBIX TOBPEXIEHUN
HeNpaBUJIbHOU (OPMBI, IPUBOAS K CYIIECTBEHHOMY
VXYL UIEHWI0 TOBAPHBIX KadyecTB. [JIaBHBIN IIyTh pac-
IpocTpaHeHUs rpuba — CEMEHHOU MaTepuaJs ThIK-
BEHHBIX KyJIbTYP. Bo36ymmTe b MUKO3a CIIOCOOEH ITe-
penaBaTbCad MeXaHUYEeCKU MEeXIYy PaCTeHUAMU IIpU
MIPOBEIEHUHU CEeJIbCKOX03IMCTBEHHBIX MEPOTIPUATHUH,
C TIOMOIIbI0 BETPA U KaIleJbHO-)KUIKOU BJIaru, a Tak-
JKe COXPaHATBCA B PACTUTEJIbHBIX OCTAaTKaX, 3allyCcKad
HOBBIH IIUKJI PAa3BUTUS 60JIE3HU B IIOCJIEIYIOIIEM BETe-
TAIIMOHHOM IIepuoe. Stagonosporopsis citrulli OTHOCUT-
€4 K rpynIie Bo30yiuTesiell BA3KOM THUJIM, COCTOSIIEN
13 Tpex MOP(OJIOTUYECKH TTOXOXKUX, HO TeHETUYECKU
PasHBIX BUJIOB: Stagonosporopsis citrulli, Stagonosporopsis
cucurbitacearum u Stagonosporopsis caricae. 3apakeHue
MOJKET ITPOU3O0UTHU Ha JIMCThIX, CTEOJIAX U TIJIOHaxX.
Bo36ynuTenb MOXeT IepefaBaThCs Yepes IPOPOCT-
KU 13 3apa’>X€HHbIX CEMAH. B cBs31 C TIOBCEMECTHBIM
BhIpAIIMBAaHUEM PACTEHUIN-X0359€B HA TEPPUTOPUU
Poccuiickoy ®enepaliuy ¥ BO3MOXXHBIMY HETATUBHBI-
MHU IIOCJIeCTBUAMU IIPOHMKHOBEHUA 1 PACIIPOCTPa-
HEHUS TIEPEYNCIIeHHBIX BbINIE BPEAHBIX OPraHU3MOB,
IIPUHATO pellleHue O TpoBefeHuu ADP B paMKax uc-
cjieoBaHUSA (PUTOCAHUTAPHOUN 6€30IacHOCTY CEMSAH
TBIKBEHHBIX KYJIbTYD. Pe3ynbraTel AOP mokasaau, 4To
Diaporthe cucurbitae u Stagonosporopsis citrulli crioco6-
HbI HAHECTHU BPe[] IPOU3BOACTBY ThIKBEHHBIX KYJIBTYD
B Poccum, HO moKasaTesib MOTEHIINAJIBHOTO yIep6a
yKa3aHHBIX (DUTOIIATOTEHOB HU3KUU, TT09TOMY OHU
He PEKOMEHOOBaHbI AJid BKJIIOUEHN B [IEPEYEHDb Pe-
TYJIMPYEMBIX BPEIHBIX OPraHU3MOB.
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ABSTRACT

In the course of the work, for the first time, a pest risk
analysis (PRA) was carried out for the pathogenic fungi
Diaporthe cucurbitae and Stagonosporopsis citrulli for re-
gulated products — Cucurbitaceae seeds. The agent of
black rot Diaporthe cucurbitae can cause death of seed-
lings in case of early infection. On host plants fruits,
the phytopathogen causes symptoms in the form of
brown, soft, sunken lesions of irregular shape, lead-
ing to a significant deterioration in commercial quali-
ties. The main pathway of the fungus is the Cucurbi-
taceae seed material. The causative agent of mycosis
is able to be transmitted mechanically between plants
during agricultural activities, with the help of wind and
drop-liquid moisture, and also persist in plant debris,
starting a new cycle of disease development in the next
growing season. Stagonosporopsis citrulli belongs to the
group of viscous rot pathogens, consisting of three
morphologically similar, but genetically different spe-
cies: Stagonosporopsis citrulli, Stagonosporopsis cucurbita-
cearum and Stagonosporopsis caricae. Infection can occur
on leaves, stems and fruits. The pathogen can be trans-
mitted through seedlings from infected seeds. Due to
the widespread cultivation of host plants on the ter-
ritory of the Russian Federation and the possible ne-
gative consequences of the introduction and spread of
the above-stated pests, it was decided to conduct a PRA
as part of a study of the phytosanitary safety of Cucur-
bitaceae seeds. The PRA results showed that Diaport-
he cucurbitae and Stagonosporopsis citrulli can harm the
production of Cucurbitaceae in Russia, but the poten-
tial damage of these phytopathogens is low, so they are
not recommended for inclusion in the list of regulat-
ed pests.
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Knrouesvte cnosa. KapaHTUH pacTeHUM, CEMEH-
Hasg nHbeKusa, puTocaHUTapHas 6€30MacHOCTh, hu-
TOMATOTeH, MOTEeHUWAJNbHbIN yIIep6 CcelbCKOX03s1H-
CTBEHHOU MPOAYKIIUH.

BBEJEHUE

OHIIETIIUS OIleHKU (aHajuza) puTo-
CaHUTAPHOI'0 PUCKa KaK OCHOBHOI'O
CpeJiCTBa HAYYHOTO M TEXHUUYECKOTO
060cHOBaHUSA (UTOCAHUTAPHBIX MeP
ToJIyumnJia pas3BUTUE IIOCJie TIPUHSI-
TUd B 1994 1. CoryaiieHus 1o Ipu-
MEHEHUI0 CAHUTAPHBIX U (PUTOCAHU-
TapHbIX Mep (CPC). B cOOTBETCTBUU
C olpefesieHUeM, JaHHBIM Ipouenype B CPC, orieHKa
puCKa — 3TO «OlleHKa BEPOSATHOCTY ITPOHUKHOBEHUS,
YKOpeHeHUs (aKKJIMMaTU3aluK) UKW PaclpoCTpaHe-
HUS BpPeOWTEeNs Wiy 3a00JieBaHUS B Mpenejax Tep-
PUTOPUU UMIOPTUPYIOIIEH CTPaHbl IIPUMEHUTEIBHO
K CAaHUTAPHBIM UM (QPUTOCAHUTAPHBIM MepaM, KOTO-
pbie MOTJIY GbI OBITH IPUMEHEHDI, ¥ CBI3aHHBIX C 9TUM
MTOTEHIINAIbHBIX OGMOJIOTUYECKUX U DYKOHOMUYECKUX
nocnexnctBuit»  (http://portal.fsvps.ru/importExport/
wto/trial/agreement.htm, 2022).

B cooTBeTCTBUM C IOCTaHOBJeHUEM [IpaBUTeIb-
cTBa Poccutickoit degeparnuu or 10.08.2016 N2 770
«06 yTBepxaeHnu IToyoxxeHUs 06 OCYIIeCTBIEHUU
aHanusa GUTOCAHUTAPHOTO pucka» 1 demepasbHbIM
3akKoHOM OT 21.07.2014 N2 206-®3 «O KapaHTHHE pac-
TeHU», aHaau3 QUTOCAHUTAPHOTI'O PUCKA OCYIIECT-
BisgeTcsa deflepasbHOM CIYyKO0I 10 BeTePUHAPHOMY
1 QUTOCAHUTAPHOMY HAJI30PY B OTHOIIEHUY BPEIHbBIX
OPraHM3MOB B IIeJISIX OTIPeIesIeHNsI CIIOCOOHOCTY TN
HECITOCOOHOCTY BPENHOr0 OpraHua3Ma ObITh KapaH-
TUHHBIM 06bEKTOM, HEOOXOLUMOCTU PETYINPOBAHNUS
pacrpocTpaHeHUsI KapaHTUHHOTO 00beKTa U (MUJIK)
MIPUHATUS B OTHOIIEHUU HEro KapaHTUHHBIX (QuU-
TOCAHUTAPHBIX Mep IIyTeM OILleHKU 6UOJIOTUUeCKUX
WIN OPYTUX HAYYHBIX TaHHBIX, SKOHOMUYECKUX JTaH-
HBIX, a TAKXe B I1eJI9X (OPMUPOBAHUS U IEPECMOTpa
TepevHs KapaHTUHHBIX 06beKTOB (http:/government.
ru/docs/all/107858/, 2022).

CeMeHa THIKBEHHBIX KYJIbTYP UTPAIOT BAXKHYIO
POJIb B CEIbCKOXO3SIMCTBEHHOM ITPOU3BOCTBE 1 BMe-
CTe C TeM SABJISIOTCS IIyTEM PacIpoCTpaHeHus GUTo-
ITATOTe€HOB B XOZe MEXIYHAPOAHOU TOprosiu. CeMeHa
OBOIITHBIX KYJIbTYP, BKJIIOUas ThIKBEHHbBIE, TTPOU3BOASIT
B LIeJIoM pgagne crpaH: CIIA, dpannuy, I[lepy, Utanuuy,
Yunu, Kutae, Hupepnaupax, Taunanuge, Uaguu, Typ-
uuu, Benrukobpurtanuu, I0xHOM Kopee, M3paune,
l'epmanuu, bpasunuu, [loaeiue, Mekcuke, 'BaTema-
Je, AprenTute, I0xHO-AGpuUKaHCKOU Pecmy6auke,
Kenuu, Pecniy6nuke Benapych, Peciybiuke MoJiioBa,
[Mopryranuu, Noppaunuu u apyrux (http://www.fao.
org/faostat, 2021). B xojie oIleHKX (DUTOCAHUTAPHOTO
pucKa, CBI3aHHOTO C CEMeHaMU ThIKBEHHBIX KYJIbTYD,
oIpezeeH CINCOK BPeIHbIX OPraHM3MOB, KOTOPbIE
MOTYT TepeaBaThCs C MJaHHBIM BUJIOM ITOJKapaH-
TUHHOU NMPOAYKIIVU. B ciucok Bouwiu 23 Busa GUTO-
IMaTOTEHHBIX OPTaHM3MOB, 5 13 KOTOPBIX CUUTAIOTCSI

Key words. Plant quarantine, seed infection, phy-
tosanitary safety, phytopathogen, potential damage to
agricultural products.

INTRODUCTION

he concept of pest risk assessment (ana-

lysis) as the main means of scientific and

technical substantiation of phytosanitary

measures was developed after the adoption

in 1994 of the Agreement on the Applica-
tion of Sanitary and Phytosanitary Measures (SPS). As
defined by the SPS procedure, risk assessment is “an
assessment of the likelihood of introduction, adapta-
tion or spread of a pest or infection within the territo-
ry of an importing country in relation to the sanitary
or phytosanitary measures that could be applied and
the associated potential biological and economic con-
sequences” (http://portal.fsvps.ru/importExport/wto/
trial/agreement.htm, 2022).

In accordance with Decree of the Government
of the Russian Federation No. 770 dated August 10,
2016 “On Approval of the Regulations on the Imple-
mentation of Phytosanitary Risk Analysis” and Fe-
deral Law No. 206-FZ dated July 21, 2014 “On Plant
Quarantine”, pest risk analysis is carried out by the
Federal Service for Veterinary and Phytosanitary Sur-
veillance in order to determine the ability or inabili-
ty of a pest to be a quarantine object, the need to re-
gulate the spread of a quarantine object and (or) take
quarantine phytosanitary measures against it by as-
sessing biological or other scientific data, economic
data, as well as in order to form and revision of the
list of quarantine objects (http://government.ru/docs/
all/107858/, 2022).

Cucurbitaceae seeds play an important role in
agricultural production and are also a pathway for
the spread of plant pathogens in international trade.
Vegetable seeds, including Cucurbitaceae seeds, are
produced in a number of countries: the USA, France,
Peru, Italy, Chile, China, the Netherlands, Thailand,
India, Turkey, Great Britain, South Korea, Israel, Ger-
many, Brazil, Poland, Mexico, Guatemala, Argentina,
Republic of South Africa, Kenya, Republic of Belarus,
Republic of Moldova, Portugal, Jordan and others
(http:/www.fao.org/faostat, 2021). In the course of the
pest risk assessment associated with Cucurbitaceae
seeds, a list of pests that can be transmitted with this
type of regulated products was determined. The list
includes 23 species of phytopathogenic organisms,
5 of which are considered absent on the territory
of the Russian Federation and are not regulated by
the Common List of Quarantine Objects of the EAEU
(Slovareva, Bondarenko, 2021). The specified cate-
gory of harmful organisms contains 2 fungi species
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OTCYTCTBYIOIIMMU Ha TePPUTOpUU PD u He perynu-
pytoTcsa EfUHBIM ITepeyHeM KapaHTUHHBIX 00bEKTOB
EASC (CnoBapeBa, Boumapenko, 2021). YkazaHHasg
KaTeropus BPeLHBIX OPTaHU3MOB COIEPKUT 2 BUIA
rpuboOB, IJisT KOTOPBIX aHaNW3 HUTOCAHUTAPHOTO
pucka paHee He npoBoguJics, — Diaporthe cucurbitae
u Stagonosporopsis citrulli. CkazanHOe 06yCJIOBINBAET
aKTyaJIbHOCTD JAHHOTO UCCJIeIOBAHUS, 11€Jb KOTOPO-
ro — pa3paboTka peKOMeHJALN IT0 KOHTPOJII0 3TUX
IBYX (DUTOIATOTEHOB, TepPeatouUXCs CEMEHaMU ThIK-
BEHHBIX KYJIbTYP, HA OCHOBAaHWY aHAJIM3a UX GuToca-
HUTAPHOTO PUCKA U OIIeHKU IIOTEHITUAIBHOTO yiep6a.

MATEPUAJIbBI U METO/IbI

Ananus GUTOCAaHUTAPHOI'0 PUCKA OCYIIECTRIISIJIU B CO-
OTBETCTBUU C METOLUKOM, YTBEPKIEHHOMN ITPUKA30M
Muscenbxo3a Poccum oT 05.02.2018 N2 46 «O6 yTBEPXK-
IeHnu MeTOOUKY OCYIeCTBIeHNs aHalu3a (QUTOCaHU-
TapHOTO prcka». CorjmacHoO MeTOLUKe, Ha IIePBOM 3Ta-
T1e IPOBOIUJIY M3yUeHVe HOMEHKJIATyPhl, TAKCOHOMUN
u GUTOCAaHUTAPHOTO CTAaTyCa MaTOreHOB, BEIOPAHHBIX
niig AOP. Ha ocHOBaHUM JIUTEPATYPHBIX JaHHBIX U3Y-
yasu reorpaduio U IyTU paclipocTpanenus Diaporthe
cucurbitae u Stagonosporopsis citrulli, ux 6roJIoTUUYecKue
0COGEHHOCTH, CYIIECTBYIOILIYE AUAaTHOCTUYECKUE Me-
TOZbI, BDEJOHOCHOCTDb U METO/IbI X KOHTPOJIA. [Tomy-
UYeHHbIE JaHHBIE VUCII0JIb30BaJIU AJ14 IpoBeeHusa ADP,
B XOZ,e KOTOPOTO JIJIS1 KaXKJ0r0 M3y4aeMoro Buia OCy-
LIEeCTBJISJIV KOJIMUECTBEHHYIO OLIEHKY PUCKA, a TaKXe
OLIeHVBAJIX BEPOSITHOCTD aKKJIMMaTHU3alUuU BO30OY M-
TeJiel Ha TeppuTopuy PO 1 MOTEHIIMAIBHO CBI3aHHbIE
C 39TUM 5KOHOMUUECKYE ITOCIeICTBUSA. UUCIEeHHOE 3Ha-
YeHUe MOTEeHIMaIbHOro yiepba (1Y) paccuuThIBaIN
Ha OCHOBE 3HAaYE€HUU BEPOSITHOCTEN TPOHUKHOBEHUS
U aKKJIVMMaTu3aluy, IOJyUYeHHBIX B XOJle KOJInde-
CTBEHHOU OIIeHKU (PUTOCAHUTAPHOTO PYCKA BPEILHbBIX
opraHu3moB. OnpefeieHre COOTBETCTBUS QUTOIA-
TOTeHOB KPUTEPUIM KapPaHTUHHBIX OPraHU3MOB OCY-
LIECTBJISJIY [IyTeM CPaBHEHUS YMCJIEHHOI'0 3HAUEHU
1Y ¢ IPUHSTHIM B UCIIOJIb3YEMOUM METOLVKE YCIOBHBIM
IIOPOr'OBBIM ITOKa3aTesieM 1,25. Tak, ecyiv UMCIEHHOe
3HaueHue [TY HMKe 1,25, TaTOreH He OTBEYaeT KpUTe-
pUAM KapaHTUHHOTO OpraHu3Ma.

PE3VJIBTATBI U OBCYKJIEHHNE

Anamopda rpuba, BbI3BIBAKIIET0 YEPHYIO THUJIb
(black rot of cucumber, soft rot of melon), umMeeT Ha3Ba-
Hue Phomopsis cucurbitae McKeen (http:/www.species-
fungorum.org, 2022). Teneomopda ykazaHHOTO BUA,
TIepBOHAYaJIbHO Ha3BaHHas Diaporthe melonis Beraha
& M.J. O’Brien (Beraha, O’Brien, 1979), B HacTosIIee
BpeMs uMeeT HasBaHue Diaporthe cucurbitae (McKeen)
Udayanga & Castlebury (http:/www.speciesfungorum.
org, 2022). Diaporthe cucurbitae SBISIETCS TIPEICTaBU-
TeseM ceMeiicTBa Diaporthaceae kiacca Sordariomy-
cetes aCKOMUIIETHBIX TPUGOB.

Diaporthe cucurbitae TIOpa)kaeT pacTeHUS pPoja
Cucumis (Garibaldi et al., 2011). Taxxxe rpub crrocobeH
rmopaskaTb coio Glycine max (Santos et al., 2011), aHHO-
Hy yelnryiuaTyio (caxapHoe s16JI0K0) Annona squamosa
(Ola et al., 2014) u kapalty rBUaHCKYI0 Carapa guianensis
(Ferreira et al., 2015).

PaHHME CMMITOMBI YePHOM THUJIY, BhI3bIBae-
Mo rpubHBIM puTomaToreHoM Diaporthe cucurbitae,
Ha MJI0JaX MPECTABISIOT CO60Y KOPUUYHEBbIE MST-
KHe BIlaJible IIOBPEXIeHUI HellpaBUJIbHOU (DOPMEI
0o 10 cMm B guameTpe. [ITUKHUABI Ha IOBEPXHOCTU IIPU

for which pest risk analysis has not been previously
carried out — Diaporthe cucurbitae and Stagonosporop-
sis citrulli. The stated-above information determines
the relevance of this study, the purpose of which is to
develop recommendations to control these two phyto-
pathogens transmitted by Cucurbitaceae seeds, based
on their pest risk analysis and potential damage as-
sessment.

MATERIALS AND METHODS

Pest risk analysis was carried out in accordance
with the methodology approved by the Order of the
Ministry of Agriculture of Russia dated February 5,
2018 No. 46 “On Approval of the Pest Risk Analysis
Methodology”. According to the methodology, at the
first stage, the nomenclature, taxonomy and phy-
tosanitary status of pathogens selected for PRA were
studied. Based on the literature data, we studied the
geography and pathways of Diaporthe cucurbitae and
Stagonosporopsis citrulli, their biological features, exist-
ing diagnostic methods, harmfulness and methods of
their control. The data obtained were used to conduct
a PRA, during which a quantitative risk assessment
was carried out for each studied species, as well as the
probability of adaptation of pathogens in the territo-
ry of the Russian Federation and the potentially asso-
ciated economic consequences. The numerical value
of potential damage (PD) was calculated based on the
values of the probabilities of introduction and adap-
tation obtained during the quantitative assessment of
the PRA. The determination of the conformity of phy-
topathogens to the criteria of quarantine pests was
carried out by comparing the numerical value of PD
with the conditional threshold indicator of 1.25 adopt-
ed in the method used. So, if the numerical value of PD
is below 1.25, the pathogen does not meet the criteria
for a quarantine pest.

RESULTS AND DISCUSSION

Anamorph of the fungus causing black rot of cucum-
ber, soft rot of melon, is called Phomopsis cucurbitae
McKeen (http:/www.speciesfungorum.org, 2022). Te-
leomorph of the stated species, originally named Dia-
porthe melonis Beraha & M.J. O'Brien (Beraha, O’Brien,
1979), is now called Diaporthe cucurbitae (McKeen)
Udayanga & Castlebury (http:/www.speciesfungo-
rum.org, 2022). Diaporthe cucurbitae is a member of the
family Diaporthaceae of the class Sordariomycetes of
ascomycete fungi.

Diaporthe cucurbitae damaged Cucumis plants
(Garibaldi et al., 2011). Also, the fungus is able to infect
soybeans Glycine max (Santos et al., 2011), sugar apple
Annona squamosa (Ola et al., 2014) and crabwood Carapa
guianensis (Ferreira et al., 2015).

Early symptoms of black rot caused by the fun-
gal phytopathogen Diaporthe cucurbitae on the fruits
are brown soft sunken lesions of irregular shape up
to 10 cm in diameter. There are no pycnidia on the
surface. Inside the fruit, a soft, water-soaked spongy
rot adheres to the sunken area of the skin. Rot has
almost round edges and is easily separated from
healthy tissue. With artificial infection of fruits and
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9TOM OTCYTCTBYIOT. BHYTpU MJioma Msrkas, MpoIu-
TaHHaAs BOJOU ry6uaTas rHUJIb ITPUJIETAET K BITAJION
06J1aCTH KOXKYPbI. [HUJIb UMEET TTOYTH KPYTJIble Kpast
U JIETKO OTZAEJSIETCS OT 3[J0POBBIX TKaHel. [Ipu ncKyc-
CTBEHHOM 3apakKeHUU ITJIOJOB ¥ MHKYOMPOBAaHUY ITPYU
Temieparype 16 £ 1 °C B TeMHOTE IIePBble CUMIITOMBI
MMOSABJIAIOTCA Yepes 4 nHd. V3 mopaKeHHbIX CUMIITO-
MaTHUYeCKUX TKAaHEN MOXHO MPOBOAUTH MTOBTOPHYIO
nsonganuio (Garibaldi et al., 2011).

[Ipu KyJAbTUBUPOBAHUU Ha KapTO(eJTbHOM
IOEKCTPO3HOM arape mpu TteMmmneparype 24 + 1 °C
1 16-4acoBOM CBETOBOM peXXUMe KOJIOHUY rprba cHa-
yajia UMeKT 6eJI0BaTy, 3aTEM CBETJI0-KOPUUYHEBYIO
OKpacKy, 06pa30BBIBAIOT TEMHbIE TUKHUILI JUaMET-
pom 0,5 MM, KOTOPbIE BHIZEJISIOT MHOTOUNCIEHHbIE
KOHUIWY, IPUHAIJIeXalnye K 1ByM turnam: A u B (Gari-
baldi et al., 2011).

®duTONMaTOreH paclpocTpaHsgeTcs Ha 00JbIINe
PACCTOSTHUSA B X0Jle MEXXAYHAPOIHOU TOPTOBJIX CEMe-
HaMHU U y’ke oTMeueH B Utanuu (Garibaldi et al., 2011),
MbsumMme (Zaw et al., 2020), Kanazge (Udayanga et al.,
2011), CIIA (Beraha, O’'Brien, 1979), XopBaTtuu (San-
tos et al., 2011), dnouuu (Ohsawa, Kobayashi, 1989),
Wcnauwuy, Iugouesuu, bpaswunuy, [lyspro-Puko, UH-
nuu, dxkBazgope, Kocra-Puke (https://www.gbif.org/ru/
species/5253168, 2022) u l'epmanuu (Ola et al., 2014).
I[Tomas B 110J1e, I'pUb PaACIIPOCTPAHIETCS PACTUTEIbHbI-
MU OCTaTKaMU, BETPOM M KalleJbHO-KUIKO BJIarou.
Bo306yauTenb uepHOL THUJIY 3alIpelieH K BBO3y Ha Tep-
putopuio 3amaguoi ABcrpanuu (https:/www.agric.
wa.gov.au/organisms/177174, 2022). B ocTaJIbHBIX
mrraTax ABCTpaJuy U BO BCEX CTpaHaxX MUpPa He pery-
snupyetcs (https://gd.eppo.int, 2022).

OuarHocTuky Diaporthe cucurbitae TIPOBOISAT
IIyTeM KyJIbTypPaJibHO-MOP(HOJIOTUUYECKOTO aHaaM3a
U OTITUYECKOW MUKPOCKOTINY. M3yueHne TTapaMeTpOB
pocTta rpuba Ha MUTATEJbHBIX cCpemax, MOP(OJIOTH-
YyecKre 0COGEHHOCTU KOJOHUM, XapaKTepPUCTUKU
MAKHUI U KOHUINH [T03BOJISIOT IPOBOAUTD UIEHTU-
(bukanmio go poma, HO MOATBEPXKIEHE BUIOBOM IPU-
HAJIJIEXKHOCTY TPebyeT MPUMeHEeHUS MOJIEKYJISIPHO-
reHeTUYEeCKUX METOOB.

MeTozmbl 60pPbOBI C JAaHHBIM BUIOM Irprba Majio
usydyeHsbl. O6IUMY MeTogaMu 60pb6bI ¢ hoMOIICuCaMU
SIBJISIFOTCSI CEBOOBOPOT, 3allaXxMBaHKEe PACTUTEIbHbBIX
OCTaTKOB ¥ BhIpAIVBaHMeE YCTOMYUBBIX COPTOB. Of-
HOU U3 CTPATETUN MOXKET IBJISATHCS BHECEHE OMOTIpe-
IapaToB C CO/leP)KaHMEM aHTAarOHUCTa BO30ymuTeIel
tomoricucoB — Bacillus subtilis (qumeHKO U Ap., 2014).

Ananua GUTOCAHUTAPHOT'O PHCKA ITOKa3aJl, UYTo
Diaporthe cucurbitae crioco6eH IPOHUKHYTh B Poccuii-
ckyto denepannio U aKKJIMMaTU3UPOBAThCSA Ha 60JIb-
et YacTy 10)KHOU TEPPUTOPUY CTPAHBI, 4 TAKXKE B 3a-
MIUIEeHHOM TPpyHTe. [P 9TOM YMCJIOBOE 3HAUEHUE
MTOTEHIIMAIBHOTO SKOHOMMUYECKOTO yIep6a, CorJacHo
PpacYeTHBIM JaHHBIM, HY)KE YCIOBHOTO ITOPOTOBOTO 3HAa-
uenwusd (1,25) mokasaressa u cocTasisgeT 0,94. TakuM 06-
pasowM, Diaporthe cucurbitae He OTBe4YaeT KPUTEPUSIM Ka-
paHTuHHOrO AJg Poccutickoit ®emepaliuy opraHu3Ma.

BTOPBIM I1€JI€BBIM 00bEKTOM HCCJIeNOBAHUS IB-
JILJICST BO3OYIUTENb BI3KOU THUJIU cTe6Iel ThIKBEH-
HBIX Stagonosporopsis citrulli M.T. Brewer & J.E. Stewart
(Stewart et al., 2015). Yka3aHHbIN BU, IPUHALJIEKUT
K cemericTBy Didymellaceae kiacca Dothideomycetes
aCKOMUIIETHBIX TPu6OB. JlaHHbIE O MIPUCYTCTBUU
Stagonosporopsis citrulli B TiepedHe peryaupyeMbiX BU-
nos orcyTeTByoT (https:/gd.eppo.int, 2022).

incubation at a temperature of 16 + 1 °C in the dark,
the first symptoms appear after 4 days. Symptomatic
affected tissues can be re-isolated (Garibaldi et al.,
2011).

When cultivated on potato dextrose agar at a tem-
perature of 24 £ 1 °C and a 16-hour light regime, the
colonies of the fungus first have a whitish, then light
brown color, form dark pycnidia 0.5 mm in diame-
ter, which secrete numerous conidia belonging to two
types: A and B (Garibaldi et al., 2011).

The phytopathogen spreads over long distances
during the international seed trade and has already
been reported in Italy (Garibaldi et al., 2011), Myan-
mar (Zaw et al., 2020), Canada (Udayanga et al., 2011),
USA (Beraha, O’ Brien, 1979), Croatia (Santos et al.,
2011), Japan (Ohsawa, Kobayashi, 1989), Spain, Indo-
nesia, Brazil, Puerto Rico, India, Ecuador, Costa Rica
(https://www.ghif.org/ru/species/5253168, 2022) and
Germany (Ola et al., 2014). Once in the field, the fun-
gus is spread by plant debris, wind and liquid mois-
ture. Black rot pathogen banned from import into
Western Australia (https:/www.agric.wa.gov.au/or-
ganisms/177174, 2022). In other states of Australia
and in all countries is not regulated (https://gd.eppo.
int, 2022).

The diagnosis of Diaporthe cucurbitae is carried out
by cultural and morphological analysis and optical mi-
croscopy. The study of the growth parameters of the
fungus on nutrient media, the morphological features
of the colonies, the characteristics of pycnidia and co-
nidia allow identification to the genus, but confirma-
tion of the species requires the use of molecular gene-
tic methods.

Methods of controlling this fungus species have
been studied little. Common methods for phomopsis
leaf and stem blight control are crop rotation, plow-
ing up crop residues, and growing resistant variet-
ies. One of the strategies may be the introduction of
biological products containing an antagonist of pho-
mopsis blight pathogens — Bacillus subtilis (Diden-
ko et al., 2014).

Pest risk analysis showed that Diaporthe cucurbi-
tae is able to be introduced into the Russian Federa-
tion and adapted in most of the southern territory
of the country, as well as in protected ground. At the
same time, the numerical value of potential economic
damage, according to the calculated data, is below the
conditional threshold value (1.25) of the indicator and
amounts to 0.94. In this way, Diaporthe cucurbitae does
not meet the criteria for a quarantine pest for the Rus-
sian Federation.

The second target object of the study was the
causative agent of Cucurbitaceae gummy stem blight
Stagonosporopsis citrulli M.T. Brewer & J.E. Stewart
(Stewart et al., 2015). This species belongs to the
family Didymellaceae of the class Dothideomycetes
of ascomycete fungi. There are no data of Stagono-
sporopsis citrulli being on the lists of regulated pests
(https://gd.eppo.int, 2022).

The fungus is distributed in the USA, Georgia,
Taiwan (Huang and Lai, 2019), India (Garampalli et al.,
2016), Brazil, China, Israel, the Netherlands, Greece,
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I'pub pacupocTpaneH B CIIA, I'py3uu, Ha TaliBaHe
(Huang, Lai, 2019), B Uuguu (Garampalli et al., 2016),
bpasunuu, Kurtae, spaune, Hugepnaugax, ['peniuu
u llIBeruu (Stewart et al., 2015). BO3MOXXHOCTB PacIpo-
cTpaHeHUs NHQEKIIMY ceMeHaM!u IToKa3aHa Ha MpPu-
Mepe ap6y3a (Hopkins et al., 1996; Lee et al., 1984)
u MyckaTHOU nbiHU (Gusmini et al., 2003). B roseBsIx
YCJIOBHUSIX TTATOT'E€H PACIIPOCTPAHSIETCS C 3apaKeHHBI-
MU PaCTUTEJbHBIMY OCTATKaMU U MHPUIIMPOBAHHBI-
mu pactenusamu (Keinath, 2008), kameabHO-KUIKON
piaroi (Everts, Zhou, 2011).

Stagonosporopsis citrulli MoXxxeT UHQUIIUPOBATH
TaKve BUMBI THIKBEHHBIX KYJIbTYpP, KakK apOys, IbIHS,
kabauok u ThikBa (Keinath, DuBose, 2017; www.cabi.
org/isc, 2022).

CUMIITOMBI BSI3KOU THUIIU CTe6JIel MOTYT pasiu-
YaThCs B 3aBUCHMMOCTH OT BUJIA KYJIbTYPhI ceMelCcTBa
TeikBeHHBIEe. Hanbojee pacipocTpaHeHbl CUMIITOMEI
Ha JIMUCTBSX, TIPECTABISAIONINE COG0M KPYIJIble, BOAS-
HUCTBIE IOPAXKEHUS, UHOTLA OKPYKEeHHbIE YKEJIThIM
opeojioM. CUMIITOMBI IIPOSIBJISIOTCS TaK)Ke B BUJE He-
KPOTHUUYECKOT'0 0’KOTa BOKPYT MEXOKUIIKOBOM 06JIaCTH.
Yale mopa)kaloTcsd MeXaHWYeCKU TOBPEXIEeHHbIE,
ocjyabjieHHbIe PaCTeHMs U UX CTaphle JUCThs, TaK KaK
BO36YAUTEND IT0 XapaKTePy MUTAHNS OTHOCUTCS K TPYTI-
e haKyIbTaTUBHBIX HEKPOTPO(OB; IPUO ITPU 3TOM MO-
JKeT BbDKMBATh Ha 3apa’kKeHHOI PaCTUTEJIbHOM TKaHU
o 24 mecsaues (Keinath, 2008). Stagonosporopsis citrulli
IpoaynupyeT epMeHT MOJIUraTaKTypoHasy, C IOMO-
b0 KOTOPOTO OCYIIECTBJISIET PACIIETIJIEHUE PACTU-
TEJIbHBIX ITOJINCAXapUIO0B, Iejiasd UX IPUTOAHBIMU IJIS
CBOero nuTaHus. CUMIITOMBI Ha CTEBJIIX TTPOSIBIISIOTCS
B BUJIe BOJSIHUCTBIX IIOPasKeHUI, KOTOPbhIE CO BpeMeHeM
CTAHOBSTCS HeKpo3aMu. KitacCuuecKuii CUMIITOM —
KpacHble WJIN YepHbIe JUTIKYE KaTIy 9KCCymaTa, 06Ha-
PyXuBaeMble BIOJIb cTebuis (Paret et al., 2011).

Ha 3apa)XeHHBIX ILIOLAX B IIpollecce XpaHeHUs
TIOSIBJIIETCS XapaKTepHas BI3Kas IHUJIb. Ha rmoBepx-
HOCTH ILJIOJIOB MOTYT ITPUCYTCTBOBATh MUKHUbI, 06pa-
3YOI[ME KOJIbIIEBOH Y30D M3 YEPHBIX IISITHBINIEK.

Insg 3apakeHus TpuboM HeoOXOAUMO HaJauvdue
CBOGOJHOY BJIaTW B TeYeHUWE KaK MUHUMYM OJHOTO
yaca, a BbICOKas OTHOCUTEJIbHAS BJIAXKHOCTD BJISIETCS
YCJIOBUEM [IJI pACIIMPEHMs ouara nopaxeHus. ITpu
OIITMMAJIbHOM TeMIlepaType oT 16 10 25 °C cuUMIITOMBI
MOXKHO HaGJTI0IaTh yoKe Yepes HeJleJIto ITocJie ITpopacTa-
HUSI CIIOP Ha UyBCTBUTEIbHOM TKauu (Paret et al., 2011).

JmarHocTuky rpuba mpoBOISIT B OCHOBHOM ITyTEM
KyJIbTypaJibHO-MOP(doJIoruyeckoro aHaamsa. Mop-
dosiornuecKkre XapaKTEPUCTUKY, TaKrue Kak popMma
U IIBET U30JITa, BEIPAIEHHOI'0 Ha IUTATEeJIbHOI cpe-
Ile, IOCTYITHBI HEBOOPYXEeHHOMY I1a3y. C IOMOIIbI0
OIITUYECKON MUKPOCKOITVY aHAJIM3UPYIOT XapaKTePu-
CTUKU '), TUKHUL, KOHUIUH 1 XJIaMUIO0CIOP. B CBS-
34 C HAJIMYUEM Y Stagonosporopsis citrulli 6Imu3Kopo-
CTBEHHBIX BUJIOB, 1J1s 60Jiee TOUHON UIeHTU(GUKAIIUYN
KUCIIOJIb3YI0T MOJIEKYISIPHO-TEHETUUECKUE METOIbI.

CeJIeKIIMOHEPHI OTIPEIEeIUIN HECKOJIbKO (haKTo-
POB YCTOUYUBOCTH K Stagonosporopsis Spp., IPUCYT-
CTBYIOIIUX B HEKOTOPBIX COPTAaX ThIKBEHHBIX KYJIbTYP.
TeM He MeHee KOMMEPUYECKU IOCTYITHbIE YCTONYNBbIE
K (puTOmaToreHy copTa B HaCTOSIIee BPEMS OTCYTCTBY-
10T. Bopbba c BA3KOW THUJIbIO ITPECTaBIsIET coboM
KOMILJIEKC Pas3JIMYHbIX Mep, Hauboee 3(hHEeKTUBHON
U3 KOTOPBIX CEroIHS ABJIIETCS CeBO060POT. O6GHAPY-
JKEHO, UTO ITPOMbIBKA CEMSTH ITEPOKCUYKCYCHOM U CO-
JISHOM KMCJIOTAMM 3HAUUTEJbHO CHUXKAET CTEIEeHb

and Sweden (Stewart et al., 2015). The possibility of
spreading the infection by seeds has been shown in
watermelon (Hopkins et al., 1996; Lee et al., 1984) and
nutmeg (Gusmini et al., 2003). In the field, the patho-
gen spreads with infected plant debris and infected
plants (Keinath, 2008), droplet liquid moisture (Everts,
Zhou, 2011).

Stagonosporopsis citrulli can infect Cucurbitace-
ae such as watermelon, melon, squash and pumpkin
(Keinath, DuBose, 2017; www.cabi.org/isc, 2022).

Symptoms of gummy stem blight can vary de-
pending on the crop type in the Cucurbitaceae family.
The most common symptoms are on the leaves, which
are round, watery lesions, sometimes surrounded by
a yellow halo. Symptoms also appear as a necrotic
burn around the interveinal region. More often, me-
chanically damaged, weakened plants and their old
leaves are affected, since the pathogen belongs to the
group of facultative necrotrophs by the nature of nu-
trition; the fungus can survive on infected plant tis-
sue for up to 24 months (Keinath, 2008). Stagonospo-
ropsis citrulli produces the enzyme polygalacturonase,
with the help of which it breaks down plant polysac-
charides, making them suitable for its nutrition. Stem
symptoms appear as watery lesions that become ne-
crosis over time. The classic symptom is red or black
sticky drops of exudate found along the stem (Paret
etal., 2011).

On infected fruits during storage, a characteristic
gummy rot appears. Pycnidia may be present on the
surface of the fruit, forming an annular pattern of black
spots.

Infection with the fungus requires free moisture
for at least one hour, and high relative humidity is a
condition for the expansion of the lesion. At an opti-
mum temperature of 16 to 25 °C, symptoms can be ob-
served as early as a week after spores germinate on
sensitive tissue (Paret et al., 2011).

The diagnosis of the fungus is carried out mainly
by cultural and morphological analysis. Morphological
characteristics such as the shape and color of the cul-
tured isolate are visible to the naked eye. Using optical
microscopy, the characteristics of hyphae, pycnidia, co-
nidia and chlamydospores are analyzed. As Stagonospo-
ropsis citrulli has closely related species, for more ac-
curate identification, molecular genetic methods are
used.

Breeders have identified several resistance factors
to Stagonosporopsis spp., present in some Cucurbitaceae
varieties. However, there are currently no commercial-
ly available cultivars resistant to the phytopathogen.
The fight against gummy blight is a complex of various
measures, the most effective of which today is crop ro-
tation. It was found that washing the seeds with per-
oxyacetic and hydrochloric acids significantly reduces
the degree of infection (Hopkins et al., 1996). Reducing
rainfall with mulch has been shown to significantly re-
duce infection transmission during rain and irrigation
(Everts and Zhou, 2011). Good results in the control of
mycosis can be achieved by using correctly selected
combinations of fungicides and biological products on
vegetative plants.

dutocaHutapus. KapaHtuH pacteduin 44



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

nposiBienus nHdekiuu (Hopkins et al., 1996). [Toka-
3aHO, YTO YMEHbIIIEHNE KOJIMYECTBA JOXKIEBbIX OPBI3T
C TIOMOIIbI0 MYJIBUYY 3HAUUTEJIbHO CHUIKAET TIepea-
vy nH(MEKIINY BO BpeMs AOXKAsA U opoureHus (Everts,
Zhou, 2011). Xopourux pe3yabTaToB B 60pb6e ¢ MUKO-
30M MOJKHO JIOGUTBHCS MPUMEHEHUEM HA BETETUPYIO-
VX PACTEHUIX [TPABUJIBHO MTOJ00PaHHBIX KOMOUHA-
1YH QYHTUIIWIOB U 6MOITPernapaTos.

AHanM3 GUTOCAHUTAPHOTO PUCKA MTOKA3aJ, YTO
Stagonosporopsis citrulli cmoco6eH MPOHUKHYTH B Poc-
cutickyio desepanuio U aKKJINMaTU3UPOBAThCS, IPU
9TOM y1IeP0, KOTOPbIN MOXKET HaHECTU (PUTOIIATOTEH,
OIleHEH KaK HeBBICOKUH. [ToKa3aTesb IOTEHI[UAbHO-
ro ymepba oT Stagonosporopsis citrulli coctasnseT 1,05,
U 9TO 3HAYEHUE HUKE YCIOBHOTO ITOPOrOBOT0 3HAYE-
Hwus (1,25) nmokazaresis. TakuM o6pazoM, Stagonosporop-
sis citrulli He COOTBETCTBYET KPUTEPUSIM KapaHTUHHOTO
st Poccuiickoi denepaliuy opraHusma.

3AKJIIOYEHUME

B pesynbTaTe UCCIe0BaHMS, IOCBIIIEHHOr0 paspa-
60TKe PeKOMEHIAIUY 10 KOHTPOJIIO ITePeAarIuXCs
CeMeHaMM ThIKBEHHBIX KYJIbTYyp (GUTOMIAaTOTreHOB Dia-
porthe cucurbitae u Stagonosporopsis citrulli, n3yueHa HO-
MEHKJIaTypa, TAKCOHOMUS, PACIIPOCTPaHeHue U 61o-
Jiornyeckre 0cO6eHHOCTU TIepeNauIuXcsd CEMeHaMu
(buTOMaTOreHOB, OTCYTCTBYIOIIUX HAa TEPPUTOPUU PD.
[TpoaHanm3upoBaHa WH(OPMAIINS O CYIIECTBYIOIUX
IVarHOCTUYECKUX METO/AX, BPEJOHOCHOCTU U METO-
nax KoHTposas Diaporthe cucurbitae n Stagonosporopsis
citrulli. icnonb30BaHVe M3yYeHHOU MHGOpMauu
nJisg ipoBefieHusa AP 1103BOJINIIO OLLEHUTH IIOTEHIU-
QJIbHBIH yIIEPO OT MHTPOLYKIIUY M aKKIUMaTU3aI U1
YKa3aHHBIX BUJIOB (QUTOTIATOTeHHBIX rpuboB. Yucio-
BO€e 3HaUeHNe TT0Ka3aTesisd MOTeHIUaJIbHOrO yiepoa
oT Diaporthe cucurbitae coctasiisieT 0,94, a oT Stagono-
sporopsis citrulli — 1,05. 06a 3HaUeHU S HIDKE YCIIOBHOTO
rmoporosoro nokasatens (1,25). TakuM o0pasoM, usy-
YyaeMble BUIbl HE MOTYT ObITh PEKOMEHJOBAHBI /IS pe-
T'YIMPOBAHUS B KAYECTBEe KaPAaHTUHHBIX OPraHU3MOB
Ha TeppuTopuu Poccuiickoyt demepaiiuu.
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Pest risk analysis showed that Stagonosporopsis
citrulli is able to be introduced into the Russian Fede-
ration and adapted, while the damage that the phyto-
pathogen can cause is assessed as low. The indicator of
potential damage from Stagonosporopsis citrulli is 1.05,
and this value is below the conditional threshold (1.25)
of the indicator. Thus, Stagonosporopsis citrulli does not
meet the criteria for a quarantine pest for the Russian
Federation.

CONCLUSION

As a result of the study devoted to the development
of recommendations for the control of phytopatho-
gens transmitted by Cucurbitaceae seeds of Diaport-
he cucurbitae and Stagonosporopsis citrulli, the nomen-
clature, taxonomy, distribution and biological features
of seed-transmitted phytopathogens that are absent
on the territory of the Russian Federation have been
studied. Analyzed information about existing diagnos-
tic methods, harmfulness and control methods of Di-
aporthe cucurbitae and Stagonosporopsis citrulli. The use
of the studied information for conducting PRA made
it possible to assess the potential damage from the in-
troduction and adaptation of the indicated species of
phytopathogenic fungi. The numerical value of the in-
dicator of potential damage from Diaporthe cucurbitae is
0.94, and from Stagonosporopsis citrulli — 1.05. Both va-
lues are below the conditional threshold (1.25). Thus,
the studied species cannot be recommended for regu-
lation as quarantine pests on the territory of the Rus-
sian Federation.
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