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AHHOTAILIUA
HacTosgmas paboTa MOCBAIlleHa UAeHTUDUKAIIUU
KpacHOT0 IaJibMOBOro KJjeia Raoiella indica, OTHO-
CAIIErocs K CEMENCTBY KJeIlel-TIOCKOTeJIOK (Acari:
Tetranychoidea: Tenuipalpidae). 9ToT Buz KJjelra
SBJISIETCS aKTUBHBIM MHBANIEPOM, ITIOBPEXKIAIOIIM
TPOMNUYECKrEe U CyOTPONMUYeCKre KyJIbTyPhl pacTe-
Hu#. [IpeamonaraeTcs, YTo MOTEHIIMAJIbHBIM apea-
JIOM BUJZIa B CJIydae ero UHBasuu B Poccuio GyneT sB-
JIATbCS TeppuTopus HKHOTO hemepaIbHOTO OKpyTa.
B craTbe nMpuBefieHa pa3BepHyTas MOPMOJIOTuUecKas
XapakTepHUCTHKa Kiellel ceMelicTBa Tenuipalpidae,
YUUTHIBAOILAS OOIIENIPUHATbIE 0003HAYEHUS XETO-
Ma TeJla U KOHEUHOCTEH, C KPaTKUM PaCCMOTPEHUEM
PasIUYMi B TEPMUHOJIOTUY OTHOCUTEJIbHO Ha3BaHUS
KOMyJIATMBHOTO opraHa camua. Jlag guddepeHiiua-
WY BAXKHEHNIINX XU3HEHHBIX CTaAUHN O0OJIbIIMHCTBA
BUJIOB CEMEMCTBA KJellel-IIJI0CKOTENIOK IIpeacTaBIIe-
Ha OIIpefeuTeNbHAs TA0IMITA, TaK KaK BUIOBAST UIEH-
TU(GUKAIUA TPOBOIUTCS TOJHKO T10 B3POCJIBIM 0COGSIM.
B cTaThe NpuUBeIeHbl IPU3HAKN CTPOEHUS B3POCIIBIX
ocobel KpacHOTO ITaJIbMOBOTO KJelna (CaMIIOB U ca-
MOK), 00061IeHHbIe JaHHbIE [0 PACTIPOCTPAHEHUIO,
pacTeHusM-X03sieBaM M JUaTrHOCTUYECKUM IIPU3HA-
KaM BUZOB poxa Raoiella. VicciiemoBaHbl JUArHOCTH-
YyecKue TIPU3HAaKYU JOPCOIEHTPAJIbHOIO XeTOMa, Xe-
TOMa KayJoaJbHOU 06JIacTy M KOHEUHOCTeH R. indica
Ha [IprMepe JOMUHUKAHCKON MOy aanuy. Ha ocHOBe
cBogku Beard et al. (2018) u c yueTom pa6oT Pritchard,
Baker (1958) u MuTtpodanoBa, CTpyHKOBOH (1979)
coCTaBJIeHA YITPOINEeHHAs ONpeAeuTeIbHasI Tabm-
na aag nuddepeHnuanum R. indica 0T 0CTaJbHBIX
BUIOB pojia IJis MPaKTUKU (PUTOCAHUTAPHBIX JIaGo-
paTopuii. JIaHHBIHN KJII0Y 6a3upyeTcs Ha CIAELYIOIINUX
IUaTHOCTUYECKUX MpU3HaKaX: OTHOIIEHUS IJIUH
IOPCOIIEHTPAJbHBIX IIETUHOK, IJUH IIEPBOY Mapbl
JIIOPCOIEHTPAIBHBIX IMMETUHOK OTHOCUTEIbHO IIEPBOTO
MeXIypsiabs, GopMa IMEeTUHOK 12, KOJIUYECTBO IIETH-
HOK Ha KOJIEHE IIePBOY ¥ BTOPOM Map HOT, OTHOIIEHUS
IJIVH TPOKCUMAJIbHBIX COIEHUAUSA w”’ ¥ TaKTUIbHOU
LWEeTUHKY ft” Ha JIalTKax MePBOM Iapbl HOT.

Knrwouesvie cnosa. BpemuTtenyu pacTeHUU, Kie-
IU-TIJIOCKOTENKY, MOopojorus, uAeHTU(PUKAIIUSA,
aKapoJiorus.

IDENTIFICATION
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Morphological
identification of the

red palm mite Raoiella
indica Hirst, 1924 (Acari:
Tenuipalpidae)
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Moscow Oblast, Russia

ORCID 0000-0003-4251-4862,

e-mail: ilyakamayev@yandex.ru

ABSTRACT
The present work is dedicated to the identification of
the red palm mite Raoiella indica, belonging to the fami-
ly Acari: Tetranychoidea: Tenuipalpidae. This mite spe-
cies is an active invader, damaging tropical and sub-
tropical plant crops. It is assumed that the potential
range of the species in case of its invasion to Russia
will be the territory of the Southern Federal District.
The article provides detailed morphological character-
istics of Tenuipalpidae mites, taking into account the
generally accepted designations of the chaetome of
the body and legs, with a brief consideration of differ-
ences in terminology regarding the name of the male
copulatory organ. To differentiate the most important
life stages of most Tenuipalpidae species, a key table
is presented, since species identification is carried out
only by adults. The article presents structural features
of adult individuals of the red palm mite (males and fe-
males), generalized data on spreading, host plants and
diagnostic characters of Raoiella species. The diagnos-
tic features of the dorsocentral chaetome, the caudal
region and legs of R. indica were studied on the example
of the Dominican population. Based on a monograph by
Beard et al. (2018) and taking into account the works
of Pritchard, Baker (1958) and Mitrofanov, Strunkova
(1979), a simplified key table was compiled for the dif-
ferentiation of R. indica from other species of the genus
for the practice of phytosanitary laboratories. This key
is based on the following diagnostic characters: the ra-
tio of the lengths of the dorsocentral setae, the lengths
of the first pair of dorsocentral setae relative to the first
row spacing, the shape of the setae 42, the number of
setae on the genu of the first and second pairs of legs,
the ratio of the lengths of the proximal solenidion w”
and tactile seta ft” on the first pair of legs.

Key words. Plant pests, Tenuipalpidae, morpholo-
gy, identification, acarology.
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WOEHTU®UKALIMA IDENTIFICATION

Puc. 1. XeToTakcusa popcanbHoli NOBEPXHOCTU caMku (a) Fig. 1. Chaetotaxy of the dorsal surface of the female (a)
n camua (b) kpacHoro nanbmoBoro knewa Raoiella indica.  and male (b) of the red palm mite Raoiella indica.

Ha npaBoii nonoBrHe Tena nHoekcamm 0603HaueHbl Corresponding setae are indicated by indexes on the right
COOTBETCTBYIOLLME WETUHKKU. Y caMua afearyc BblgeneH half of the body. In the male, the aedeagus is highlighted
KOHTpacTupoBaHueM ugeTa (hoTto U.0. Kamaesa) by color contrast (photos by I.0. Kamayev)

Puc. 2. CumnToMBbI, Bbi3BaHHbIe R. indica Ha hparMeHTe
(cermeHTax) nMcTa KOKOCOBOW NasibMbl: @ — afaKkcuanbHas
CTOpPOHa; b — abakcuanbHasa CTOPOHA CErMeHTa JINCTa;
MesiKue KpacHble ToUKu — ocobu knewa (choto N.0. Kamaesa)

BBEJIEHUE

PacHBIA TIaJbMOBBIN KJiell Raoiel-
la indica Hirst, 1924, oTHocsIuicsa
K CEMEUCTBY KJIEIIEeN-IIJI0CKOTEI0K
(Acari: Tetranychoidea: Tenuipalpi-
dae), sIBJIsIeTCSI 3HAUMMBIM BpPEJIUTE-
JieM MHOTUX TPOTIMYECKUX U CYOTPO-
MMUYEeCKUX KyabTyp (puc. 1, 2). OTOT
BU/J XapaKTepusyeTcs BBICOKOU UH-
Ba3MOHHOU akTUBHOCTHIO (Roda et al., 2008; Dowling et
al., 2010, 2012), a ero apeaJ B HACTOSIII[ee BPEMS MOX-
HO OxXapakKTepr3oBaTh Kak maHTpornuueckuil (CABI,
2022). [IpenmoJsiaraeTcs, 4YTo B CJIydae BCeJEHUS JTaH-
HOTO BUjIa Ha TeppuTopuio Poccuiickot ®enepanuu
HaubONBIIMKA Bpe 6yIeT MPOSIBJISATHCS IPEXK/IE BCETO
B l0xHOM (hemepanbHOM OKpyre. CBOEBPEMEHHOE BBI-
SIBJIEHUE 3TOTO BPEeNUTEJIS HA PACTUTEIbHOU ITPOIYK-
uuu 6yeT cayXuThb 3heKTUBHON DUTOCAHUTAPHON
MepOW Mo MpeIoTBPAIleHUI0 MHBA3UY KJIEIa.

Fig. 2. Symptoms caused by R. indica on a fragment
(segments) of a coconut palm leaf: a — adaxial side;
b — abaxial side of the leaf segment; small red dots -
mite individuals (photos by I.0. Kamayev)

INTRODUCTION

ed palm mite Raoiella indica Hirst, 1924, be-

longing to Acari: Tetranychoidea: Tenuipal-

pidae, is a significant pest of many tropical

and subtropical crops (Fig. 1, 2). This spe-

cies is characterized by high invasive activi-
ty (Roda et al., 2008; Dowling et al., 2010, 2012), and its
range can currently be described as pantropical (CABI,
2022). It is supposed that if this species is introduced
into the territory of the Russian Federation, the great-
est harm will be manifested primarily in the Southern
Federal District. Timely detection of this pest on plant
products will serve as an effective phytosanitary mea-
sure to prevent this mite bioinvasion.
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Mopdoyoruss KpacHOro MaJibMOBOTO KJella
CPaBHUTEJbHO XOPOIIIO UCCIeloBaHa, UMeIoTcs pabo-
ThI, II03BOJISIONIYE IPOBECTU UAEHTU(PUKAIINIO DTO-
r'0 BUIa, OLHAKO OHU MMEIOT OrPaHUYEHUsI, KOTOPbIE
paccMOTpeHbI HIKe. Ha CeromHAMHUN TeHb U3BECT-
HbI 6oJiee 20 BumoB poaa Raoiella (Beard et al., 2018),
TOrZa Kak paHee ONMyOJMKOBAHHBIE CBOAKU OXBAThI-
BaJiu 3 BUfa JaHHoOro poga (Pritchard, Baker, 1958
Mutpodanos, CTpyHKOBa, 1979) munu ToabKo R. indica
B KJII0Uax 1o ugeHtudukanuu Tenuipalpidae oTmens-
HBIX Teorpaduueckux perrnonos (Hatzinikolis, 1987;
Ueckermann et al., 2018). [Tpu 3TOM TIPeAJI0KEHHbIH
Beard et al. (2018) ko4 ajg ugeHTU(GUKAIINY BULOB
pona Raoiella, Ha HAII B3TJS, IPEICTABISETCS I0-
CTaTOYHO CJIOXKHBIM [IJIST PYTUHHOUW (DU TOCAHUTAPHOM
IVarHOCTUKY, TaK KaK OTPakaeT BO3MOXKHbIE (priiore-
HEeTUYeCKUEe CBSI3U MEX/Y IPeICTaBUTESIMU yKa3aH-
HOTO poja.

B HacTosmel paboTe MpeJJIoKeH YIIPOIeHHbBIN
aJITOPUTM UIEHTU(GUKAIIUU KPACHOTO ITaJIbMOBOTO
KJIellia JJis IPaKTUKY (GUTOCAHUTAPHBIX JIJaO0paTOPUM
Ha OCHOBE CUHTE3a ITPEAIIEeCTBYIOIIEro OIbITa JUaTrHO-
CTUKU JaHHOTO BUIA.

MATEPUAJIBI U METO/1bI

MaTepuraj KpacHOro mmajbMoBoro kieia (R. indica) —
285Kk3.(8 4,199, 1 HuMmda) — 66wt rostydeH B 2019 T. ¢ fe-
KOPaTMBHBIX TI0cafiok Cocos nucifera (Monocotyledones:
Arecaceae) Ha Tepputopuu JJOMUHUKAHCKOU Pec-
my6avky (OKkpecTHOCTH Topoga [TyspTo-IlnaTa); hukca-
g MaTepurajia IpousBoguiIach B 70%-M 3TaHOJIE.

V3roTOBJIE€HNE MUKPOIIPEIIapaToB KJIellel mpo-
BOJMJIOCH Ha 6a3e 1abopaTOPUY SKOJIOTUU U TeHETUKU
HACEeKOMBIX U KJIelel HayYHO-MeTOIUYEeCKOTr0 OTe-
Jga sHToMosiorun ®Irby « BHMUKP» riof, cTepeoMUuKpo-
ckoroM Zeiss Stemi 2000 ¢ McCIoJib30BaHUEM CPeZ bl
Xotiepa, COTJIACHO pelleNnType, MpuBeneHHOoN Krantz,
Walter (2009). Ha oguH MUKpOIIperapaT IoMeajoch
HECKOJIbKO 0Cc00eil KJielllel, 3aTeM BbIJEepPKUBaIU
npu 70-75 °C Ha TepMocToauKe (MUKPOTEPMOCTAT
«BUC-H») B TeueHUe 3 4acoB.

MUKPOCKOTIMPOBAHUE TIPOBOJUIIOCH B ITPOXO-
ISIIEM CBETE C IIOMOIIBI0 (ha30BO-KOHTPACTHBIX MU-
KpOCKOMoB Zeiss Axio Imager 2 (®PI'BY «BHUUKP»)
u Levenhuk MED D45T LCD (o60opynoBaHre aBTOpa)
npu yBenuueHuu B 10-1000 pas. doTorpaduposa-
HUe, MOpGOMETPUYECKEe U3MEPEHUS U TTOCIIeLYIOast
06paboTKa UJTIOCTPALIUH 6BLIN OCYIIECTBIIEHEI C T10-
MOIIIBIO ITPOTPAaMMHOI0 obecreueHus Zen 2.3. B psazge
cllydyaeB IIPUMeHsJIach rmocjoiiHasg gororpadus ais
TIOJIyUeHMS LOCTaTOUHOU ry6UHbBI pe3KoCTU u306pa-
JKeHud. J[JIsT U3TOTOBJIEHUS MOCIOUHON (oTorpaduu
cepus KaJpOB CITUBajach B Zerene Stacker. ®mHaIb-
Has 06paboTKa moJsiyueHHOro ¢aiija mpou3BoAUIach
B oTopemakrope Adobe Photoshop CC.

B HacTosIme paboTe UCIIONb3YEeTCI TEPMUHOJIO-
rusi, OBUIeNTPUHSTAas B PYCCKOSI3bIYHOM JIUTEPATYPE
110 TeTPaHUXOUIHBIM KJemaM (MutpodaHos, CTpyH-
KoBa, 1979; Pekk, 1959; Batiamrretin, 1960, 1978; Mut-
podanoB u Ap., 1987), o603HaAUEHU METUHOK TeJjia

* Pritchard, Baker (1958) B cBOel MOHOrpatuv NnpuBoaaT
onpenenuTenbHyto Tabnuuy ans noeHTugukaumm Raoiella
queenslandica Womersley, 1942 [B HacToALLee BpeMs OTHO-
cuTcs K pony Macfarlaniella], R. australica Womersley, 1940;
R. indica Hirst, 1924; R. macfarlanei Pritchard et Baker, 1958.

The red palm mite morphology is relatively well
studied, there are works that allow identification of this
species, however, they have limitations discussed be-
low. At present, over 20 species of Raoiella are known
(Beard et al., 2018), whereas previously published
summaries covered 3 species of this genus (Pritchard,
Baker, 1958"; Mitrofanov, Strunkova, 1979) and only
R. indica in Tenuipalpidae identification keys for se-
lected geographic regions (Hatzinikolis, 1987; Uecker-
mann et al., 2018). Meanwhile suggested by Beard et al.
(2018) identification key to Raoiella species, in our opi-
nion, seems to be quite difficult for routine phytosani-
tary diagnostics, as it reflects possible phylogenetic re-
lationships between species of this genus.

In this paper, a simplified algorithm for the iden-
tification of the red palm mite for the practice of phy-
tosanitary laboratories is proposed based on the
synthesis of previous experience in diagnosing this
species.

MATERIALS AND METHODS

Red palm mite material (R. indica) — 28 individuals (87,
199, 1 nymph) — was obtained in 2019 from ornamen-
tal plantings of Cocos nucifera (Monocotyledones: Areca-
ceae) on the territory of the Dominican Republic (near
the city of Puerto Plata); the material was fixed in 70%
ethanol.

The slides were prepared on the basis of the
Ecology and Genetics of Insects and Mites Laborato-
ry of the Research and Methodological Department of
Entomology of FGBU “VNIIKR” under a Zeiss Stemi
2000 stereomicroscope using Hoyer’s medium, ac-
cording to the recipe given by Krantz, Walter (2009).
Several mites were placed on one slide, then kept at
70-75 °C on a hot plate (BIS-N microthermostat) for
3 hours.

Microscopy was carried out in transmitted light
using phase-contrast microscopes Zeiss Axio Imag-
er 2 (VNIIKR) and Levenhuk MED D45T LCD (author’s
equipment) at a magnification of 10-1000 times. Pho-
tographing, morphometric measurements and subse-
quent processing of illustrations were carried out using
Zen 2.3 software. In some cases, layered photography
was used to obtain sufficient depth of field in the im-
age. To make a layered photograph, a series of frames
were stitched together in a Zerene Stacker. The final
processing of the resulting file was carried out in the
Adobe Photoshop CC photo editor.

In this work, we use the terminology generally ac-
cepted in the Russian-language literature on tetrany-
choid mites (Mitrofanov and Strunkova, 1979; Reck,
1959; Wainstein, 1960, 1978; Mitrofanov et al., 1987),
designations of the setae of the body and legs are giv-
en according to the Lindquist system (Lindquist, 1985)
with additions from Mitrofanov and Strunkova (1979)
and Beard et al. (2018).

* Pritchard, Baker (1958) in their monograph, they give a key
table for identifying Raoiella queenslandica Womersley, 1942
[currently belongs to the genus Macfarlaniellal, R. australica
Womersley, 1940; R. indica Hirst, 1924; R. macfarlanei
Pritchard et Baker, 1958.
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¥ HOT TIPUBOAATCA 10 cucTeMe JImuaksucra (Lind-
quist, 1985) ¢ momoiHEHUSIMU 13 paboT MuTpodaHoBa
u CtpyHKoBOIi (1979) m Beard et al. (2018).

PE3VJBbBTATBI U OBCYKJEHUE

TakcoHoMHuuecKuii cratyc Raoiella indica

[TepBoomnucanue: Raoiella indica Hirst, 1924: 522.

Bupn omucan u3 Koumbatypa, IOxuasg Mugus
(Hirst, 1924). TunoBoi MaTepuasl XpaHUTCS B My3see
€CTeCTBEeHHOM nctopuu, JIOHIOH, BelIuKoOpUTaHUS
[BMNH] (Mesa et al., 2009).

CuHoHHMMBI (110 Mesa et al. (2009) 1 yacTU4HO
o Beard et al. (2018)): Rarosiella cocosae Rimando,
1996; Raoiella camur Chaudhri et Akbar, 1985; R. empe-
dos Chaudhri et Akbar, 1985; R. neotericus Chaudhri et
Akbar, 1985; R. obelias Hasan et Akbar, 2000; R. pan-
danae Mohanasundaram, 1985; R. phoenica Meyer,
1979; R. rahii Akbar et Chaudhri, 1987.

3ameuaHue. CylecTByIOT Pa3HOTIaCKUsI OTHOCH-
TeJIbHO BaJIMIHOCTH R. pandanae, KOTOPbIH MOpdOJIo-
rUYecKky 0JIM30K K R. indica. Mohanasundaram (1985)
HaOJII0All 3apajkeHre STUM KJIELU[OM pacTeHui Pan-
danus (Monocotyledones), KOTOpbI€ OBLIN OKPY>KEHBI
MIPOM3paCTAIIMMU KOKOCOBBIMU majibMmaMu Cocos
nucifera (Monocotyledones). CielyeT OTMETHUTBH, UTO
M3BECTHBI cy4yau 3aHoca R. indica Ha HexapaKTep-
HOe pacTeHMne-X03gaKH, KaK 9T0 HabJimLaloch B Bpa-
3uany Ha Fragaria (Hata et al., 2017). CorsiacHo Mesa
et al. (2009), R. pandanae BAsSETCS MIAIIIAM CUHOHU-
MoM R. indica. TTo mHeHmto Beard et al. (2018), craTyc
IaHHOTO BU/IA He IIPeICTaBJISIeTC II0JHOCThIO ICHBIM,
TaK Kak aBTOpaMu He ObLI U3yUYeH TUIIOBOW MaTepu-
aj, HO Ha OCHOBAHWY II€PBOOIMCAHUS BbICKa3aHO
MIPEIO0JNIOKEHNE, YTO STOT BUJ IBJISETCI BaJIUIHBIM
(mpu aTOM OTMeUYaeTcs, 4TO R. pandanae HyXAaeTcCs
B IIEPEOIUCAHUY). B 4aCTHOCTH, aBTOPHI YKAa3bIBAIOT
Ha pasjdyusg B OJIWHE JOPCAJbHBIX HIETUHOK (UTO
OBLIIO OIMpPEeIeNIEeHO 110 PUCYHKY HE OUEHb XOPOIIEero
KauyecTBa M3 OPUTHMHAJBHOIO OIUcaHud R. pandanae)
1 PACTEeHUSIX-X03s1eBax.

B HacTosuier paboTe OTHOCUTENbHO R. pandanae
MIPUHATA TOYKa 3peHus Mesa et al. (2009).

0GoG1IeHre CBEIEeHMIT M0 MOP(oIoTHUH

KJIenei-miockore ok (Tenuipalpidae)

¥ NAeHTU(UKALUA BasKHEHIINX CTaguii

JKU3HEHHOT0 IIUKJIa

[Jist 06J1erdyeHus BOCIIPUSATHS TIOCJIEIYIOIIETO Ma-
TepuaJjia MPUBOAUM Pa3BEPHYTYI0 MOPGHOJIOTUUIECKYIO
XapaKTepPUCTUKY KJelnel ceMmetricTBa Tenuipalpidae.
Pazpmes ocHOBaH Ha paboTax MuTtpodaHoBa, CTPyHKO-
Boii (1979), Mesa et al. (2009), Pritchard, Baker (1958),
Banumreiina (1960, 1978), Krantz, Walter (2009), ¢ ak-
LIEHTOM Ha R. indica.

Teno kiemel cemerictBa Tenuipalpidae mogpa3s-
JleJIEHO Ha THATOCOMY, TPOIIOA0COMY U TUCTEPOCOMY
(MeTamomocoMa 1 OIIMCTOCOMA), ITOCIeIHKE 2 OTheIa
paszesieHbl SBHBIM IIBOM, MM 60PO3AKOM (puc. 3).

T'HaTocoMy 06pasywT cTUIO(GOP C Tapoy BhI-
IBVYKHBIX CTUJIETOB (XeJIUIePhl), TUIIOCTOM U ITapa I1e-
nuranbi (manb). ['MmocToM B Buzie 4-yroJabHOU TIa-
CTUHKH, ITPOJOJIKAIOIIUNCS B KOHUUYECKUH POCTPYM;
C Iapoii BeHTPaJbHbBIX HIETUHOK WK 6e3 HuX. [Tajib-
bl U3 1—-5 CerMeHTOB (BePTIIyT, 6eIpo, KOJIEHO, TOJIEHb
U JIaTIKa) WM OTCYTCTBYIOT. BeIpo ¢ OJHOM e TUHKOM
iy 6e3 Hee, y CAaMIIOB OHA MOXKET OBITh ITPEBPaleHa
B mnil. Ha roJleHy KOTOTOK He Pa3BUT, YTO OTJIUYAET

RESULTS AND DISCUSSION

Taxonomy of Raoiella indica

Original description: Raoiella indica Hirst, 1924:
522.

The species is described from Coimbatore, South
India (Hirst, 1924). The type material is deposited at
the Natural History Museum, London, UK [BMNH]
(Mesa et al., 2009).

Synonyms (according to Mesa et al. (2009) and
partly Beard et al. (2018)): Rarosiella cocosae Rimando,
1996; Raoiella camur Chaudhri et Akbar, 1985; R. empe-
dos Chaudhri et Akbar, 1985; R. neotericus Chaudhri et
Akbar, 1985; R. obelias Hasan et Akbar, 2000; R. pan-
danae Mohanasundaram, 1985; R. phoenica Meyer,
1979; R. rahii Akbar et Chaudhri, 1987.

Note. There is controversy regarding the validi-
ty of R. pandanae, which is morphologically similar to
R. indica. Mohanasundaram (1985) observed infesta-
tion by this mite on Pandanus (Monocotyledones), which
were surrounded by growing coconut palms Cocos nu-
cifera (Monocotyledones). It should be noted that there
are reported cases of introduction of R. indica to an un-
common host plant, as observed in Brazil on Fragaria
(Hata et al., 2017). According to Mesa et al. (2009),
R. pandanae is a junior synonym for R. indica. Accord-
ing to Beard et al. (2018), the status of this species is
not completely clear, since the authors did not study the
type material, but based on the original description, it
was suggested that this species is valid (it is noted that
R. pandanae needs a redescription). In particular, the
authors point to differences in the length of the dor-
sal setae (wWhich was determined from a not very good
quality drawing from the original description of R. pan-
danae) and host plants.

In this work, R. pandanae is considered according
to Mesa et al. (2009).

Generalization of information

on the morphology of Tenuipalpidae

and identification of the most important

stages of the life cycle

To facilitate the perception of the following mate-
rial, we present a detailed morphological description of
Tenuipalpidae mites. The section is based on the works
of Mitrofanov, Strunkova (1979), Mesa et al. (2009),
Pritchard, Baker (1958), Wainstein (1960, 1978),
Krantz, Walter (2009), with emphasis on R. indica.

Tenuipalpidae mite body is subdivided into gna-
thosoma, propodosoma, and hysterosoma (metapo-
dosoma and opisthosoma), the last 2 parts are usually
separated by a clear suture, or furrows (Fig. 3).

The gnathosoma is formed by a stylophore with a
pair of retractable stylets (chelicerae), a hypostome, and
a pair of pedipalps (palpi). Hypostome in the form of a
4-angle plate, continuing into a conical rostrum; with
or without a pair of ventral setae. Palpi of 1-5 segments
(trochanter, femur, genu, tibia, and tarsus) or absent. Fe-
mur with or without one seta, in males it may be turned
into a spine. The palptibial thumb-claw is not developed,
which distinguishes Tenuipalpidae family from repre-
sentatives of other Tetranychoidea families. Leg with
one or two sensory setae and one or two tactile setae.
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KJemel ceMeiicTBa Tenuipalpidae ot mpeacraBuTe-
Jiel mpoumx cemelcTB Tetranychoidea. Jlamka ¢ ofi-
HOM-IBYMS CEHCOPHBIMY IETUHKAMU U OJTHOU-IBYMSI
TaKTUJIbHBIMU IIETUHKAMU.

TIpomomocoMa BIIepeay YacTO BBITIHYTA B TOH-
KyI0 KaeMKY C HECKOJIbKUMHU TTapHBIMU BBIPOCTAMU
0e3 MEeTUHOK («KOPOHKa», UJIKX POCTPaJIbHOE II0Je).
[lepuTpeMbl IIPeNCTaBJEHbI Mapod MPOCTHIX TPY-
0ok (puc. 4), 3aJerarouux B CTeHKaX XeJUIIePOBOH
BOPOHKU. BepuInHa mepuTpeM HECKOJIBKO YTOJIIEHA,
uHorza cjiabo n3oruyra. Ha rmporoiocoMe MOXKeT 6bITh
MaKCHMAaJIbHO IIPeACTaBIeHO 3 Iaphl MEeTUHOK (vV2, scl,
sc2). Mexxpy meTuHKamMu scl U sc¢2 PacIoyIoKeHBI T1a3a
(06BIYHO B KOJTMUECTBE JIBYX I1ap), Wiu (Pexe) OHU pe-
IyLUPOBaHbI, KakK y Raoiellana allium.

JlopcanbpHO rucTepocoMa HeceT OT 5 A0 13 map
meTnuHOK (puc. 1, 3). MenuajbHO PACIIOJIOXKEH JIOP-
COLIEHTPaJabHbIN paj meTuHoK (DC), KOTOpble HAUM-
HaIoTCA ¢ ¢I; KpaeBoe MOJIOKeHNe 3aHUMAaeT IOPCo-
JnaTepanbHbIii psag (DL), HAUMHAKIUNACS ¢ ¢3. Mex Iy
HUMU PACIIOJIOXKEH opcocybaTepaiabHbii psa (DSL),
HauYMHAIOUIMKCS C ¢2. MaKCUMaJIbHOE KOJIMUECTBO IIe-
THUHOK BapbUpPyeT B 3aBUCHUMOCTHU OT Psja: Mo 3 Ie-
TUHKU B PSAJIax ¢, d, €; 10 2 B psigax f(0603Hava0TCs Kak
fuf)uh(hlnh2).

Ha BeHTpaJbHOU IMOBEPXHOCTU TeJjia KJlelleh
C CUJIbHO CKJIEPOTU3UPOBAHHBIMU IIOKPOBAMU UMe-
IOTCSI BEHTPAJIbHbIN, TeHUTAIbHBIN ¥ aHAJTbHBIN IIUThI
(puc. 3). Y kJeleit co ciabo CKIePOTU3UPOBAHHBIMU
TIOKpOBaMu, HaIpuMep, Raoiella, MUTHI HE PA3BUTHI;

papl

nanena

gnathosoma
rHaTocoma

Propodosoma in front often extended into a thin
border with several paired outgrowths without setae
(“crown” or rostral shield). The peritremes are rep-
resented by a pair of simple tubes (Fig. 4) lying in the
walls of the cheliceral funnel. Apex of peritrema some-
what thickened, sometimes slightly curved. 3 pairs of
setae can be maximally represented on the propodo-
soma (v2, sc1, sc2). Eyes are placed between setae scl
and sc2 (usually two pairs), or (more rarely) they are
reduced, as in Raoiellana allium.

Dorsally, the hysterosoma bears from 5 to 13 pairs
of setae (Fig. 1, 3). Medially located is the dorsocentral
row of setae (DC), which begin with c1; the marginal po-
sition is occupied by the dorsolateral row (DL), starting
with ¢3. Between them is the dorsosublateral row (DSL),
starting with ¢2. The maximum number of setae varies
depending on the row: 3 setae in rows ¢, d, e; 2 setae in
rows f(marked as f2 and f3) and & (k1 and h2).

On the ventral surface of the mite body with
strongly sclerotized integuments, there are ventral,
genital, and anal plates (Fig. 3). In mites with weakly
sclerotized integuments, such as Raoiella, plates are not
developed; these parts of the body are called regions
(Fig. 5b).

Intercoxal setae are designated by index a (Fig. 5a):
anterior setae, 1 pair; middle setae, 1-2 pairs; and pos-
terior setae, 1-5 pairs; setae b and ¢ on coxae of legs.
Coxa chaetome formula I-1V: 1-2; 1-2; 0-1; 0—1.

There is a pair of setae on the ventral plate or in
the pregenital region (ag); on the genital plate (region) —

propodosoma
nponogocoma
metapodosoma
mMeTanogocoma
| hysterosoma
rucTepocoma Ly ventral plate
1 A
\ L BeHTPaJ‘lebH‘: LELMT
genital plate /) g
reHMTanbHBIH LT Y
W 4 i ‘psj
anal plate —§ :
AHANBHBIN LT WY "'11{-‘!' ps2 5

Puc. 3. Mopchonorus knewa-nnockoTenku popa Aegyptobia:
c/ieBa — popcanbHas NOBEPXHOCTb, CNPABA — BEHTPasibHas
NoBepXHOCTb. Ha NIeBoi CTOpOHE Tesa NokasaHa WTPUXoOBKa
KYTUKYJIbl, HA NPaBOV CTOPOHE Tesla YaCTUYHO yaaseHbl
Horu; B 0601x cnyyvasix MHOeKcaMu npuBeaeHbl 0603HaveHUs
weTnHokK (no Mesa et al., 2009, c UsMeHeHUAMHN)

Fig. 3. Morphology of Tenuipalpidae mite of the genus Aegyptobia:

on the left — dorsal surface, on the right — ventral surface.

The integument with striae is shown on the left side of the body, legs
are partially removed on the right side of the body; in both cases,

the designations of setae are given by indices (according to Mesa et al.,
2009, with modifications)
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2 or 3 pairs of setae (¢71-3); the chaetome of these struc-
tures also differs depending on the stages of the life
cycle (Figs. 5b and 6). 2 or 3 pairs of setae (ps1-3) locat-
ed on the anal plate (region). As a rule, if setae g3 are
developed, then there are 3 pairs of ps.

Mature individuals usually have 4 pairs of legs; but
some taxa have only 3 pairs (Larvacarus, Phytoptipalpus)
or, as in Raoiellana: males have 4 pairs of legs and fe-
males have 3.

Legs 6-segmented: coxa, trochanter, femur, genua,
tibia, tarsus. Chaetome of the genu I-1V: 1-3; 1-3; 0-1;
0-1. Chaetome of the tibia I-IV: 5-4; 5-4; 3; 3.

On legs I-1V the chaetome formula is usually as
follows: 9-10; 9-10; 5; 5. Chaetome of legs I and II is
characterized by the presence of eupathidia (p¢’ and
p¢’”), unguinals setae (1’ and u”), flagelliform tactile or
tectale setae (t¢’ and tc¢”) and proximal tactile or fas-
tigials setae (ft’ and ft”). Sensory setae or solenidia —
1-2 (w’and w”), they are narrowly cylindrical or ovoid,
straight or curved.

Pretarsus: pad-like empodium with 2 or less often
with 1 row of tenent hairs; true claw pad-like or claw-

Puc. 4. THaToCOMa M NepepHss Fig. 4. Gnathosoma shaped with 2 rows of tenent hairs.

4acTb NPOMOAOCOMbl and anterior part of The following morphotypes of Tenuipalpidae are
(nponopcym), hopmupytouwlas propodosoma (prodorsum), distinguished according to the characteristics of the
pebpucTbIii BOPOTHUUOK. forming a ribbed collar. Slide

female body structure (according to Mesa et al., 2009,

®doTto Mukponpenapara R. indica Photo of R. indica (female) with abbreviations and changes):

(camka) B (ha30BOM KOHTpacTe, in phase contrast, tubular . .

3aMeTHa npocBeynBaoLas peritrema (pe) visible Dc.)hchotetljanychlne — body long and‘elon.gated,
CKBO3b BOPOTHMUOK Tpy6uaTaa  through the collar, breaking posterior margin of propodosoma equal in width to
neputpema (pe), oTxogAwasa ot away from the stigma (st) hysterosoma; the “crown” on the propodosoma is ab-
cturm (st) (hoto U.0. Kamaesa) (photo by I.0. Kamayev) sent; in most species, setae el are absent; palps consist

of 2—-3 segments.

9TU YYaCTKU TeJla Ha3bIBAIOTCS
obsactamu (puc. 5h).

MeXTa3UKOBbIe IIEeTUH-
K1 0003HAYaIOTCI UHOEKCOM a4
(puc. 5a): mepegHue — 1 mapa,
cpenuuve — 1-2 mapsbl, 3agHue —
1-5 map; Ha TasuKax HOT Ie-
TuHKU b u c. Popmyna xeToma
Tasukos [-1V:1-2;1-2; 0-1; 0-1.

Ha BeHTpalbHOM LIUTE
WJIV B IIPEereHUTaJ bHOU 06Ja-
CTU HaXOINUTCS Tapa IEeTUHOK
(ag); Ha reHuTaNBLHOM HUTE (06-
JIACTY) — 2 WJIU 3 TTapbl METUHOK
(g1-3); XeTOM 3TUX CTPYKTYP TaK-
JKe pasInvaeTcs B 3aBUCUMOCTH
OT CTaAuM >KM3HEHHOT0 IIMKJIa
(puc. 5b 1 6). AHAJIBHBIX LETHU-
HOK, PacITOJIO)KEHHBIX Ha OJHO-
WMEHHOM IuTe (ecau OH uMe-
eTcs), 2 uau 3 mapel (psi-3).
Kak mpaBujo, eciu IeTUHKU
g3 Pa3BUTHI, TO IMPENCTABIIEHBI
U 3 mapsl ps.

Y MOOJIOBO3PEJNIBIX 0CO-

Puc. 5. XeToTakcusa BeHTpanbHoM noBepxHocTn  Fig. 5. Chaetotaxy of the ventral surface

. caMKu R. indica: a — nogocoma, OTCyTCTBYIOT of the female R. indica: a — podosoma,
Geil, Kax MpaBuiIO, 4 Maphl HOT; WeTUHKM Ha Tasukax III-IV nap Hor; no setae on coxae of III-1IV pairs
HO y HEKOTOPBIX TAKCOHOB M€~ p — reyutanbHas u aHanbHas obnacTy. of legs; b — genital and anal regions.
10TCca Iuiib 3 napsl (Larvacarus, Wnpexkcamu 0603HaveHbI COOTBETCTBYHOLLME The corresponding setae are indicated
Phytoptipalpus) nnu, Kak y Rao- wetuHku (hoto N.0. Kamaesa) by indices (photos by I.0. Kamayev)

iellana: y caM1I0B — 4 Taphl HOT,
ay caMoK — 3.
Horu 6-4JIeHUKOBbIE: Ta3WK, BEPTIYT (TPOXaHTED),
6e/po, KOJIEHO, TOJIEHB, JJaTTKa. XeToM KoJieHa [-1V: 1-3;
1-3; 0-1; 0-1. Xetom rosenei [-1V: 5-4; 5-4; 3; 3. Asryct N2 3 (11) 2022 7
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Ha jmankax [-IV ¢opmyna xeToMa 06BIYHO cJie-
nywomag: 9-10; 9-10; 5; 5. XeTom Jyamnok [ u II xapak-
TePU3YEeTCs HAJUUYMEM alluKaJbHBIX aKaHTOUIOB (p¢’
u p¢”), TOJKOTOTKOBBIX IETUHOK (1" 1”), 6MYeBUTHBIX
TaKTUJIbHBIX IETUHOK (f¢’ ¥ f¢”’) U IPOKCUMAaJIbHBIX
TaKTUJIbHBIX IETUHOK (ft’' 1 ft ). CEHCOPHBIX LIETUHOK
(conenmpuen) — 1-2 (w1 w”), OHU Y3KOUUIUHIPUYE-
CKMe WJIV SUIeBUIHbIE, TIPSIMbIe UV N30THYThHIE.

OHMXMAJbHBIN ammnapar JIallky: SMIOAUN 6py-
CKOBUIHBIN C 2 WM PeXke C 1 PALOM »KeJIe3UCThIX BO-
JIOCKOB (XeTOUI0B); aMOyIaKkpbl OPYCKOBUIHbBIE WU
KOTTEBUHBIE C 2 PSIIaMU XETOULOB.

[To mpu3HaKaM CTPOEHUS TeJla CAMOK BbIJIEJISIOT
caenywoimye mopdorunsl Tenuipalpidae (rmo Mesa et
al., 2009, c cokpalleHUIMU U U3MEHEHUSIMHU):

Dolichotetranychine — TeJyio IJIMHHOE U BBITSHY-
TOe, 3aJHUY Kpall MPOIOL0COMbI PaBeH I10 MUPUHE
TUCTEPOCOME; «KOPOHKa» Ha IPOII0I0COME OTCYTCTBY-
eT; y 60JbIIMHCTBA BUIOB METUHKY €] OTCYTCTBYIOT;
MMaJIbIIbl COCTOST U3 2—3 CETMEHTOB.

Tenuipalpine — npomosocoMa 3HaUUTEJIbHO IIUPe
TUCTEPOCOMBI, TIEPEHSS YaCTh KOTOPOU Pe3Ko CyxKa-
eTcsl; «KOPOHKa» Ha MPOI00COMEe UMEETCS; ITaIbIIbl
u3 1-3 cerMeHTOB U 12 0UeHb IJIMHHBIE, BOJIOCOBUJI-
HbIe WJIN ITaJIbIbI 4-CerMeHTHbIE U /12 HeIJIUHHbIE.

Brevipalpine — 3agHuii Kpaii ITPOIIOOCOMBI paBeH
10 IIUPUHE TUCTEPOCOME, TIOCENHSS TOCTEITEHHO CY-
JKaeTcs K 3aJlHEMY KPar; paclimpeHHass MeMOpaHo3-
Has «KOPOHKa» Ha MPOII0JIOCOME MMEETCS; BEHTPaJIb-
HBI IIUT 00BIYHO NMEETCS; ITaJIbIIbl 3—4-CeIrMeHTHBIE;
JIopcocybJiaTepaIbHBIN DAL METUHOK OTCYTCTBYET (€2
pasBuThl y Cenopalpus).

Aegyptobine — HamommHalT Brevipalpine,
HO Yy HUX THCTEPOCOMAa HECKOJIbKO IIapoOBUAHAM,
He Cy’XaeTcs MOCTENeHHO K CBOEMY 3aJJHeEMY Kpaio;
«KOPOHKa» Ha IMPOIT0I0COME OTCYTCTBYET; HaJbIIbl
u3 1-5 cerMeHTOB; Aopcocy6aaTepabHbIN P, IETH-
HOK uMeeTcs (KpoMme Tenuilichus).

Macfarlanielline — TeJo B JOPCOBEHTPAIbHOMI
IPOEKIIVY OKPYyTJIoe (1iy 6JIM3KOE K TAKOBOMY); TUCTe-
pocoMa OGBIYHO MIUPe, YeM MPOIIOI0COMA; «KOPOHKA»
Ha IIPOIIOL0COME OTCYTCTBYET; IaJIbIlbl U3 2—3 CETMEeH-
ToB. K aTOMy MopdoTuny orHOcuTCs Raoiella.

Tegopalpine — mporiojlocoMa HallOMUHAET KaIlio-
IIIOH, KOTOPBIM HAKPbIBAET 'HATOCOMY. [lepemHuii Kpaii
MIPOIIOZIOCOMBI C BHIEMKOH MJiu 6e3 Hee.

OcobeHHOCTH CTpoeHUs camiia (puc. 1b). Komyns-
TUBHBIN OPraH caMIla TETPAaHUXOUTHBIX KJIellel B aH-
TJIOSI3BIYHON JINTEPATyPe IMOJYUYNJl Ha3BaHUE «3e-
aryc», «aedeagus» (Baker, Wharton, 1952; Pritchard,
Baker, 1955; Krantz, Walter, 2009), B ToM 4ucJje U IJis
Tenuipalpidae (Pritchard, Baker, 1958; Beard et al.,
2018); B HEKOTOPBIX UCTOYHNKAX ¥ POCCUNCKOM JIH-
TepaType (Mo-BUAMMOMY, KaK JaHb HEMEIIKOU MOp-
¢osoruyueckoi TpagUIIMK) OH Ha3bIBAETCS «IIEHUC»,
«penis», B ToM uncie u ayisg Tenuipalpidae (Hirst, 1924;
Pekxk, 1959; BatinmTelin, 1960; MuTtpodaHos, CTpyH-
KOBa, 1979; MutpodaHoB u np., 1987). 3mech cienyer
yKasaTb, uTo y Arachnida, kpoMe rpymIr Acari, HacTo-
UMY KOIIyJIATUBHBIN OpraH mMeeTcs TolIbKo y Opili-
ones, AJs TIOCTIEIHUX UCIIOJIb3yEeTCS TEPMUH «PEenis»
(Martens, 1978). [Ipu 5TOM B COBPEMEHHOU aKapo-
JIOTUYECKOU JIMTEPATYPE HMIMPOKOE PaCIpOCTpaHe-
HUE TIOJYYMJI TEPMUH «3pearyc». KomyasaTUBHBIN
opraH camiia Tenuipalpidae TOHKUY, HUTEBUIHBIH,
€T0 anuKaJibHas YacTb 3alluleHa 1o 60KaM JByMs
meTUHKaMU-cTuieTaMu ps3 (puc. 1b, 7).

Tenuipalpine — propodosoma much wider than
hysterosoma, the anterior part of which sharply nar-
rows; there is a “crown” on the propodosoma; palps
with 1-3 segments and 72 very long, hair-like or 4-seg-
mented and 22 not long.

Brevipalpine — the posterior margin of the propo-
dosoma is equal in width to the hysterosoma, the lat-
ter gradually narrowing towards the posterior mar-
gin; there is an extended membranous “crown” on the
propodosoma; ventral shield usually present; palps
3-4-segmented; dorsosublateral row of setae absent
(c2 are developed in Cenopalpus).

Aegyptobine — resemble Brevipalpine, but their
hysterosoma is somewhat spherical, not tapering grad-
ually towards its posterior margin; the “crown” on the
propodosoma is absent; palps with 1-5 segments; dor-
sosublateral row of setae present (except for Tenuili-
chus).

Macfarlanielline — the body in the dorsoventral
projection is rounded (or close to it); the hysterosoma
is usually wider than the propodosoma; the “crown” on
the propodosoma is absent; palps with 2—-3 segments.
Raoiella belongs to this morphotype.

Tegopalpine — the propodosoma resembles a hood
that covers the gnathosoma. Anterior margin of propo-
dosoma with or without notch.

Structural features of the male (Fig. 1b). The copu-
latory organ of the male tetranychoid mites in the En-
glish-language literature was called “aedeagus” (Baker,
Wharton, 1952; Pritchard, Baker, 1955; Krantz, Walter,
2009), including for Tenuipalpidae (Pritchard, Baker,
1958; Beard et al., 2018); in some sources and Rus-
sian-language literature (apparently, as a tribute to the
German morphological tradition) it is called “penis”,
including for Tenuipalpidae (Hirst, 1924; Reck, 1959;
Wainstein, 1960; Mitrofanov and Strunkova, 1979;
Mitrofanov et al., 1987). It should be noted here that in

Puc. 6. XeToTakcusa aHanbHoi  Fig. 6. Chaetotaxy of

M reHuTanbHou obnacrem the anal and genital regions
nentoHuMdsbl R. indica. of the deutonymph R. indica.
NHpekcamum 0603HaueHbI The corresponding setae
COOTBETCTBYHOLLME LWETUHKHU are indicated by indices

(thoTo N.0. Kamaesa) (photo by I.0. Kamayev)
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Puc. 7. 3apHas vactb Tenacamua  Fig. 7. Caudal part of the

R. indica. Nnpekcamu o6o3Ha- male body R. indica. Setae
YeHbl WEeTUHKK; 3gearyc (Ae) are indexed; aedeagus (Ae)
OJIMHHDBIN, 6UYeBUOHbIN, elongate, flagelliform,
npoceBeYMBaeT CKBO3b KYTUKYIY shining through the cuticle
(hoTo M.0. KamaeBa) (photo by I.0. Kamaev)

OnpeaenuTeIbHaAs TaGJNIA BAXKHEHIINX

CTaAuM KU3HEHHOr0 I[HUKJIA KJIelei

Tenuipalpidae

1(2) Hor 3 mapsi....... JINYMHKA WX NHAd CTagusg
HexoTopbix Tenuipalpidae (Larvacarus, Phytoptipalpus,
caMmka Raoiellana)

2 (1) HOT 4 TTAPBL ..., 3

3 (4) XeToM reHUTaNIbHOM 06JacTu (puUc. 6): 1ie-
TUHKU g2 OTCYTCTBYIOT. [eHUTaIbHOE OTBEPCTHE 3aUa-
TOUHOEC ....oee et e HuMdaabHble CTaLUN

4 (3) XeToM reHuTaNbHOM 061acTu (puc. 3, 5): 1ie-
TUHKU g2 UMEIOTCs. Y CAaMOK FeHUTAJbHOe OTBEPCTHE
PasBUTO B ITOJTHOM MePE, Y CAMIIOB Pa3BUT KOITYJIATUB-
HbIN opraH (sgearyc) (puc. 1b, 7)........ B3pocas ocobb

CpaBHUTeJIbHAA XapaKTEePUCTHUKA
JAUArHOCTHYECKUX MPU3HAKOB B3POCJIbIX
ocoGeii BUI0B poaa Raoiella

¥ CBEJIeHHII 110 paclpoCTPaHeHUI0

U pacTeHUAM-X03s1eBaM

COBOKYMHOCTb JaHHBIX 10 MOP(MOJIOTUY BUIOB
poza Raoiella, a Tax)xe 0606IIeHHbBIE CBEIEHUS O pac-
TIPOCTPaHEHUH BUIOB U O PACTEHUSIX-X03sg€eBax IIpe/-
cTaBJIeHbI B Tabautie 1.

V3 21 BaJMIHOTO BUAA poma 16 ObLIM OIMCAHBI
B2018T. (Beard et al., 2018), mpu 5TOM BCE OHU UMEIOT
ABCTPAJIMIICKOE TTPOUCXOXKIEHME U TTIPEUMYIIIECTBEHHO
BCTPEYANTCS Ha pacTeHusax Myrtaceae (3a OHUM UC-
KIoueHueM: R. davisi obutaeT Ha Ericaceae). [Tpexe
3 ABCTpaJiny GbLT U3BECTEH TOJIBKO 1 BUI — R. austra-
lica Womersley, 1940. Tpu Buza onucansl u3 AWM,
I'peuyu u IOAP u mmoka He U3BECTHBI 3a IIpeAeaMu
9TUX PErvuoHOB. EAWHCTBEHHBIN BUJ, POJia C MUPO-
KuM apeajioM — Raoiella indica, KOTOPBIN B OTINYNE

Arachnida, apart from the Acari groups, only Opiliones
has a real copulatory organ, for the latter the term “pe-
nis” is used (Martens, 1978). At the same time, the term
“aedeagus” has become widespread in modern acaro-
logical literature. The copulatory organ of the male Te-
nuipalpidae is thin, flagelliform, its apical part is pro-
tected on the sides by two stylet setae ps3 (Fig. 1b, 7).

Key to the most important life stages

in the cycle of the Tenuipalpidae mites

1(2)Legs 3 pairs................ larva or other stage of
some Tenuipalpidae (Larvacarus, Phytoptipalpus, female
Raoiellana)

2 (1) Legs 4 PaiTS ..oooiiieeee e 3
3 (4) Chaetome of genital region (Fig. 6): setae g2 ab-
sent. Genital opening rudimentary........ nymphal stages

4 (3) Chaetome of genital region (Fig. 3, 5): setae
g2 present. In females, the genital opening is fully de-
veloped; in males, the copulatory organ (aedeagus) is
developed (Fig. 1D, 7) ...ooooviiiiii adult

Comparative analysis of diagnostic characters
of adult species of the genus Raoiella and data
on geographical distribution and host plants

A set of data on the morphology of species of the
genus Raoiella, as well as generalized information on
the geographical distribution of species and on host
plants are presented in Table 1.

Of the 21 valid species of the genus, 16 were de-
scribed in 2018 (Beard et al., 2018), all of which are of
Australian origin and predominantly occur on Myrtace-
ae plants (with one exception: R. davisi lives on Ericace-
ae). Previously only 1 species was known from Austra-
lia — R. australica Womersley, 1940. Three species have
been described from India, Greece, and South Africa
and are not yet known outside of these regions. The
only species of the genus with a wide range — Raoiella
indica, which, unlike the others, is occurs representa-
tives of the families Arecaceae, Musaceae, etc.

An analysis of the morphological characters of
currently known species of the genus Raoiella was car-
ried out on the basis of descriptions and illustrations
(drawings, photos) from the works of Beard et al. (2012,
2018) and partly own material.

Morphological diagnostic characters of the dorso-
central chaetome and the chaetome of the dorsopos-
terior part of body and legs were analyzed for the sub-
sequent simplified identification algorithm for the red
palm mite.

The state of the following features was qualitative-
ly assessed: the ratio of the lengths of the dorsocentral
setae (c1, d1, el) to each other and to the distances be-
tween the rows of these setae. It should be noted that
the distances between the rows of setae could differ (for
example, the spacing between rows cI — d1 was short-
er than dI — el with approximately the same length of
these setae), therefore, for further diagnostic purposes,
only the sign of the ratio of the length of the first pair of
dorsocentral setae (cI) to the distance c1 — dI was used
(column 1 of diagnostic characters of Table 1). The pro-
portion was expressed in this way: “1” — equal to the
length of the row and more; “3/4” — in the case when

AsrycT Ne 3 (11) 2022 9
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OT OCTaJIbHBIX BCTPEUYAETCS Ha IPeACTaBUTEIIX ce-
MelcTB Arecaceae, Musaceae U1 Jip.

Ananu3s MOpPGOJIOTUYECKUX IPU3HAKOB U3BECT-
HBIX K HaCTOSIIEMY BpDeMEHU BUIOB pojia Raoiella 6Lt
ITPOBEJIEH Ha OCHOBE OMUCAHUY U WIIIOCTPAIIUH (pu-
CYHKOB, (poTo) u3 paboT Beard et al. (2012, 2018) u cob-
CTBEHHOI'0 MaTepuraia.

BblIy mpoaHaau3upoBaHbl MOP(OTOTUUYECKUE
IUarHOCTUYECKHe MPU3HAKKU JOPCOIEHTPAJIbHOTO
XeToMa ¥ MPU3HAKKU XeToMa KaymaJbHOU 06JacTu
1 KOHEUYHOCTEMN JJIS MOCJIeNYI0Nero YIIPOILeHHOTO
aJIrOpUTMa UIeHTU(DUKAIIMKY KPACHOTO IIaJhMOBOTO
KJIela.

BBIJIO KaUeCTBEHHO OILleHEeHO COCTOSHUE Cle-
IYIOIIVX MPU3HAKOB: OTHOIIEHWE JIJIUH JIOPCOIIEH-
TPaJIbHBIX METUHOK (c1, d1, el) Mexay coboii 1 K pac-
CTOSTHUSIM MEXAY pSJaMy 3TUX IeTUHOK. Cliemyer
OTMETHUTD, YTO PACCTOSTHUS MEXIY PSIIaMU NETUHOK
MOTJIY pasaudaThes (HampuMep, Mexaypsabe ¢l — dl
Ob110 KOpoue d1 — el Ipu MTPUMEPHO OAVHAKOBOU JIJIN-
He 3TUX IEeTUHOK), TI03TOMY B JaJbHEUIIEM s I1a-
THOCTUYECKUX I1eJIell UCIT0Ib30BaIl TOJIhKO IIPU3HAK
OTHOIIIEHUS IJIMHbBI [IEPBOM APl JOPCOIEHTPAIbHBIX
IIEeTUHOK (c1) K paccTosgHuo ¢ —d1 (cTonben 1 fuarto-
CTUYECKUX IIPU3HaKOB Tab. 1). OTHOLIeHN BhIpaska-
JIV TAKVM 06pa3oM: «1» — paBHBIH AJINHE pPsaia u 60ee;
«3/4» — B cityuae, Korga gyiHa 60Jiee MOJIOBUHBI pac-
CTOSTHUS MEXIY PSAIaMU, HO IBHO MeHee 3TOr0 CaMOro
paccrogHus; «1/2» — giuHa MIPUMEPHO PaBHA II0JI0-
BUHE PAacCTOSTHUS WJIX MeHee ero. [Ipu aToM 11 R. in-
dica HapAOy C TIATHIO BUJAMU XapaKTepHa IJUHHAs
IepBas mapa JOpPCOLeHTPaNbHbIX METUHOK (paBHAsS
IO IJTMHE PACCTOSTHUI0 MEX/AYPSAbs VJIY TIPEBbIIIA0-
1ias ero). JJaHHbIN IPU3HAK XOT U He UCII0JIb30BaJICS
I uneHTUu(GUKAIUY BULOB poaa Raoiella (Pritchard,
Baker, 1958; Mutpodanos, CTpyHKOBa, 1979), Ho Ipu-
MeHseTCs JIJIT HeKOTOPbhIX TakcoHOB Tetranychidae
(Pritchard, Baker, 1955; MuTtpodanos u 1p., 1987).

CpaBHeHMe OJUH JOPCOLEHTPAJIbHBIX IETUHOK
OTHOCHUTEJIbHO APYT Apyra (CTojber; 2 muarHOCTH-
YeCcKUX MPU3HAKOB TabJl. 1) AJig BUIOB pona Raoiella
npuMmeHusau Pritchard, Baker (1958) u Mutpoda-
HOB, CTpyHKOBa (1979). V3 21 Buma TosbKO y R. indica
U R. davisi HabJII0aeTcs MOCaeI0BaTeIbHOE YMEHbIIIe-
HHUe OJWH LOPCOIeHTPAJbHbBIX IIETUHOK OT IIEPBOU
K TPeThel mape.

[Ipu3HAK «OTHOIIEHWE AJIUH IEeTUHOK hil/h2»
(puc. 8), ykazaHHBIN B CTOJIOIE 3 NUAaTHOCTUYECKUX
nmpu3HaKkoB Taby. 1, ucmonbayeTcs B paborax Beard
et al. (2018) u Ueckermann et al. (2018). B yacTHOCTH,
B 3TUX paboTax yKa3bIBaeTCs, YTO AJis caMOK R. indica
nauHa hl IprMepHO paBHA ajianHe h2.

Ins rpynnbl BUAOB australica, K KOTOPOW TIpU-
HaJJIeXKUT R. davisi, B OTIINYKME OT BCEX OCTaJIbHBIX
XapaKTepeH M0JI0BOM AUMOP(U3M B UKC/Ie HEeTUHOK
Ha KojaeHgx I-II: gasg caMOK — 2 LIEeTUHKU, OJ9 caM-
1I0B — 3 MIETUHKU. B TO Ke BpeMs IJIs CAMOK 1 CaMIIOB
R. indica xapaKTepHO HaJIn4Me TPeX MEeTUHOK Ha KoJjie-
uax [-1I (ta6u. 1 u puc. 9).

XeToM Ta3ukoB ¢ opmysoii 1-1-0-0 MuTpoda-
HOBBIM U CTpyHKOBO# (1979) mepBoHAYaJIbHO MIPET-
Jlarajics Kak IMarHOCTUYECKUU Tpu3HakK poxa Rao-
iella, Bkaouad R. indica. OgHaxo, Beard et al. (2018)
IoKasajy, YTO TaKOe COCTOSHME MpU3HaKa xapak-
TEPHO He JIJisg BCeX BUIOB poja. Tak, BUJaM I'PYIIITbI
macfarlanei cCBOMICTBEHHO HaJIMUMeE 110 OJJHOM e TUHKE
Ha Tasukax Il u IV.

the length is more than half the distance between the
rows, but clearly less than this very distance; “1/2” -
the length is approximately equal to half the distance
or less. Also, for R. indica along with five species, a long
first pair of dorsocentral setae is characteristic (equal
in length to the distance between the rows or exceed-
ing it). Although this character was not used to identi-
fy species of the genus Raoiella (Pritchard and Baker,
1958; Mitrofanov and Strunkova, 1979), it is used for
some taxa of Tetranychidae (Pritchard and Baker, 1955;
Mitrofanov et al., 1987).

Comparison of the lengths of dorsocentral setae
relative to each other (column 2 of diagnostic charac-
ters in Table 1) for species of the genus Raoiella was per-
formed by Pritchard and Baker (1958) and Mitrofanov
and Strunkova (1979). Out of 21 species, only in R. in-
dica and R. davisi a successive decrease in the length
of dorsocentral setae from the first to the third pair is
observed.

The character “ratio of lengths of setae h1/h2”
(Fig. 8) indicated in column 3 of the diagnostic charac-
ters of Table 1 is used by Beard et al. (2018) and Ueck-
ermann et al. (2018). In particular, these works indicate
that for R. indica females, the length k1 is approximately
equal to the length h2.

The group of species australica, to which R. davisi
belongs, unlike all the others, is characterized by sexu-
al dimorphism in the number of setae on the genu I-II:
females have 2 setae, males have 3 setae. At the same
time, R. indica females and males are characterized by
the presence of three setae on genu I-II (Table 1 and
Fig. 9).

Mitrofanov and Strunkova (1979) originally sug-
gested a coxal chaetome with the formula 1-1-0-0 as
a diagnostic character for the genus Raoiella, including
R. indica. However, Beard et al. (2018) showed that this
state of the character is not typical for all species of the
genus. Thus, species of the macfarlanei group are cha-
racterized by the presence of one seta each on coxae III
and IV.

Thus, according to the results of the analysis of
the characters of the dorsocentral chaetome, it was
shown that R. indica differs well from the vast majority
of currently known valid species of the genus Raoiella,
with the exception of R. davisi. According to Beard et al.
(2018) the above two species can be distinguished by
the number of setae on the genu of the first and second
pairs of legs (Table 1 and Fig. 9; however, the third seta
is much smaller than the first two and is clearly visible
using phase-contrast microscopy), the shape of setae
h2 (in R. indica, hair-like, long; in R. davisi, spatula-like,
short), as well as the ratio of the lengths of double se-
tae on legs I-II: tactile setae (ft”) and solenidion (w”)
(Table 1 and Fig. 10).

Morphometric study of diagnostic

characters of Raoiella indica

The results of a morphometric study of some cha-
racters of the dorsal chaetome of Raoiella indica females
and males are presented in Table 2.

In the lengths of the studied setae and the distance
between the first and second pairs of dorsocentral
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Puc. 8. XeToTakcusa gopcanbHoli noBepxHocTy 3apgHelt  Fig. 8. Chaetotaxy of the dorsal surface of the posterior

yacTu Tena caMkm R. indica. KaypanbHas yactb part of the R. indica female. The posterior margin of the
Tena HanpasneHa BBepx. MiHaekcamMy 0603HaueHbl body is directed upwards. The corresponding setae are
cooTBeTCTBYyHLWME WeTuHKK (hoto N.0. Kamaesa) indicated by indices (photos by I.0. Kamayev)

Puc. 9. XeToTakcua neBoro KoneHa nepeBoi napbl HOI CAMKK
R. indica. XapaKTepHo Hanvuune Tpex WeTUHOK (a, NoKasaHbl
KpacHbIMU CTpesikaMu), Mpu 3ToM B ogHol npoekumu (b)
BUOHO TOMbKO 2 KpynHble weTuHKK (oto U.0. Kamaera)

TakuM o6pasoM, 1o pesysbTaTaM aHajau3a Ipu-
3HAKOB JIOPCOILIEHTPAJIbHOTO XeTOMAa II0Ka3aHo, YTO
R. indica X0pOIIIO OTINYAETCS OT IMOHABJIAIOIIEr0 YIC-
JIa U3BECTHBIX K HACTOSIIEMY BpeMeHU BaJIUIHbBIX BU-
OB poxa Raoiella, 3a uckitoueHueM R. davisi. CoTjiacHO
Beard et al. (2018) mBa BbIllle YKa3aHHBIX BULA MOTYT
OBITh PA3JIMYMMBI IT0 KOJIMYECTBY IETUHOK Ha KoJie-
HSIX [1ePBOi ¥ BTOPOI rap Hor (TabJ. 1 u puc. 9; ogHAKO
TPEThS MEeTUHKA 3HAYUTEIbHO MEHbIIIE ITEPBBIX ABYX
¥ XOPOIII0 3aMeTHA ITPY UCIT0JIb30BaHUU (ha30BO-KOH-
TPacTHOM MUKpOCKonum), hopMe meTuHOK A2 (Y R. in-
dica — BonocoBuHAS, NJIWHHAS; V R. davisi — mrmaTe-
JIeBUHAs, KOPOTKas), a TaK)Ke OTHOIIEHUIO JJIUH
CIIBOEHHBIX IIIEeTUHOK Ha JianKax [-1I: TaKTUJIbHOH I11e-
TUHKY (ft”) m conerunus (w”) (tabu. 1 u puc. 10).

MopdomeTpHuuecKoe uccaei0BaHuE

OUArHOCTHUYECKHX IMPU3HAKOB Raoiella indica

PesynbTaThl MOPGHOMETPUUECKOTO UCCIIEN0BAHYS
MTPU3HAKOB IOPCAJIbHOT0 XETOMa CaMOK U CaMIIOB Rao-
iella indica mpencTaBJIeHBI B TAbIHUIE 2.

Fig. 9. Chaetotaxy of the left genua of the first pair of legs of the
R. indica female. The presence of three setae is characteristic
(a, shown by red arrows), while in one projection (b) only 2 large
setae are visible (photos by I.0. Kamayev)

setae, size sexual dimorphism is manifested: the mea-
sured characters in females, with some exceptions, are
greater than those in males.

In both sexes of R. indica, the length of dorso-
central setae decreases successively from the first
pair to the last one (cI — d1 — el), in uym: females —
49.6-32.3-17.9; males — 34.9-25.2-13.1.

The length of the first pair of dorsocentral setae
in all studied cases exceeds the distance between the
first and second pairs of dorsocentral setae (interstri-
ae), both in females (Lc1 = 46.9 uym and Lel — d1 =41.3
um), and males (Lc1 =34.9 um and L¢cl —d1=23.9 um).

In the studied R. indica females, the length of intact
setae h2 (hair-like) varied within 46.7-61.7 um, while
the length of setae i1 (spatula shaped) varied in the
range 51.9-70.5 ym. This is generally consistent with

dutocaHuTapusi. KapaHTuH pactenuii 12
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B mnmHAaX ucciaeqyeMbIX METUHOK U PacCTo-
SHUYW MEXy MePBOM M BTOPOU IMapaMu LOPCOIleH-
TPaJbHbBIX IIETUHOK IIPOSIBJIIETCI Pa3MePHbIH I0JI0-
BOU muMoOpGhU3M: U3MepsieMble MPU3HAKKU y CAMOK,
32 HEKOTOPHIM UCKJIIOUeHUEM, O0JIbIle, UeM TaKOBBIE
y caMIi0B.

VY 06oux moy0B R. indica IJIVHBI JOPCOIIEHTPAaJIb-
HBIX IIETUHOK ITOCJEeJOBATEeIbHO YMEHbIIAITCSI
OT IePBOI ITaphl K mocjenHel (c1 —dl —el), B um: caM-
Ku —49,6-32,3-17,9; camer — 34,9-25,2-13,1.

IOnvHa 1epBOy IMaphl JOPCOLEHTPAJIbHBIX IMe-
TUHOK BO BCEX U3YUYEHHBIX CJIy4Yasix IIPEBBIIIAET pac-
CTOSIHME MeXIy MIePBOW M BTOPOU MMapaMu JOPCO-
IIEHTPAaJIbHBIX IETUHOK (MEeXIypPsIbe) KaK y CaMOK
(Le1=46,9 ym u Lel — d1 = 41,3 uym), Tak U 'y cCaMI[0B
(Le1=34,9umwu Lcl —dI=23,9 um).

Y u3y4eHHBIX CaMOK R. indica navHa HeIOBpe-
JKJIEHHBIX IIEeTUHOK 72 (BOJIOCOBUTHOM (DOPMBI) BAPbU-
poBaJia B npegeiax 46,7—-61,7 um, B CBOIO O4Yepeb,
JIJIVHA MEeTUHOK i1 (IrmaTeIeBUIHON (hOPMbI) U3MEHS-
Jack B guamnasoHe 51,9-70,5 ym. 3To B 1IeJIOM corJja-
cyeTcs C LaHHBIMY, IPUBEIEHHBIMU B ONTMCAHUY BUA
yBeard et al. (2018), roe h2 = 48-72 um, h1=49-85 um.
Bo Bcex M3yYEHHBIX HAMU CIIydasxX y CaMOK JJiuHa h2
(B cpemHeM cocTaBisdsa 54,1 um) 6bly1a MEHBIIE JJINHBI
h1 (B cpemHeM — 62,1 um); oTHOIIeHUE AJUH h2 K hl
BapbUpOBAaJO B Iipegenax oT 0,83 o 0,92 ym. Cyuie-
CTBYeT OIpezieJieHHAas METOAUYECKas TPYLHOCTD IIPU
OIleHKe IJIUHBI MMEeTUHOK A2y R. indica, T. K. OHU CUJIBHO
MCTOHYAITCS B CBOEH AMCTAJIbHOM YaCTH, a BEPIINHEI
IIETUHOK IIJIOXO 3aMETHbBI IPY MUKPOCKOIIMPOBAHUM.
VIHTEpPECHO OTMETUTB, UTO Y CAMIIOB JJIOMUHUKAHCKOH
TIOITYJISIIIUY BO BCEX U3YUYEHHBIX CIyUYasax IeTUHKA h2
niauHHee hl.

[nvHa TAaKTUJIbHOU METUHKY fi” Ha JlaniKax rep-
BOM U BTOPOU map HOT caMOK U caMIoB R. indica 3Ha-
YHTENbHO IpeBbIIaeT (6ojiee ueM B 3 1 2 pasa COOT-
BETCTBEHHO) IJIMHY w” BO BCEM U3YyUeHHOM MaTepuaje
(puc. 10).

Ta6auna 2

3HaueHHU KOJINYECTBEHHbBIX
IUATHOCTHUYECKUX MPU3HAKOB CaMIIOB
u caMoK Raoiella indica

CamMku CaMubl

IIpusHak (n=19) (n=8)

InvHa cl, pm 49,6 + 0,6 34,9 +0,6
Invna dl, pm 32,3+1,0 25,2 +0,6
InvHa el, pm 17,9 +0,7 13,1 +0,7
IOnvHa cl —dl, pm 41,3+1,1 23,9+0,5
Invna hl, um 62,1 £0,7 22,6 +0,4
JnvHa h2, pm 54,1+0,7 24,4 +0,5

OTHOIIeHUEe AJUH h2 K hl 0,87+0,01 1,07 +0,02

OTHouleHue AJUH ft” K w” >3 >2
Ha janke |

OrHouleHue AJUH ft” K w” >3 >2
Ha sanke II

the data given in the description of the species by Beard
et al. (2018), where h2 = 48-72 um, h1 = 49-85 ym. In
all cases studied by us, in females, the length 12 (on
average, 54.1 pm) was less than the length 41 (on ave-
rage, 62.1 um); the ratio of the lengths 12 to i1 varied
from 0.83 t0 0.92 pm. There is a certain methodological
difficulty in estimating the length of setae 12 in R. indi-
ca, since they become very thin in their distal part, and
the apices of the setae are poorly visible under micro-
scope. It is interesting to note that in the males of the
Dominican population, in all the cases studied, the seta
h2islonger than h1.

The length of the tactile seta ft” on the tarsi of
the first and second pairs of legs of R. indica females
and males significantly exceeds (by more than 3 and 2
times, respectively) the length w” in the entire materi-
al studied (Fig. 10).

Key to differentiating Raoiella indica

from other species of the genus

1 (2) Coxae IIl and IV have one seta each ...... other
species

2 (1) NosetaeoncoxaelIllandIV...................... 3

3 (4) The length of the dorsocentral setae succes-
sively decreases from the first (cI) to the third pair (e1),
while the length of the first pair (c1) is approximately
equal to or exceeds the distance between the first and
second rows of dorsocentral setae............................ 5

4 (3) Other state of characters......... other species

5 (6) Females and males have tactile seta ft” on
tarsus I-1II slightly larger than solenidion w”. Females
have 2 setae on genu I-II, males have 3 setae. Seta 12 is

spatulate, Short ... R. davisi
Note. Known only from Australia. Occurs on Ericaceae
plants.

6 (5) In females and males, on tarsi I-1I (Fig. 10),
tactile seta ft” is 2 or more times longer than soleni-
dion w”. Females and males have 3 setae on genu I-II
(Fig. 9). Seta h2 is hair-like (Fig. 8) .................. R. indica

Table 2

Values of quantitative

diagnostic characters of Raoiella indica
males and females

Females Males

Character (n=19) (n=8)
Length c¢1, um 49.6 +0.6 34.9+0.6
Length d1, pm 32.3+1.0 25.2+0.6
Length eZ, ym 179+0.7 13.1£0.7
Length ¢1 —d1, um 41.3+1.1 23.9+0.5
Length 21, pm 62.1+£0.7 22.6+0.4
Length 72, uym 54.1+0.7 24.4+0.5
Length ratio 42 to h1 0.87£0.01 1.07 £0.02
Length ratio ft”to w” >3 >2

on tarsusl

Length ratio ft”to w” >3 >2

on tarsus II
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OnpeaenuTesbHas

TaGJIMIIA

naa guddepeHuauu

Raoiella indica

OT OCTAJIBHBIX BUJIOB pPojia

1 (2) Ha Tasukax III u IV
TI0 OIHOM MIETUHKE .....................
.............................. JIIpyTyie BUIbI

2 (1) Ha tasukax [l u IV me-
TUHOK HET .....coviiniiiiaieaen 3

3 (4) lnuHa OOpCOIlEH-
TPaJIbHBIX IIETUHOK ITI0CJIEI0BA-
TeJIbHO YMEHbIITAeTCsI OT IIEPBOI
(c1) x Tperwelt mape (el), mpu
5TOM JJIMHA TIepBOY mapsl (c1)
IIPUMEPHO paBHA PACCTOSHUIO
MEeXy IIEPBbIM U BTOPBIM psijia-
MU JOPCOLIEHTPAJbHBIX IIETHU-
HOK WJIY TIPEBBIIIAET €TI0 ......... 5

VHOE .......ovvvn JIpyrue BUAbl  0603HauYeHbl COOTBETCTBYHOLIME
5 (6) ¥ caMOK u caMIOB wWweTtuHku (hoto U.0. Kamaesa)

Ha jganke I-II TakTuabHaa 1ie-
TUHKa ft” HeHaMHOro GoJjiblile
comeHnug w”’. Y caMoK Ha KoJjieHe [-II Mo 2 meTnHKY,
y camr1ioB — 3. llleTHKa h2 mIaTejeBUAHAsI, KOPOT-
KOS oo, .R. davisi

[MpumevaHue. Vi3BecTeH TOJbKO U3 ABcTpanuu. Oburaer

Ha pacTeHusx ceM. Ericaceae.

6 (5) Y caMoKk 1 caM10B Ha Jjankax I-II (puc. 10)
TaKTUJIbHAS METUHKA ft” B 2 u 6oJiee pasa IJIMHHEE
cojleHUAua w”’. Y caMOK U caMIIOB Ha KoJieHe [-II
no 3 metuHku (puc. 9). llleTuHKa 72 BOJIOCOBULHAL
(PHIC. 8) .. R. indica

3AKJ/IIOYEHUE

KpacHbIll malibMOBBIA KJIEII SIBISETCS aKTUBHBIM
WHBaKNIepoOM, KOTOPBIH 3a ITOCTIeAHUE AeCATUIETUS
3aHAJI IIAHTPOIINYECKUIT apea. B CBI3HU ¢ 9TUM IIPe-
CTaBJIIETCS BO3MOXHBIM €r0o 3aHOC Ha TEPPUTOPHUIO
0xxHOTO hemepanbHOTO OKpyra Poccuiickoit demepa-
1IWU, OTIPENEJIEHHYI0 KaK [OTeHIIMaJbHBIN apeaJs BUa.

Il IpaKTUUeCKUX IeJIel, T. K. BUJ0Bas UIeH-
TU(dUKAIIMI OCHOBaHA Ha MPHU3HaKaxX B3POCJBIX 0CO-
6ell (MperMyIeCTBEHHO CaMOK), B paboTe MpUBeeHa
ompeeanTeabHasg Ta0IUIlA BAXKHEHIINX KU3HEHHbIX
CTauY MOAABJISAIONIETO OOJIBITUHCTBA TIPEICTaBUTE-
Jiel kyetieit cemetictBa Tenuipalpidae.

AHanu3 MpU3HAKOB JOPCOLEHTPAJIBHOTO XETO-
Ma, IpuBeeHHbIX B paboTtax Beard et al. (2012, 2018),
nokasaJ, uTo Raoiella indica xopoiio nuddepeHn-
PyeTcs OT TTOIaBJISIONIETr0 GOIBIIMHCTBA BUIOB Posia
(xpoMme R. davisi) TI0 TIOCJIEA0BATENbHOMY YMEHbIIIEHU IO
IJUH JOPCOLEeHTPAJIbHBIX IMETUHOK U IJUHHON IIep-
BOUI TTape 9TUX IMeTUHOK. Paznuuusa Mmexay R. indica
U R. davisi TPOSIBISIOTCS T10 CJIeAYIOMIUM ITPU3HAKaAM:
KOJIMUECTBO IIETUHOK Ha KOJIeHe MePBOM U BTOPOU
rap Hor, opMa MeTUHOK /2, OTHOIIEHUS IJINH IIPOK-
CUMAJIbHBIX COJIEHUAVS ' ¥ TAKTUIbHOU MEeTUHKY fit”
Ha JlalKaxX TepBoM mapsl HOT. B paboTe 61U Ucciie-
IIOBaHBI C IPOBEIeHNEeM MOP(QOMETPUY AUarHOCTHIe-
CKUe TIPU3HAaKY JOPCOIIEHTPAJIbHOIO XeTOMa, XeToMa
KayaJibHOU 06J1acTH ¥ KOHEUHOCTel ocobell JOMUHY-
KaHCKOU MOIynsauuu R. indica.

Ha ocuHoBe cBogku Beard et al. (2018) u c yue-
ToM paboTt Pritchard, Baker (1958) u Mutpodano-
Ba, CTpyHKoBO# (1979) cocTaByieHa yHpoOIleHHAas

Puc. 10. OcobeHHocTu xeToTakcum nesoit  Fig. 10. Features of chaetotaxy of the left
4 (3) CocTosiHVE IPUSHAKOB  nanku nepeoi napbl HOr caMku R. indica.  tarsus of the first pair of legs of the R. indica

female. The corresponding setae are
indicated (photos by I.0. Kamayev)

CONCLUSION

The red palm mite is an active invader that has occu-
pied the pantropical range in recent decades. In this re-
gard, its introduction into the territory of the Southern
Federal District of the Russian Federation is possible,
which is defined as a potential range of the species.

For practical purposes, since species identifica-
tion is based on the adult characters (mainly females),
the paper provides a key to the most important life
stages of the vast majority of the family Tenuipalpidae
members.

Analysis of the characters of the dorsocentral cha-
etome given in the works of Beard et al. (2012, 2018)
showed that Raoiella indica is well differentiated from
the vast majority of species of the genus (except R. da-
visi) by the successive decrease in the length of dorso-
central setae and the long first pair of these setae. Dif-
ferences between R. indica and R. davisi are manifested
in the following characters: the number of setae on the
genu of the first and second pairs of legs, the shape of
the setae h2, the ratio of the lengths of the proximal so-
lenidion w” and the tactile seta ft” on the tarsi of the
first pair of legs. In this work, the diagnostic charac-
ters of the dorsocentral chaetome, chaetome of the dor-
soposterior part of body and legs of individuals of the
Dominican population of R. indica were studied using
morphometry.

Based on a report by Beard et al. (2018) and taking
into account the works of Pritchard, Baker (1958) and
Mitrofanov, Strunkova (1979), a simplified key table
was developed for differentiating R. indica from other
species of the genus.
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omnpenenauTejbHasa Tabauia asd suddepeHIualnm
R. indica oT ocTaJIbHBIX BUIOB poja.

Bnazodaprnocms. ABTOD BhIpakaeT Gyaromap-
HOCTb BepyiuMm crnenuanucraMm Py «BHUUKP»
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AHHOTAIIUA
LlucToobpasyrouire HeMaTombl pona Globodera tapasm-
TUPYIOT Ha KOPHSX pacTeHui. J[Ba Bujga — 30JI0THU-
cTas kapTtodenbHas HeMaTtoma Globodera rostochien-
sis u 6nemHasg KapTodenbHas HeMaTtoma Globodera
pallida — ABAAIOTCS KADAHTUHHBIMY JIJIS1 MHOTUX CTPaH
MUPa, B TOM uncie ajs Poccuiickoit denepariuu. Boun
MIPOAHaJIM3UPOBAaH MaTePUaJl 10 PACTEHUSIM — X03s1e-
BaM HeMaTop poza Globodera. BoceMb BUIOB HEMATOT,
9TOr0 POjia MapasUTUPYIOT HA PACTEHUIX CEMEUCTRA
Solanaceae, 3a uckiauYeHueM KapTodens. [ToMumMo
TOTO, CYIIIeCTBYeT GoJIblIas rpyrra HeMaTo[ pozaa Glo-
bodera, mapasUTUPYIOIUX HAa PACTEHUSIX CEMEUCTBA
Asteraceae. IIpencTaBieHbl TaK)Xe Pe3yabTaThl UCCIIE-
IOBaHUS 10 reorpaUuecKoOMy PacrpoCTPaHEeHUTo
Globodera, BO3MOXHBIM ITyTSIM pacpocTpaHeHus. [Ipu
J1abOPaTOPHBIX UCCIEIOBAHNIX B ITOUYBEHHBIX 06pasax
U B IIO/IKAPAHTUHHOM NPOAYKIIUY OBIBAIOT CJIy4Yau Bbl-
SIBJIEHUS HEKAPAHTUHHBIX BUOB IIUCTO0OPA3YIOIUX
HeMaTo[ pona Globodera, a Tak)ke CMEIIaHHBIX IIOITY-
JIIUWY KapaHTUHHBIX 1 HEKapaHTUHHBIX BUJIOB. I1pa-
BUJIbHAS IMATHOCTUKA BaXKHA /)11 YyCTAHOBJIEHUS (PUTO-
CaHUTAPHOT0 COCTOSTHUS TPOAYKIIUN. VieHTUu(hUKaII s
MOP(hOJOTUUYECKUM METOJIOM BJIN3KOPOACTBEHHBIX BU-
IoB poza Globodera MoXxeT GBITh 3aTPyJHEHA M3-3a CXO-
JKECTU HEKOTOPBIX XapaKTEPUCTUK CTPOEHY S HEMATO]I.
B crarbe npezcTaieH fuddepeHnaibHbIN UarHos,
TTO3BOJIAIOIIUH OTAEIUTh KADAHTUHHBIE BU/IBI OT HEKa-
PAHTUHHBIX 110 MOP(DOJIOTUYECKUM ITPU3HAKAM. JJaHbI
OIIMCaHU{A TPeX HEKaPpaHTWHHBIX BUOO0B, KOTOPbIE II€-
PUOIUYECKY BCTPEYAJIUCH TIPU JIAG0PATOPHBIX UCCIIE-
noBaHMAX. [IOCKOJIBbKY KapaHTUHHbBIE BUILI Globodera
rostochiensis u Globodera pallida MOTYT pPaclipOCTPaHATh-
csI He TOJIbKO C KapTodesieM, HO U C YaCTUIaMU TIOYBBI
Ha KOPHEBUIAX U JYKOBUIIAX IIBETOUHBIX PACTeHUN
U IPyTOM TI0CaI0YHOM MaTepUaJIe, B CTaThe ITPECTaB-
JIEH TIOJIHBIH TIepeyueHb ITPOAYKITUY (C yKa3aHUEM KOZIOB
TH B3]I), KoTOpas IOAJIEXUT JJab0paTOPHBIM HCCIIeI0-
BaHUAM. [1pu ueHTUDUKALIMY HEMATO/, 10 BUa OUeHb
BaKEH YETKUU TTOAXOM, K TIOHSITUSM, 0003HAUYaE€MbIM
OT[IeJIbHBIMU TEPMUHAMU, U €IUHO00Pa3re IIPOMEPOB.
OHpe,Z[e.HeHbI Pa3sHOYTEHUA B TEPMUHOJIOTUN U IIPOME-
pax MOpOMeTPUUECKUX TPU3HAKOB, KOTOPBIE BAYKHO
VUYUTBIBATH IIPU IUATHOCTUKE.

Knrouesvte cnosa. KapaHTUH, ITOJKapaHTUHHAA
MIPOAYKIIWS, IMCTOO6pasyIlnye HeMaTobl, reorpa-
(buueckoe pacmpocTpaHeHre, MOP(OJIOrusd HEMATOS,
TUITOBBIE JIOKAJIU3aI[UH.
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ABSTRACT
Cyst nematodes of the genus Globodera colonize root
plants. Two species — golden potato nematode Globo-
dera rostochiensis and pale potato cyst nematode Globo-
dera pallida — are quarantine pests for many countries,
including the Russian Federation. The material on
host plants of Globodera nematodes has been analyzed.
Eight nematode species of this genus colonize Solana-
ceae family plants, except for potato. Besides, there is a
large Globodera nematode group colonizing Asteraceae.
The work also presents the results of geographical dis-
tribution of Globodera, as well as possible pathways. In
laboratory studies of soil samples and regulated pro-
ducts, there are cases of detection of non-quarantine
species of Globodera cyst nematodes, as well as mixed
populations of quarantine and non-quarantine spe-
cies. Proper diagnosis is important to establish the phy-
tosanitary status of products. Identification by morpho-
logical method of closely related species of the genus
Globodera can be difficult due to the similarity of some
characteristics of the nematode structure. The article
presents a differential diagnosis that makes it pos-
sible to separate quarantine species from non-quaran-
tine ones by morphological features. Descriptions are
given of three non-quarantine species that periodical-
ly occurred in laboratory studies. Since the quarantine
species Globodera rostochiensis and Globodera pallida can
spread not only with potatoes, but also with soil par-
ticles on the rhizomes and bulbs of flower plants and
other planting material, the article provides a complete
list of products (indicating the Commodity Classifica-
tion of Foreign Trade Activity codes) that are subject to
laboratory research. When identifying nematodes to a
species, a clear approach to the concepts denoted by
individual terms and the uniformity of measurements
are very important. Discrepancies in the terminology
and measurements of morphometric features are de-
termined, which are important to consider in the di-
agnosis.

Key words. Plant quarantine, quarantine pro-
ducts, cyst nematodes, geographical distribution, ne-
matode morphology, typical localizations.

Asryct Ne 3 (11) 2022 17



OUWATHOCTUKA  DIAGNOSTICS

BBEJEHUE

Ba BUJA IIMUCTO0OPA3yHOUIUX HEMATO],
u3 poxa Globodera cemeticTBa Hete-
roderidae — 3ojoTHCTast KapTOdesb-
Hag HeMatoza Globodera rostochiensis
u GiaenHas KaprodesbHas HeEMATOnLA
Globodera pallida — saBnsIOTCS KapaH-
TUHHbIMU A9 EASC BupgamMu. I9TO
oIacHble SHAOMAPa3UThl KOPHEN Kap-
Toesnsg, KoTopble HAHOCAT GOJIBIION yIIepb ypoXKaro
kaprodens. Takyke OHU MTOPaXKAIOT TOMATHI, Hakjaxa-
HBI, HEKOTOPbIE BUABI macjieHa. KapTodeabHble He-
MaTonbl OBLIN 3aBe3eHbI B EBpoIly, A3uio U Ipyrue
pervoHsl Mypa u3 HKHOW AMEPUKY C ITOCATOUHBIM
MaTepuasioM (KIyOHAMU KapTohes).
3osorucTas KaprodenbHas HemaTona Globode-
ra rostochiensis — 06be€KT BHEIIHEr0 U BHYTPEHHETO
KapaHTMHA BO MHOTHX CTpaHaxXx MHUpa. B HacTosIee
BpeMs OHa BcTpevaeTcs B 51 cyopekTe PO Ha momia-
nu 39,2 Toic. ra (HamuoHaJdbHBIN JokIaz, 2022). 3Ta
HeMaToja IpejcTaBjieHa B POCCUU TOJIBKO MaTOTHU-
oM Rol (Edppemenko u np., 1988; Jiumaniesa, 2010).
Brnenuasa kaprodenbHas HeMaToma Globodera pallida,
OJIM3KUHU 10 OMOJOTUUYECKUM OCOOEHHOCTSIM BU]I,
HO 60J1ee arpeCCUBHBIN, OTCYTCTBYET B Poccuu u iBJIs-
eTcsd 06'beKTOM BHEIIHEro KapaHTHHA. OUeHb BaXKHO
He JIOIyCTUTh IPOHUKHOBEHUS 3TOT'0 BUA HA TEPPU-
toputo P®. B 2008 r. B CIIIA, B mTaTax Aimaxo 1 Ope-
ToH, 06HapYy’XeH HOBbIH BuL, Globodera ellingtonae, KOTO-
PBIY TTopakaeT kapTodesb, HO ITOKa ellle He BKJIIOUEeH
B KapaHTHHHbBIE crircky (Zasada et al., 2013a; Zasada
et al., 2013b).

[Tpu 1abopaTOPHBIX UCCIEIOBAHUSX B 00pasmax
BBISIBJISIIOTCSI KaK KaPaHTUHHBIE, TaK 1 HEKaPaHTUH-
Hble BUIBI posa Globodera. VisyueHnue MopdoJioruye-
CKUX ITPU3HAKOB HeKapaHTUHHBIX BUIOB poxa Globode-
ra v ux guddepeHInaabHbIA [MarH03 UMEeT 60JIbIIoe
3HaueHUe AJI NPaBUJIbHOU UIAeHTUDUKALIUUA. ITO
OYEHDb BaXKHO TP YCTAHOBJIEHUN (PUTOCAHUTAPHOTO
COCTOSTHUS IPOAYKIIMHU. Hr)ke TPUBOUTCS OTIUCAHE
HeKapaHTUHHBIX BUAOB pona Globodera, He TITapa3snUTH-
PYIOIIMX Ha KapTodese, HO BCTPEYAIOIIUXCS B UCCIIEe-
IyeMbIX 06pasmax. Hao oTMEeTUTh, 4TO B CIy4dae 3a-
TPYAHEHUH TTPY MOPGOJIOTUIYECKON naeHTUGUKAIIUYT
UCCIeIOBaHUE TTPOBOMAST METONLOM ITOJUMEPA3HOMU
nenHou peakiuu (TILP).

MATEPUWAJIbBI U METO/IbI

[Ipu MpoBeAeHUN KCCIAeIOBAaHUIN GBI MCIIOJIb30-
BaH OPUTMHAJNbHBIA CPABHUTEJbHBIN MaTepuas
110 GJIM3KUM BUJAM, COOPaHHBIN UCIIOJTHUTEISIMH pa-
Hee Ha TeppuTopuu Poccuiickoit ®emepanuu. Bouiu
UCII0JIb30BAHBI BCE HEOOXOAUMbIE U JOCTYITHBIE JINTE-
paTypHbIE UICTOYHUKY U BJIEKTPOHHbIE 6a3bI JaHHBIX.

MartepuaioM IJis UCCIef0BaHNM ObLIM 06pa3Iibl
TIOYBBI, PAaCTeHUH, Ii1la, TUUYNHKY, B3POCIbIE 0COOU,
IIMCThI HEMATO, Pa3JIMUHbBIX BUAOB poaa Globodera. Vic-
cJIe1oBaJiv 06pasIlbl TOYBHI C TPUYCAIe0HbBIX yYaCTKOB
U U3-TI0, JIYyTOBOM PACTUTEIbHOCTU IIPOUCXOXKIEHNEM
u3 MockoBckol, Tynbckolt, OpJaoBCcKOU, Pg3aHcKkol
obiacreii, JanbHero BocToka, a Tak)Ke MMIIOPTHBIN
Y OTeYeCTBEHHBIN MaTepuraJl, MOCTYIUBIINHI Ha 3KC-
nepTu3sy. Bcero 6b110 MccaenoBaHo 28 06pasios. V3-
TOTOBJIEHIE BPEMEHHBIX Y ITOCTOTHHBIX IIPEIlapaToB,
orpezeieHre BUAOBOTO COCTaBa HEMATO/ OCYIIECT-
BJISLI B COOTBETCTBUHU C OGIIEITPUHSATBIMU METOIUKA-
Mu. JIJaHHBIE O TeoTrpadUIECKON PaCIPOCTPAHEHHOCTH

INTRODUCTION

wo species of cyst nematodes from the ge-
nus Globodera of the family Heteroderi-
dae — golden potato nematode Globodera
rostochiensis and pale potato cyst nematode
Globodera pallida — are quarantine species
for the EAEU. These are dangerous endoparasites of
potato roots that cause great damage to the potato
crop. They also infect tomatoes, eggplants, some Sola-
naceae species. Potato nematodes were introduced in
Europe, Asia and other regions of the world from South
America with planting material (potato tubers).

Golden potato nematode Globodera rostochiensis is
an object of external and internal quarantine in many
countries. Currently, it occurs in 51 constituent entities
of the Russian Federation on an area of 39.2 thousand
hectares (National report, 2022). This nematode is
represented in Russia only by the Ro1 pathotype (Efre-
menko et al., 1988; Limantseva, 2010). Pale potato cyst
nematode Globodera pallida is a species similar in bio-
logical characteristics, but more aggressive, is absent
in Russia and is an object of external plant quarantine.
It is very important to prevent the introduction of this
species into the territory of the Russian Federation. In
2008, a new species, Globodera ellingtonae, was discov-
ered in the US in Idaho and Oregon, which infects pota-
toes, but has not yet been included in plant quarantine
lists (Zasada et al., 2013a; Zasada et al., 2013b).

In laboratory studies, both quarantine and
non-quarantine species of the genus Globodera are de-
tected in the samples. The study of morphological cha-
racters of Globodera non-quarantine species and their
differential diagnosis are of great importance for cor-
rect identification. This is essential when establishing
the phytosanitary status of products. Below is a de-
scription of Globodera non-quarantine species that do
not colonize on potatoes, but are detected in the stud-
ied samples. It should be noted that in case of difficul-
ties in morphological identification, the study is carried
out by the polymerase chain reaction (PCR) method.

MATERIALS AND METHODS

During the research, original comparative material on
closely related species, collected by the performers
earlier on the territory of the Russian Federation, was
used. All necessary and available literary sources and
electronic databases were used.

The material for the study was soil samples, plants,
eggs, larvae, adults, nematode cysts of various Globo-
dera species. We studied soil samples from home gar-
dens and from under meadow vegetation originating
from the Moscow Oblast, Tula Oblast, Oryol Oblast, Rya-
zan Oblast, the Far East, as well as imported and do-
mestic material submitted for examination. A total of
28 samples were examined. The manufacture of tem-
porary and permanent slides, determination of the spe-
cies composition of nematodes was carried out in ac-
cordance with generally accepted methods. Data on the
geographical distribution of Globodera were obtained on
the basis of the results of our own research, as well as
the systematization of disparate primary sources and
reports from a number of scientific and government
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rJ10607ep TIOJIyYeHbI Ha OCHOBE PE3yJIbTaTOB COGCTBEH-
HBIX MCCJIENOBAHUI, a TAK)KEe CUCTEMATHU3AI[UU Pa3po3-
HEHHBIX TEPBOUCTOYHUKOB M OTUETOB PSIa HAYUHBIX
Y TOCYZIJapCTBEHHBIX YUPEXKIEHUHN U CBEIEHbI B Ta0JI1-
1y. JIist u3y4yeHus KOJIJIEKIIMOHHOTO MaTepuaa mpu-
MEHSJINCh TPAAUIIIOHHbIE B T€IbMUHTOJIOT Y METOMbI
IIPUTOTOBJIEHNSI MUKPOIIPEIIapaToB 1 MUKPOCKOIIKPO-
BaHUe C ITOMOIIbI0 MUKpocKkoma Axio Imager Al (Karl
Zeiss, l'epmanus).

PE3VYJIbTATBI U OBCYXKJEHUE

AHaJIN3 TUTEePATYPHBIX TaHHBIX TOKA3aJI, YTO poj Glo-
bodera BrytouaeT 14 nelicTBUTEJIbHBIX BUOB:

1) Globodera agulhasensis Knoetze, Swart, Wentzel
& Tiedt, 2017;

2) Globodera arenaria Chizhov, Udalova & Naso-
nova, 2008;

3) Globodera artemisiae (Eroshenko & Kazachenko,
1972) Behrens, 1975;

4) Globodera capensis Knoetze, Swart & Tiedt, 2013;

5) Globodera ellingtonae Handoo, Carta, Skantar
& Chitwood, 2012;

6) Globodera leptonepia (Cobb & Taylor, 1953) Skar-
bilovich, 1959;

7) Globodera mali (Kirjanova & Borisenko, 1975)
Behrens, 1975;

8) Globodera mexicana Subbotin, Mundo-Ocampo
& Baldwin, 2010;

9) Globodera millefolii (Kirjanova & Krall, 1965)
Behrens, 1975; cunouuM: Globodera achilleae (Golden
& Klindic, 1973) Behrens, 1975;

10) Globodera pallida (Stone, 1973) Behrens, 1975;

11) Globodera rostochiensis (Wollenweber, 1923)
Skarbilovich, 1959;

12) Globodera sandveldensis Knoetze, Swart, Went-
zel & Tiedt, 2017,

13) Globodera tabacum sensu lato (Lownsbery
& Lownsbery, 1954) Skarbilovich, 1959;

14) Globodera zelandica Wouts, 1984.

llucToob6pasyomire HeMaTOAbl, TPpUHAJIEekKa-
mue K pony Globodera, mapasuTUpyOT HA pacTeHU-
gax, IpUHaIJIexanux K ceMelcTBy Solanaceae nu6o
Asteraceae. ®UIOreHeTUYECKUY aHAJIN3 II0CJIEL0BA-
TenbHOCTel [JHK BBIIBUI 3 OCHOBHBIE I'PYTIITHI BUIOB
Globodera (Subbotin et al., 2011).

[lepBas rpyImna — 3TO HEMATOMbI, TaPa3UTUPY-
I0IMEe Ha MACJIEeHOBbIX PACTEHUSIX, BKJIOUas IPYIIILY
BUIOB G. tabacum n3 CeBepHOU AMepPUKU. BbLIIO UAEH-
TU(GUIMPOBAHO I10 KpaliHelr Mepe 8 BumoB Globodera,
rmapasuTUpPyIUX Ha Solanaceae. Bce 8 BUIOB mmapa-
3UTUPYIOT ¥ Ha TOMaTax, HO KapTodesib He SIBJISIETCS
IIJIs HUX pacTeHrneM-xo3sauHoM (Subbotin et al., 2019).

Ko BTOpO# rpyIirie OTHOCATCS 3 BUJA KapTo-
(henbHBIX IUCTOO0OPABYIONUIMX HEMATOM, — 30JI0TUCTAS
kapTodenbHasa Globodera rostochiensis, 6iiegHass KapTO-
dbenbuas Hemaroga Globodera pallida, KoTOpble TTapasu-
TUPYIOT Ha KapTodeJsie U BbI3BIBAIOT 3HAUUTEIbHbIE
SKOHOMUUYECKUE IIOTepU KapTodess BO BCeM MUpE,
a Taxoke Globodera ellingtonae.

K TpeTneil rpynne HemaTon pona Globodera oT-
HOCSITCS BUJIBI, TaPa3UTUPYIOIIME He Ha MaCIeHOBBIX
pacTeHUaX, BKJIYasa HEOOJbIIYIO0 IPYIITY BUI0B TJI0-
6omep u3 EBpoIMbI, MapasuTUpywIux Ha Asteraceae
(Stone, 1973). HemaBHo B 3amagHo-KamncKoi MpOBUH-
vy K0xHO-AdprKaHCKON Pecry6auKy Gb1Tv 06HAPY-
JKEHbI 3 HOBBIX BI/Ia III060AEP, KOTOPhIe TAK)Ke BXOIAT
B KJIaJI IJ1060IeD, TapasUTUPYIOMIMX Ha HETIOJITHUCTBIX

institutions, and are summarized in a table. To study the
collection material, traditional methods of slide prepa-
ration in helminthology and microscopy using an Axio
Imager A1 microscope (Karl Zeiss, Germany) were used.

RESULTS AND DISCUSSION

An analysis of the literature data showed that the genus
Globodera includes 14 valid species:

1) Globodera agulhasensis Knoetze, Swart, Wentzel
& Tiedt, 2017,

2) Globodera arenaria Chizhov, Udalova & Naso-
nova, 2008;

3) Globodera artemisiae (Eroshenko & Kazachenko,
1972) Behrens, 1975;

4) Globodera capensis Knoetze, Swart & Tiedt, 2013;

5) Globodera ellingtonae Handoo, Carta, Skantar
& Chitwood, 2012;

6) Globodera leptonepia (Cobb & Taylor, 1953) Skar-
bilovich, 1959;

7) Globodera mali (Kirjanova & Borisenko, 1975)
Behrens, 1975;

8) Globodera mexicana Subbotin, Mundo-Ocampo
& Baldwin, 2010;

9) Globodera millefolii (Kirjanova & Krall, 1965)
Behrens, 1975; synonym: Globodera achilleae (Golden
& Klindic, 1973) Behrens, 1975;

10) Globodera pallida (Stone, 1973) Behrens, 1975;

11) Globodera rostochiensis (Wollenweber, 1923)
Skarbilovich, 1959;

12) Globodera sandveldensis Knoetze, Swart, Went-
zel & Tiedt, 2017;

13) Globodera tabacum sensu lato (Lownsbery
& Lownsbery, 1954) Skarbilovich, 1959;

14) Globodera zelandica Wouts, 1984.

Globodera cyst nematodes colonize on plants be-
longing to the Solanaceae or Asteraceae families. Phy-
logenetic analysis of DNA sequences revealed 3 main
groups of Globodera species (Subbotin et al., 2011).

The first group are nematodes colonizing on So-
lanaceae, including the G. tabacum species group from
North America. At least 8 Globodera species have been
identified as parasites on Solanaceae. All 8 species also
colonize on tomatoes, but potato is not a host plant for
them (Subbotin et al., 2019).

The second group includes 3 species of potato cyst
nematodes — golden potato nematode Globodera rosto-
chiensis, pale potato cyst nematode Globodera pallida,
which colonize on potatoes and cause significant eco-
nomic losses of potatoes worldwide, as well as Globo-
dera ellingtonae.

The third Globodera group includes species colo-
nizing not on Solanaceae, including a small group of
Globodera species from Europe parasitizing Asteraceae
(Stone, 1973). Recently, in the Western Cape of South Af-
rica, 3 new Globodera species have been detected, which
are also included in the Globodera clade parasitizing
non-weedy plants (Subbotin et al., 2011). This confirms
the theory of the Gondwanan origin of the genus that the
divergence of the two main Globodera lineages could oc-
cur after the separation of the continents of Africa and
South America (Subbotin et al., 2011). Data on the dis-
tribution of Globodera species are given in the table.
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Taouna

PacnipocTpaHeHue BUOB Globodera’ 1io reorpaduyeckuM peruoHam

Table

Distribution of Globodera® species according to geographic regions

CeBepHada U lleHTpaJsibHasa

EBpomna Adpuka A3uga Amepuka

Europe Africa Asia

I0kHas AMepuka OxeaHus

North and Central America South America Oceania

G. rostochiensis G. rostochiensis G. rostochiensis

G. rostochiensis

G. rostochiensis G. rostochiensis

G. pallida G. pallida

G. bravoae = G. mexicana

G. leptonepia G. zelandica

G. pallida G. pallida G. pallida G. pallida
G. tabacum G. tabacum G. tabacum
G. arenaria

G. millefolii G. sandveldensis

G. tabacum

G. tabacum

* Kaskabi#i Bug Globodera BbIeJIeH OTIAEJIbHBIM IIBETOM.
* Each Globodera species is marked in a different colour.

pacrenuax (Subbotin et al., 2011). 3To IOATBEPXKIAET
TEOPUI0 TOHIBAHCKOTO IIPOUCXOXKIEHUSI POLA O TOM,
YTO pacXoXeHue ABYX OCHOBHBIX JUHUY T10601Iep
MOTJIO IIPOM30MTH IIOCJIE Pas3HesieHns KOHTUHEHTOB
Adpuku u I0xHou Amepuku (Subbotin et al., 2011).
IaHHBIE 10 PACIIPOCTPAHEHUIO BUIOB HEMATO/, POZA
Globolera mpriBeieHbI TaOIUILIE.

Globodera bravoae G6blyia oIIMcaHa Ha capaxe Cbe-
no6uHou Jaltomata procumbens B MeKCUKe, TaK)Ke SB-
JisieTcsl CMHOHUMOM G. mexicana (= G. bravoae n. syn.)
(Subbotin et al., 2019).

Hewmarogpb! pozma Globodera pacipocTpaHeHbI B EB-
porte (6 BumoB), CeBepHOI U B LIeHTpaJIbHOM AMEPUKe
(5 Bumos), Asuu (5 BuzmoB), I0xkHo# AMepuKe (4 Buza),
Oxkeanwnu (3 Buza) u Adpuke (6 BumoB) (Subbotin et al.,
2010).

G. rostochiensis u G. pallida TPpUCYTCTBYIOT Ha BCEX
KOHTWHEHTAaX, HO MECTOM ITPOMCXOXKIEHUSI CUUTAETCS
I0xHasg Amepuka (Turner, Evans, 1998).

HawmGoJiee 4acTo B OTEYECTBEHHOM ¥ UMIIOPTHOM
MaTepuralie BCTPevYaeTcsl 30J0TUCTasI KapTodelbHasd
HeMaToma Globodera rostochiensis, HO HepeIKo TIoTia-
IaloTcs ¥ HeKapaHTUHHBIE BUAbI HeMaTon — Globode-
ra millefolii, Globodera tabacum u Globodera artemisiae.
[TosTOMY HEOGXOLUMO OTIMYATh KAPAHTUHHbBIE BU/IBI
OT HeKapaHTUHHBIX.

AHanus 006pa3loB MOYBBI U3 NPUyCaTeOHBIX
y4aCTKOB IT0Ka3aJ NMpucyTcTBue Buma Globodera rosto-
chiensis B 20 ob6pasiiax. B Tpex o6pasiax 0TeUeCcTBEH-
HOTO ¥ UMITOPTHOTO ITPOUCXOXKIEeHUS ObLIV 06HAPYXKe-
HbI HeKaPaHTUHHBIE BU/IbI, ObLIK IPOaHaIN3POBAHEI
UX OCHOBHBIE MOP(QOJIOTUYECKNE XapaKTEPUCTUKH,
TI03BOJISIONIE TIPOBeCTU nNuGGepeHIInaabHbIN A1a-
rHO3. Hyoke MBI IIPHUBOAYIM OIIMCAHNE IPU3HAKOB 9TUX
BUJ0OB HEMATOJ,.

Glohodera millefolii (Kirjanova & Krall,

1965) Behrens, 1975 — ThIcA4eIUCTHUKOBASA

1ycToobpasyoias HeMaTo1a

Globodera millefolii uHTepecHa TeM, UYTO ee TU-
TTOBble MECTOHAXOXIeHUs (dcToOHUS U Poccus) reo-
rpaduyecKy JajieKu OT MeCT 00UTaHUSI KapTohesb-
HBIX IIMCTOOOPAa3yIUX HEMATO/, & TAK)KE TEM, UTO
TUIIOBOE PACTEHMEe-X03IWH MPUHALJIEXUT K ceMel-
cTBy Asteraceae, a He Solanaceae. PazaMHOXaeTcsd
Ha ThICIYEJIMCTHUKE, POMAIIKe, TpexpebepHUKe, HU-
BSIHUKE, MTUXXMe, KyaJbHUIlE, XpU3aHTeMe. MOXeT

Globodera bravoae was described on Jaltomata pro-
cumbens in Mexico, is also a synonym for G. mexicana
(= G. bravoae syn. n.) (Subbotin et al., 2019).

Globodera nematodes are spread in Europe
(6 species), North and Central America (5 species),
Asia (5 species), South America (4 species), Oceania
(3 species) and Africa (6 species) (Subbotin et al., 2010).

G. rostochiensis and G. pallida occur on all con-
tinents, but are considered to originate from South
America (Turner, Evans, 1998).

Most often detected in domestic and imported ma-
terial is golden potato nematode Globodera rostochiensis,
but non-quarantine nematode species are often detect-
ed too — Globodera millefolii, Globodera tabacum and Glo-
bodera artemisiae. Therefore, it is necessary to distin-
guish between quarantine and non-quarantine species.

Analysis of soil samples from household plots
showed the presence of the species Globodera rostochien-
sis in 20 samples. In three samples of domestic and im-
ported origin, non-quarantine species were detected,
their main morphological characters were analyzed,
allowing for a differential diagnosis. Below we provide
a description of the features of these nematode species.

Globodera millefolii (Kirjanova & Krall, 1965)

Behrens, 1975

Globodera millefolii is interesting because its type
localities (Estonia and Russia) are geographically far
from the habitats of potato cyst nematodes, and also
because the type host plant belongs to the family As-
teraceae, and not Solanaceae. Propagated on yarrow,
chamomile, wild chamomile, daisy, tansy, globeflower,
chrysanthemum. It occurs in household plots, along
fields, in meadows. Does not breed on wormwood (Zi-
novieva, Chizhov, 2012).

Cysts of the studied species were of domestic ori-
gin, were identified during the examination (Fig. 1).

Eggs (n = 10): length, 130-133 (132) um; width -
50-52 (51) microns; length to width ratio — 2.6.

Cysts (n = 3): length, 550-585 (568) um; width,
354-367 (360) um; length to width ratio — 1.6; fenestra
diameter, 18-22.5 (20) um; the distance from the edge
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BCTPETUTHCHA HA NpuycamebGHbIX ydacTKax, BILOJb
roJiel, Ha Jyrax. Ha rmoyblHY He pasMHOXaeTcs (3u-
HOBbeBa, Ymxos, 2012).

LluCThI MCCIenyeMOoro BULa UMeJIU OTeYeCTBEeH-
HOE TIPOVCXOX/IeHUEe, ObIIU BhIIBJIEHBI ITPU SKCIIEP-
Ttuse (puc. 1).

duna (n = 10): gauHa — 130-133 (132) MKM; mu-
puHa — 50-52 (51) MKM; OTHOIIIEHWE OJINHBI K IMUPU-
He — 2,6.

LucTel (n = 3): mrHa — 550-585 (568) MKM; U PHU-
Ha — 354-367 (360) MKM; OTHOIIIEHUE IJIMHbBI K ITUPU-
He —1,6; nuameTrp deHecTprl — 18-22,5 (20) MkM; pac-
CTOsTHUE OT Kpas (heHecTPsI 10 aHyca — 26—33 (30) MKM;
uHpekc 'paneka — 1,5.

JluauHKM 2-ro Bospacrta (n = 10): gauHa —
495-503 (499) MkM; a = 22; ¢ = 9,6; cTuIer —
23,8-24,5 (24) MkM; mupuHa Teaa — 21-24 (23) MKM;
nanHa xsocta — 50-54 (52) MKM.

OubdepeHInadbHbIi AMarHos. HemaTozma
G. millefolii cxogHa ¢ G. artemisiae, OT KOTOPOY OHA OT-
JrJaeTcs 6ojee NJIUHHBIM CTHUJIETOM JIMYUHKU 2-T0
Bo3pacTa (25 mpoTuB 22—24 MKM), pa3JINYHbIMU BU-
laMU pacTeHui-xo3seB (3uHOBbeBa, Ynikos, 2012).
OT KapaHTUHHOTO Buna G. rostochiensis ThICIUEIUCT-
HUKOBas Lucroobpasyrmas Hemarona G. millefolii
OTJINYAJach MEHBIINM KOJIUYIECTBOM CKJIAJOK MEXIY
aHyCcOM ¥ ByJIbBOU (8 mpoTuB 14-21), MEHBUIUM WH-
nekcoM I'paneka (1,5 mpoTus 3,7), KPyrOBBIM PUCYH-
KOM KyTUKYJISIPHBIX CKJIQJIOK BOKPYT BYJIbBBI U aHycCa,
66bIIM pasMepoM cTuiieta (25 mpotus 22). Ot G. pal-
lida otnuyaeTca 6ojiee MEJIKUMU TOJIOBKAMU CTUJIETA
VHBa3MOHHBIX JUYNHOK, HAKJIOHEHHBIMU Ha3a/l, KaK
y G. rostochiensis.

Globodera tabacum sensu lato (Lownsbery

& Lownsbery, 1954) Skarbilovich, 1959 —

TabavyHas UCTO06pasylas HeMaToIa

XO0Ts eCTb HEKOTOPbIE PAa3HOTJIACUS CPeAu yue-
HBIX IO cucteMaTuke Globodera tabacum, cauTaeT-
CsI, UTO HTOT KOMILJIEKC COCTOUT M3 TPeX ITOJBUOB,
OTJINYAIIIUXCSI HEKOTOPBIMU MOP(OJIOTUUYECKUMU
MpU3HAaKaMU, apeajioM O0UTaHus U reorpadruueckum
pacmnpenenenueM (Subbotin et al., 2019). 9To cienyro-
1Iyie IOABUbI:

Globodera tabacum solanacearums

Globodera tabacum tabacum;

Globodera tabacum virginiae.

PacnipocrpaneHue

(https: //www.cabi.org/isc/
datasheet/27037):

Adpuka: Magarackap, Ma-
POKKO;

Asug: Kurai, [TakucTas,
CeBepHas Koped, AnoHug;

EBpoma: boarapus4, I'peniusd,
Wcnauug, Utanusa, CJIOoBeHUd,
®dpanuug, I0rocinasusg;

AmMepuka: ApreHTtuHa, Ka-
Hazma, Ky6a, Komymbus, Mekcu-
ka, CIIA.

JKM3HEHHBIN UMK 1 6MOJIO-  Pyc. 1. AHanbHO-ByNbBapHas o6nactb

of the fenestra to the anus, 26—-33 (30) um; Granek
index —1.5.

Second instar larvae (n = 10): length, 495-503
(499) um; a = 22; ¢ = 9.6; stylet, 23.8-24.5 (24) um; body
width, 21-24 (23) um,; tail length — 50-54 (52) um.

Differential diagnosis. Nematode G. millefolii
is similar to G. artemisiae, from which it differs in
the longer stylet of the 2" instar larvae (25 versus
22-24 um), various host plant species (Zinovieva,
Chizhov, 2012). G. millefolii differed from the quarantine
species G. rostochiensis fewer folds between the anus
and vulva (8 versus 14-21), smaller Granek index (1.5
versus 3.7), circular pattern of cuticular folds around
the vulva and anus, larger stylet size (25 versus 22).
From G. pallida it differs in smaller stylet heads of
infective larvae, tilted backwards, as in G. rostochiensis.

Glohodera tabacum sensu lato (Lownsbery

& Lownsbery, 1954) Skarbilovich, 1959

Although there is some controversy among schol-
ars on taxonomy of Globodera tabacum, it is believed that
this complex consists of three subspecies that differ in
some morphological characters, habitat, and geogra-
phical distribution (Subbotin et al., 2019). These are the
following subspecies:

Globodera tabacum solanacearum;

Globodera tabacum tabacum;,

Globodera tabacum virginiae.

Distribution (https: //www.cabi.org/isc/
datasheet/27037):

Africa: Madagascar, Morocco;

Asia: China, Pakistan, North Korea, Japan;

Europe: Bulgaria, Greece, Spain, Italy, Slovenia,
France, Yugoslavia;

America: Argentina, Canada, Cuba, Colombia,
Mexico, USA.

Life cycle and biology of the complex G. tabacum
very similar to those of potato cyst nematodes, al-
though the nematodes of the complex G. tabacum have
been studied in much less detail. It parasites on Sola-
naceae plants, but not on potatoes.

The studied cysts of G. tabacum were of European
origin (Fig. 2).

Eggs (n = 10): length, 95-98 (97) um; width,
43-53 (48) um; length to width ratio — 2.

Cysts (n = 6): length, 565-570 (568) um; width,
348-355 (352) um; length to width ratio — 1.6; fenestra

Fig. 1. Anal-vulvar region of Globodera
s KoMIuiekca G. tabacum odeHb  Globodera millefolii (hoTo E.A. Xyasikosoit) — millefolii (photos by E.A. Khudyakova)
IIOXO0XU Ha TaKOBBIE Yy KapTO-

enpHBIX IIUCTOOGPA3YWILUX

HeMaToJ, XOTsI HeMaTo bl KOMILIeKca G. tabacum GbLIN
M3yYEeHbI TOPa3/lo MeHee Moapo6Ho. [TapasuTupyer
Ha ITacJeHOBBIX PAaCTEHUIX, HO He Ha KapTodele.
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ViccnemyeMble LUCTHI G. tabacum UMesy eBPOoTIel-
CKOe TTpoucxoxaenue (puc. 2).

slima (n = 10): lnunaa — 95-98 (97) MKM; IIupuHa —
43-53 (48) MKM; OTHOIIIEHNE IJIVHBI K IMUPUHE — 2.

Luctsl (n = 6): gnuHa — 565-570 (568) MKM; K-
puHa — 348-355 (352) MKM; OTHOIIIEHYE OJIUHBI K IITH-
pute — 1,6; nuametp heHecTps! — 28—33 (31) MKM; pac-
CTOsTHUE OT Kpas (heHecTpsl 10 aHyca — 33—45 (39) MKM;
uHpekc 'paneka — 1,3.

JIuunHKM 2-ro Bo3pacra (n = 10): mauHa —
488-502 (495) MkM; a = 23; ¢ = 9,9; cTuier —
25-27 (26) MKM; mupuHa Teaa — 21-23 (22) MKM; IJ11-
Ha xBocTa — 49-51 (50) MkM (puc. 3).

Iuddepennyanbabiii guarto3. OT KapaHTUHHOTO
Buma G. rostochiensis TabauHas IIMCTOO6pa3yoIas He-
Maroza G. tabacum OTIWYaNach GOJIBUINM IUAMETPOM
(enectpsl (31 MKM IpOTUB 20 MKM), MEHBIIUM KOJIK-
YEeCTBOM CKJIaZIOK MeXIy aHyCOM U BYJIbBOU (MeHee
14), menbmuM uHIeKkcoM I'paneka (1,3 mportus 3,7),
6oJiee KPYITHBIMU CKJIaJKaMU U OKPYTJIBIM PUCYHKOM
KYTUKYJISIPHBIX CKJIaJL0K BOKPYT BynbBEL. OT G. pallida
u G. rostochiensis uccnenyemas nomnynsanus G. tabacum
oTanYasachk 60jee OKPYTIbIMU, BBITIHYTBIMU B IIOITE-
PEYHOM HaMpaBJIEHUU IOJIOBKAMU CTUJIETAa UHBABU-
OHHBIX JUYMHOK, OT G. rostochiensis — 6ojiee IINHHBIM
CTUJIETOM (26 MKM IIPOTUB 22 MKM).

Globodera artemisiae (Eroshenko & Kazachenko,
1972) Behrens, 1975 — HoJbIHHASA
1ycroobpasyrolas HeMaToia

VicxomHoe oInucaHue He 33J0KyMeHTHUPOBAaHO.

Globodera artemisiae mapasuTUPYeT Ha MOJBIHU
Artemisia vulgaris 1. u pactipocTpaHeHa B Poccuu, Ap-
MeHud, [Tonbuie, l'epmanuu, lBenuu, dnonun (3u-
HOBbeBa, Ymxos, 2012; ByropuHa u ap., 2006).

Vccnenyemble IIUCTHI G. artemisiae BbISIBJIE€HBI
B o6pa3siax c JJaxbHero Boctoka Poccuu (puc. 4).

slitta (n = 10): giuHa — 85—99 (92) MKM; ITMpUHA —
35-39 (37) MKM; OTHOIIIEHUE IJIVUHBI K ITUPUHE — 2,4.

Luctel (n = 5): gnuHa — 457-535 (496) MKM; IIKU-
puHa — 290-340 (315) MKM; OTHOIIEHYE OJUHBI K IITH-
puHe — 1,6; nuamMeTp peHecTpsl — 2228 (25) MKM; pac-
CTOsTHUE OT Kpas (heHecTPsI J10 aHyca — 24—33 (29) MKM;
nHpekc 'paneka — 1,2.

JluumHKM 2-TOo Bo3pacta (n = 10): mauHa —
370-450 (410) MkMm; a = 21; ¢ = 9,7; cTUJIET —
25-27,5 (26) MKM; mupuHa Teaa — 18-22 (20) MKM;
IIuMHA XxBocTa — 35—-48 (42) MkM (puc. 5).

IuddepeHnaabHbli fraruo3. OT KapaHTUHHO-
ro Buga G. rostochiensis TIOJIbIHHAS IIMCTOOGPA3yIOIIAsT
HeMmaroga G. artemisiae OTIMYajiach OOJIBIINM gUaMe-
TpoM (heHecTpsI (25 MKM ITPOTUB 20 MKM), MEHBIIUM
KOJIMYECTBOM CKJIAJIOK MEXK/IY aHYCOM U BYJIbBOH (Me-
Hee 10), MeHbIIUM MHAEKCOM I'paHeka (1,2 MPOTUB
3,7), OKPYTJIBIM PUCYHKOM KYTUKYJSIPHBIX CKJIALOK
BOKPYT BYJIbBBI M aHyca, HalOMUHAWIUM udpy 8.
Ot G. pallida uccnenyemas nonynsanus G. artemisiae OT-
JYaJjiach TOJIOBKaMU CTUJIeTa MHBA3MOHHBIX JUUL-
HOK, HaKJIOHEHHbIMU Hasa[l, oT G. rostochiensis — 6ojee
IIMHHBIM CTUJIETOM (26 MKM ITPOTUB 22 MKM).

AHanu3 TaHHBIX JIAGOPATOPHBIX MCCIeL0BAHUN
TIoKa3aJ, YTO OCHOBHBIM ITyTEM pPaCIIPOCTPaHEHUS
uucroobpasyromux HeMaTo[, Globodera pallida u Glo-
bodera rostochiensis saBJisseTcs KapTo(esb CBEXUU
niy oxJaxIeHHbIH (kom THBI 0701); TakXe OHU
MOTYT PacIpPOCTPAHATHCS C JIYKOBUIIAMU, KIIYOHS-
MU, KJIyOHEBUIHBIMY KOPHSAMU, KITyOGHEITYKOBUIIAMY,

Puc. 2. AHanbHo-BynbBapHasa  Fig. 2. Anal-vulvar
obnacTtb G. tabacum region of G. tabacum
(choTo C.B. CypapukoBoit) (photo by S.V. Sudarikova)

Puc. 3. lnunHka G. tabacum  Fig. 3. G. tabacum larva

(choTo C.B. CypapukoBoit) (photo by S.V. Sudarikova)

diameter, 28—-33 (31) um; the distance from the edge of the
fenestra to the anus, 33-45 (39) um; Granek index — 1.3.

Second instar larvae (n = 10): length, 488-502
(495) um; a = 23; ¢ = 9.9; stylet, 25-27 (26) um; body
width, 21-23 (22) um; tail length, 49-51 (50) um (Fig. 3).

Differential diagnosis. G. tabacum differs from the
quarantine species G. rostochiensis by a larger fenes-
tra diameter (31 pm vs 20 um), fewer folds between
anus and vulva (less than 14), lower Granek index (1.3
vs 3.7), larger folds, and a rounded pattern of cuticu-
lar folds around the vulva. The studied population of
G. tabacum differed from G. pallida and G. rostochiensis
by more rounded, transversely elongated stylet heads
of invasive larvae, from G. rostochiensis — by a longer sty-
let (26 ym versus 22 um).

Glohodera artemisiae (Eroshenko & Kazachenko,

1972) Behrens, 1975

The original description is not documented.

Globodera artemisiae parasitizes Artemisia vulga-
ris L. and is distributed in Russia, Armenia, Poland,
Germany, Sweden, and Japan (Zinovieva and Chizhov,
2012; Butorina et al., 2006).

The studied cysts of G. artemisiae were detected in
samples from the Russian Far East (Fig. 4).

Eggs (n =10): length, 85-99 (92) um; width, 35-39
(37) um; length to width ratio — 2.4.

Cysts (n = 5): length, 457-535 (496) um; width,
290-340(315) um; length to width ratio — 1.6; fenestra di-
ameter, 22-28 (25) um; the distance from the edge of the
fenestra to the anus, 24-33 (29) um; Granek index — 1.2.
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Puc. 4. Bapnauunu aHanbHO-BY/IbBapHbIX NJACTUHOK
y G. artemisiae (cpoTo C.B. Cynapukoeoi, E.A. XynakoBoit)

xopHeBunamu (kog THB3/I 0601); IpoYrMU KUBBIMU
pacTteHusMu (BKJIHOUYas UX KOPHU), YePEHKAMU U OT-
BoJIKaMu (KPOMeE HEYKOPEHEHHBIX YePEHKOB U MUIIE-
Jus rpuba) (kom THBI/, 0602); IyKOM pemnyaTsIM, JIy-
KOM-IIIaJIOTOM, Y€CHOKOM, JIYKOM-TIOPEEM U TIPOYUMU
JIYKOBUYHBIMY OBOILAMU, CBEXXUMU WJIU OXJIaXKIEH-
HbIMU (Kox THB3I 0703); MOPKOBBIO, PETION, CBEKJIOHN
CTOJIOBOM, KO3JI060POJHUKOM, CeJTbJlepeeM KOPHEBBIM,
penucoM ¥ MpPOYMMU aHAJOTUYHBIMU CheNOOHBIMU
KOPHEIUIONaMU, CBEXXVUMU WJIN OXJKIEHHBIMU (KO
THB3]I 0706); MaHMOKOM, MapaHTOM, CaIerioM, 3eMJIs-
HOM rpyuie, Wiu TONUHaMOypoM, CIagKUM KapTode-
JieM, uiu 6aTaToM, M aHAJIOTUYHBIMU KOPHEIIOHaMu
u kayoHerogamu (kog THBD, 0714).

Hecmotps Ha To uTo Globodera pallida v Globodera
rostochiensis He Tapa3UTUPYIOT Ha BCEU BHILIEIIEPEYUNC-
JIEHHOU TTPOoAyKIIMu (KpoMe KapTodess), OHU MOTYT
TepenaBaThCs C 3arPSA3HSIIONIMMY €€ YaCTUIIaMU T10Y-
BBI, IO3TOMY IPOAYKITUS ITOAJIEXUT 065I3aTEIbHBIM JIa-
6opaToOpHBIM HccienoBaHuAIM. Hampumep, Globodera
pallida nBaXkIbI BBIIBJSJIACh HA TPOAYKIIUY «Ta30H-
HbIE TPaBbI» U3 EBPOIIHI.

VHTeHCUBHOE M3ydyeHue poma Globodera, ocy-
1IeCTBJIsEMOE celiuac B cTpaHaX EBPOIIBI 1 AMEPUKY,
TIPUBEJIO K OMMKUCAHUI0 PSIfa BUIOB, 0YeHb GIU3KUX
Mopdosoruyecku K kaprodeabHol HeMaToze G. ros-
tochiensis. HeobXoguMOCTb IIPABUJIBHOTO Pa3TpaHuye-
HUS BCEX BTUX HEMATO]] OUEBUIHA, HO OHO TIPE/ICTaB-
JISIET IOBOJIBHO 0OJIbINIVE TPYAHOCTU, OCOGEHHO eCiIu
YYECTh OTCYTCTBUE JOCTATOUHO YETKOM JIOTOBOPEHHO-
CTH O TIOHSATHUSX, 0603HAYAEMBIX OTAEIbHBIMU TEPMU-
HaMMU.

Tak, He0OXOIMMO TIOSICHUTB, uTO E.C. KupbsiHOBa
u A.B. BopuceHKo moipasyMeBaloT 107, PaCCTOIHUEM
«BYJIbBA — @HYC» PACCTOSHUE OT 1[E€JIU BYJIbBHI JI0 I1€H-
TPa aHAJbHOTO OTBePCTUs. [[uaMeTp BYJbBapHOU

Puc. 5. JlnumnHka

Fig. 5. G. artemisiae
G. artemisiae (poto  larva (photo
C.B. CypapukoBoi) by S.V. Sudarikova)

Fig. 4. Variations of anal-vulvar plates of G. artemisiae
(photos by S.V. Sudarikova, E.A. Khudyakova)

Second instar larvae (n = 10): length, 370-450
(410) um; a = 21; c = 9.7; stylet, 25-27.5 (26) um; body
width, 18-22 (20) um; tail length, 35-48 (42) um (Fig. 5).

Differential diagnosis. G. artemisiae differs from
the quarantine species G. rostochiensis by a larger fenes-
tra diameter (25 pm vs 20 um), fewer folds between the
anus and vulva (less than 10), lower Granek index (1.2 vs
3.7), rounded pattern of cuticular folds around the vulva
and anus resembling the number 8. The studied popu-
lation of G. artemisiae differed from G. pallida in the sty-
let heads of invasive larvae, inclined backwards, from
G. rostochiensis in a longer stylet (26 pm versus 22 pm).

Analysis of laboratory research data showed that
the main pathway of cyst nematodes Globodera pallida
and Globodera rostochiensis is fresh or chilled potatoes
(HS code 0701); they can also spread with bulbs, tubers,
tuberous roots, corms, rhizomes (HS code 0601); other
live plants (including their roots), cuttings and layering
(except unrooted cuttings and mycelium of the fungus)
(HS code 0602); onions, shallots, garlic, leeks and other
alliaceous vegetables, fresh or chilled (HS code 0703);
carrots, turnips, beetroot, buckthorn, celeriac, radishes
and other similar edible root vegetables, fresh or chilled
(HS code 0706); cassava, arrowroot, salep, ground pear
or Jerusalem artichoke, sweet potato or sweet potato,
and similar roots and tubers (HS code 0714).

Despite the fact that Globodera pallida and Globo-
dera rostochiensis do not parasitize on all of the above
products (except potatoes), they can be transmitted
with soil particles contaminating it, therefore the pro-
ducts are subject to mandatory laboratory tests. For ex-
ample, Globodera pallida was twice detected on “lawn
grass” from Europe.

Intensive study of the genus Globodera carried out
now in the countries of Europe and America, has led to
the description of a number of species, morphological-
ly very close to the potato nematode G. rostochiensis. The
need for a correct distinction between all these nema-
todes is obvious, but it presents rather great difficulties,
especially given the lack of a sufficiently clear agree-
ment on the concepts denoted by individual terms.

So, it is necessary to clarify that E.S. Kiryanova and
A.V. Borisenko mean by the distance “vulva —anus” the
distance from the gap of the vulva to the center of the
anus. The diameter of the vulvar plate, together with
the basin, is measured along a long diameter, i. e., in the
direction of the anus. The Granek index is taken with
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MJIACTUHKY BMecTe ¢ 6a3MHOM M3MEePSIOT 110 AJINH-
HOMY ITOTIEPEYHUKY, T. €. B HAIIpaBJIeHUY K aHycCy. VH-
Iekc 'paHeKa MIPUHUMAIOT C IIOIPaBKOM: B UMCIUTEIE
TTOMEIAT PACCTOSIHUE OT IIEeJIU BYJIbBBI J0 IIEHTPA
aHyca, a B 3HaMeHaTeJie — HauboJiee IJIVHHBIN Ara-
METP BYJIbBAPHOU IIJIACTUHKY. Y IIUCT C Pa3pylIeHHOM
BYJIbBOU U3MEPEHUE BEJIETCS OT LIEHTPA ITOTO OTBEP-
ctus (KupbsgHoBa, Bopucenko, 1975). [Ipu TakoM U3-
MEpPEHUU OMKUOKA B OIEHKE PACCTOSIHUS OT BYJIbBBI
IIo aHyca 6y/1leT MUHUMAaJIbHOM, 0CO6EHHO KOTla KyTH-
KyJia 6JIM3 BYJIbBBI paspylleHa IaJieko 3a IIpeieaMu
BYJIbBAPHOU MJIaCTUHKY U (heHecTphl. KpoMe TOro, 3T0
TI03BOJIIET CPAaBHUBATh TaKye N3MEPEHNUS C JaHHBIMU
TpeIIecTBYIOIIUX aBTOPOB. HecMOTps Ha MTPaBUIIb-
HOCTB U yHo6CTBO TaKoro crnocoba uaMepeHu, B Ha-
CTOsIIIee BpeMS Bce 3apyOe)kKHbIe aBTOPBI ITPOU3BOJIST
U3MepeHUs OT Kpas ByJIbBApPHOIo OKHA. [To3TOMYy IIpu
MHPOBEIEHUN KCCIAeNOBAaHUN Mbl IIPULEPKUBATIUCH
MeXIYHapOLHOU MPaKTUKU.

Tak)Ke YacTO eCTb PAa3HOUTEHUS B TEPMUHOJIOT Y.
Hampumep, TEpPMUH «ByJIbBapHas IJIACTUHKA» Y HEKO-
TOPBIX COBPEMEHHBIX aBTOPOB UCIIOJIB3YETCS BMECTO
TEepMUHA «aHaJbHO-BYyJIbBapHAas IJIACTUHKA», U Ha-
o060poT. CiieyeT 4eTKO Pa3jndaTh 3TU TEPMUHBL. Tep-
MWH «BYJIbBapHAS IIJIACTUHKA» SIBJISIETCS CHHOHUMOM
ByJIbBapHOU (heHecTphI (ByJIbBAapHOr0 OKHA, 6a3uHa),
a TEPMUH «aHaJIbHO-BYJIbBapHAs IJIACTUHKA» — CUHO-
HUMOM MeprHealbHOW 06J1acTH, T. €. IOBEPXHOCTHOM
06JtacTy BOKPYT aHyca 1 BYJIbBHI.

3AKJIIIOYEHUE

Ananu3 MaTepuaja o pacTeHUsIM — X03sgeBaM HeMa-
ToJ ponia Globodera TiokasaJi, UYTO 8 BUIOB HEMATO, 3TO-
T'0 poZia MapasuTUPYIOT Ha PACTEHUSIX ceMelicTBa Sola-
naceae, 3a ICKJIIOUeHreM KapToders. Ipyrimna HeMaToy,
porna Globodera mapasuTupyeT Ha PacTEHUSIX ceMeli-
cTBa Asteraceae. [{lucToobpasyolye HEMaTObI TIepe-
JIAI0TCS C TIOYBOU, ITOATOMY MOTYT BCTPEYATHCS B IO -
KapaHTUHHOW MTPOAYKIINY, 3aTPI3HEHHON YaCTUIIaMU
1mouBsl. COCTABJIEH CITMCOK TAKOW IIPOLYKIIUY, & TAKXKe
TIpeNiCTaBJIEeHbI Pe3yIbTaThl MCCIEI0OBAHUSA 10 TeoTPa-
(brueckomy pacmpocTpaHeHUI0 HeMaToH poxa Globo-
dera. TIpoBemeH c60p U KCCIeI0BaHIE 06Pa31[0B [IOUBLI
U3 pasHbIX obyiacTel Poccuiickoit denepaiiuu u UM-
MMOPTHOU MpoayKIuu. O6Hapy)KeHbl HEKAPAHTUHHbIE
BUAbI pomaa Globodera, mpoBemeHO UX UCCIEIOBaHUE.
IIpencraBieH nuddepeHIIaNbHBIN IUArHO3, I03BO-
JITIOIIUY OTHAEJUTb KapaHTUHHbIE BUIbI OT HEKapaH-
TUHHBIX 10 OCHOBHBIM MOP(OJIOTUYECKUM ITPU3HAKAM.
IlaHbI OTTMICAHUS TPeX HeKapaHTUHHBIX BUIOB, KOTO-
pble IIepruogNYECKY BCTPEUaINCh IIPU JIaOOPaTOPHBIX
ucciaenoBaHusgx. OnpeneaeHbl PA3HOUTEHNSA B TEPMU-
HOJIOTYHU ¥ ITpOMepPaxX MOPGOMETPUUECKUX TTPU3HAKOB,
KOTOPBIE BaYXHO YYUTHIBATD IIPU AUATHOCTUKE.
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a correction: the numerator is the distance from the slit
of the vulva to the center of the anus, and the denomi-
nator is the longest diameter of the vulvar plate. In cysts
with a destroyed vulva, measurements are made from
the center of this hole (Kiryanova, Borisenko, 1975).
With this measurement, the error in estimating the dis-
tance from the vulva to the anus will be minimal, espe-
cially when the cuticle near the vulva is destroyed far
beyond the vulvar plate and fenestra. In addition, this
allows such measurements to be compared with those
of previous authors. Despite the correctness and con-
venience of this measurement method, at present, all
foreign authors measure from the edge of the vulvar
window. Therefore, when conducting research, we ad-
hered to international practice.

There are also often inconsistencies in terminolo-
gy. For example, the term “vulvar plate” is used by some
modern authors instead of the term “anal-vulvar plate”,
and vice versa. These terms should be clearly distin-
guished. The term “vulvar plate” is synonymous with
the vulvar fenestra (vulvar window, basin), and the term
“anal-vulvar plate” is synonymous with the perineal re-
gion, i. e., the superficial area around the anus and vulva.

CONCLUSION

The analysis of the material of host plants of the Globo-
dera genus nematodes showed that 8 nematode species
of this genus parasitize on Solanaceae plants, with the
exception of potatoes. Group of nematodes of the genus
Globodera parasitize on Asteraceae plants. Cyst nema-
todes are transmitted with the soil; therefore, they can
be detected in regulated products contaminated with
soil particles. A list of such products has been compiled,
as well as the results of a study on the geographical dis-
tribution of nematodes of the genus Globodera are pre-
sented. Soil samples were collected and studied from
different regions of the Russian Federation and import-
ed products. Non-quarantine species of the genus Glo-
bodera were detected and studied. A differential diag-
nosis is presented, which makes it possible to separate
quarantine species from non-quarantine ones accord-
ing to the main morphological features. Descriptions
are given of three non-quarantine species that were pe-
riodically detected in laboratory studies. Discrepancies
in the terminology and measurements of morphomet-
ric features, which are important to take into account
in the diagnosis, are determined.
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AHHOTALIUA
OnHuMY 13 HanboJjiee OTTaCHBIX BPeLHBbIX OPTaHM3MOB
ILJIs pacTeHUl aBagd0TCsa GuUuToriaasmMbl. duronarore-
HbI U3 rpy1mIIel Apple proliferation (16SrX) BbI3bIBAlOT
(uTOIIIa3MO3bl Y CEMEUKOBBIX U KOCTOUKOBBIX KYJIb-
TYP, KOTOPbIE TIPUBOJSAT K OTPOMHBIM ITOTEPSIM ILJIO-
JIOBO-SITOLHOU TIPOAYKIIUY 10 BCEMY MUPY. B rpyrmmy
16SrX BXOZAT, B YaCTHOCTU, TaKUe HEeKYJIbTUBUPYE-
Mble 6akTepuu: Candidatus Phytoplasma mali, koTopas
BhI3bIBaeT 6oJie3Hb nposudepanuu gs6mouau (Apple
proliferation); Candidatus Phytoplasma pyri, KoTopas
BBI3BIBAET 60JIe3Hb UcTOIeHus rpyuiu (Pear decline);
Candidatus Phytoplasma prunorum, BbI3bIBAOIIAs €B-
POMEMCKYI0 XKEeNTYyXy KOCTOUKOBbIX (European stone
fruit yellows). [TepBble Ba BUA BKIOYEHBI B EqUHBIM
epedyeHb KapaHTUHHBIX 06beKTOB EBPa3suiICKOr0 9K0-
HOMMYecKoro coisa (EASC). HecMOTpPSI Ha TO UTO BTU
(buTOIIIA3MBI BXOAAT B OHY TPYIIITY, UM ITPUCYIITY pas3-
HbIe eCTeCTBEHHbIE PACTEHUI-X0351€Ba, HACEKOMBbIE-
TIePEeHOCUYMKH, a TaKXXe pa3JMUYHbIN Habop xapak-
TEPHBIX CUMIITOMOB Y MH(UIIMPOBAHHBIX PACTEHUH.
B cTaThe mpuBeeHbI JaHHBIE 10 M3YUYEHUI0 aHAJTUTHU-
YeCKUX XapaKTePUCTUK (Creln(pUIHOCTb U YyBCTBU-
TEJIbHOCTD) CITEU(MUYHBIX TPAUMEPOB JIJIs BhISBJIE-
HUS GUTONATOTEHHBIX MUKPOOPTAaHU3MOB U3 TPYIIITHI
Apple proliferation MeToOM TTOIMMEPA3HOM IETTHOM
peakmuu (ITLIP) B pexkriMe peajibHOTO BPEMEHU U IJIs
rocJyieiytolnei BUI0BOM naeHTU(GUKAIIUY BO30yLUTE-
Jis 3abosieBaHud Tipoiudepanuu s6aouu Candidatus
Phytoplasma mali ¢c ucnonb3oBaHueM ceuMUUHBIX
pariMepoB MeTOIOM Kiiaccuyueckoi ITIIP. B xozme sKc-
TIEPUMEHTOB ITOJIyUYeHbl KaueCTBeHHbIE CTIeIIU(DUUHbIE
TPOAYKTHI aMIIN(PUKAIINU. YCTAHOBJIEHO, UTO C I10-
MOIIbI0 UCCIIEIYEMOM TTaphl TPAalMePOB JIJIST KJIACCHU-
veckoi [P BO3BMOXXHO AVMarHOCTUPOBATh U UAEHTU-
¢puuupoBaTh Bo36yauTes npoaudepanuu A6JI0HU
B 3apakKeHHOM pPacTUTEeJIbHOM MaTepuale. B pabore
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ABSTRACT
One of the most dangerous pests for plants are phy-
toplasmas. Phytopathogens from the Apple prolifera-
tion group (16SrX) cause phytoplasmoses in pome and
stone fruit crops, which lead to huge losses of fruit and
berry products around the world. The 16SrX group in-
cludes, in particular, such uncultivated bacteria as:
Candidatus Phytoplasma mali, causing apple prolife-
ration; Candidatus Phytoplasma pyri, resulting in pear
decline; Candidatus Phytoplasma prunorum, leading to
European stone fruit yellows. The first two species are
included in the Common List of Quarantine Pests of the
Eurasian Economic Union (EAEU). Although they be-
long to the same group, these phytoplasmas have dif-
ferent natural hosts, insect vectors, and a different set
of characteristic symptoms in infected plants. The arti-
cle presents data on the study of the analytical charac-
teristics (specificity and sensitivity) of specific primers
for the detection of phytopathogenic microorganisms
from the Apple proliferation group by real-time poly-
merase chain reaction (PCR) and for subsequent spe-
cies identification of the causative agent of apple pro-
liferation Candidatus Phytoplasma mali using specific
primers classical PCR method. During the experiments,
high-quality specific amplification products were ob-
tained. It has been established that using the studied
pair of primers for classical PCR, it is possible to diag-
nose and identify the causative agent of apple prolife-
ration in infected plant material. In this work, the analy-
sis of the studied specific primers was carried out using
the NCBI Primer-BLAST online service. For research,
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OCYILIEeCTBJIEH aHAJIN3 UCCIELYeMBIX CIIeUMUIHBIX
ITpaiiMepoB C UCIIOJIb30BaHMEM OHJIalH-cepBrca NCBI
Primer-BLAST. [Is ITpOBeeHUS HCCIEN0BAHUN HC-
rmojb3oBaiu kKojutekiinio JHK duToniasm us pasiauyd-
HBIX Tpy1In: Apple proliferation, Stolbur, Foxtail palm
yellow decline, Peanut witches’ broom, Elm yellows.

Knrwuesvle cnosa. dutonaTtoreH, ugeHTU(UKA-
uus, TP, puTomiasmMossl, MJI0L0BbIE KyJIbTYPhI, Ka-
PaHTUH pacTeHUu.

BBEJEHUE

urorutasmel  Candidatus Phyto-
plasma mali, Candidatus Phyto-
plasma pyri, Candidatus Phyto-
plasma prunorum rpymmnsl Apple
proliferation (16SrX) — omHu u3
Haubojiee OIACHBIX U SKOHO-
MMWYECKM 3HayuMbIX Qurormna-
TOTE€HOB [JIsI TLJIOLOBBIX U 3KO-
HOMMWYECKM 3HAUYMMBIX [IJII CEJIbCKOXO3SIMCTBEHHBIX
KyJIbTYP He TOJbKO IJs Poccuiickoir ®emepaiuu, HO
u 1Jis 3apyoexxHbix crpaH (Picard et al., 2018; Bash-
kirova et al., 2019; gd.eppo.int). Bo36yguTesb eBpo-
MMEMCKOU JKENTYXU KOCTOUKOBBIX SIBJISIETCS KapaH-
TUHHBIM BpeIHBIM opraHuaMoM (KBO) mJjiss MHOTHUX
cTpaH, HampuMmep nJasa Baxperina, Mspawns, VMopaa-
Huu, Kanazgel, MonmoBel, TyHUCa U OPYrUX, a TaKXe
peryaupyeMblM HeKapaHTUHHBIM BpeJHbIM OPTaHU3-
MOM [JIsI CTpaH EBporiefickoro corsa. Bo3byaurenu
3abosieBaHUH mTponudepannu A6JI0HU U UCTOIIEHUS
rpymn oTHocsaATcsa kK KBO pmjisg ApreHTuHbl, Baxpeii-
Ha, bpasunuu, Mosngossl, HopBeruu u npyrux cTpas
¥ K KapaHTWHHBIM BPENHBIM OpTaHU3MaM, Or'paHu-
YeHHO pacHpoCTpPaHeHHBIM Ha TEPPUTOPUU CTPaH
EASC (BamkupoBa u mp., 2018b; KapumoBa u map.,
2019; gd.eppo.int).

duToriazMbl — GUTOIIATOTeHHbIE TTPOKAPUOTHI
pona Candidatus Phytoplasma BHyTpu Kyiacca Molli-
cutes. JIpyruMu npefcTaBUTENSIMU JaHHOTO Kjacca
SIBJISIOTCS MUKOTLJIa3Mbl, aX0JIeIlJIa3Mbl, CIIMPOTLIa3-
MBI ¥ MHBbIE MUKPOOPTaHU3MbI. Bce M3BECTHbIE BUIBI
u3 pojna Candidatus Phytoplasma IBJISII0TCS PACTUTEb-
HBIMU MTaToreHamMu. OHU 6JIM3KU K 6aKTEePUSIM U3 pojlia
Bacillus, Clostridium wn Streptococcus (CBupumoBa, Baub-
KoBa, 2012; T'mpcosa u 1p., 2013; MCOM 27, 2018).

CoBepIlleHCTBOBaHYME MOJIEKYJISIPHO-TEeHETUYe-
CKUX METOJIOB TI03BOJIUJIO ITPOBECTU HCCIELOBaHME
reHOMa 3TOM I'PYIIITbl MUKPOOPIaHM3MOB, OTIPEJIEIUTD
KOHCepPBaTUBHbIE TeHbI U pa3paboTaTh 6ojiee TOUHYIO
KJaccudukanuio. lmarHocTrka uToriaasM u ux gpu-
JIOTEHETUYECKUY aHaJIM3 OCHOBAaHBI HA UCCIIEN0BAaHUU
tparmenToB reHoB 16S-23S pPHK, 111 KOTOPBIX pas-
pa6oran koMILIeKc npanmepoB (Woese, 2000). Jlag
IIpeBapuUTEeIbHOY Ki1accupuKauy (pUTOIIa3M yalle
BCET0 UCIIOJIb3YIOT TeHEeTUUeCcKre Pa3jinuns B MapKe-
pe —rete 16S pPHK. I'eHeTrueckoe pasiuuuve Mexiy
npencraBuTtensamu poaa Candidatus Phytoplasma rpa-
(buuecku nipeicTaBASAIOT B BUuZe QUIOTeHEeTUUeCKUX
nepesbeB (Lee et al., 2000; Jomantiene et al., 2002; Wei
et al., 2008).

IJysg coBpeMeHHOU kJylaccudukanuu GUTO-
I1JIa3M KCIIOJIb3YIOT ITOPOTOBOE 3HAUYEHUE CXOJICTBA

we used a collection of phytoplasma DNA from various
groups: Apple proliferation, Stolbur, Foxtail palm yel-
low decline, Peanut witches’ broom and Elm yellows.
Key words. Phytopathogen, identification, PCR,
phytoplasmoses, fruit crops, plant quarantine.

INTRODUCTION

hytoplasmas Candidatus Phytoplasma mali,

Candidatus Phytoplasma pyri, Candidatus

Phytoplasma prunorum of Apple prolifera-

tion group (16SrX) are one of the most dan-

gerous and economically significant phyto-
pathogens for fruit and economically significant for
agricultural crops not only for the Russian Federation,
but also for other countries (Picard et al., 2018; Bash-
kirova et al., 2019; gd.eppo.int). The causative agent of
European stone fruit yellows is a quarantine pest for
many countries, such as Bahrain, Israel, Jordan, Cana-
da, Moldova, Tunisia and others, as well as a regulated
non-quarantine pest for the countries of the European
Union. The causative agents of apple proliferation and
pear decline belong to quarantine pests for Argentina,
Bahrain, Brazil, Moldova, Norway and other countries
and to quarantine pests that are limitedly spread on
the territory of the EAEU countries (Bashkirova et al.,
2018b; Karimova et al., 2019; gd.eppo.int).

Phytoplasmas are phytopathogenic prokaryotes
of the genus Candidatus Phytoplasma within the class
Mollicutes. Other representatives of this class are my-
coplasmas, achholeplasmas, spiroplasmas and other
microorganisms. All known species of the genus Candi-
datus Phytoplasma are plant pathogens. They are close
to bacteria of the genus Bacillus, Clostridium and Strep-
tococcus (Sviridova, Vankova, 2012; Girsova et al., 2013;
ISPM 27, 2018).

Improvement in molecular genetic methods has
made it possible to study the genome of this group of
microorganisms, identify conservative genes, and de-
velop a more accurate classification. The diagnosis of
phytoplasmas and their phylogenetic analysis is based
on the study of 16S-23S rRNA gene fragments, for
which a set of primers was developed (Woese, 2000).
For the preliminary classification of phytoplasmas, ge-
netic differences in the marker, the 16S rRNA gene, are
most often used. The genetic difference between mem-
bers of the genus Candidatus Phytoplasma is graphical-
ly represented as phylogenetic trees (Lee et al., 2000;
Jomantiene et al., 2002; Wei et al., 2008).

For the modern phytoplasmas classification,
a threshold similarity of the nucleotide sequences of
the 16S rRNA gene equal to 97.5% is used. For example,
differences in the sequences of one gene region during
interspecific comparison of phytoplasmas from the
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HYKJIEOTUJHBIX ITOCJeHOoBaTeJbHOCTEN reHa 16S
pPHK, paBHOoe 97,5%. HannpuMep, pa3inuyud B I10cCJie-
JIOBaTEJIbHOCTSX OJHOTO yYacTKa reHa IIPU MEXBHU-
JIOBOM CpaBHeHUU (UTOILIIA3M M3 IPYIIbI Apple pro-
liferation cocraBunu: Candidatus Phytoplasma mali/
Candidatus Phytoplasma pyri — 1,0-1,1%; Candidatus
Phytoplasma mali/Candidatus Phytoplasma pruno-
rum - 1,3-1,5% u Candidatus Phytoplasma pyri/Candi-
datus Phytoplasma prunorum — 1,2-1,3% (Seemdiller,
Schneider, 2004; IRPCM, 2004). [To cpaBHEHUIO C BUa-
Mu u3 poga Bacillus puTorIa3Mbl UMEOT HEOOJBIION
TeHOM: OH cocTouT 13 680-1600 TrIcAY ITap HyKJIEOTU-
noB (Duduk, 2009).

@UTOMJIa3Mbl IEPEHOCATCS C TIOMOIILBI0 Hace-
KOMBIX U3 oTpsana Homoptera, mogoTpsamoB Psyllinea,
Cicadinea, wiu Auchenorrhyncha. JokazaHo, 4To pac-
poCTpaHeHue BO30OyAuTENST npoaudepanuu g60-
Hu — Candidatus Phytoplasma mali — ocyuiecTBisieTcs
Bunamu Cacopsylla picta Foerster (curonum C. costalis),
C. melanoneura (Foerster, 1848) u Fieberiella florii (Stal,
1864) (Mehle et al., 2011). HacekoMble-IePEHOCUNKU
pacmpocTpaHeHsl B Pecriy6siuke KpeiM, Ha CeBepHOM
KaBka3se, Ha fore VIpKyTCKOM 06J1aCTY ¥ Ha TEPPUTOPUY
CHT (TTpuxonpko, MaTsmioBa, 2015). Candidatus Phyto-
plasma pyri, BO36yAuTeN b UCTOLIEHUS TPYIIN, TIepe-
HocuTcs ¢ moMotbio Cacopsylla pyri (Linnaeus, 1758),
C. pyrisuga (Foerster, 1848) u Psylla pyricola (Foerster,
1848). 3Ty BUAbI BRIBJIEHBI HA TEPPUTOPUY [JaIbHETO
BocToxka, CeBepHoro Kaskasza u CHI' (MaTsiroBa, Mo-
posoBa, 2016; Bamkuposa u Ip., 2018a). B ecTecTBeH-
HBIX YCJIOBUSX IIEPEHOCYNKOM BO3OYIUTEST €BPOIIEi-
CKOM JKeJITyXUW KOCTOUKOBBIX — Candidatus Phytoplasma
prunorum — gBasgetcs C. pruni (Scopoli, 1763) (Wein-
traub, Beanland, 2006), KOTOpbIA pacmpocTpaHeH
B Peciy6iuke KpbiM 1 Ha I0kHOM KaBkase ([ITHelimep
u ap., 2017). K XxapakTepHbIM CUMIITOMaM 3apaxe-
Hug duronnmazMamu u3 rpynmnsl Apple proliferation
OTHOCSTCS: BETBAIIMECS IT0OETY «BeIbMUHBI METJIIBI»,
MEJIKUE JIUCThS C YBEIMUEHHBIMU MTPUIUCTHUKAMU,
TIOXKEeJITEHVE U ITOKPACHEHYE JINCThEB, CKPYUYUBAHYE
¥ XJIOPOTU3AIIYS IUCTbEB, HEKPO3 (hJ10oMbI (puc. 1).

Il AUarHOCTUKY U UJeHTU(UKAIMY BO30OYAU-
TeJsiel pUTOIIIIa3M030B U3 rpymnnbl Apple proliferation
HUCTOJb3YIT COBPEMEHHbBIE MOJIEKYJISIPHO-T€HETH-
yeckue MeTonbl (MCOM 27, 2018). B ganHoii paboTe
IpoBo M n3ydenue puronaroreHos Candidatus Phy-
toplasma mali, Candidatus Phytoplasma pyri, Candidatus
Phytoplasma prunorum c ucrojib3oBaHUeM IIpaiiMe-
POB, PEKOMeHIOBaHHBIX B myosnukanusax Nikoli¢ et. al.
(2010), Mehle et al. (2013), Jarausch et al. (1994), za oc-
HOBe usyueHus ¢GparMeHToB reHoB 16S-23S pPHK.

MATEPUAJIbBI U METO/IbI

B skcriepuMeHTax ucnoJib3oBaiu JHK duromniaasm
u3 pa3IUYHBIX KoJneknuii: 1) Candidatus Phytoplas-
ma mali; 2) Candidatus Phytoplasma pyri; 3) Candidatus
Phytoplasma prunorum; 4) Candidatus Phytoplasma
solani; 5) Candidatus Phytoplasma asteris; 6) Candida-
tus Phytoplasma convolvuli; 7) Candidatus Phytoplasma
rubi.

VI3 3apa’keHHOr'0 PACTUTEIBHOTO MaTepraja ocy-
IeCTBJIAIU dKcTpakiuio JHK ¢uronartoreHoB Candi-
datus Phytoplasma prunorum, Candidatus Phytoplas-
ma solani, Candidatus Phytoplasma asteris, Candidatus
Phytoplasma convolvuli koMmMepueckuMu HabopaMu
«qutoCop6/CytoSorb» u «Cop6-I'MO-B» (000 «CuH-
TOJI», Poccus).

Apple proliferation group were: Candidatus Phytoplas-
ma mali/Candidatus Phytoplasma pyri — 1.0-1.1%;
Candidatus Phytoplasma mali/Candidatus Phytoplasma
prunorum — 1.3-1.5% and Candidatus Phytoplasma
pyri/Candidatus Phytoplasma prunorum — 1.2-1.3%
(Seemdiller and Schneider, 2004; IRPCM, 2004). Com-
pared to species of the genus Bacillus, phytoplasmas
have a small genome: it consists of 680-1600 base
pairs (Duduk, 2009).

Phytoplasmas are transmitted by insects from
the order Homoptera, the suborders Psyllinea, Cica-
dinea, or Auchenorrhyncha. It has been proven that
the spread of the causative agent of apple prolifera-
tion, Candidatus Phytoplasma mali, is carried out by
the species Cacopsylla picta Foerster (synonym of C. cos-
talis), C. melanoneura (Foerster, 1848), and Fieberiella flo-
rii (Stal, 1864) (Mehle et al., 2011). Insect vectors are
common in the Republic of Crimea, in the North Cauca-
sus, in the south of Irkutsk Oblast and in the CIS (Prik-
hodko and Matyashova, 2015). Candidatus Phytoplasma
pyri, the causative agent of pear decline, is transmit-
ted by Cacopsylla pyri (Linnaeus, 1758), C. pyrisuga (Fo-
erster, 1848) and Psylila pyricola (Foerster, 1848). These
species have been identified in the Far East, North Cau-
casus, and the CIS (Matyashova and Morozova, 2016;
Bashkirova et al., 2018a). In natural conditions, the
vector of European stone fruit yellows, Candidatus Phy-
toplasma prunorum, is C. pruni (Scopoli, 1763) (Wein-
traub, Beanland, 2006), which is spread in the Repub-
lic of Crimea and the South Caucasus (Shneyder et al.,
2017). The characteristic symptoms of infection with
phytoplasmas from the Apple proliferation group in-
clude: branching shoots of the “witch’s broom”, small
leaves with enlarged stipules, yellowing and reddening
of the leaves, twisting and chloritization of the leaves,
and phloem necrosis (Fig. 1).

For the diagnosis and identification of pathogens
of phytoplasmoses from the Apple proliferation group,
modern molecular genetic methods are used (ISPM 27,
2018). In this work, the study of phytopathogens Candi-
datus Phytoplasma mali, Candidatus Phytoplasma pyri,
Candidatus Phytoplasma prunorum was carried out us-
ing primers recommended in the publications of Ni-
koli¢ et. al. (2010), Mehle et al. (2013), Jarausch et al.
(1994), based on the study of 16S-23S rRNA gene frag-
ments.

MATERIALS AND METHODS

The experiments used phytoplasma DNA from diffe-
rent collections: 1) Candidatus Phytoplasma mali;
2) Candidatus Phytoplasma pyri; 3) Candidatus Phyto-
plasma prunorum; 4) Candidatus Phytoplasma solani;
5) Candidatus Phytoplasma asteris; 6) Candidatus Phy-
toplasma convolvuli; 7) Candidatus Phytoplasma rubi.

DNA of phytopathogens Candidatus Phytoplasma
prunorum, Candidatus Phytoplasma solani, Candidatus
Phytoplasma asteris, Candidatus Phytoplasma convol-
vuli was extracted from infected plant material with
commercial kits CytoSorb and Sorb-GMO-B (Syntol,
Russia).

To diagnose phytoplasmas from the Apple proli-
feration group by real-time PCR (RT-PCR), specific F/R
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Puc. 1. CuMnTOMbI MOKPACHEHUS NMUCTbEB rpyLun,

(choTo W.T. BawkunpoBsoit)

I [varHoCTUKY (UTOILIA3M U3 TPYIIITEI Apple
proliferation meTomom IILIP B pealbHOM BpeMeHU
(TTLIP-PB) ucmoyib30Baau criequduUYHbIe IpaiMephl
F/R (Nikoli¢ et al., 2010; Mehle et al., 2013):

npsmon npaiimep (F):

5'-TGGTTAGAGCACACGCCTGAT-3 ",

obpaTHbIit Tpaiimep (R):

5'-TCCACTGTGCGCCCTTAATT-3".

Ins mpoBepku paboTel mpatiMmepoB F/R (Nikolié et
al., 2010; Mehle et al., 2013) ucnonbzoBayiu 2,5-Kpat-
HYI0 peaKIMOHHYI0 cMech njiga nposenenud [111P-PB
B mpucyTcTBuu Kpacuresig EVA Green (OO0 «CUHTO»).

IOnsa npeHTrUKAIIY BO36yauTes rpoaudepa-
nuu g6youu — Candidatus Phytoplasma mali — MmeTogom
kjaccuuecko I[MIP ucnosb30Banu mapy rnpaiMepoB
AP5/AP4 (Jarausch et al., 1994):

npsMoii npatimep (AP5):

5'-TCTTTTAATCTTCAACCATGGC-3",

obpaTHbIi ITpaiimep (AP4):

5'-CCAATGTGTGAAATCTGTAG-3".

BesnuyuHa MpoAyKTa aMIIU(MUKALIUY C TIpaii-
mepamu AP5/AP4 (Jarausch et al., 1994) cocTaBisieT
0KOJIO 483 map HyKJeoTunoB (11. H.). Micmioab3oBaau
peakiuoHHy0 cMech (Mix) 5x MasPPTaq Mix-2025
(BA0 «Iuamat JiTh.», Poccus).

[Taps! mpatiMmepoB F/R (Nikoli¢ et al., 2010; Mehle
etal.,2013) u AP5/AP4 (Jarausch et al., 1994) cuuTesu-
poBaubl KoMmnauuei 3A0 «EBporen» (Poccust) v Ipeo-
CTaBJIEHBI B IMO(UIN3UPOBAHHOM BUie. Pabouas KOH-
LIEHTpalys IJIs ITpaliMepoB cocTaBumiia 10 TMKOMOJIb/
MKJI. [TpoBoguIu aHanus nap npaiimMmepos F/R (Nikolié
etal.,, 2010; Mehle et al., 2013) u AP5/AP4 (Jarausch et
al., 1994) c ucrnoab3oBaHWEM OHJIalH-cepBuca NCBI
Primer-BLAST (ncbi.nlm.nih.gov/tools/primer-blast/),
U3yYaJId UX aHAJTUTUYECKYE XapPaKTePUCTUKY (CITeIH-
(pUYHOCTD ¥ YYBCTBUTEIBHOCTD).

CocTaB pabouel peaKIIMOHHOM CMecH JIJIs TTPOBe-
nenus metopa ITLIP (tabj. 1) pacCUUThIBAJIM Ha KOJIU-
YeCTBO UCCIeyeMbIX 06pa3I[0B M Ha OTPUILATENbHbIN

Fig. 1. Symptoms of reddening of pear leaves caused by
BbI3BaHHble 3apaxeHneM Candidatus Phytoplasma pyri  infection with Candidatus Phytoplasma pyri

(photo by I.G. Bashkirova)

primers were used (Nikoli¢ et al., 2010; Mehle et al.,
2013):

forward primer (F):

5'-TGGTTAGAGCACACGCCTGAT-3",

reverse primer (R):

5'-TCCACTGTGCGCCCTTAATT-3".

To test the performance of F/R primers (Nikoli¢ et
al., 2010; Mehle et al., 2013), a 2.5-fold reaction mix-
ture was used for real-time PCR in the presence of EVA
Green dye (Syntol).

To identify the causative agent of apple prolife-
ration, Candidatus Phytoplasma mali, by classical PCR,
a pair of primers AP5/AP4 was used (Jarausch et al.,
1994):

forward primer (AP5):

5'-TCTTTTAATCTTCAACCATGGC-3",

reverse primer (AP4):

5'-CCAATGTGTGAAATCTGTAG-3".

The size of the amplification product with primers
AP5/AP4 (Jarausch et al., 1994) is about 483 base pairs
(bp). The reaction mixture (Mix) 5x MasP’Taq Mix-2025
was used (Dialat Ltd., Russia).

Primer pairs F/R (Nikoli¢ et al., 2010; Mehle et al.,
2013) and AP5/AP4 (Jarausch et al., 1994) were synthe-
sized by Evrogen (Russia) and provided in lyophilized
form. The working concentration for the primers was
10 pmol/ul. F/R (Nikoli¢ et al., 2010; Mehle et al., 2013)
and AP5/AP4 (Jarausch et al., 1994) primer pairs were
analyzed using the NCBI Primer-BLAST online service
(ncbi.nlm.nih. gov/tools/primer-blast/), studied their
analytical characteristics (specificity and sensitivity).

The composition of the working reaction mixture
for the PCR method (Table 1) was calculated for the
number of samples under study and for the negative
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Ta6auuna 1 control sample without the ad-

CocTaB pa6oueii peaKI[MOHHO cMecH AJis mpoBeaeHus I[P dition of DNA (K-). Amplification

was carried out on CFX-96 (Bio-

F/R AP5/AP4 Rad, USA) and Veriti (Applied

N2 HauMeHoBaHUe (Nikoli¢ et al., 2010; (Jarausch Biosystems, USA) devices. Visu-

m/m peakTuBa Mehleetal,, 2013) etal,1994)  alization of the results of ampli-

1 PeaxiponHas cMech (Mix) 10 5 fication with primers AP5/AP4

(Jarausch et al., 1994) was per-

2 JllevonusupoBanHas Boga 9,4 16,5 formed using gel electrophore-
3 TIpsaMoit mpaiiMep 0,05 1 sisin 1.5‘% agarose gel. .

To implement the ampli-

4 O6GpaTHbBIN ITpaiMep 0,05 1 fication process, we used the

program for a pair of F/R prim-

2 QBLS G E 2 — ers (Nikoli¢ et al., 2010; Mehle et

6 SynTaq JHK-mmonumepasa 0,5 - al., 2013), which consisted of the

(016} iinz0%1 22
00BEM CMecH
Ha 1 o6pa3sery (MKJI)

following steps: 1) primary dena-
turation at 95 °C, 5 min; 2) repeti-
tion of the reaction for 49 cycles:
95°C-15secand 60 °C —40 sec.

25

KOHTPOJIbHEIN 06paser] 6e3 mobasmenus JHK (K-). AM-
nau(GUKAIU0 OCYIIeCTBIANN Ha mpubopax CFX-96
(Bio-Rad, CIIIA) u Veriti (Applied Biosystems, CIIIA).
Busyanusaiuio pes3ysbTaToB aMILTU(GUKAIIUY C ITpaii-
mepamu AP5/AP4 (Jarausch et al., 1994) npoBoguiu
C TIOMOIIIBIO TeJIb-2JIeKTPpodopesa B 1,5%-M arapo3HoM
ree.

Jlois ocylecTBIEHUS Mpollecca aMIInUKaIum
UCII0JIb30BAJIU TIPOTrpaMMy [IJIs Taphl mpatiMmepoB F/R
(Nikolic¢ et al., 2010; Mehle et al., 2013), koTopasi COCTO-
sJ1a U3 CIeYI0IIMX STArnoB: 1) mepBUYHas JeHaTypa-
s mpu 95 °C — 5 MUH; 2) TOBTOP PeaKIluy B TeYEHE
49 1mukJioB: 95 °C — 15 cex u 60 °C — 40 cek. Cienugpuy-
Has peakilys MPOXOAUT MO KaHay (QJIyopecleHIIun
FAM, BHYTPEHHUH MTOJIOKUTEIbHBIN KOHTPOJIb (BITK) —
o kaHasy ¢uyopectuennuu HEX.

IMporpamMMa aMIIMDUKAIIUY IJIS TTaphl ITpai-
mepoB AP5/AP4 (Jarausch et al., 1994) cnenytomias:
1) mepBuuHasg meHarypanus npu 95 °C — 5 MuH;
2) IUKIUYHas peakiius B TeueHue 40 UKIOB: 95 °C —
10 cek, 58 °C — 15 cek, 72 °C — 45 cek; 3) hbuHaabHas
ajoHragug rnpu 72 °C — 5 MuH.

Table 1
PE3YJIBTATbI

N OBCYXIEHUE
B pa6oTe nmpoBemeHO U3yueHUe
IByX map npaiimepos — F/R (Ni- .
koli¢ et al., 2010; Mehle et al., Ne

Reagent name

Specific reaction passes through

the FAM fluorescence channel,
internal positive control (IPC) — through the HEX fluo-
rescence channel.

The amplification program for the AP5/AP4 prim-
er pair (Jarausch et al., 1994) is as follows: 1) prima-
ry denaturation at 95 °C, 5 min; 2) cyclic reaction for
40 cycles: 95 °C—-10sec, 58 °C - 15 sec, 72 °C — 45 sec;
3) final elongation at 72 °C — 5 min.

RESULTS AND DISCUSSION

We studied two pairs of primers — F/R (Nikoli¢ et al.,
2010; Mehle et al., 2013) and AP5/AP4 (Jarausch et al.,
1994) — to identify phytoplasmas from the Apple proli-
feration group and identify the species Candidatus Phy-
toplasma mali respectively.

Nikoli¢ et al. (2010) and Mehle et al. (2013) sug-
gest using species-specific MGB-probes (MGB — mi-
nor groove binder) to identify phytoplasmas from the
Apple proliferation group: AP-specific probe to iden-
tify the species Candidatus Phytoplasma mali; PD-spe-
cific probe — Candidatus Phytoplasma pyri; ESFY-spe-
cific probe — Candidatus Phytoplasma prunorum.

The composition of the working reaction mixture for PCR

F/R AP5/AP4
(Nikoli¢ et al., 2010; (Jarausch
Mehle et al., 2013) etal., 1994)

2013) u AP5/AP4 (Jarausch et

al., 1994) — nys BoigBaeHUS Gu-
TOIIa3M u3 rpyrisl Apple proli-

feration u umeHTUDUKAIINY BULA

Candidatus Phytoplasma mali co-
OTBETCTBEHHO.

ATtopsl Nikoli¢ et al. (2010)

u Mehle et al. (2013) mpeaaaraioT
KCIIOJNIb30BaTh IJIA BHIABJICHUS

1 Reaction mixture Mix) 10 5

2 Deionized water 9.4 16.5
3 Forward primer 0.05 1

4 Reverse primer 0.05 1

5 Phytoplasma DNA 2 1.5
6

SynTaqg DNA polymerase 0.5 -

(uronnasm u3 rpynnsl Apple  The total volume
proliferation Bugocneuudud- of the mixture

uble MGB-30uABl (MGB — mi-  per1 sample (ul)
nor groove binder): AP-specific

22 25

probe masg uaeHTUPUKAIIUU
Bugna Candidatus Phytoplasma
mali; PD-specific probe — Candidatus Phytoplasma
pyri; ESFY-specific probe — Candidatus Phytoplasma
prunorum. [IpeunmymiectsaMu MGB-30H,0B 9BIIAI0TCA
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IIPOYHOE CBS3BIBAHWE C MU-
IIeHb10, 60JIee KOPOTKAS HYKJIEO-
TUHAS MTOCJENOBATENBHOCTD,
cnenuUYIHOCTD, OHAKO TaKue
30H[IbI HE CUHTE3UPYIT B Poc-
CUU W MCIIOJIb30BAaHUE TaKUX
30HJIOB YBEJINYNBAET CTOMMOCTh
IIpoBefeHus aHaim3a (bammako-
Ba, 2017; EnmiuH, [TeTpos, 2017).
B CBSI3M C 3TUM B UCCIIENOBAHUSIX
WCII0JIb30BaJIU 2,5-KPaTHYIO pe-
aKIIMOHHYI0 CMECH C KPaCUTEJIEM
EVA Green (OO0 «CUHTOI»).
Iuist msyvyeHus crienudud-
HOCTU Tapsl mpaliMepoB F/R
(Nikoli¢ et al., 2010; Mehle et al.,
2013) ucrnonb3oBanu JHK du-
TOIJIa3M U3 Pa3JIMUHBIX T'PYIIITL:
Candidatus Phytoplasma mali,
Candidatus Phytoplasma pyri,
Candidatus Phytoplasma pruno-
rum (rpynna Apple prolifera-
tion), Candidatus Phytoplasma
solani (rpynma Stolbur), Candi-
datus Phytoplasma asteris (rpyr-

Amplification

RFU

T PR

T SRR 0 A LR L L R R LR

=

Puc. 2. AHanuTnuyeckasa cneunuIHOCTb
nparimepoB F/R (Nikoli¢ et al., 2010; Mehle
et al., 2013), kaHan chnyopecueHuun FAM:
1 - Candidatus Phytoplasma prunorum;

2 - Candidatus Phytoplasma mali;
3 - Candidatus Phytoplasma pyri;
4 - Candidatus Phytoplasma solani;
5 - Candidatus Phytoplasma rubi;

6 — Candidatus Phytoplasma convolvuli;

7 — Candidatus Phytoplasma asteris;
K- — oTpuuarenbHbii koHTpons (H,0)
(nHTepdpeiic Bio-Rad CFX Manager

3.1: Amplification — amnaundukauus;

30 40 50
Cycles

Fig. 2. Analytical specificity of F/R primers
(Nikoli¢ et al., 2010; Mehle et al., 2013), FAM
fluorescence channel:

1 - Candidatus Phytoplasma prunorum;

2 - Candidatus Phytoplasma mali;

3 - Candidatus Phytoplasma pyri;

4 - Candidatus Phytoplasma solani;

5 — Candidatus Phytoplasma rubi;

6 — Candidatus Phytoplasma convolvuli;

7 — Candidatus Phytoplasma asteris;

K- - negative control (H,0) (Bio-Rad CFX
Manager 3.1 interface: Amplification;

RFU - relative fluorescence unit; Cycles)

rma Foxtail palm yellow decline),
Candidatus Phytoplasma con-
volvuli (rpymma Peanut witches’
broom), Candidatus Phytoplasma

RFU — oTHOoCuTenbHas eauHuLa
thnyopecueHumm; Cycles — umknbl)

Amplification

rubi (rpynma Elm yellows). Pe- 1890
3yAbTATHl NPOXOXKZeHHus I[1LIP 1400 J
Cco criellupuUYHBbIMU IJS TPYII- 1200 -
el Apple proliferation mpatime- 1000
paMu IIpeficTaBJIeHbl HA PUCYH- g 500
Kax 2 u 3. 600 ]
PesynbTaThl 110 U3YUEHUIO
crnenu(pUUYHOCTU IMpaliMepoB 401
F/R (Nicolic et al., 2010; Mehle 200 1
et al., 2013) mmoxa3bIBAIOT BO3- 04
MOJKHOCTb MX MCIIOJIb30BaHUSI 0

LIS UarHOCTUKYU (pUTOMIIa3M
Candidatus Phytoplasma mali,
Candidatus Phytoplasma pyri,
Candidatus Phytoplasma pruno-
rum u3 rpynmnsl Apple proli-
feration. OmHako, MOMUMO HC-
cjielyeMbIX BUIOB (DUTOIIIAa3M
u3 rpynnsl Apple proliferation,
IIpaiMephl CIIOCOOHBI BBIIBUTH
IOHK gpyrux BUJoB QUTOILIA3M:
Candidatus Phytoplasma solani, Candidatus Phyto-
plasma convolvuli, Candidatus Phytoplasma asteris.
VHTMOupoBaHMe peaKIuy He HabJII0aJIoCh 10 pe-
3yJIbTAaTaM PEAKIIUY C BHYTPEHHUM IT0JIOKUTEIbHBIM
KOHTpPOJIeM (puUC. 3), KOTOPBIHN ITPOXOIAUI 110 KaHALY
dayopecueniiuu HEX. B xozie ucciaeloBaHUM 110 ITPO-
Bepke napbl npatimepos F/R (Nikoli¢ et al., 2010; Me-
hle et al., 2013) c momomIbi0 oHJalH-cepBuca NCBI
Primer-BLAST (ncbi.nlm.nih.gov/tools/primer-blast/)
YCTaHOBJIEHO, UTO 3Ta ITapa MpaliMepoOB MOXKET BBISI-
BUTH NITAMMBI CJIEAYIOIINX BUAOB GuTomniaazm: Can-
didatus Phytoplasma australiense, Candidatus Phyto-
plasma solani, X-disease phytoplasma, Candidatus
Phytoplasma rubi, Candidatus Phytoplasma asteris,
Paulownia witches’ broom phytoplasma, Candida-
tus phytoplasma malaysianum u gpyrux U3 pa3HbIX
TPYIIIIL.

Puc. 3. PesynbraTbl NPOX0XAEHUSA BHYTPEHHErO
NMOJIOXXUTENbHOIO KOHTPOJIA 2,5-KpaTHo
peakunoHHON cMecu ¢ KpacuTenem EVA

Green no kaHany ¢nyopecueHumun HEX

(000 «CuHTON») (MHTEpchelic Bio-Rad CFX
Manager 3.1: Amplification — amnnudmkanus;
RFU - oTHOCMTeNbHasA eguHMLa
thnyopecueHuuu; Cycles — uuknbi)

Cycles

Fig. 3. Results of passing the internal
positive control of a 2.5-fold reaction
mixture with EVA Green dye through
the HEX fluorescence channel

(Syntol) (Bio-Rad CFX Manager 3.1
interface: Amplification; RFU - relative
fluorescence unit; Cycles)

The advantages of MGB probes are strong target bind-
ing, shorter nucleotide sequence, and specificity; how-
ever, such probes are not synthesized in Russia, and
the use of such probes increases the cost of analysis
(Bashmakova, 2017; Elshin and Petrov, 2017). In this
regard, a 2.5-fold reaction mixture with the EVA Green
dye (Syntol) was used in the studies.

To study the specificity of the F/R primer pair
(Nikolic et al., 2010; Mehle et al., 2013), phytoplasma
DNA from different groups was used: Candidatus Phy-
toplasma mali, Candidatus Phytoplasma pyri, Candida-
tus Phytoplasma prunorum (Apple proliferation group),
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[TpoaHamM3MpPOBaB JaHHbBIE, MOXXHO C/IEJIATh BhI-
BOZ, uTO mapy mnpaiimepos F/R (Nikoli¢ et al., 2010;
Mehle et al., 2013) pekoMeHAyeTCS UCIOJb30BaTh
B KaueCcTBe YHUBEPCAJIbHOTO TECTA AJISI JUATHOCTUKU
¢uTornazm rpynnsl Apple proliferation u psama npy-
rux BUJOB uToriaasM metonom ITI[P-PB. B ciyuae
[IOJIyUYEeHU S II0JIOKUTEeNbHOro pesynbrara [11IP-PB,
Heo6X0JMMO MPOBECTU BUJIOBYIO UAEHTUDUKAIIWIO
¢uTomIa3M METOIOM KJjlaccuueckoi ITLIP ¢ ToMOoIIbI0
paiMepoB, PEKOMEHJYEMbBIX B JUATHOCTUYECKUX
mpoTokosiax MCO®M 27 (2018) u PM 7/62 (3) (2020),
C TIOCJIENYIOIMM CEKBEHUPOBAHUEM MPOAYKTOB aM-
mudukanuu. TakuM 06pa3oM, IpuMeHeHVEe YKa3aH-
HBIX ITPaliMepPOB BO3MOXXHO TOJIBKO JJIsI BbISBJIEHUS
¢uTomnnasM, Bktouas Bunsl Candidatus Phytoplasma
mali, Candidatus Phytoplasma pyri, Candidatus Phyto-
plasma prunorum u3 rpymrsl Apple proliferation.

ClienyIolyiM 3TaTrioM UCCliefOoBaHUM OBIIO ITPOBe-
IleHVe IIPOBEPKY IMapkl rmpaiiMepoB AP5/AP4 (Jarausch
etal., 1994) c ucroab3oBaHrEM OHJIaliH-cepBuca NCBI
Primer-BLAST (nchi.nlm.nih.gov/tools/primer-blast/).
ViccnenoBaHue MMOKasajo, YTO pacCMaTpUBaeMbIe
paiiMepbl MOTYT BBISIBUTh HECKOJIBKO U30JISTOB (pu-
ToriaaMbl Candidatus Phytoplasma mali u3 rpynmsl
Apple proliferation, koTopsie eTTOHUPOBAHbBI B 6azy
naHHbIX NCBI.

Jlajiee oCyIIeCTBISAIN UCCIEIOBAHYS 110 U3yyde-
HUIO aHAJIUTUYECKUX XapPaKTePUCTHUK ITaphl Ipaiime-
poB AP5/AP4 (Jarausch et al., 1994) nng uneHTU(GUKA-
1yu Bo30yauTens nponudepanuu 16aouu — Candidatus
Phytoplasma mali. Pe3ynbTaThl M3y4eHUsI aHATUTIYE-
CKOI cTIelM(pUIHOCTY TPAMEPOB C UCITOJIb30BAHUEM
IOHK pa3HbIX BUZOB (DUTOTLIAa3M IIPEICTABIEHBI HA PU-
CYHKe 4.

Puc. 4. 3nekTpochoperpamMma aHanMTUUECKOM
crneuuduyHocTun npariMepoB AP5/AP4 (Jarausch et al., 1994):
1 - Candidatus Phytoplasma mali;

2 - Candidatus Phytoplasma pyri;

3 - Candidatus Phytoplasma prunorum;

4 - Candidatus Phytoplasma solani;

5 — Candidatus Phytoplasma rubi;

K- — oTpuuatenbHbii kKoHTponb (H,0);

M — mapkep MonekynsipHoro seca 100-3000 n. H.

Fig. 4. Electrophoregram of the analytical specificity
of AP5/AP4 primers (Jarausch et al., 1994):

1 - Candidatus Phytoplasma mali;

2 - Candidatus Phytoplasma pyri;

3 - Candidatus Phytoplasma prunorum;

4 - Candidatus Phytoplasma solani;

5 — Candidatus Phytoplasma rubi;

K- — negative control (H,0);

M — molecular weight marker 100-3000 bp.

Candidatus Phytoplasma solani (Stolbur group), Candi-
datus Phytoplasma asteris (Foxtail palm yellow decline
group), Candidatus Phytoplasma convolvuli (Peanut
witches’ broom group), Candidatus Phytoplasma rubi
(Elm yellows group). The results of PCR with primers
specific for the Apple proliferation group are shown in
Figures 2 and 3.

The results of studying the specificity of F/R prim-
ers (Nicolic et al., 2010; Mehle et al., 2013) show the pos-
sibility of their use for the diagnosis of phytoplasmas
Candidatus Phytoplasma mali, Candidatus Phytoplasma
pyri, Candidatus Phytoplasma prunorum from the Apple
proliferation group. However, in addition to the stud-
ied phytoplasma species from the Apple proliferation
group, primers are able to detect DNA of other phyto-
plasma species: Candidatus Phytoplasma solani, Candi-
datus Phytoplasma convolvuli, Candidatus Phytoplasma
asteris. Inhibition of the reaction was not observed as
a result of the reaction with an internal positive control
(Fig. 3), which passed through the HEX fluorescence
channel. In studies testing the F/R primer pair (Nikoli¢
et al., 2010; Mehle et al., 2013) using the NCBI Primer-
BLAST online service (nchi.nlm.nih.gov/tools/prim-
er-blast/) it was found that this pair of primers can detect
strains of the following phytoplasma species: Candida-
tus Phytoplasma australiense, Candidatus Phytoplasma
solani, X-disease phytoplasma, Candidatus Phytoplasma
rubi, Candidatus Phytoplasma asteris, Paulownia witch-
es’ broom phytoplasma, Candidatus phytoplasma malay-
sianum and others from different groups.

Having analyzed the data, it can be concluded that
the primer pair F/R (Nikoli¢ et al., 2010; Mehle et al.,
2013) is recommended to be used as a universal test
for diagnosing phytoplasmas of the Apple prolifera-
tion group and a number of other phytoplasma species
by RT-PCR. If a positive RT-PCR result is obtained, it
is necessary to carry out species identification of phy-
toplasmas by classical PCR using the primers recom-
mended in the diagnostic protocols ISPM 27 (2018)
and PM 7/62 (3) (2020), followed by sequencing of the
amplification products. Thus, these primers can only
be used to detect phytoplasmas, including Candidatus
Phytoplasma mali, Candidatus Phytoplasma pyri, Can-
didatus Phytoplasma prunorum from the Apple proli-
feration group.

The next stage of the study was to test the AP5/
AP4 primer pair (Jarausch et al., 1994) using the NCBI
Primer-BLAST online service (nchi.nlm.nih.gov/tools/
primer-blast/). The study showed that the primers under
consideration can reveal several isolates of Candidatus
Phytoplasma mali phytoplasma from the Apple prolife-
ration group, which are deposited in the NCBI database.

Further studies were carried out to study the ana-
lytical characteristics of the AP5/AP4 primer pair (Ja-
rausch et al., 1994) to identify the causative agent of
apple proliferation, Candidatus Phytoplasma mali. The
results of studying the analytical specificity of primers
using DNA from different types of phytoplasmas are
shown in Figure 4.

The desired amplification product of approxi-
mately 483 bp was obtained, sample 1 containing Can-
didatus Phytoplasma mali DNA (Fig. 4), which indicates
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p— S R N Y

Puc. 5. 3nekTpodoperpamma
aHaJIUTUYECKOW YyBCTBUTEIbHOCTU

Cc ucnonb3oBaHuem paspegeHus JHK
Candidatus Phytoplasma mali:

UCX — UcxogHasa KoHueHTpauna JHK
¢utonnasmel; -1 -107%; -2 - 1073
-3-1073%-4-10"%-5-105 -6 -10%;
-7 —=1077; K-— oTpuuartenbHbIii
KoHTponb (H,0); M — mapkep

monekynsapHoro seca 100-3000 n. H. 100-3000 bp

[TosryueH HEOOXOAMMBIHN MPOAYKT aMIIU(pUKA-
LMY, PaBHBIYU NIpuMepHO 483 1. H. y o6pasiia MmoJ Ho-
MepoMm 1 — IHK Candidatus Phytoplasma mali (puc. 4),
YTO CBUJETENBCTBYET O CIeU(pUYHOCTU Iaphl Ipaii-
MepoB AP5/AP4 (Jarausch et al., 1994). IHK npyrux
BUJIOB (prTOMIAa3M He GbLjIa JeTEKTUPOBAaHA HA DJIeK-
TpodoperpamMmme.

[Tocjie n3yyeHNs aHAJIUTUYECKOU CcrIeliu)UUHO-
ctu npaiiMepoB AP5/AP4 (Jarausch et al., 1994) nipu-
CTYTIWIIY K UBYYEHUIO UX aHATIUTUYECKOU UyBCTBUTENb-
HOCTHU. [IJi 3TOro mMpoBowin 10-KpaTHOE pa3BeleHue
IOHK ¢duTonaToreHHOro MUKpoopranusma Candidatus
Phytoplasma mali, ucxomtas konrenTpanusa JJHK pas-
Ha 30,8 Hr/MKJI. Pe3yibTaThl UCCIeI0BaHUS aHAJIUTUYE-
CKOM YyBCTBUTEIBHOCTH IIPEJICTABIEHBI HA PUCYHKE 5.

[To pe3ynbTaTaM M3yUYeHUs aHAJIUTUYECKON UyB-
CTBUTENBHOCTH TIpatiMepoB AP5/AP4 (Jarausch et al.,
1994) BunHO, 4TO G0JIEe KAUeCTBEHHBIHN IIPOAYKT aM-
nauduUKany MoJiydyeH npu passegenuu JHK Mukpo-
opranusMa Candidatus Phytoplasma mali 8 1000 pa3s
(107°%). MeHBIIMH MPOAYKT aMILIM(DUKALIUY TTOJyUEeH
mpu pasBegeHun o6pasma B 10 000 pas (1074). Peak-
11U He cTabuibHa 1pu pasBeaeHnu JHK dhuTomniazMbl
B 100 000 pa3 (107%). [1pu majlbHENIINX pa3BeleHNUIX
MPOAYKT aMILIM(UKAIIUY OTCYTCTBOBAJ, T. . JHK BO3-
OynuTend npoaudepanuy 96J10HU He ObLIa BhISBJIEHA.
[TpoBeeHHBIN aHAJNM3 [TPAMEePOB MOKA3bIBAET UX
BBICOKYI0 UYBCTBUTEJIBHOCTD, UYTO BaXKHO IIPU HU3KOU
koHIleHTpanuu JHK ¢puTormiazMel B 3apaxeHHOM Ma-
Tepuae.

3AKJIIOYEHUME

JlJ1s1 TToJTyYeHUs JOCTOBEPHBIX PE3YJIbTATOB IIPYU U3Y-
yeHUM (QUTOINIa3M BaKHO MCIOJIb30BaTh HauboJee
UyBCTBUTEJIbHBIE U TOUHBIE MOJIEKYJIIPHO-TeHEeTHUe-
CcKue MeTojbl. [IpoBeleHHbIN aHaIn3 IpaliMepoB F/R
(Nikoli¢ et al., 2010; Mehle et al., 2013) 119 BBIABJICHUS
tuTtonnasm Candidatus Phytoplasma mali, Candidatus
Phytoplasma pyri, Candidatus Phytoplasma prunorum
TOKa3bIBAET UX HUBKYI CEJEeKTUBHOCTb B OTHOIIIE-
HUU UCCIeLyeMbIX BUJIOB (puTomaToreHoB. Ha ocHO-
BAaHWU IIOJIyYEHHBIX PE3YIbTATOB JaHHBIE ITPAMEPbI

the specificity of the AP5/AP4 primer
pair (Jarausch et al., 1994). DNA of
other phytoplasma species was not de-
tected on the electrophoregram.
Studying the analytical specifi-
city of the AP5/AP4 primers (Jarausch
et al., 1994) was followed by studying
their analytical sensitivity. For this,
a 10-fold dilution of the DNA of the
phytopathogenic microorganism Can-
didatus Phytoplasma mali was carried
out, the initial DNA concentration was
30.8 ng/ul. The results of the study of

Fig. 5. Electrophoregram of analytical ~ the analytical sensitivity are shown in
sensitivity of AP5/AP4 primers Figure 5.

npavimepoB AP5/AP4 (Jarausch et al., 1994)  (Jarausch et al., 1994) using DNA
dilution of Candidatus Phytoplasma
mali: initial concentration of
phytoplasma DNA; -1 - 107%;
-2-102%-3-1073;-4-10%
-5-10% -6 - 1075 T -
-7 - 1077; K- - negative control (H,0); diluting the DNA of the microorga-
M — molecular weight marker

According to the results of the
study of the analytical sensitivity of
primers AP5/AP4 (Jarausch et al.,
1994), it can be seen that a better am-
plification product was obtained by

nism Candidatus Phytoplasma mali by
1000 times (107%). A smaller amplifi-
cation product was obtained by dilut-
ing the sample by 10,000 times (107%).
The reaction is not stable when the phytoplasma DNA
is diluted 100,000 times (10-®). At further dilutions, the
amplification product was absent, i. e., the DNA of the
causative agent of apple proliferation was not detect-
ed. The performed analysis of primers shows their high
sensitivity, which is important at a low concentration of
phytoplasma DNA in the infected material.

CONCLUSION

To obtain reliable results in the study of phytoplasmas,
it is important to use the most sensitive and accurate
molecular genetic methods. The analysis of F/R prim-
ers (Nikoli¢ et al., 2010; Mehle et al., 2013) for the de-
tection of phytoplasmas Candidatus Phytoplasma mali,
Candidatus Phytoplasma pyri, Candidatus Phytoplasma
prunorum shows their low selectivity for the studied
species of phytopathogens. Based on the results ob-
tained, these primers are recommended to be used as
a universal test for the diagnosis of phytoplasmas.

The species-specific primer pair AP5/AP4 (Jara-
usch et al., 1994) for identifying the causative agent of
apple proliferation shows high specificity and sensiti-
vity, which is important when studying phytoplasmas.

The data obtained can be used in further research
to improve existing and develop new methods for di-
agnosing especially dangerous phytoplasmas from the
Apple proliferation group.
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AHHOTAIIUA
UepHas 6aKkTepuasibHasg ISTHUCTOCTb TOMATa IIXPO-
KO pacIIpoCTpaHeHa B MUPe U HAHOCUT 3HAUUTEIbHbIH
9KOHOMUYECKUH yIIepO6 MpU BhIPAIIMBAaHUY TOMAaTa
v nepia. JuarHoCcTUKa OCJIOXKHEHA TeM, UTo 3aboie-
BaHVe BbI3bIBAETCS UEThIPbMS BUIaMU 6aKTepUil posa
Xanthomonas. OCHOBHBIM IIyTeM pacIPOCTPaHEHUS
6akTepro3a Ha JaJbHUE PACCTOSTHUS SBJISIOTCS CEMe-
Ha. EBpornelickasg 1 Cpelu3aeMHOMODPCKas opraHusa-
IS 10 KapaHTUHY U 3a1muTe pacreHui (EOK3P) Brito-
yypJia TPYIITy Bo30ynuTesel YepHo 6aKTepruaibHON
IATHUCTOCTU B CIIKMCOK A2 IlepeyHda KapaHTUHHBIX
06beKTOB. BrIsiBIEHNE U UAeHTUGUKAIIUSA (hUTOIIATO-
TeHOB Ha BCeX dTarax MPOU3BO/CTBA TOMATa U IIepIia
T03BOJISIT BOBPEMS MIPUHATH MEPHI I10 3alIUTe pacTe-
HUH, YTO B 3BHAUUTEJIbHOW CTEIIEHU CHU3UT IIOTEPU
YPO’Kasi ¥ TIOBBICUT SKOHOMUYECKYI0 3(DHEKTUBHOCTD
ITPOM3BOJACTBA OTEUECTBEHHBIX OBOIIEH. CyIlIecTBYI0-
e CXEeMbI TUATHOCTUKY 00JIE3HU TOAPa3yMeBaloT
60JIBINIVIE TPYA03aTPAThI U JINTEIbHBIN CPOK ITPOBE-
JIeHUS MCCNIeJOBAHUM, UTO HETIPUEMJIEMO B PyTUHHOMU
JlabopaTopHOU AUarHOCTUKe. B cTaThe IpefcTaBIe-
HBI Pe3yJIbTaThl UCCIENO0BAHNN JUATHOCTUKY OJHOTO
13 BO30yAuTesIel uepHOl 6aKTepraibHOM STHUCTO-
ctu (X. euvesicatoria pv. euvesicatoria). JIJs yCTaHOB-
JIEHUSI CTEeINEeHU BIUSHUS PACTUTEJIbHON MaTPUILBI
Ha KOHEUYHble Pe3yJbTaThl UCCIeJOBaHUMN 06pa31loB
HaMU ObLJI TPOBEIEH PSJ OITBITOB 110 UCKYCCTBEHHOMY
3apakeHuI0 X. euvesicatoria pv. euvesicatoria 3KCTPaKTOB
BereTaTMBHBIX YaCTeH U ceMsIH ToMaTa. B xo/ie UCIIbI-
TaHUS METOIWKU ITOATOTOBKY P06 C AaJIbHENUIITUM BbI-
nenenvem JHK u [TIIP-aHaiM30M UCKYCCTBEHHO 3apa-
JKEHHBIX 06pa3110B YCTaHOBJIEHO, UTO UHTMOVMPOBAHUS
[T1IP He IpoUCXOLUT. AHAJIUTUUYECKAs YYBCTBUTEJIIb-
HOCTb TECT-CUCTEMBI JIJIsI TUATHOCTUKY X. euvesicatoria
pv. euvesicatoria mpou3sBoacTBa 000 «ArpoJluarHocTu-
Ka» coctaBuiia 10° KOE/mi1. MicciemoBaHusI ITIPOBeAEHbI
Ha 6aze PI'BY «BHUUKP».

Knroueevte cnosa. YepHas GakTepuajbHasd IISAT-
HUCTOCTb TOMAaTa, (DUTONATOTEH, BhISIBJIEHNE U UEH-
tudukanusg, [ILP, aHanuTuydeckas YyBCTBUTENb-
HOCTb, UHTMOUTODHI.
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ABSTRACT
Bacterial spot of tomato is worldwide spread and caus-
es significant economic damage in tomato and pepper
cultivation. Diagnosis is complicated by the fact that the
disease is caused by four types of bacteria of the genus
Xanthomonas. Seeds are the main pathway for bacterio-
sis over long distances. The European and Mediterra-
nean Plant Protection Organization (EPPO) has includ-
ed a group of causative agents of black bacterial spot in
List A2 of the List of Quarantine Objects. Detection and
identification of phytopathogens at all stages of toma-
to and pepper cultivation will allow taking timely mea-
sures to protect plants, which will significantly reduce
crop losses and increase the economic efficiency of do-
mestic vegetable production. Existing schemes for di-
agnosing the disease imply large labor costs and a long
period of research, which is unacceptable in routine
laboratory diagnosis. The article presents the results
of studies on the diagnosis of one of the pathogens of
black bacterial spot (X. euvesicatoria pv. euvesicatoria).
To establish the degree of influence of the plant matrix
on the final results of the samples study, we conduct-
ed a series of experiments on artificial infection with
X. euvesicatoria pv. euvesicatoria of extracts of tomato
vegetative parts and seeds. In the course of testing the
sample preparation technique with further DNA isola-
tion and PCR analysis of artificially infected samples, it
was found that PCR inhibition does not occur. Analyti-
cal sensitivity of the diagnostic test system for X. euve-
sicatoria pv. euvesicatoria produced by AgroDiagnostics
was 102 cfu/ml. The studies were carried out on the ba-
sis of FGBU “VNIIKR”.

Key words. Bacterial spot of tomato, phytopatho-
gen, detection and identification, PCR, analytical
sensitivity, inhibitors.
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BBEJEHUE

YCIIOBUSX  aKTUBHOW  TOAJEP)KKU
XO34UCTBYIOIIUX CyOBEKTOB rocCy-
IapCTBOM, B MOCJENHME TOAbI IIPO-
UCXOOUT HapauuBaHre 06'beMOB ITPO-
U3BOJICTBA TOMAaTOB, YTO B IIEPBYIO
ouepenb CBSI3aHO C ITOJUTUKON HM-
nopTo3amenieHus. Tak, B PoccuiicKom
denepanuu B 2016-2019 rr. BaJIoBOM
c60p TOMAaTOB, BEIPAI[EHHBIX B OTKPBITOM I'DYHTE, YBE-
guuniicsa Ha 20,2% (¢ 1,73 mo 2,08 MJTH T), B 3aKPBITOM
rpyHre — Ha 56,7% (c 0,60 mo 0,94 muH T). Ha done
maHAeMur KopoHaBupyca B 2020 r. BajioBoit c6op To-
MaTOB OTKPBITOTO W 3aKPBITOT'0 I'PYHTA OTHOCUTEJNb-
HO 2019 1. cHu3uJicd Ha 3,3% u cocTaBua 2,92 MJIH T
(Ananus peiHKa, 2021). 3TO IPOU3OILIO 10 IPUINHE
yxynmeHuss GUHAHCOBOTO ITOJIOXKEHUST OBOIIEBOIYE-
CKUX KOMIIaHUM, TTOCKOIbKY ce6eCTONMOCTh IPOLYK-
UM BBIPOCJIA, a CIIPOC Ha TOMAThI COKPaTUJICS.
OIHAKO POCCUUMCKYE TTPOU3BONUTENY OBOIIEH
JI0 CUX TIOP HaXOISATCS B 3aBUCHUMOCTH OT MHOCTPaH-
HOTO CeMeHHOTro MaTepuasa. CeMeHa ToMaTa BBO3STCS
n3 Kurag, Taunanaga, CIIA, dpanuuu, Uanuu, [lepy,
Wtanuu, 'epmanun, bpaswiuy, Yexuu v Ipyrux CTpad
(ITuewimep, 2020).

ToMaThl OTKPBITOTO TPYHTa BBIPAU[WBAIOT
B pPeruoHax C TeILJIbIM M BJIAXKHBIM KJIMNMaTOM, YTO
SIBJIIETCS BJIAaTOTIPUATHBIM YCIOBUEM [IJIST PA3BUTUS
He TOJIbKO PacTeHUMN, HO U (DUTOIIATOTEHHBIX MUKPO-
OpraHu3MOB. B JaHHBIX YCIOBUSX ITOBLIIIEHHYIO Bpe-
IOHOCHOCTb ITPOSBIAIOT GaKTepuajbHble 60JIE€3HU,
B YaCTHOCTU YepHasd 6aKTepuajbHasd MITHUCTOCTD
ToMaTa. [TopakKeHHOCTh Paccaibl TOMaTOB JOCTUTAET
80-100%, rmotepu miomoB — 70% (Axaros, 2016; ViBaH-
110Ba, 2017).

YepHasa 6akTepraibHasd MIATHUCTOCTh TOMaTa —
3a60JieBaHUeE [TAaCIEHOBBIX KYJIbTYP, KOTOPOE BCTPeYa-
eTcs Bo BceM Mmupe (Roach et al., 2018; www.cabi.org/
isc). Bo3bynuTeseMu 6oJIE3HU SABJISIOTCS X. euvesicato-
ria pv. euvesicatoria, X. vesicatoria, X. hortorum pv. gard-
neri u X. euvesicatoria pv. perforans (Xanthomonas spp.)
(gd.eppo.int). OCHOBHBIMU PaCTEHUSIMU-X03I€BaAMU
cumTarwTca ToMaT Solanum lycopersicum n niepen, Cap-
sicum annuum (Potnis et al., 2015). CUMIITOMBI IPOSIB-
JITIOTCS Ha BCEX HAJI3€eMHBIX YACTSIX PACTEHUS: CEMSI-
IOJISIX, TIUCThSX, UepelIKax, CTe6IIX 1 IUIoaX ToMaTa
U 1iepiia. Ha JUCThIX CESIHIIEB U MOJIOAbIX PACTEHUH
cHayvaJia MOSIBJSIOTCS TOUeUHbIe BOASHUCTRIE IISTHA,
KOTOPBIE CO BpeMEHEM YBEJIUUMBAIOTCS JI0 2 MM, LIEHTP
TISITEH CTAHOBUTCS ITOUTY YEPHBIM C JKEJITBIM OPEOJIOM.
[IsTHa Ha JIUCTHSIX B3POCJIbIX PACTEHUU pacroJjiara-
IOTCS TI0 KpasiM JIMCTOBOM IJIACTMHKU. Ha yepelrkax
¥ cTe6IAX MATHA YAJIUHEHHOHN (hOpPMbI, YePHOTO IIBETA.
Ha 3eJieHbIX I1JI0/IaX TOSBJISIOTCS TEMHbIE BbITYKJIbIE
TOYKY C BOJSHUCTON KAaMOMH, ITO3Ke TIITHA YBEJIUYHU-
BaloTCcA M0 6—-8 MM, 3amafaT U 06pa3yoT I3BOUKH.
TKaHb IO/, MATHAMU Y 3PEJIBbIX IJI0/I0B 3arHuBaeT (be-
JIomankKuHa u ap., 2017; ViBauiosa, 2017).

BakTepuos nepemaeTcs cEeMeHaAMU B BU/JIE TTOBEPX-
HOCTHOU MHQpeKIIUHU. JIAaTEHTHO 3apakeHHas paccaza
TaK)XKe SIBJIIeTCS IPUYNHOM PacIIPOCTPaHEeHMs IIaTo-
rena (EPPO, 2013). OcHoBHas 1 shekTrUBHAST Mepa
60pPBOBI — UCTIOJIb30BaHME CEMSIH U Paccaibl TOMAaTOB,
cBOGOHBIX OT BO3OynuTeseit 6ose3nu (Fatmi et al.,
2017). TakuM 06pa3oM, CBOEBPEMEHHAS 1 KAUECTBEH-
Hag NUarHOCTHKaA BO30ymuTesell 6akTepualbHOU
NATHUCTOCTY TOMaTa B cCeEMeHaX U paccajie MOXeT

INTRODUCTION

n the context of active support of economic en-

tities by the state, in recent years there has been

an increase in tomato production, which is pri-
== marily due to the policy of import substitution.

So,in 2016-2019, in the Russian Federation the
gross harvest of tomatoes grown in open ground in-
creased by 20.2% (from 1.73 to 2.08 million tons), in
protected ground — by 56.7% (from 0.60 to 0.94 million
tons). Against the backdrop of the coronavirus pan-
demic in 2020, the gross harvest of open and protect-
ed ground tomatoes decreased by 3.3% compared to
2019 and amounted to 2.92 million tons (Market ana-
lysis, 2021). This happened due to the deterioration
of the financial situation of vegetable growing compa-
nies, as the cost of production increased, and the de-
mand for tomatoes decreased.

However, Russian vegetable producers are still
dependent on foreign seed material. Tomato seeds are
imported from China, Thailand, USA, France, India,
Peru, Italy, Germany, Brazil, Czech Republic and other
countries (Shneyder, 2020).

Open ground tomatoes are grown in regions with
a warm and humid climate, which is a favorable con-
dition for the development of not only plants, but also
phytopathogenic microorganisms. Under these con-
ditions, bacterial diseases, in particular bacterial spot
of tomato, show increased harmfulness. Infection of
tomato seedlings reaches 80-100%, fruit loss — 70%
(Akhatov, 2016; Ivantsova, 2017).

Black spot of tomato is a disease of Solanaceae
crops that occurs throughout the world (Roach et al.,
2018; www.cabi.org/isc). The causative agents of the
disease are X. euvesicatoria pv. euvesicatoria, X. vesicato-
ria, X. hortorum pv. gardneri and X. euvesicatoria pv. per-
forans (Xanthomonas spp.) (gd.eppo.int). The main host
plants are considered to be tomatoes Solanum lyco-
persicum and peppers Capsicum annuum (Potnis et al.,
2015). Symptoms appear on all above-ground parts of
the plant: cotyledons, leaves, petioles, stems and fruits
of tomato and pepper. On the leaves of seedlings and
young plants, dotted watery spots first appear, which
eventually increase to 2 mm, the center of the spots
becomes almost black with a yellow halo. Spots on
the leaves of adult plants are located along the edg-
es of the leaf blade. On petioles and stems spots are
elongated, black. Dark convex dots with a watery bor-
der appear on green fruits, later the spots increase to
6—8 mm, sink down and form ulcers. The tissue under
spots in mature fruits rots (Beloshapkina et al., 2017;
Ivantsova, 2017).

The bacteriosis is transmitted by seeds as a sur-
face infection. Latently infected seedlings are also re-
sponsible for the spread of the pathogen (EPPO, 2013).
The main and effective control measure is the use of
pathogen-free tomato seeds and seedlings (Fatmi et al.,
2017). Thus, timely and high-quality diagnostics of to-
mato bacterial spot pathogens in seeds and seedlings
can help reduce crop losses and increase the economic
efficiency of domestic vegetable production.

To date, in the international practice of diagnosing
Xanthomonas spp. the following documents are applied:
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€c110cO6CTBOBATH CHY)KEHUIO ITOTEPH YPOXKAS U TTOBBI-
IIEHUI0 BKOHOMUYECKOH 3(h(eKTUBHOCTU ITPOU3BOJ -
CTBa OTeUYECTBEHHBIX OBOIIEH.

Ha ceromHAIMHANYI eHb B MEX/IYHAPOIHOM IIpaK-
TUKe NUATrHOCTUKY Xanthomonas Spp. MPUMEHSIOTCS
clenyiole NOKYMeHThI: PeTUOHAJbHBIN CTaHAAPT
EOK3P PM 7/110 (1) (EPPO, 2013), TpOTOKOJI MCIbITA-
HUHM MeXXIayHapoaHOU ¢Geiepaliiyl ITI0 CEMEHOBOJICTBY
(ISF) («MeTog obHapyxeHust Xanthomonas Spp. B ceMe-
Hax ToMatoB») (ISF, 2017).

B PM 7/110 (1) ipexJjioskeHa cxeMa JUarHOCTUKU
Xanthomonas Spp. B BEreTaTUBHBIX YaCTIX PacTEHUN
Cc cuMIITOMaMu 3a60JIeBaHus ¥ CEMEHHOM MaTepuale
ToMaTa. CTOUT OTMETUTD, UYTO JAHHBIH ITOAX0 HEHOIY-
CTUMO IIPUMEHSTD JIJII AUaTHOCTUKY CKPBITON (hOPMbI
3apa)keHusd. B nmpoTokoJie ISF nmpenjoxeHa cxema OJist
BBISIBJIEHUS ITaTOTeHa TOJIbKO U3 ceMsIH. [Ipu 5ToM 06e
JlabopaTOpHbIe CXeMBI ITPelyCMaTPUBAIOT 00s13aTeNb-
HYI0 IIPEJIBAPUTEIbHYI0 U30JIAIINI0 6aKTepHUy Ha I10-
JIyCeJIEeKTUBHbIE ITUTATEIbHbIE CPEIbI C TOCTENYIOINM
CKPUHUHTOM U UJIeHTUDUKAIIUEN TOL03PUTENbHBIX
KOJIOHUH C ITOMOIIBI0 MOJIEKYJISIPDHBIX METOZOB.

TakuM o6pas3oM, IJIaBHBIM HELOCTATKOM IIpe]-
JIO)KEHHBIX CXeM BBISIBJIEHUS U UIeHTU(GUKALIUN Xan-
thomonas Spp. ABJISETCSA OJUTEJIbHOCTh IPOBEIECHUSI
KCCJIeJOBAaHUUI: OT MOMEHTA MOJyUYeHUS PACTUTENb-
HBIX DKCTPAKTOB /[0 OSBJIEHUS TUITMUYHBIX KOJIOHUHN
Ha IIUTaTEJbHBIX CPelaX IPOXOAUT 0KOJIO 5—10 mHe.

C 1eJibI0 U3y4YeHUs BO3MOXXHOCTU COKpAIeHUS
BPEMEHU BBISBJIEHNS U UIeHTU(UKAIIUY N3yIaeMOoTro
GaKTepuro3a 3a CUeT IIPSIMOro BeimeaeHus JHK us pac-
TUTEJNbHBIX 06Pa3IlOB C MOCIeAyIoNel TTOCTaHOBKOM
[TLIP (monuMepasHOU LEeIIHOM peakIiinu), IIPOBEIeH
OITBIT MCKYCCTBEHHOI'0 3aPa’KeHUS B3KCTPAKTOB BeTe-
TAaTUBHBIX YaCTeHW M CEMSH TOMaTa OLHUM U3 BO306y-
nuTenel 60JIe3HNU.

Pe3ynbpTaThl OIBITA OIEHWBAJNU C ITOMOIILbIO
TECT-CUCTEMBI JIJIs AUATHOCTUKY YePHOU 6aKTeprasb-
HOM IITHUCTOCTU ToMaTa (X. euvesicatoria pv. euvesicato-
ria) mpousBoacTBa OO0 «Arpo/luarHoctuka» (Poccus).
B cocTaB KOMMepUecKoro Habopa BXOAUT BHYTPEHHU K
MMOJIOKUTEJbHBIN KOHTPOJIb (BITK), m0O3BOJISIONIMMI
OLIEHUTDb KaK paboTOCIIOCOGHOCTh BCEX KOMIIOHEHTOB
PeakIiMoHHOW CMeCH, TaK U BIUSHUE PACTUTENbHON
MaTpuUIbl (T. €. HAXOLAUIMXCSA B Hell MHTMOUTOPOB)
Ha npoxoxzgeHue IIIP. [ToCcKOJIbKY TeCT-cUCTeEMA Pas-
paboTaHa TOJIBKO JIJISI AUATHOCTUKY OJHOTO U3 YEThI-
pex Bo3OynuTeneii 6ose3nu — X. euvesicatoria pv. euve-
sicatoria, UMEeHHO 3TOT IITaMM KCIIOJb30Bau IJIA
HMCKYCCTBEHHOTI'0 3apa’kKeHUs.

MATEPWUWAJIBI U METO/1bI

IModeomoska anarumudeckux npob u3 6e2emamusHbLX
uacmetl momama. [Jisg IPUTOTOBJIEHUST CMeEIIaHHO-
ro o6pasiia UCII0JIb30BaJIX COPTa TOMaTOB Belicyxek
v Buirasa KpacHas. JINCTbs U CTe6JIM MeJIKO Hape3au
Kycoukamu (mpuMepHo 0,5 ¢cM). OTOBUJIY 110 8 HABECOK
I BYX BapuaHTOB — pa3dMepoM 1 ru 2 1. HaBecku riome-
IIaJI1 B CTEPUJIbHBIE [1JIACTUKOBBIE EMKOCTU 06'bEMOM
120 ma u 3anuBanu 30 MJI cTepuJibHOTO hochaTHO-
coneoro 6ydepa (PBS) (puc. 1).

3aTeM eMKOCTH MePeHOCUJIU Ha OPOUTAIbHBIHN
merikep Unimax 2010 (Heidolph, l'epmanwus) Ha 1 yac
(pexum — 200 06/MUH) IpU KOMHATHOUN TeMITepaTy-
pe. Jaynee mpoBoaunu uIAbTPAIUI Yepe3 GyMax-
HBIY QUIABTP B IeHTPUDYXHBIe TPOOUPKU TUTIA
Oak Ridge (Nalgene, Thermo Fisher Scientific, CIIIA)

EPPO regional standard PM 7/110 (1) (EPPO, 2013), In-
ternational Seed Federation (ISF) Test Report (Method
for the detection of Xanthomonas spp. in tomato seed)
(ISF, 2017).

PM 7/110 (1) suggests a diagnosis scheme for Xan-
thomonas spp. in vegetative parts of plants with symp-
toms of the disease and tomato seeds. It should be
noted that this approach cannot be used to diagnose
a latent form of infection. The ISF protocol proposes
a scheme for pathogen detection from seeds only. At
the same time, both laboratory schemes provide for
mandatory preliminary isolation of the bacterium on
semi-selective nutrient media, followed by screening
and identification of suspicious colonies using molecu-
lar methods.

Thus, the main disadvantage of the proposed
schemes for the detection and identification of Xan-
thomonas spp. is the duration of the research: from the
moment of obtaining plant extracts to the appearance
of typical colonies on nutrient media, it takes about
5-10 days.

In order to study the possibility of reducing the
time of detection and identification of the studied bac-
teriosis due to direct isolation of DNA from plant sam-
ples with subsequent PCR (polymerase chain reaction),
an experiment was carried out on artificial infection of
extracts of tomato vegetative parts and seeds with one
of the pathogens.

The results of the experiment were evaluated us-
ing a test system for the diagnosis of bacterial spot of
tomato (X. euvesicatoria pv. euvesicatoria) produced by
AgroDiagnostica (Russia). The commercial kit includes
an internal positive control (IPC), which allows to eval-
uate both the performance of all components of the re-
action mixture and the effect of the plant matrix (i. e.,
the inhibitors contained in it) on the PCR. Since the test
system is designed only for the diagnosis of one of the
four pathogens — X. euvesicatoria pv. euvesicatoria, this
particular strain was used for artificial infection.

MATERIALS AND METHODS

Preparation of analytical samples from tomato vegetative
parts. To prepare a mixed sample, the Beysuzhek and
Red Cherry tomato varieties were used. The leaves and
stems were finely chopped into pieces (about 0.5 cm).
We prepared 8 weightings of two variants, 1 gand 2 g in
size. The weighed portions were placed in sterile plastic
containers with a volume of 120 ml and filled with 30 ml
of sterile phosphate-buffered saline (PBS) (Fig. 1).

Then the containers were transferred to a Uni-
max 2010 orbital shaker (Heidolph, Germany) for
1 hour (200 rpm) at room temperature. Then, filtration
was carried out through a paper filter into Oak Ridge
centrifuge tubes (Nalgene, Thermo Fisher Scientific,
USA) and centrifuged on an Allegra X-30 device (Beck-
man Coulter, USA) for 10 min at a speed of 10,000 rpm
at 10 °C. The supernatant was carefully discarded. The
precipitate was dissolved in 1 ml of sterile PBS by tho-
rough vortexing. Thus, 8 ml of each extract variant was
obtained.

Artificial infection of tomato vegetative parts. Artifi-
cial infection of pre-prepared extracts was carried out
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¥ eHTPUGYTUPOBaIU Ha MPU-
6ope Allegra X-30 (Beckman
Coulter, CIITIA) 10 MUH €O CKOPO-
cTbio 10 000 o6/MuH mpu 10 °C.
CyrepHaTaHT aKKypaTHO CJIUBa-
au. OcaJloKk pacTBOPSAJIY B 1 MJI
crepunbHOro PBS nyrem Tmia-
TEJBHOI'0 BCTPSIXUBAaHWS Ha BOP-
Tekce. TakuM 06pa3oM MOy Y NIIA
10 8 MJI KaXK/IOT0 BapUAaHTAa JKC-
TpaKTa.

Hckyccmeennoe sapaxcenue
geeemamuBHbLX wacmel moma-
ma. VICKyCCTBEHHOE 3apaie-
HUe 3apaHee MOATOTOBJIEHHBIX
9KCTPAKTOB ITPOBOAUIU GaKTe-
pUANBHOU CyCIleH3uel YUCTOU
KyJbTypPbl TUIIOBOTO IITaMMa
X. euvesicatoria pv. euvesicatoria
(DSM 19128) (puc. 2) us Hemeli-
KOM KOJUIEKITUY MUKPOOPTaHU3-
MOB U KJIETOUHBIX KyJbTyp (The

Leibniz Institute DSMZ — German  pyc. 1. logrotoeka aHanutuueckux  Fig. 1. Preparation of analytical

Collection of Microorganismsand  npo6 u3 BeretaTueHbIX YacTei
Cell Cultures). l'oroBunu 8 mocye-  Tomara (hoto A.B. Apemko)

IoBaTeJIbHBIX 10-KpaTHBIX pa3s-
BEIEHUI B IBYX BapuaHTaX dKC-
TpaKTa U B cTepuiibHOM (hocdaTHO-comeBoM Gydepe.

[TocnenmoBaTenbHOE pa3BeneHue B PBS ncronb3o-
BaJIU JJIg KOJINUECTBEHHOTO yueTa MUKPOOPTaHU3MOB.
Ha nmoTHyI0 MUTaTeNIbHYI0 CPeny — LeKCTPO3HO-IPOXK-
’KeBOU kapOoHaTHbIH arap (YDC) — BbiceBanu 5, 6 1 7-€
pasBeleHUs KyJIbTYyPbl B 2-KPAaTHOU ITOBTOPHOCTU
o 100 mkJ1. [Tocye 72 4acOB MHKYOUPOBAHUS TIPO-
BOJIUJIY TIOJICUET KOJIOHUH Ha YalllKax U OIpesesain
xonruecTBO KOE/MJI B HYJIEBOM U TIOCTEAYIOUIUX pPas-
BeJleHUAX I10 hopmyIe:

M= 10“,
\Y
roe M — KoJIM4eCcTBO KJIETOK B 1 MJI, a — cpeJiHee KO-
JINUECTBO KOJIOHNMM, BBIPOCIINX T10CJIE TI0OCEBA U3 JaH-
HOTO pasBefeHus, 10" — koahPUIIMEeHT pa3BelleHus,
V — 06'beM CyCIIeH3UHU, UCTI0JIb30BAHHON JIJISI TIOCEBA
(Hetpycog, 2005).

Hckyccmeennoe 3apaxcerue ceman. L IpUroTos-
JIeHUSI CMEeIIaHHOTro o6pasiia ceMsH MCI0JIb30Ball
6oJiee 10 copToB (TTnHOKKMO, BbIube cepalle, OpaHiK,
BankoHHOe uyzo, Bosrorpajckuil u np.). HaBecky
ceMaH pasMepoM 10 r moMenjaau B HakeT OJd ro-
MOTeHU3allny, 3ajuBaau 20 MJ CycIlleH3umn 6akTe-
puit X. euvesicatoria pv. euvesicatoria B CTEPUIbHOM
PBS (= 10° KOE/MJ1) 1 pasMeniangy B melHKepe-uHKY-
6atope INNOVA 43 (New Brunswick, CIIIA) Ha 4 yaca
pu 10 °C u pexxume BpauieHus 90 06/MuH. 3aTeM 13-
JIUIIKY CYCIIEH3UY CIUBAJIYN Yepe3 6yMakHbIN QUIbTP
Y IIPOCYIIUBAJIM CEMeHA ITPY KOMHATHOU TeMIlepaType
B TeueHue 20 yacoB. CeMeHa CMeNIUBaJIU B COOTHOIIIe-
HUU 3apaXeHHBIX CEMIH K 370poBeIM: 1 : 10, 1 : 20,
1:100. B uTore nosyuyuau 5 BApUaHTOB CEMSIH C Pas-
HBIM YPOBHEM 3apakeHHocTu: 100%, 10%, 5%, 1%
¥ He3apa)keHHbIe ceMeHa (OTPUIATeIbHbINM KOHTPOJIB).

Iodzomoska ananumuveckux npob u3 ceman. logro-
TOBKY ITPO6 AT BAPUAHTOB OTIbITA TTPOBOIUIJIN METO-
noMm romorerusanuu (EPPO, 2013).

Buvidenenue JJHK. 3apakeHHbIE DKCTPAKTHI B 006b-
eme 200 MKJ MCIIOJIb30BaJu AJig BbigeaeHus JHK
C TIOMOIIbI0 KOMMepueckoro Habopa «IIpo6a-I'C»

samples from tomato vegetative
parts (photo by A.B. Yaremko)

with a bacterial suspension of a pure culture of the typi-
cal strain X. euvesicatoria pv. euvesicatoria (DSM 19128)
(Fig. 2) from The Leibniz Institute DSMZ — German
Collection of Microorganisms and Cell Cultures. There
were 8 consecutive 10-fold dilutions in two versions of
the extract and in sterile phosphate-buffered saline.

Puc. 2. Ynctasa kynbtypa
X. euvesicatoria pv.

Fig. 2. Pure culture of

X. euvesicatoria pv.
euvesicatoria Ha cpege YDC  euvesicatoria on YDC medium
nocne 72 yacoB vHKybauun  after 72 hours of incubation

(thoTo W.H. NMucapesoit) (photo by I.N. Pisareva)
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(000 «Arpo/lmarHocTuKa»). MeToz OCHOBAaH Ha IIPUH-
1uIIe IM3¥ca TKaHel B pacTBOPe TyaHUIMHTUOIIMaHa-
Ta (GuUSCN) ¢ agcopbiiuen TotaabHoM JHK Ha moBepx-
HOCTH cOp6eHTa (IUOKCU KPeMHMUS) U JaJbHEeHIInX
3-KpaTHbBIX IPOMbBIBOK COOTBETCTBYIOIIMMU PAaCTBOPa-
Mu. [TPOBOAUTCS COTIIACHO UHCTPYKIIUN (PUPMBI-TIPO-
U3BOIUTEIS.

I1]P-ananu3. 17151 BBISIBJIEHUS U UIEHTUQUKALIUYT
IHK X. euvesicatoria pv. euvesicatoria UCIIOJb30BaJIU
TecT-cucTteMy B popmare [11IP B peanbHOM BpeMeHU
(TILIP-PB) mpoussoacTtBa OO0 «Arpo/luarHOCTUKa».
YcaoBug TP mcnosb30oBaau COrjlaCHO MHCTPYKIIUU
MIPOU3BOLUTENS.

g moctanoBku I1LP-PB ucnonbs3oBasiu TepMo-
nukiaep CFX96 C1000 Touch (Bio-Rad Laboratories,
Inc., CIITIA). CrieniuuyHY0 peaKIuio OLeHUBAJIY I10 Ka-
HaJy (aryopectieHIIuY FAM, BHYyTPEHHUH TTOJI0KUTEN b-
HBIN KOHTPOJIb (BITK) — 1o ka"aay HEX. [Tpu IToCTaHOB-
ke I1IIP ucriosnb3oBany 3-KpaTHY [IOBTOPHOCTb.

Ta6uauna 1

Serial dilution in PBS was used to quantify micro-
organisms. The 5™, 6™, and 7™ dilutions of the culture
were sown on a dense nutrient medium, yeast dextrose
carbonate agar (YDC), in 2-fold replication, 100 ul each.
After 72 hours of incubation, colonies were counted
on plates and the number of CFU/ml was determined
in zero and subsequent dilutions according to the
formula:

a-10»

-~

where M is the number of cells in 1 ml, a — average
number of colonies that grew after inoculation from a
given dilution, 10" — dilution factor, V is the volume of
the suspension used for sowing (Netrusov, 2005).

Artificial infection of seeds. For the preparation of a
mixed seed sample, more than 10 varieties were used
(Pinocchio, Bychye serdtse, Orange, Balkonnoe chu-
do, Volgogradsky, etc.). A 10 g sample of seeds was
placed in a bag for homogenization, poured 20 ml of

M=

Pe3yJIbTaTbl UCIIBITAHUA TECT-CUCTEMbI HA HICKYCCTBEHHO 3apPa*K€HHbIX IKCTPAaKTax

BereTaTUBHBIX YacTel ToMaTa
Table 1

Examine results of the test system on artificially infected extracts of tomato vegetative parts

HaBeckalr

HaBecka2r

Samplelg Sample2 g
Kommuecrao e el eycle threshold value, Ot
Pa3BeneHus IIoBTOPHOCTU  KJIETOK ’ ’
Dilutions Repetitions Number of cells FAM HEX FAM HEX
1 1 2,6 x 107 22,73 29,07 22,81 29,16
2 22,88 28,63 22,86 28,85
3 22,57 29,12 22,76 29,32
2 1 2,6 x10° 26,47 29,23 26,24 28,97
2 26,33 29,45 26,16 29,42
3 26,61 29,35 26,31 29,47
8 1 2,6 x 10° 29,61 29,41 29,95 29,36
2 29,94 29,92 29,77 29,77
8 29,74 29,78 30,12 29,87
4 1 2,6 x 104 33,19 29,65 32,96 29,54
2 33,10 29,83 32,97 30,01
3 33,28 29,45 32,95 29,56
5 1 2,6x10° 36,54 29,64 35,75 29,08
2 36,19 29,33 36,03 29,69
3 36,88 29,47 35,47 29,54
6 1 2,6 x10? - 29,44 40,23 29,33
2 39,66 29,67 - 29,03
3 - 29,89 - 29,55
7 1 2,6 x10% = 29,91 = 29,13
2 = 29,78 = 29,08
3 = 29,57 = 29,27
8 1 2,6 x10° - 29,31 - 29,23
2 - 29,73 - 29,30
3 - 29,72 - 29,29

AsrycTt Ne 3 (11) 2022 41



OUWATHOCTUKA  DIAGNOSTICS

Ta6auia 2

Pe3ysIbTaThl MCIIBITAHUS TE€CT-CUCTEMBI
IpHU Pa3HbIX YPOBHSX 3apa’KeHHOCTH CEMIH
TOoMAaTa

Table 2
Examine results of the test system
at different infection levels of tomato seeds

KanaJ gerekuuu,
3HaueHUe Moporo-
BOro uukJa, Ct
Detection channel,

cycle threshold
3apakeHHOCTb, value. Ct
% [oBTOpHOCTHU ’
Infection, % Repetitions FAM HEX

100 1 17,39 29,36
2 17,12 29,27
3 17,34 29,32
10 1 22,81 28,55
2 22,98 28,68
3 22,75 28,47
5 1 23,72 28,54
2 24,03 28,14
3 23,94 28,27
1 1 26,84 29,13
2 26,97 29,22
3 27,02 29,24
OTputiatenbHbin 1 - 28,56
KOHTDOJIb
Negative control 2 - 28,48
3 = 28,52

PE3VJIBTATBI U OBCYKJOEHHNE

B pa6oTe mMpoBeeHO MCHObITAHUE POU3BEIEeHHON
000 «Arpo/luarHoCTuKa» TECT-CUCTEMBI IJIS [UATrHO-
CTUKU OJJHOTO U3 BO3OymUTEeN YepHOU 6aKTepuralb-
HOM IIITHUCTOCTU ToMaTa — X. euvesicatoria pv. euvesi-
catoria. JJaHHBIN KOMIIJIEKT PEareHTOB NpelHasHaueH
njg noctaHoBku [I1IP-PB. B peakljMoHHYI CMeCh
BXOAUT BHYTPEHHUU IMOJIOKUTEJbHBIN KOHTPOJb,
YTO MO3BOJISIET OIleHUBaTh MHrubuposauue I1LIP mpu
IpsMoM BbifiesieHyu JIHK 6aKkTepuii M3 pacTUTENbHBIX
SKCTPaKTOB.

Il71s OILleHKU UyBCTBUTEJIbHOCTU TECT-CUCTEMBI
OB ITPOBEEH KOJMUYECTBEHHBIN yUeT OaKTepuil, nuc-
TI0JIb3YEeMBIX JIJIsI 3apaKeHUs dKCTPAKTOB BereTaTuB-
HbIX yactel romara. Konudectso KOE B 1 M1 HyJI€BOTO
pasBeZleHMs paBHO 2,6 X 108,

Pe3ysibTaThl UCTIBITAHUM TECT-CUCTEMBI ITPOU3-
BoacTtBa OO0 «Arpo/luarHoCTUKa» OJid BbISIBJIEHUS
u ugentudukanum JHK X. euvesicatoria pv. euvesicato-
ria, BbIIeJIeHHON U3 MCKYCCTBEHHO 3apPa’keHHbIX 3KC-
TPaAKTOB BEreTaTUBHbBIX YaCTEH 1 CEMSAH TOMATa, IIPe-
CcTaBJIEHbI B Tabauax 1-2.

CTabunbHble pe3ylIbTaThl AeTeKInu 1iejeBoit JTHK
(FAM) B 000uX BapuaHTaxX OTMEYEHBI C 1-T0 110 5-e
pasBenmenure. TakuM 06pa3oM, aHAJUTUUYECKAST UYB-
CTBUTEJIBHOCTb cocTaBua 2,6 X 10°. Tak)Ke OTMEUEHO,
uyTo BITK (HEX) cpa6oTaJj BO BceX pa3BeLeHUAX, UYTO

a suspension of bacteria X. euvesicatoria pv. euvesicatoria
in sterile PBS (= 10° CFU/ml) and placed in an INNOVA
43 shaker-incubator (New Brunswick, USA) for 4 hours
at 10 °C and a rotation mode of 90 rpm. Then, the ex-
cess suspension was poured through a paper filter and
the seeds were dried at room temperature for 20 hours.
The seeds were mixed in the ratio of infected seeds to
healthy ones: 1:10,1:20,1:100. As a result, 5 vari-
ants of seeds with different levels of infection were ob-
tained: 100%, 10%, 5%, 1% and uninfected seeds (ne-
gative control).

Preparation of analytical samples from seeds. Prepa-
ration of samples of five variants of the experiment
was carried out by the homogenization method (EPPO,
2013).

DNA isolation. Infected extracts in a volume of
200 pl were used for DNA isolation using the Proba-GS
commercial kit (AgroDiagnostica, Russia). The method
is based on the principle of tissue lysis in a guanidinium
thiocyanate solution (GuSCN) with the adsorption of to-
tal DNA on the surface of the sorbent (silicon dioxide)
and subsequent 3-fold washing with appropriate solu-
tions. Carried out according to the manufacturer’s in-
structions.

PCR analysis. For X. euvesicatoria pv. euvesicatoria
DNA detection and identification, we used Real-Time
PCR test system (RT-PCR) by AgroDiagnostica. PCR con-
ditions were used according to the manufacturer’s in-
structions.

Real-time PCR was performed using a CFX96
C1000 Touch thermal cycler (Bio-Rad Laboratories,
Inc., USA). The specific reaction was assessed by the
FAM fluorescence channel, and the internal positive
control (IPC) was assessed by the HEX channel. When
setting up PCR, a 3-fold repetition was used.

RESULTS AND DISCUSSION

In this work, an AgroDiagnostica test system was exa-
mined for the diagnosis of one of the pathogens of bac-
terial spot of tomato — X. euvesicatoria pv. euvesicatoria.
This set of reagents is intended for RT-PCR. The re-
action mixture includes an internal positive control,
which makes it possible to evaluate PCR inhibition
during direct isolation of bacterial DNA from plant ex-
tracts.

To assess the sensitivity of the test system, a quan-
titative account of the bacteria used to infect extracts of
tomato vegetative parts was carried out. The number of
CFU in 1 ml of zero dilution is 2.6 x 108.

Examine results of the AgroDiagnostica test sys-
tem to detect and identify X. euvesicatoria pv. euvesica-
toria DNA isolated from artificially infected extracts
of tomato vegetative parts and seeds are presented in
Tables 1-2.

Stable results of detection of the target DNA (FAM)
in both variants were noted from the 1% to the 5" dilu-
tion. Thus, the analytical sensitivity was 2.6 x 10%. It
was also noted that HEX worked in all dilutions, indicat-
ing no PCR inhibition. At the same time, the value of the
threshold cycle through the HPC channel (HEX) in both
variants is approximately the same, which indicates the
absence of the influence of the sample size on the PCR.

duTtocaHutapus. KapaHTuH pacteHuin 42



OWATHOCTUKA  DIAGNOSTICS

YKa3bIBAET HA OTCYyTCTBUE uHrubupoanus IT1P. [Tpu
3TOM 3HauYeHUe IMOPOroBOro IuKJa 1o kaHaay BITK
(HEX) B 060X BapraHTaX IPUMEPHO OLUHAKOBOE, UTO
CBUIETENBCTBYET 06 OTCYTCTBUM BIUSHUS pasMepa
HaBeCKHU Ha IpoxoxaeHue [P

W3 TabGauUIIkI 2 BUAHO, UTO BBIIBJIEHNE X. eUVesi-
catoria pv. euvesicatoria OTMe4YeHO IIPU BCEX YPOBHAX
3apa)KeHHOCTY CEMSH. BHYTPEHHUH KOHTPOJb cpabo-
TaJl BO BCeX PeaKLUAX, UYTO YKa3blBaeT HA OTCYTCTBUE
nHrubupoanus [TLIP.

[IpenBapuUTEeNbHO OJIS BBISBJIEHUSA X. euvesicato-
ria pv. euvesicatoria B PaCTUTEJIbHBIX DKCTPaKTaxX Be-
reTaTWBHBIX YaCTEeHW 1 CEMSIH MOXKHO PEKOMEH0BATh
TecT-cucTeMsl ipousBogcTBa OO0 «Arpo/luarsocTu-
Ka» OJIs IVarHOCTUKY 9TOM 6aKTepuun.

3AKJIIOYEHUME

Il7sl COKpallleHUsI BpEMEHU NMarHOCTUKY X. euvesicato-
ria pv. euvesicatoria ¥ yCTAaHOBJIEHUS CTETIEHU BIUSIHUSI
pacTUTENbHONW MaTPUIlbl HA KOHEUYHbIe Pe3yabTaThl
uccaenoBaHui o6pasioB pacTeHUM 1 ceMsSH ToMaTa
HaMU OBLIY TIPOBEJIEHBI OITBITHI 110 UCKYCCTBEHHOMY
3apakKeHUI0 X. euvesicatoria pv. euvesicatoria SJKCTPaKTOB
BEreTaTHBHBIX YaCTEM U CeMSIH ToMaTa. B X0/ie UCIThbI-
TaHWS METOLVKHU MOATOTOBKY ITPO0 C JaJIbHEHUIIUM
BbigesienueM JJHK u [M1IP-aHanu30M UCKYCCTBEHHO
3apa)keHHBIX 00Pa31[0B YCTAaHOBIEHO, UTO UHTUOUPO-
BaHus [1LIP He mpouCXOgUT.

[IpoBeZeHHBIE UCCIENOBAHMS ITOKA3aJUd BO3-
MO>XHOCTH UCIIOJIb30BaHUS TECT-CUCTEMBI B (hopMaTe
[TIIP-PB nipousBoacTtBa OO0 «Arpo/luarHocTuka» nJjis
MPSIMOTO BBISBJIEHUS X. euvesicatoria pv. euvesicatoria
U3 PACTUTENbHBIX S3KCTPAKTOB, OJHAKO, OUEBUIHBIM
HEeJO0CTaTKOM TECT-CHCTEMbI SIBJISIETCS BO3MOXKHOCTD
JIVarHOCTUKY TOJbKO OJTHOTO U3 YEThIPeX BO30yauTe-
Jet 6oJie3HU.
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Table 2 shows that the detection of X. euvesicatoria
pv. euvesicatoria was noted at all levels of seed infection.
The internal control worked in all reactions, indicating
no PCR inhibition.

Preliminary for detection of X. euvesicatoria pv.
euvesicatoria in plant extracts of vegetative parts and
seeds, AgroDiagnostica test systems can be recom-
mended for the diagnosis of this bacterium.

CONCLUSION

To reduce the diagnostic time for X. euvesicatoria pv.
euvesicatoria and establishing the degree of influence of
the plant matrix on the final results of studies of plant
samples and tomato seeds, we conducted experiments
on artificial infection of extracts of tomato vegetative
parts and seeds with X. euvesicatoria pv. euvesicatoria. In
the course of testing the sample preparation technique
with further DNA isolation and PCR analysis of artifi-
cially infected samples, it was found that PCR inhibition
does not occur.

The conducted studies have shown the possibility
of using the AgroDiagnostica test system in the PCR-RT
format for direct detection of X. euvesicatoria pv. euvesi-
catoria from plant extracts, however, the obvious disad-
vantage of the test system is the ability to diagnose only
one of the four pathogens.
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AHHOTALIUA
Bce Bunbl Auchenorrhyncha sBisroTcs 06uraTHbIMU
(hutodaraMmu u HAHOCAT Bpe, pacTeHUsIM. HEKOTOpbIE
13 9TUX BUJOB — CEPbe3HbIe BPeIUTEIU CEJIbCKOX0-
39UCTBEHHBIX KYJIbTYD, HETATUBHO BAUAIONIVE HA UX
MIPOAYKTUBHBIH ITOTEHIIWAJ, 8 MHOTHYE — IEPEHOCUNKHI
MHMEKITMOHHBIX 3a00eBaHNl pacTeHuil. CeMelcTBa,
KOTOpPBIE UMEIOT X039 CTBEeHHOe 3HaUeHNe, — 9TO IIUK-
cuunbl (Cixiidae), menbdanumer (Delphacidae), mepuue
nukaasl (Cicadidae), mennuiis (Cercopidae), rop6aTku
(Membracidae) n nukagku (Hacrogaiiue) (Cicadellidae)
(Trespumos, 2000).

B cTaTbe mpeacTaBeHbl JaHHbIE BUIOBOTO COCTA-
Ba I[MKAa/IOBBIX B aMIIesiolleH03axX PecyOoiuku KpbiM
3a 2019-2020 rr.; TakXxe GblLjIa ITPOBEeHA UIEHTU-
(bukalyusga MHBA3MOHHOIO, arPECCUBHO PacIpoCcTpa-
HSIOIIEerocs o TEPPUTOPUM BUIA — LMUKALKK Oeoi
Metcalfa pruinosa (Say, 1830). C60p nMaro oCyIIecTBIsI-
JI C MIOHS II0 CEHTSAOPH C MCIIOIb30BAHUEM JKEJIThIX
KJIEEBBIX JIOBYIIEK. M IeHTUDUKAIMT HACEKOMBIX ObLTa
IIpoBefieHa MOP(OTOTUUECKUM U MOJIEKYISIPHO-TE-
HETUYEeCKUM MEeTOJaMMU. Bl BbIABIEHBI 12 BUIOB
IIMKaOBBIX, [BA U3 KOTOPBIX IIPEACTABJISIOT OIlac-
HOCTH B KaUeCcTBe MepPeHOCYUKOB 3a60JieBaHUMi. ITO
MHBA3WOHHBINA BUJI IIMKaJKa ceBepoaMepUKaHCKas
Scaphoideus titanus Ball, 1932 u 11MKaJKa BbIOHKOBAs
Hyalesthes obsoletus Signoret, 1865, 60pb0y C KOTOPBI-
MU HeoOXO[MO OPraHM30BbIBATh B aMIIEJIOIIeHO3aX
pecnybsiuku. Enre 2 Buza, BeISIBJIeHHbIe Ha KpBbIM-
CKOM TI0JTyOCTPOBE, — IIMKaKa ATIOHCKAask BUHOT'PaHAas
Arboridia kakogawana (Matsumura, 1932) u 1iuKagKa
6enas Metcalfa pruinosa Say, 1830 — MOTYT OBITH I10-
TEHIIMaJbHBIMU BEKTOPAMU Bo36ynuTesel 6oyie3Hen
BUHOTrpaza. CiielyeT OTMETUTD, YTO MHBA3UBHbBIE Ha-
CEeKOMBbI€ B HOBBIX YCIOBUSAX MOTYT MMPUHSITH QYHKITHAIO
BEKTOPA, B CBSI3U C YEM UX UBYUEHUE SIBIISIETCS aKTy-
QJIbHOM 3aJavell s CIIeIaalCTOB HallpaBJIeHU 3a-
IIUTHI PACTEHUH.

MONITORING

UDC 632.75:632.92: 634.8

Study of the species
composition

of Auchenorrhyncha
in ampelocenoses of
the Republic of Crimea

B.B. KHAMAEVA?, G.N. BONDARENKO?* 2,
YA.E. RADIONOVSKAYA?

1 FGBU “All-Russian Plant Quarantine Center”
(FGBU “VNIIKR”), Bykovo, Ramenskoye,
Moscow Oblast, Russia
2FGAOU VO “Peoples’ Friendship University of Russia”
(FGAOU VO “RUDN University”), Moscow, Russia
3 All-Russian National Research Institute
of Viticulture and Winemaking
“Magarach” RAS
(FGBUN “VNNIIViV “Magarach” RAS”),
Yalta, Republic of Crimea, Russia
1 ORCID 0000-0003-2923-5762, e-mail: airta@mail.ru
2 ORCID 0000-0002-1635-2508, e-mail: reseachergm@mail.ru
3 ORCID 0000-0002-9124-8436, e-mail: vovkayalta@mail.ru

ABSTRACT
All Auchenorrhyncha species are obligate phytophag-
es and are harmful to plants. Some of these species are
serious pests of crops that negatively affect their pro-
ductive potential, and many are vectors of infectious
plant diseases. Families that are of economic impor-
tance are Cixiidae, Delphacidae, Cicadidae, Cercopidae,
Membracidae and Cicadellidae (Gnezdilov, 2000).

The article presents data on the species composi-
tion of Auchenorrhyncha in ampelocenoses of the Re-
public of Crimea for 2019-2020; the identification of an
invasive species aggressively spreading over the terri-
tory was also carried out — Metcalfa pruinosa (Say, 1830).
Imagoes were collected from June to September using
yellow sticky traps. The identification of insects was
carried out by morphological and molecular genetic
methods. 12 Auchenorrhyncha species were identified,
two of which are dangerous as disease vectors. This is
the invasive species Scaphoideus titanus Ball, 1932 and
Hyalesthes obsoletus Signoret, 1865, the control of which
must be organized in the ampelocenoses of the repub-
lic. 2 more species detected on the Crimean Peninsu-
la — Arboridia kakogawana (Matsumura, 1932) and Met-
calfa pruinosa Say, 1830 — can be potential vectors of
causative agents of grape diseases. It should be noted
that invasive insects in the new conditions can take on
the function of a vector, and therefore their study is an
urgent task for plant protection specialists.
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Knrouesvte cio6a. BUHOTpagHUKY, ITOAOTPAL Lu-
Ka/IoBble, MHBA3WOHHBIE BUJbI, aOOPUTEHHbIE BUIbI,
TIepeHOCYUKY NHDEKITUN.

BBEJEHUE

WHOTPAJapCTBO MMeeT HeMaJoBaXk-
HOe 3HaueHME B SKOHOMUKE IOXKHBIX
pernoHoB P® u ABJsSETCS CyIIEeCTBEH-
HOM YacThI0 POCCUMCKOTO arpoIipo-
MBIIIJIEHHOTO KOMILIeKca. Iliomamb
BMHOI'PAAHBIX ILIAHTAIMi B Poccuu
(ua pepmax Bcex KaTeropuii) B 2018 1.
cocTaBmia 93,5 Thic. ra (B TOM 4Yucie

IomoHOCAIUX — 75,1 Thic. ra), B2017 r. — 91,5 ThiC. ra

(74,8 Tric. ra) (PamxaboB u ap., 2019).

BoJIbIIION MUPOBOW PHIHOK BMHOTpPaLapcTBa —
OJlHA U3 IMPUYNH WHTPOAYKIINU (DUTOIIATOTEHOB C TI0-
MOIIIbIO TOCALOYHOr0 MaTepuansa. MHDEeKIIMOHHbBIE
3a60JieBaHMS BUHOTPAHOM JIO3bI IPUBOJAAT K 3HAYUU-
TEJIbHBIM ITOTEPSIM YPOXKasi, COKPAIeHUI0 IIPOU3BO/I -
CTBA U CHIDKEHUIO IOJITOBEYHOCTY BUHOTPAIHBIX JIO3.

[TpOMBIIIJIEHHOE BUHOTPAIaPCTBO BCE YalIle CTaJl-
KMBAeTCs C IPOBJIeMOM pacIIpoCTPaHEHN NHBA3WOH-
HBbIX UHMEKIINH, PaCIIPOCTPAHIEMbIX HACEKOMBIMU
nogoTpsazma llukamossie (Auchenorrhyncha). B HacTo-
siee BpeMs GOJIBITMHCTBO TPAHCMYCCHUBHBIX MH(pEK-
U PETYIUPYIOTCS C ITOMOIIbI0 BBIBEIEHUS YCTOM-
YUBBIX COPTOB U 6OPLOEI ¢ TIepeHocunKaMu. B ciyuae
00JIe3HEN, TTIePEHOCUMBIX BPEIUTENIMU CEJIbCKOXO0-
39MCTBEHHBIX KYJIbTYP, aJIbTEPHATUBON UHCEKTUIIU-
JlaM BBICTYyTIaeT pa3paboTka MeTOLOB KOMILIEKCHOM
60pBOBI C MEPEHOCYNKAMY MH(PEKIINN. B CBSI3U C 9TUM
Ba)KHO U3YUYUTH BUJOBOM COCTAB HACEKOMBIX — ITOTEH-
[IUaJTbHBIX BEKTOPOB UH(EKIIUH.

Auchenorrhyncha — 3To 6oraThl#l BUIAMU ITOAOT-
pAan B IIpenesax pasHoobpasHoro orpsaga Hemiptera,
BKJIIOUAKOLIUY 2 KPYyNHBIX MHDpaoTpsaza: Cicadomor-
pha u Fulgoromorpha. B MupoBo# ¢hayHe HaCUYUTHIBA-
eTcst okoy10 30 ceMelicTB U 43 ThiC. BUAOB. dayHa ImKa-
IIOBBIX POCCHU U COTIPEZENIbHBIX CTPAH HACUYUTHIBAET
OKOJIO 2 TBIC. BU/IOB, OTHOCSAIUXCS K 21 ceMelCTBY
(Bpuragmupenko, 2003; 'aespuinos, 2000; OcTaIeHKo,
2010); dayHa mukamoBbix I0xHOTO (hemepaibHOTO
okpyra — okoJio 490 BuzoB u3 13 cemelicTB (MacisiKoB,
WxeBckuii, 2011).

Bapociible 0c06M IUKAJOBBIX BEAYT OTKPBITHIH,
TIOJBVIKHBIN 06pas )KU3HU. IMUMHKY BeIyT TAKOU XKe
06pas )KU3HU, KaK UMaro, Uiy MoJI3eMHBIN — Ha KOPHSX
pacTeHUl; HEKOTOPbIE BU/IbI PA3BUBAKOTCS Ha pacTe-
HUIX B KOMKE CIIelIMajibHO BbIAeIseMOl IIeHbI, CBO-
60/THO MJIV BHYTPU U3BECTKOBBIX TPYOUATHIX JOMUKOB.
B romy 06b14HO 1 MOKOJIEHUE, OHAKO GbIBAET KaK MHO-
TOJIETHSS reHepalys, TaK ¥ MHOTO MOKOJIEHUH B Te-
yeHue roja (mo 6-7). 3MMyeT Jallle BCETO SUII0, pexe
UMaro WK JUUYMHKY CTapuIinX Bo3pacToB ((HE3IUIIOB,
2000; Macnskos, VxxeBckuii, 2011; Jlep, 1988).

MATEPUWAJIbBI U METO/IbI

C6op umaro Auchenorrhyncha mpoBogunu ¢ uioHS
o ceHTS6pb Ha Tepputopuu Pecrnybauku KpbiMm
C HCIIOJIb30BAHUEM JXXEJThIX KJeeBBbIX JIOBYIIEK
(puc. 1), mmomamb KOTopsIx — 20 X 10 cm?. [IJIOTHOCTh

Key words. Vineyards, Auchenorrhyncha, invasive
species, native species, vectors.

INTRODUCTION

iticulture is of no small importance in the

economy of the southern regions of the Rus-

sian Federation and is an essential part of

the Russian agro-industrial complex. The

area of vineyards in Russia (on farms of all
categories) in 2018 amounted to 93.5 thousand hec-
tares (including fruit-bearing — 75.1 thousand hec-
tares), in 2017 — 91.5 thousand hectares (74.8 thou-
sand ha) (Radjabov et al., 2019).

The large world viticulture market is one of the
reasons for the introduction of phytopathogens through
planting material. Infectious diseases of the vine lead
to significant yield losses, reduced production and re-
duced longevity of the vines.

Industrial viticulture is increasingly faced with the
problem of the spread of parasitic infections transmit-
ted by Auchenorrhyncha. Currently, most vector-borne
infections are controlled through breeding of resistant
varieties and vector control. In the case of crop-borne
diseases, the development of integrated vector control
methods is an alternative to insecticides. In this regard,
it is important to study the species composition of po-
tential insect vectors of infection.

Auchenorrhyncha is a species-rich suborder with-
in the diverse order Hemiptera, comprising 2 large in-
fraorders: Cicadomorpha and Fulgoromorpha. There
are about 30 families and 43 thousand species in the
world fauna. The fauna of cicadas in Russia and neigh-
boring countries includes about 2000 species belong-
ing to 21 families (Brigadirenko, 2003; Gnezdilov, 2000;
Ostapenko, 2010); fauna of cycads of the Southern
Federal District — about 490 species from 13 families
(Maslyakov, Izhevsky, 2011).

Puc. 1. XXenTtaqa kneeBas
nosylKa ¢ umaro umkaposbix  adult Auchenorrhyncha (photo

Fig. 1. Yellow sticky trap with

(thoTo A.3. PagmoHoBCKoOW) by Ya.E. Radionovskaya)
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pasMelleHUs JIOBYIIEK Ha MapIipyTax IJis UCCIe-
IOBAHUU W OMBITOB — 1 JKeJiTast KjaeeBas JOBYLIKA
Ha 0,01-0,02 ra BUHOTrpajHMuKa. B3pocabie ocobu
IIUKagKy 6ejiof ObIIM cOGpaHbl METOLOM KOIIEHUS
B IapKOBOY 30HE II. I. T. ArpapHoe. CoOOpaHHBIN MaTe-
pUaJl XpaHWJIU B 3aCYIIEHHOM BUJI€ B MOPO3UJIbHUKE
npu —25 °C.

Bcero 6b110 cO6paHO ¥ ITPOaHAJM3UPOBAHO:
B2019r1.— 18 06pa3s1oB (11 Bumos) (tabia. 1); B 2020T. —
6 00pas11oB (Tabur. 2).

Tao6suna 1
0O6pa31bl HUKaJA0BBIX (c6op 2019 1)

Adult Auchenorrhyncha lead an open, mobile life-
style. The larvae lead the same way of life as adults, or
underground — on the roots of plants; some species de-
velop on plants in a lump of specially released foam,
freely or inside calcareous tubular houses. There is
usually 1 generation per year, however, there is both
a multi-year generation and many generations during
the year (up to 6-7). The egg overwinters most of-
ten, less often adults or older larvae (Gnezdilov, 2000;
Maslyakov and Izhevsky, 2011; Ler, 1988).

Cemeii- Jara c6opa MecTo cGopa

N¢ cTBO Ha3sBaHue HACEeKOMBIX HAaCEKOMBIX

1 Cicadel- Aphrodes makarovi UIOHb Baxuucapaii-

lidae Zachvatkin, 1948 CKUM p-H

2 [UKaJaKa AMIOHCKasg  aBIyCT T. flnTa
BUHOI'DaHasA
Arboridia kakogawana
(Matsumura)

8 UKaJKa aroHCKasg CeHTA6ph I. BamakiaBa
BUHOTPAaHAS
Arboridia kakogawana
(Matsumura)

4 Cicadellidae sp. aBryCT r. sluta

5 Fieberiella florii ceHTsA6php I BajakiaBa
(Stal, 1864)

6 Psammotettix confinis aBTyCT T. dnTa
(Dahlbom, 1850)

7 LIUKaJIKa CEBEPO- aBLyCT r. BaymakyiaBa
aMepUKaHCKast
Scaphoideus titanus Ball

8 IUKaJKa CEBEPO- ceHTsAOpPb . BajakjaBa
aMepUKaHCKast
Scaphoideus titanus Ball

9 Synophropsis lauri aBTyCT T. flnTa
(Horvath, 1897)

10 Cixiidae Hyalesthes sp. UIOHb r. slnta

11 Hyualesthes sp. aBTyCT T. dnTa

12 Cixiidae spp. aBTyCT r. flnTa

13 perntan 1Z8:0)213) Baxuucapaii-
YEePHOBOJIOCUCTBIH CKUU P-H
Reptalus melanochaetus
(Fieber, 1876)

14 pentan aBIyCT r. dara
YEePHOBOJIOCUCTBIHN
Reptalus melanochaetus
(Fieb.)

15 Issidae arammaTtuym UIOHb r. dnra
JBYXJIOITACTHBIHN
Agalmatium bilobum
(Fieber, 1877)

16 araJMaTUyM JIByXJIO- UIOHb Baxuucapaii-
MacTHBIN Agalmatium CKUM p-H
bilobum (Fieb.)

17 araJMaTUyM JIByXJIO- UIOHb CymakcKui
MacTHBIN Agalmatium p-H
bilobum (Fieb.)

18 arajaMaTUyM JIBYXJIO- aBryCT r. dnra
MMacTHBIN Agalmatium
bilobum (Fieb.)

Table 1
Auchenorrhyncha samples (2019 collection)
Date of Place of
insect insect
N¢ Family Name collection collection
1 Cicadel- Aphrodes June Bakhchisarai
lidae makarovi district
Zachvatkin, 1948
2 Arboridia August Yalta
kakogawana
(Matsumura)
3 Arboridia September Balaklava
kakogawana
(Matsumura)
4 Cicadellidae sp. August Yalta
5 Fieberiella florii ~ September Balaklava
(Stal, 1864)
6 Psammotettix August Yalta
confinis
(Dahlbom, 1850)
7 Scaphoideus August Balaklava
titanus Ball
Scaphoideus September Balaklava
titanus Ball
Synophropsis lauri August Yalta
(Horvath, 1897)
10 Cixiidae Hyalesthes sp. June Yalta
11 Hyalesthes sp. August Yalta
12 Cixiidae spp. August Yalta
13 Reptalus June Bakhchisarai
melanochaetus district
(Fieber, 1876)
14 Reptalus August Yalta
melanochaetus
(Fieb.)
15 Issidae Agalmatium June Yalta
bilobum (Fieber,
1877)
16 Agalmatium June Bakhchisarai
bilobum (Fieb.) district
17 Agalmatium June Sudak
bilobum (Fieb.) district
18 Agalmatium August Yalta
bilobum (Fieb.)
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Tao6auna 2 Table 2
OGpa3Iibl ITUKAA0BBIX (c60p 2020 1.) Auchenorrhyncha samples (2020 collection)
Jata MecTo N¢ Family Name Date of  Place of
c6opa c6opa insect insect
N¢ CemeiicTBo HasBaHue HaceKOMbIX HAaCeKOMBIX collection collection
1 Cicadellidae 3eneHast BUHO- UIOHD r. Slata 1 Cicadellidae Empoasca vitis June Yalta
rpagHas IUKaaKa (Gothe, 1875)
Emp B 2 Scaphoideus titanus ~ September Balaklava
(Gothe, 1875) Ball
2 LKajika cepepo-  ceHTAGPh T Banaknasa 3 Cixiidae Hyalesthes obsoletus  June Yalta
aMepUKaHCKas Sign.
Scaphoideus titanus
Ball 4 Flatidae Metcalfa pruinosa August  Agrarnoe
Sa
3 Cixiidae MKaJKa BbIOH- WIOHb r. dara (Say)
xoBast Hyalesthes 5 Issidae Agalmatium bilobum June Yalta
obsoletus Sign. (Fieb.)
4 Flatidae nukaskaGenas  aBryct ILTT 6 Tettigomet- Tettigometra June Bakhchi-
Metcalfa pruinosa ArpapHoe ridae hexaspina Kolenati, sarai
(Say) 1857 district
5 Issidae arajiMaTuym UIOHb . fnra
ABYXIOTACT IR MATERIALS AND METHODS
Agalmatium bilobum
(Fieb.) Auchenorrhyncha adults were collected from June to
X September on the territory of the Republic of Crimea
6 Tettigomet- TeTTUTrOMETpPa KO- MIOJIb Baxun- . . . .
ke smiouas Tettigometra capaii- using yellow sticky traps (Fig. 1), the area of which was
hexaspina Kolenati, CKuit p-H 20 x 10 cm?. The density of placement of traps on the
1857 routes for research and experiments is 1 yellow sticky

Lukanka 6emast M. pruinosa Ha BUHOTPaJHUKaX
TIOJIyOCTPOBA He GbLiia BhIIBJIEHA, OJJHAKO, YUYUTHIBAS
JIOCTATOYHO OBICTPOE PacHpoCTpPaHeHre U ITUTaHUe
Ha MHOTOUYMCJIEHHON PaCTUTEJIbHOCTH, OXKIIAETCS €€
BBISIBJIEHVE U Ha BUHOTPAJIE.

BrizesieHre HyKJIEMHOBBIX KUCJIOT U3 HACEKOMBIX
TIPOBOIUJN C UCIIOJb30BaHKEeM Habopa «JHK-9xc-
TpaH — 2» (000 «CuHTOJI», POCCHS), COTIIACHO UHCTPYK-
USAM ITPOU3BOAUTENS. 119 N3yUeHUS reHeTUYeCKUX
CBOMCTB HAaCEKOMBIX MCITI0JIb30BaJIM YHUBEPCAJIbHYIO
ISl HAaCEKOMBIX mpaliMepHyio cuctemy LCO1490/
HCO02198 (Folmer et al., 1994).

[Ipu MONyYeHUU e€LUHUYHBIX MPOAYKTOB ITO-
JuMepasHou 1enHou peakuuu (TILP) o6pasiibl aHa-
JIN3UPOBAIYM METOIOM CEKBEHUPOBaHU. [IPOBEPKY,
BbIPaBHUBaHNE U PeIaKTUPOBaHNE ITOCJIEI0BATEIbHO-
CTeU MPOBOIMIIY C IIOMOIIbIO IIPOTPaMMbI-pegaKkTopa
BioEdit v. 7.0.5.3. CpaBHUTEJIbHBIN aHAJIN3 TTOJTyUeH-
HBIX ITOCJIe0BATEIbHOCTEM TTPOBOIMIIN C ITOCTIE0Ba-
TeJibHOCTSIMY 6a3b!l JaHHbIX NCBI (https:/www.nchbi.
nlm.nih.gov/).

PE3VYJIBTATBI 1 OBCYKJEHUE

CorjlacHO UAEeHTUPUKAILLUYU 10 MOPHOJOTUUYECKUM
Ipu3HakaM IIMKaJg0BbIX, cO6paHHBIX B 2019 ., 661U
BBISBJIEHBI clenywoIinue Bunbl: Agalmatium bilobum
(Fieb.), Reptalus melanochaetus (Fieb.), Scaphoideus tita-
nus Ball, Synophropsis lauri (Horv.), Arboridia kakogawana
(Matsumura), Hyalesthes sp., Aphrodes sp., 4 o6pa3siia He-
uneHTU(UIIMPOBAHHBIX BUIOB ceMelicTBa Cicadellidae
spp. u 1 o6paser; ceMeiicTBa Cixiidae spp.

B 2020 1. ¢ )KeIThIX KJIEEBBIX JIOBYIIEK ObLI COGpaH
u rccyienoBaH 51 o6pasel Maro IMKaI0OBbIX, TIPUHA]T-
JIeXalluX K 6 BUZaM.

MoseKynIpHO-TeHETUYECKUH aHAJU3 110 TeHy
cyObeguHUIIBI HUTOXPOMOKcHTa3kl 1 (COI) HaceKOMBIX
TOATBEPAUJ HAaJIUUNE NEBITU BUMLOB: Empoasca Vitis
(Gothe), Arboridia kakogawana (Matsumura), Scaphoideus

trap per 0.01-0.02 ha of vineyard. Adult individuals of
Metcalfa pruinosa were collected by mowing in the park
area of the village of Agrarnoe. The collected material
was stored dried in a freezer at —25 °C.

In total, the following were collected and analyzed:
in 2019 — 18 samples (11 species) (Table 1); in 2020 —
6 samples (Table 2).

M. pruinosa was not detected in the vineyards of
the peninsula, however, given the fairly rapid spread
and feeding on numerous vegetation, it is expected to
be detected in grapes.

Isolation of nucleic acids from insects was carried
out using the DNA-Extran-2 kit (Syntol, Russia) according
to the manufacturer’s instructions. To study the genetic
properties of insects, the LCO1490/HC02198 primer sys-
tem universal for insects was used (Folmer et al., 1994).

Upon receipt of single products of the polymerase
chain reaction (PCR), the samples were analyzed by se-
quencing. The sequences were checked, aligned, and
edited using the BioEdit v. 7.0.5.3. Comparative analysis
of the obtained sequences was carried out with the NCBI
database sequences (https://www.ncbi.nlm.nih.gov/).

RESULTS AND DISCUSSION

According to the identification by morphological cha-
racters of the Auchenorrhyncha collected in 2019, the
following species were identified: Agalmatium bilobum
(Fieb.), Reptalus melanochaetus (Fieb.), Scaphoideus tita-
nus Ball, Synophropsis lauri (Horv.), Arboridia kakogawa-
na (Matsumura), Hyalesthes sp., Aphrodes sp., 4 samples
of unidentified species of the family Cicadellidae spp.
and 1 specimen of the family Cixiidae spp.

In 2020, 51 specimens of adult cycads belonging
to 6 species were collected and studied from yellow
sticky traps.
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titanus Ball, Synophropsis lauri (Horv.), Aphrodes makarovi
Zachvatkin, Psammotettix confinis (Dhlb.), Fieberiella florii
(Stal), Metcalfa pruinosa (Say), Agalmatium bilobum (Fieb.)
(Ta6a. 3). MoIeKy/ISIPHO-TeHETUYECKUM METOIOM ObLIa
MOATBEPXKAEHA UAeHTUQUKAIIMSA 110 MOpoJoTHuYe-
CKUM TIpM3HaKaM Lukagku 6esoit Metcalfa pruino-
sa (Say).

Vi3 mpoaHaJu3MPOBaHHBIX 06pa3IloB, BEPOSTHO,
HaubOJIBITYI0 OTIACHOCTD NPEACTAaBIAIOT: Scaphoide-
us titanus Ball, TTOCKOJIBKY SIBJISIETCS TIEPEHOCUMKOM
BO30ynuTesis 3a60JIeBaHNS «30JI0TUCTOE TTOXKEJITEHNE
BUHOTpaza», Hyalesthes obsoletus Sign. u Reptalus me-
lanochaetus (Fieb.) — moTeHIIMaabHble BEKTOPBI (DUTO-
rta3Mel Candidatus Phytoplasma solani, BeI3sIBatoIeit
3a00JieBaHUE «I0UePHEHE SPeBeCuHbl BUHOTPaLa»,
a Takxe Arboridia kakogawana (Matsumura), KOTopas
CeToHS CTa0UJIbHO ¥ MaCCOBO Pa3BUBAETCs Ha BUHO-
rpajHUKaX II0JIyOCTPOBA.

Tao6samuia 3

Pe3ysbTaThl N3y4YeHUs BUZ0BOIr0 COCTaBa
nozoTpaza liukazoBeie B aMIIe IO €HO3aX
Pecny6auku Kpsim

Ne¢ CemeiicTBo Ha3sBaHue I[IpumeuaHue

NH®PAOTPA CICADOMORPHA

1 Cicadellidae 3enenas

TIOATBEPXEH MOJIEKY-

Molecular genetic analysis of the cytochrome oxi-
dase 1 (COI) subunit gene of insects confirmed the pres-
ence of nine species: Empoasca vitis (Gothe), Arboridia
kakogawana (Matsumura), Scaphoideus titanus Ball, Sy-
nophropsis lauri (Horv.), Aphrodes makarovi Zachvatkin,
Psammotettix confinis (Dhlb.), Fieberiella florii (Stal), Met-
calfa pruinosa (Say), Agalmatium bilobum (Fieb.) (Table 3).
Identification of Metcalfa pruinosa (Say) by morpholo-
gical characters was confirmed by the molecular ge-
netic method.

Of the analyzed samples, probably the most dan-
gerous are: Scaphoideus titanus Ball, as it is a vector of
the agent of flavescence dorée, Hyalesthes obsoletus Sign.
and Reptalus melanochaetus (Fieb.) — potential vectors of
Candidatus Phytoplasma solani, agent of the black wood
of grapevine, as well as Arboridia kakogawana (Matsu-
mura), which today is steadily and massively develop-
ing in the vineyards of the peninsula.

Table 3

The results of the study of the species
composition of the suborder
Auchenorrhyncha in the ampelocenoses
of the Republic of Crimea

N¢ Family Name Comment

INFRA ORDER CICADOMORPHA

BUHOTpagHas JIIPHO-TEHETUYECKUM B 3 .
nuKazka Empoasca  MeTOLOM 1 Cicadellidae fg?};;’las)m vitis lconﬁrme'd by H;IOISCU'
vitis (Gothe) | othe ar genetic metho

2 IUKaJIKa STIOHCKasi IIOATBEP)KAEH MOJIEKY- 2 Arboridia confirmed by molecu-
BUHOTPAaIHAS JISPHO-TEHETUYECKUM kakogawana lar genetic method
Arboridia kakogawana MeTOnoM (Matsumura)

Matsumura . . .

- ( ) 8 Scaphoideus titanus confirmed by molecu-

3 LIMKA/IKa CEBEPO- MTOATBEP KIEH MOJIEKY- Ball lar genetic method
aMepuKaHCKast JISPHO-TEHETUYECKUM -

Scaphoideus titanus ~ MeTOZOM 4 Synophropsis lauri  confirmed by molecu-

Ball (Horwv.) lar genetic method

Synophropsis lauri [IOATBEPKIIEH MOJIEKY - 5 Aphrodes makarovi confirmed by molecu-

(Horv.) JISIPHO-TeHETHYECKIM Zachvatkin lar genetic method
MEeTOJ0M — -

5 Aphrodes makarovi IIOJTBEPIKAEH MOJIEKY- g Psa;zmoégﬁ‘iaé ) fonﬁrme.d by H;IOISCU'
Zachvatkin JIAPHO-T€HETUYECKUM | coryimis ) ar genetic metho

| METOZI0OM 7 Fieberiella florii confirmed by molecu-
Psammotettix confinis TOATBEPKAEH MOJIEKY- (Stal) lar genetic method

Dhlb. JISIPHO-TEHETUYECKUM
( ) P INFRA ORDER FULGOROMORPHA
METO/IOM
7 Fieberiella florii (Stal) TOATBEPXEH MOJIEKY- 8 Cixiidae Hyalesthes obsoletus additional
JIIPHO-TEHETUYECKUM Sign. molecular genetic
METOIOM studies are required
NHPPAOTP] FULGOROMORPHA 9 Reptalus additional molecular

8 Cixiidae [IMKaIKa BBIOHKOBAst TPEGYIOTCS JLOIIOJ- mglanochaetus genetic studies are
Hyalesthes obsoletus ~ HUTEJbHBIE MOJIEKY- (Fieb.) required
Sign. Eﬁg;;(l;?;f{;l/:{qecxue 10 Issidae Agalmatium confirmed by molecu-

S bilobum (Fieb.) lar genetic method

9 perTan 4epHOBO- TpebyroTCs IOTIOoJ-

JIOCUCTBIH Reptalus ~ HUTEIbHBIE MOJIEKY- 11 Tettigomet- Tettigometra additional molecular
melanochaetus (Fieb.) napHO-TeHeTUYecKue ridae hexaspina Kol. genetic studies are
nCcCaeN0BaHUs required

10 Issidae araJiMaTUyM MTOJITBEPXKIEH MOJIEKY-

IBYXJIOTIACTHBIHN JISPHO-TEHETUYECKUM
Agalmatium bilobum  MeTomoM
(Fieb.)

11 Tettigomet- TeTTUrOoMeTpa TpebyITCs IOIO0J-

ridae Kosttouas Tettigometra HUTEbHBIE MOJIEKY-
hexaspina Kol. JISPHO-TeHeTUYecKue
HCClIeIOBaHUS
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Puc. 2. Umaro Scaphoideus  Fig. 2. Scaphoideus

titanus Ha BUHOrpage,
Pecn. KpbiM (choTo
9.3. PapnoHoBCKOWN)

titanus imago on grapes,
Rep. Crimea (photo by
Ya.E. Radionovskaya)

Hiuoxe mipuBeZeHa KpaTKas CIIpaBKa II0 HEKOTO-
PBIM BbISIBJIEHHBIM BUAM.

IlukaakKa ceBepoaMepukaHckas (Scaphoideus
titanus Ball) (puc. 2) - "HBa3WOHHBIN BUJ, BIIEPBbIE
6b11 06HApPYXXeH Ha TeppuTopuu Pecrybiuku Kpbim
B 2012 r. (PaguoHoBcKad, Jumerko, 2015). MoxHO
OpeaIojgaraTb, YToO 9TOT Pa3BUBAIOIIUICS TOJHKO
Ha BUHOT'pajie BUJ, ObLI 3aBe3eH B EBpPOITy ¢ mocamoyu-
HBIM MaTEpPUajoOM B CTaJUU 3UMYIOUIUX MOJ, KOPOU
Ca)KeHIIEB AUIl, U celuyac IIPOUCXOAUT IIPOLIECC eTo
pacrnpocTpaHeHus 110 BUHOTPagHUKaM. DTOT JOCTa-
TOYHO MOOMJIbHBIA 1 arPeCCUBHBIN BEKTOP SBJISIETCS
IPUYUHON SMUAeMUM QUTONIa3Mbl 30JI0TUCTOTO T10-
kenTeHus BuHorpaza (Grapevine flavescence dorée
phytoplasma) B EBporie (Duduk et al., 2008).

ITukagka BoroHKOBasA (Hyalesthes obsoletus Signo-
ret) (puc. 3) — MOTEHIINAIbHbBIN BEKTOP (DUTOILIa3M03a
«TIOYEpHEHME APEBECUHBI BUHOTpaAa» (Bois noir). Oc-
HOBHBIMM KOPMOBBLIMU PACTEHUSIMU SABJISIOTCS TPaBs-
HUCTbIE COPHIKY, PEXKE — IPEBECHBIE TIOPOMbI, YTO MO-
JKET IIPUBECTU K CO3TAaHUI0 Pe3epBaluu 3a601eBaHus
B ecTeCTBeHHBIX 6uoTomax (Johannesen et al., 2012).
[ToTeHIIMAJIbHBIM BEKTOPOM Bois noir Takike mpearmo-
JIOXKUTEJIbHO MOXET IBJSIThCA Reptalus melanochaetus
Fieb., omHako 3To TpebyeT NajibHENIINX UCCIIeIOBAaHUN.

Iukagka AMOHCKasa BUHorpazgHasa (Arboridia
kakogawana (Matsumura)) (puc. 4) — UHBa3UBHBIN
JLJISI TIOJIyOCTPOBA BU, [IepBOHAYAJIbHO MHTEHCUBHOE
pasBUTHE JaHHOTO BUA HAa HOBBIX TEPPUTOPHULX OT-
MevaJii Ha BUHOTPAJAHbBIX PACTEHUSIX IPUyCcalebHbIX
YYaCTKOB, a TIOCJIE IOCTV)KEHUS TTOITYJISIINEN BpeqUTe-
JIst BHICOKOH UM CJIEHHOCTHY HABJII0AIM €TI0 pacceieHne
Ha B6JIM3KO PaCIIOJIOKEHHbIE K HACEJIEHHBIM ITyHKTaM
MIPOMBIIILIEHHbIE BUHOIPagHUKY (PagroHOBCKad, [Iu-
IeHkKo, 2015).

Iukaaka 6esas (Metcalfa pruinosa Say) (puc. 5)
aBigeTcs mojudaroM. BeIJIO 0OTMeUYeHO NMUTaHUe
Ha TPaBSIHUCTOM, KYCTAPHUKOBOU U IpeBECHOU pac-
TUTEJIbHOCTH, Bcero 6osee 200 Bumos (OpJios, 2012;
Girolami et al., 1996). [110THBIe TOMyJAALUN HUMD
BBI3BIBAIOT 3aJI€PXKKY POCTa TTOGETOB, B TO BPEMS KaK
B3pPOCJIble 0COOU MTPOU3BOAAT OOJIBIIOE KOJUUIECTBO
MEeIBSIHOM POCHI, HA KOTOPOU Pa3BUBAETCS CAXKUCTAs
IJeceHb. BriepBbie HA TEPPUTOPUHN Halllell CTPaHbI
M. pruinosa 6b11a o6HapyXeHa B KOoHIle uiojisg 2009 T.
Torma oHa ObljIa BhISBJIEHA Ha CTE6JISIX IOCOTHEUHNKA
Ha tore Poccuu B 1. T. T. JlazapeBCKoOe, KyZia, BEPOSTHO,
Obl1a 3aBe3eHa uyepe3 Mopckue mopThl (Gnezdilov, Su-
gonyaev, 2009). Ha YepHOMOPCKOM TT06epesRbe Pecity6-
nuku KpbIM BIiepBbie Gblaa 00HAPY)KeHa, 10 JaHHbIM

Puc. 3. Umaro Hyalesthes  Fig. 3. Hyalesthes obsoletus
obsoletus Ha BuHOrpage, imago on grapes,

Rep. Crimea (photo by
Ya.E. Radionovskaya)

Pecn. KpbiM (choTo
9.3. PapnoHoBCKoO)

Below is a summary of some of the identified spe-
cies.

Scaphoideus titanus Ball (Fig. 2) — invasive species,
was first detected on the territory of the Republic of
Crimea in 2012 (Radionovskaya and Didenko, 2015). It
can be assumed that this species, which develops only
on grapes, was brought to Europe with planting mate-
rial in the stage of eggs hibernating under the bark, and
now it is spreading through vineyards. This rather mo-
bile and aggressive vector is the cause of epidemics of
grapevine flavescence dorée phytoplasma in Europe
(Duduk et al., 2008).

Hyalesthes obsoletus Signoret (Fig. 3) — potential
vector of Bois noir. The main host plants are herba-
ceous weeds, less often tree species, which can lead to
the creation of a reservation of the disease in natural
biotopes (Johannesen et al., 2012). A potential vector
for Bois noir could also presumably be Reptalus melano-
chaetus Fieb., however, this requires further research.

Arboridia kakogawana (Matsumura) (Fig. 4) —in-
vasive species for the peninsula. Initially, the intensive
development of this species in new territories was re-
ported on vineyards of household plots, and after the
pest population reached a high abundance, it was ob-
served to spread to industrial vineyards close to settle-
ments (Radionovskaya, Didenko, 2015).

Metcalfa pruinosa Say (Fig. 5) is a polyphage. Feed-
ing on herbaceous, shrubs, and tree vegetation was not-
ed, more than 200 species in total (Orlov, 2012; Girolami
et al., 1996). Dense populations of nymphs cause stunt-
ing of shoots while adults produce large amounts of ho-
neydew on which sooty mold develops. M. pruinosa was
first detected in Russia at the end of July 2009. At that
time, it was reported on sunflower stems in the south of
Russia in the village of Lazarevskoe, where it was probab-
ly brought through seaports (Gnezdilov and Sugonyaeyv,
2009). On the Black Sea coast of the Republic of Crimea,
it was first detected, according to different authors, in
2010-2015, where, most likely, it got through the sea-
ports from Turkey and Bulgaria, and possibly from the
territory of Romania. It is known from literary sourc-
es that M. pruinosa is passively spread by land and sea
transport, egg-laying is transported with infected plant
material, sometimes deliberately imported by beekeep-
ers in order to obtain honeydew (Baranets, 2016).
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Puc. 4. Umaro Arboridia
kakogawana Ha BUHOrpape, imago on grapes,

Fig. 4. Arboridia kakogawana

Rep. Crimea (photo by
Ya.E. Radionovskaya)

Pecn. KpbiM (choTo
9.3. PagroHoBCKOMN)

pasHbIX aBTOPOB, B 2010-2015 rr., KyZa, CKOpee BCEro,
TIoTiajia uepes MopcKue mopThi u3 Typiiuu u Boiarapumy,
a BO3MOJKHO, C TeppuTopuu PyMbeiHUN. M3 muTepatyp-
HBIX MICTOYHUKOB U3BECTHO, YTO M. pruinosa macCUBHO
pacIpocTpaHsieTcss Ha3eMHbIM U MOPCKKUM TPaHCIIOP-
TOM, IHIIEKJIaIK1 TIEPEBO3SITCS C 3apPaKEHHbIM PaCTHU-
TEJIbHBIM MaTePUAaJIOM, MHOI/Ia HAMEePEHHO 3aBO3STCS
TTYEeJI0OBOIAMMU C I1€JIbI0 TTOJyUeHUs MeIBSIHOM POCHI
(Bapagertip, 2016).

BUAMMBIX IIOBPEXIEHNN BUHOTPAMHOM JIO3BI Ta-
KUMU BUJaMU [TUKAJJOBBIX, KAK araJMaTUYyM JBYXJIO-
nacTHblM Agalmatium bilobum (Fieb.), 3eneHast BUHO-
rpagHas nukagka Empoasca vitis (Gothe), TeTTuromMmerpa
koJitouas Tettigometra hexaspina Kol., Fieberiella florii
(Stél), ycTaHOBJIEHO HE OBLIO.

[IpucyTCTBME HAa BUHOTPAJHBIX HACAXKIEHUSIX
LUKazox Synophropsis lauri (Horv.), Psammotettix con-
finis (Dhlb.), Aphrodes makarovi Zachvatkin, BeposiTHee
BCETO, SIBJISIETCS CIyYalHbIM, TaK KaK BUHOTPAJ] HE OT-
HOCHUTCS K UX KOPMOBBIM PACTEHUSIM.

3AKJIIOYEHUME

B paMKax MMpOBeJeHHOTO UCCIeI0BaHUS YIaI0Ch yCTa-
HOBUTb PAJ IPEICTaBUTENEH 11MKaL0BbIX (Auchenor-
rhyncha): Tex, KOTOpbIe MOTYT GBITH TOTEHIIMATbHBIMU
BeKTOpaMu Bo306ymuTesiel 60e3Hel BHHOTPAZA, U TEX,
KOTOPBIE Y2Ke BJISIIOTCST JOCTOBEPHO OTMEYEHHBIMU Ha-
CEKOMBIMH — [IePEeHOCYNKaMU UHQEKIIN (K ITOCIeTHUM
oTHOCATCS Scaphoideus titanus Ball u Hyalesthes obsoletus
Sign.). Kpome Toro, HaceKoMble, UMEIOIie MHBA3UBHbBIHN
XapakTepP, MOTYT B HOBBIX KITUMaTUYECKUX U reorpadu-
YeCKUX YCIOBUAX IIPUHATH QYHKIIUIO BEKTOPA, B CBI3U
C YeM UX M3ydeHVe IBJISIeTCS aKTyaJIbHOM 3a7javuent s
CIEelUaIXCTOB HallpaBIeHU 3l Thl PACTEHHM.
Pe3ynbTaThl CPaBHEHUS MOJYUEHHBIX TTOCTIE0-
BaTeabHOCTeM ¢ NCBI mokasajiu, 4To B 3TOH 6ase oT-
CYTCTBYIOT JaHHBIE O HYKJIEOTUAHBIX [TOCJIEIOBATEI b-
HocTax Arboridia kakogawana (Matsumura) U B Hee
3arpy’keHa TOJIbKO OJ[Ha ITOCJIEI0BATEIbHOCTDb Te€Ha
cyO6beIUHUIIBI 1 IIMTOXPOMOKCUIA3bl Reptalus melano-
chaetus (Fieb.), moaToMy B JaIbHEUIIIEM HAIIY UCCIIE[O0-
BaHMS MOTYT UMETb HayUHYI0 3HAUMMOCTb 1 HOBU3HY.

CIINCOK JIUTEPATYPbI

1. Bapanenp JI., 2016. CucHi mkigauku. — CagiB-
HUIITBO MMO-yKpaiHchky, 15 (3): 68-71.

2. BpuragupeHko B. OcHOBU CUCTEMATUKU KO-
Max: HaB4. rmocioHuk. — J.: PBB JHY, 2003, 204 c.

3. T'mesguios B.M. Ilukamossie (Homoptera, Ci-
cadina) CeBepo-3amaguoro Kaskasa; aBToped. muc.

Puc. 5. Umaro
Metcalfa pruinosa

Fig. 5. Metcalfa pruinosa
imago (photo by
(thoTo B.B. XamaeBoii) B.B. Khamaeva)

No visible damage was found to the vine by such
Auchenorrhyncha species as Agalmatium bilobum
(Fieb.), Empoasca vitis (Gothe), Tettigometra hexaspina
Kol., Fieberiella florii (Stal).

Presence in vineyards of Synophropsis lauri (Horv.),
Psammotettix confinis (Dhlb.), Aphrodes makarovi Zach-
vatkin, is most likely accidental, as grapes are not their
host plants.

CONCLUSION

As part of the study, it was possible to identify a number
of representatives of cycads (Auchenorrhyncha): those
that can be potential vectors of pathogens of grapes,
and those that are already reliably reported insects —
vectors of infections (the latter include Scaphoideus ti-
tanus Ball and Hyalesthes obsoletus Sign.). In addition, in-
vasive insects can take on the function of a vector in
new climatic and geographical conditions, and there-
fore their study is an urgent task for plant protection
specialists.

The results of comparing the obtained sequences
with NCBI showed that this database does not contain
data on nucleotide sequences of Arboridia kakogawana
(Matsumura) and only one cytochrome oxidase sub-
unit 1 gene sequence of Reptalus melanochaetus (Fieb.)
is loaded into it, therefore, our research may have sci-
entific significance and novelty in the future.
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AHHOTAIIUA
Pox, Rosa o6bemmHseT 60s1ee 250 TMKOPACTYIIUX BUIOB
Y Pa3HOBU/IHOCTEN M MHOXKECTBO KYJIBTYPHBIX COPTOB
1 rubpuoB, CrPYIIIUPOBAHHBIX B HECKOJIBKO KJlac-
coB. PoguHo1i po3s! cuntaeTcs Ilepcus (COBpeMEHHbBIN
VpaH).

Posa sBiseTcsa npeacraBuTeneM poma Rosa (Iu-
TIOBHUK). ITO OJIH M3 CAMBbIX TTOMYJISIPHBIX JIUCTOTIA/I-
HBIX ¥ BEUHO3EJIEHBIX KYyCTAPHUKOB, UCII0Jb3yEMBIX
s TeKOPAaTUBHBIX IeJiell MTOBCEMECTHO: B TOPO/JI-
CKOM 03eJIEHEHUH, TTapKaX, ca/lax, Ha YaCTHBIX IIPU-
ycazme6HbIX yuacTKax. Po3bl 06JaflaloT IOJIE3HBIMU
cBoMcTBaAMU GJiarofaps BBICOKON KOHIIEHTpaIuu
3(GUPHBIX MaceJi, YTO 06YCIOBINBAET UCIIOIb30BaAHYE
IaHHOTO pacTeHus B nmapdomMepun, KOCMETOJIOTUH,
MeIUIIVHE U Ta)Ke MMUIIeBON TPOMBIIILIEHHOCTH. B Ha-
CTOsiIlee BPeEMS PO3bl KYJIbTUBUPYIOT ITPAKTUYECKHU
BO BCeX cTpaHax Mupa. Ha Tepputopruu A6Xa3uu Bbl-
pammBaioT 0KoJio 10 pa3IuUHBIX BUOB PO3. BraskHbIM
KJIUMaT PEervoHa CIoco6CTBYET Pa3BUTUI0 UH(EKIIU-
OHHBIX 60JIe3HEH, B IIEPBYI0 OUepeib T PUOHBIX, B CBA3U
C UYeM PO3BI IOCTATOYHO YaCTO TTOPAXKAITCS Pa3Iny-
HBIMU MUKO3aMU. Ba)KHBIM yCJIOBUEM JJIS YCIIEUTHOTO
KYJIbTUBUPOBAHYS PO3 SIBJISIETCS PaHHEE BBISIBIEHUE
(uToTIaTOreHOB M CBOEBpeMeHHas 60pbba ¢ HUMMU.
B cTaThe KpaTKo MpejcTaBjieHa 0630pHas nHbopMa-
114 110 GUOJIOTUYECKUM 0CO6eHHOCTIM (QUTOIIaTore-
HOB, JaHHBIE 10 PACIIPOCTPAHEHUIO U BPEIOHOCHOCTH
OCHOBHBIX I'PUOHBIX 3a60JiIeBaHUN P03 B AGXa3uu.
YepHas NATHUCTOCTD, PXKaBUYMHA, MyUHKUCTAas poca —
caMble omacHble U HauboJjiee paclpoCTpaHeHHbIEe
“HQEKIIMOHHbIe 3a60JIeBaHUSI PO3 B 3TOM PETUOHE.
B cTaThbe moguepKHyTa HEOOXOAUMOCTD TIPOBEeNeHUSI
06paboToK (PYHTUIIUZAMU B 3alIUTE KYCTOB PO3 B OT-
HOIIIEHWY paccMaTpuBaeMbIx 6ojie3Hell u 3(ppeKTuB-
HOCTb 06pe3ku, c6opa ¥ YHUUTOKEHUST TTOPAKEHHBIX
PaCTUTENbHBIX OCTATKOB.

Kntouesvie cnoea. Posa, rpubHbIe 60JI€3HM, pac-
IIpoCTpaHeHME, BDELOHOCHOCTD, PyHTULULI, 3P dek-
TUBHOCTb.
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ABSTRACT
The genus Rosa includes more than 250 wild species
and varieties and many cultivars and hybrids grouped
into several classes. Persia (modern Iran) is considered
the birthplace of the rose.

Rose is a member of the genus Rosa (Rosehip). This
is one of the most popular deciduous and evergreen
shrubs used for decorative purposes everywhere: in
urban landscaping, in parks, gardens, in private gar-
dens. Roses have beneficial properties due to the high
concentration of essential oils, which leads to the use
of this plant in perfumery, cosmetology, medicine and
even the food industry. Currently, roses are cultivated
in almost all countries of the world. About 10 differ-
ent rose species are grown in Abkhazia. The humid cli-
mate of the region contributes to the development of
infectious diseases, primarily fungal ones, and there-
fore roses are quite often affected by various myco-
ses. An important condition for the successful cultiva-
tion of roses is the early detection of phytopathogens
and timely control of them. The article briefly provides
an overview of the biological characteristics of phyto-
pathogens, data on the distribution and severity of the
main fungal diseases of roses in Abkhazia. Black spot,
rust, powdery mildew are the most dangerous and most
common infectious diseases of roses in this region. The
article emphasizes the need for fungicide treatments
in protecting rose bushes against the diseases in ques-
tion and the effectiveness of pruning, collecting and de-
stroying affected plant residues.

Key words. Rose, fungal diseases, spreading,
harmfulness, fungicides, efficiency.
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BBEJEHUE

o3a (Rosa) — pox, IUCTOTIAJTHBIX U BeY-
HO3€JIEHBIX KYCTapHUKOB CEMeNCTBa
PO30BBIX, 3(UPOMACINUHOE U leKOopa-
THUBHOE pacTeHUe. IprupoMacindHble
PO3BI BO3JENBbIBAIN 60Jiee 2 TBIC. JIET
Hasaj B cTpaHax BocToka (IIeHTp BO3-
JeJIBIBAHUS KYJIbTYPBI — VIpaH), 0TKyza
OHU B HauaJje XX Beka ObLIY 3aBE3EHbI
B EBpomnty. B Poccuu nepBbie MOTIBITKY UX Pa3BeleHUs
oTHOCATCA K 1811 I., IpOMBIIIJIEHHBIE [1IJIaHTAIUY I10-
saBurch B 6biBiieM CCCP B Havase 30-X IT.
CazmoBble U MTapKOBbIe PO3BI C [[BETKAMU Pa3HO-
06pa3HOM OKPACKY IMUPOKO MCITIOJIb3YIOT B 03€JIEHEHUY.
KnmumaT A6xasuy o6yCJIOBJIEH ee TIPUOPEXHBIM
TIOJIOXKEHVEM U HaJIUuMeM BBICOKOTOPHBIX XPebTOB.
Ha nobepexbe KIMMAT BIQXKHBIN CyOTPOIINYECKU.
KonnuecTBOo ocagkoB cocTaBasgeT 1300—-2400 MM B rof,
CpenHeromoBas TemMiiepaTypa coctasisiet +15 °C. [1po-
JIIOJDKUTETbHOCTh 6€3MOPO3HOr0 Ieproza Ha mobepe-
)be — 250-300 gHeit. TeMmnepaTrypa B peruoHe U ero
BJIQXXHBIN KJIMMAT CIIOCOOCTBYIOT Pa3BUTUI0 MHDEKIIN-
OHHBIX 60JIe3HEH, B ITIEPBYI0 OUepelb IPUOHBIX.

OB30PHAA NH®OPMAIINA

Ha teppuTtopuu A6Xa3uu KyJIbTUBUPYETCS OKOJIO Jie-
CSITKa BUJIOB U COPTOB PO3.

CaMoe omacHOe M paclpocTpaHeHHOe 3a6oJie-
BaHUeE P03, BIIePBble OTMeUYeHHOe Ha YepHOMOPCKOM
nobepexbe KaBkasa emle H.H. BOpOHUXUHBIM B 1912 T.
(BoponuxwuH, 1914), — uepHas NITHUCTOCTD.

B ycioBusx A6xa3um K ynciay HanboJiee pacipo-
CTpPaHEeHHBbIX I'PUOHBIX 60JIe3HEN PO3 OTHOCSITCS Yep-
Hasl MATHUCTOCTD, PXKaBUMHA ¥ MyYHUCTAs PoOca.

YepHas NATHUCTOCTbD, UJIM MAPCOHUHA PO3

(Bo36yauTensn — Diplocarpon rosae F.A. Wolf,

aHamMopda — Marssonina rosae (Lib.) Died.)

I'pub mopa)kaeT BCe M3BECTHBIE T'PYIIIBI PO3,
HO 0Cc06EHHO CUJIbHO YalHO-TU6puAHble. CUMIITOMBI

INTRODUCTION

ose (Rosa) — genus of deciduous and ever-

green shrubs of the rose family, essential

oil and ornamental plant. Essential oil roses

were cultivated more than 2 thousand years

ago in the countries of the East (the center
of cultivation is Iran), from where they were brought
to Europe at the beginning of the 20™ century. In Rus-
sia, the first attempts to breed them date back to 1811;
industrial plantations appeared in the former USSR in
the early 1930s.

Garden and park roses with flowers of various co-
lors are widely used in landscaping.

The climate of Abkhazia is determined by its
coastal position and the presence of high mountain
ranges. On the coast, the climate is humid subtropi-
cal. The amount of precipitation is 1300-2400 mm
per year. The average annual temperature is +15 °C.
The duration of the frost-free period on the coast is
250-300 days. The temperature in the region and its
humid climate contribute to the development of infec-
tious diseases, primarily fungal.

OVERVIEW

About a dozen species and varieties of roses are culti-
vated on the territory of Abkhazia.

The most dangerous and widespread disease of
roses, first noted on the Black Sea coast of the Cauca-
sus by N.N. Voronikhin in 1912 (Voronikhin, 1914) is
black spot.

In the conditions of Abkhazia, the most common
fungal diseases of roses include black spot, rust and
powdery mildew.

Black spot of roses

(agent - Diplocarpon rosae F.A. Wollf,

anamorph — Marssonina rosae (Lib.) Died.)

The fungus infects all known groups of roses,
but especially tea-hybrid ones. Symptoms of the di-
sease appear on the leaves in the form of black spots

Puc. 1. YepHasa naTtHuctoctb  Fig. 1. Black spot

on rose leaves
(photo by M.Sh. Shinkuba,
H.K. Vardaniya)

Ha JINCTbAX PO3
(choto M.LL. LLUNHKYOBI,
X.K. BappaHum)
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60JIE3HY TPOSIBJIIIOTCS HA JIMCTHSIX B BUJIE YEPHBIX TI5-
TEeH OKPYTJ0¥ (hopMbl. Ha IIITHaX pa3BUBaETCS KOHU-
JIVabHOE CIIOPOHOIIeHMe rpuba. Kouuauu 6eciiBeT-
HbIE, TPOJIOJITOBATHIE, CIerka 6yJIaBOBULHbIE, MHOTIA
HeTIpaBUJIbHOU (hOPMBI, 60JIbINEH YaCThIO ITIEPENTHY-
poBaHHBLIE, padMepoM 16—-25 x 5—-7 MKM. [TopakeHHbIE
JINCTHS, KaK IPABUJIO, OTIAIAI0T, B CBSI3U C YEM pacTe-
HUS TEPSIOT CIIOCOOHOCTDh K HOPMaJIbHOMY Pa3BUTHIO.

Bozb6ynuTesnb 60jie3HU cIlocO6GeH pa3sBUBATHCS
Ipu IMIMPOKOM TeMIIepPaTypHOM Juarias3oHe. B ycio-
BUSIX BJIQXKHBIX CyOTPOMUKOB AGXa3uy TeMIIePaTyphl,
6JIarOTIPUSATHO BIUSIONIME HA POCT U Pa3BUTHE TPuba,
HaOJII0IAI0TCS TTPAKTUYECKU B TEUEHUE BCETO BereTa-
IIMOHHOT0 IIEPHO/A, a KaIleJIbHO-)KUIKOM BJIary B BUJIE
0CaZIKOB HOYHBIX WJIU YTPEHHUX POC BGBIBAET MOYUTHU
BCerza AOCTATOYHO IJId 3apakeHus. [lepBbie mST-
Ha Ha JINCThAX TOSIBJISIOTCS B IEPBOY JleKajle NI0HS.
3umyeT rpub Ha OMABIIUX JIUCThSIX B BUJE OKPYTJIBIX
TIIOJIOBBIX TeJI (CyMyYaTasi CTaivisl) C MHOTOUMCJIEHHBI-
MU GeClIBETHBIMU CYMKaMU.

YepHas MATHUCTOCTD — IMIMPOKO PACTIPOCTPAHEH-
HOe ¥ BeCcbMa BPeJIoHOCHOe 3a6oseBanue. Oco6eHHO
CUJIbHO 60JIE3Hb PAa3BUBAETCS B YCJIOBUSX ITOBBIIIEH-
HOM BJIa)kHOCTHU. [TopaykeHHOE PaCTEHME TEPSIET JEKO-
PaTHWBHOCTH U3-3a YEPHBIX MISTEH Ha JIMCThAX (puc. 1).

3aboseBaHue MIPUBOIUT K OCJabJIeHUI0 pacTe-
HUU, KOTOPbIE TIJI0OX0 3UMYIOT U Ha CJHENYIONIUN TO[
cyabo uBeTyT (Mucko, 1981).

P:xaBurHa po3 (B036yaUTEDb —

Phragmidium mucronatum (Pers.) Schlitdl.)

[lepBBIM MIPU3HAKOM 3a60JI€BAHMS BJSETCS T10-
SIBJIEHVE Ha BEPXHEN CTOPOHE JIMCTOBOU MJIAaCTUHKU
OTAENbHBIX )KEeJITO-0PAHKEBBIX OYTOPKOB (puc. 2).

Ha mo6erax v JTUCThIX PO3 BECHOM 06pa3yrTca
OKPYTJIbIE MJIM TIPOJIOJITOBAThIE TTIOPOUINCTHIE OPaH-
JKeBbI€ TIOAYIIEUKY — SIUUAIbHOE CIIOPOHOIIEHNE
prKaBUMHHOTO rpuba. [To3aHee, B KOHIIE UIOHS — Ha-
yaJjie WI0JIsl, PA3BUBAIOTCS YPeNo- U TEJIEUTOCIIOPHI.
B cTasiuu ypemocop 06pasyioTcsa MeJIKre OpaH)KeBbie

Puc. 2. Tenum n ypeguHun  Fig. 2. Telia and uredinia
P>KaBUMHbI Ha MNCTbSAX Po3  rust on rose leaves (photo

(choTo M.LU. LUNHKYGDI,
X.K. BapaaHun)

by M.Sh. Shinkuba,
H.K. Vardaniya)

of a rounded shape. Conidial sporulation of the fungus
develops on the spots. Conidia are colorless, oblong,
slightly club-shaped, sometimes irregularly shaped,
mostly ligated, 16-25 x 5-7 um in size. Affected leaves,
as a rule, fall off, and therefore the plants lose the abi-
lity to develop normally.

The causative agent of the disease is able to de-
velop in a wide temperature range. In the conditions
of the humid subtropics of Abkhazia, temperatures
that favorably affect the growth and development of
the fungus are observed almost throughout the grow-
ing season, and drop-liquid moisture in the form of
precipitation at night or morning dew is almost always
sufficient for infection. The first spots on the leaves
appear in the first decade of June. The fungus over-
winters on fallen leaves in the form of rounded fruit-
ing bodies (marsupial stage) with numerous color-
less bags.

Black spot is a widespread and very harmful di-
sease. It develops especially strongly in conditions of
high humidity. The affected plant loses its decorative
effect due to black spots on the leaves (Fig. 1).

The disease leads to the weakening of plants that
winter poorly and bloom poorly the next year (Misko,
1981).

Rust of rose (agent —

Phragmidium mucronatum (Pers.) Schlitdl.)

The first sign of the disease is the appearance of
individual yellow-orange tubercles on the upper side of
the leaf blade (Fig. 2).

On the shoots and leaves of roses in the spring,
rounded or oblong powdery orange pads are formed —
aecidial sporulation of a rust fungus. Later, in late
June — early July, uredo- and teliospores develop. In
the uredospore stage, small orange clusters are formed,
called uredinia; in the teliospore stage, black pads form
on the underside of the leaf — telia.

On plants affected by rust, rose leaves turn yel-
low, curl, the disease leads to premature drying and
leaf fall.

According to our observa-
tions, from year to year, in the
conditions of the humid subtro-
pics of Abkhazia, rust does not
appear on all growing species
and varieties of roses.

Powdery mildew of rose
(agent — Podosphaera
pannosa (Wallr.) de Bary,
anamorph - Oidium
leucoconium Desm.)

The fungus infects leaves,
shoots, sepals, buds and flowers.
Symptoms of the development
of powdery mildew are characte-
rized by the formation of cobweb
plaque. The plaque is whitish at
the beginning, and later brown-
ish-gray, representing myceli-
um and conidial sporulation.
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CKOILJIEHUsI, HAa3bIBaeMble ypeIu-
HUSMU; B CTAJUU TeJEeHTOCIIOP
(bopMupyroTCs UepHbIe [OAYyIIeY-
KU C HYDKHEH CTOPOHBI JIUCTA — Te-
JINU.

Ha mopa’keHHBIX PrKaBUNHON
PaCTeHUAX JIUCTbSI PO3 XKeJTe-
10T, CKPy4YHBaIOTCS, 3a60JIeBaHIE
IIPUBOJUT K MIPEXIeBPEMEHHOMY
YCBIXaHUIO U OTIaJIEHUIO JINCTHEB.

ITo maHHBIM HaIIUX HaOJIO-
JIIeHUH, U3 rojia B rof, B yCIOBU-
SIX BJIQXKHBIX CyOTPONUKOB AG-
Xasuy pKaBUMHA IIPOSIBISETCS
He Ha BCeX IIPOM3PACTAIOIUX BU-
JIax ¥ COPTax po3.

MyuHuHCTas1 poca po3 (Bo3-

6ynurtenb — Podosphaera

pannosa (Wallr.) de Bary,

aHamMopda — Oidium

leucoconium Desm.)

I'pub6 mopakaeT JUCThS,
mo6eru, JameanucTuKy, 6yTOHbBI
¥ 1BeTKU. CUMIITOMBI Pa3BUTUI

MYYHUCTOM POCHI XapaKTepPUsy- Puc. 3. MyuHucTas poca posbl

Fig. 3. Powdery mildew of rose

I0TCd oOpa3oBaHMEM MAayTUHU- (poto M.LL. LnHky6bl, X.K. BappaHun)  (photo by M.Sh. Shinkuba, H.K. Vardaniya)

cTOTO HajeTa. Hajer B Hauaje

GeJioBaTHIH, a B masibHeleM 6y-

poBaTO-CePhI, MPEACTABISIONINN COO0M MUIENUN
¥ KOHUIMWAJbHOE CIIOPOHOIIeHMe. Bojie3Hb ¢ Masg
110 CEeHTS6Ph pPacIpoCTPaHIeTCsS KOHUINOCIIOPaMHU,
0COGEHHO CUJIBHO MOPAa’kalTCs MOJIOAbIe TO6Geru
¥ JINCTOYKMU (pHc. 3).

BénbIinas uim MeHbIIass «MyYHUCTOCTb» HaJIeTa
CBsI3aHa C yCJIOBUSAMU 06pa30BaHUS KOHUIUATbHBIX
CIIOP, YTO B 3HAUUTEJIbHON CTEIIEH! 3aBUCUT OT OCO-
GeHHOCTEel copTa PO3bl U KIUMATUUYECKUX (PaKTOPOB
(Cunapckuii, 1990).

[ITnpoKoMy pacrpocTpaHeHN0 3a601eBaHUS B OC-
HOBHOM CITOCOOCTBYET TellIas U BJIa)kKHas rmoroja. [1pu
CUJIbHOM Pa3BuUTUU 3abojieBaHUS 106eru mepecTaioT
pacTu 1 ITOCTETIEHHO OTMUPAIOT, B PE3YJIbTATE JIUCThS
CKPYYMBAIOTCS U TIPEXIeBPEMEHHO OTafAl0T, IIBETKYU
IedopMupyoTcs.

9hGHeKTUBHBIMY CITOCOO6aMY 3aIIUTHI PO3 OT Yep-
HOY MAITHUCTOCTH, PXKABUNHBI, MyYHUCTON POCHI SIB-
JIII0TCS 06pe3ka IopakeHHBIX cTebJielt, coop u yHUU-
TOXKEHUE MMOPaKeHHBIX JUCThEB; ITEPEKOITKA ITOYBHI
OCEHbI0 WJIV BECHOM 10 HabyXaHYs MOYEK C UCTIOIb30-
BaHueM (hochOpHO-KATUNHBIX yI0OpeHUl; 06paboTka
pacTeHu# QyHTUIMIAMU.

PexomenmyeTcs 06paboTKa 3apakeHHBIX pacTe-
HUI PO3 OT YEPHOU IMATHUCTOCTH ITperapaTaMu «CTpo-
6u», «Tomas», «[Tonukapbanun», «dyHmazomn». HeomHo-
KpaTHO GbLJI0 TTOKA3aHO, UTO ITPY ONTPBICKUBAHUY UePe3
KaXkKIble JIBE HeJleJIM ITOPaXKaeMOCTh PACTEHUM YEPHOM
NATHUCTOCTBIO CHMKaeTcs. HeMaJoBaXkHO OCEHBIO
repeJ OKyYUBaHUEM ITPOBOAUTH OTIPhICKUBAHUE PO3
3%-M pPacTBOPOM MEIHOTO WJIM XKEJIE3HOT'O KyIIopoca.

Taxoxe ObljIa MOKaszaHa BbIcOKast 3 (PeKTUBHOCTD
npuMeHeHUd QyHTUIIMIA «AGUTa-TIUK» ITPOTUB Yep-
HOU MSATHUCTOCTU PO3BI B YCIOBUSAX BJIAXKHBIX Cy6-
TponuKoB Poccuu. [1pu 3-KpaTHOU 06paboTKe 3TUM
npernapaTroM B KoHIleHTpamuu 0,4% Guosiorndyeckas
5(hheKTUBHOCTD cocTaBasgeT 78,5-39,1% (KaprmyH,
Cajos, 2013).

The disease is spread by conidiospores from May to
September, young shoots and leaves are especially af-
fected (Fig. 3).

A greater or lesser “powdery” plaque is associated
with the conditions for the formation of conidial spores,
which largely depends on the characteristics of the rose
variety and climatic factors (Sinadsky, 1990).

Warm and humid weather favors the widespread
spread of the disease. With a strong development of
the disease, the shoots stop growing and gradually die
off, as a result, the leaves curl and fall prematurely, the
flowers are deformed.

Effective ways to protect roses from black spot,
rust, powdery mildew are pruning the affected stems,
collecting and destroying the affected leaves; digging
the soil in autumn or spring before the buds swell using
phosphorus-potassium fertilizers; treating plants with
fungicides.

It is recommended that infected rose plants be
treated for black spotting with Strobi, Topaz, Polycar-
bacin, Fundazol preparations. It has been repeatedly
shown that when spraying every two weeks, the suscep-
tibility of plants to black spot is reduced. It is important
in the fall before hilling to spray roses with a 3% solu-
tion of copper or iron sulphate.

Also, the high efficiency of the use of the Abi-
ga-peak fungicide against the black spot of the rose
in the conditions of the humid subtropics of Russia
was shown. With a triple treatment with this drug at
a concentration of 0.4%, the biological efficiency is
78.5-39.1% (Karpun, Salov, 2013).

According to the results of our observations, the
most effective treatments for affected rose bushes are
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[To pesysbpTaTaM HammMX HAGIOAEHUY, B 60phOe
C MyYHUCTOI POCOU U prkaBUMHOUN Haubosee addek-
TUBHBI 00PabOTKY MOPaKeHHBIX KyCTOB po3 1%-1ii 60p-
IIOCKOU cMecChio, «CTpobu», «Tomazom».

TakuM o6paszom, 06paboTka po3 QyHTUIIUZAMU
CHIU’KAET CTEIleHb Pa3BUTHS U PACIIPOCTPaHeHUs 6o-
Jie3HeU — YePHOU MATHUCTOCTH, PKABUMHBI ¥ MyYHU-
CTOU POCHI.

3AKJIIOYEHUE

BraXkHbI# cyOTpOoTIMUecKry KimMaT Pecy6iauky AG-
Xa3U¥ CIIOCOGCTBYET PA3BUTUIO U PACIPOCTPAHEHUTO
rpubHBIX 60JIe3HEN Ha po3ax. ExXKerolHO BpeJOHOCHOCTD
JIAHHBIX 3260J1€BaHU CTTOCOOHA TTPOSIBIISITHCS B 3HAYUU-
TEJIbHOU CTeTeHU. [[JIs YCIIEIHOTO KYJIbTUBUPOBAHMS
pO3 pelnarlnee 3HaYeHNE UMeeT cOBI0eHe OCHOB
arpoTEXHUKU, PaHHee BhIIBIEeHNE BO36ymuTeel 60-
Jie3Hell, CBoeBpeMeHHoe MpuMeHeHue 3O HeKTUBHBIX
CPEJICTB 3aIUThI PACTEHUH, B YaCTHOCTY (DYHTUIIU/IOB.
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abura-nuK MPOTUB YePHOU MIATHUCTOCTU PO3BI. — 3a-
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NH®OPMAIINA OB ABTOPAX

IIuuky6a Maiia [lIBapaxoBHA, KaHIUIAT O10JIO-
rMYecKUX HayK, 3aBe[lyIolas KapaHTUHHOU duToca-
HUTapHOU jlabopaTopureli [ocynapCcTBeHHOM UHCIIEK-
uuu Pecrry6auky A6xasus 10 KapaHTUHY PacTeHUN;
JIo1eHT AGXa3CKOTO IrOCyapCTBEHHOTO YHUBEPCUTETA;
CcTapUIMi Hay4uHBIN cCOTPYLHUK [HY «IHCTUTYT celib-
CKOTO X035#icTBa AKaZileMuu HayK A6xXa3um»; 3aBeyI0-
I1ast OTIEJIOM 3alIUThI pacTeHU M VIHCTUTYTa 60TaHUKYA
Axasemuu Hayk Abxasuy, I. CyxyM, Peciiybisivika A6xa-
3ust; ORCID 0000-0001-8488-1607,
e-mail: sinkubamaja@gmail.com.

Bappanus XaBa KemaJioBHa, arpoHoM-(duTormna-
TOJIOT KapaHTUHHOU (pUTOCAHUTAPHOM JlabopaToOpuu
TocymapcTBEeHHOM UHCIIEKIUY Pecryoiuky A6xasus
10 KAPaHTUHY PACTeHUH; MJIa NI HAYYHbIH COTPY/I-
HUK THY «/IHCTUTYT CEIbCKOTO X03IUCTBA AKaIeMUU
HayK AGXasur»; MJIAJIIUNY HAYYHBIN COTPYIHUK OTe-
Jia 32U ThI pacTeHU MHCTUTYTa 60TaHUKY AKaJIEMUN
Hayk A6xasun, I. CyxyMm, Pecrrybauka A6xa3us;

ORCID 0000-0001-5873-6246,
e-mail: alaudifem@gmail.com.

1% Bordeaux mixture, Strobe, Topaz to control pow-
dery mildew and rust.

Thus, the treatment of roses with fungicides re-
duces the degree of development and spread of diseas-
es — black spot, rust and powdery mildew.

CONCLUSION

The humid subtropical climate of the Republic of Ab-
khazia contributes to the development and spread of
fungal diseases on roses. Every year, the harmfulness
of these diseases can manifest itself to a large extent.
For the successful cultivation of roses, the observance
of the basics of agricultural technology, the early detec-
tion of pathogens, the timely use of effective plant pro-
tection products, in particular fungicides, are of para-
mount importance.
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AHHOTALIMA

[IpexncTaByieHbl MaTePUaIbl ¥ METObI, KOTOPbIE TIPU-
MEHSIOTCS HaMU Ha IPOTsKeHN M mecTu jieT (¢ 2017 1.)
JLJIS1 3arOTOBKY ¥ MOHTUPOBaHUS repbapHbIX MaTepU-
aJI0B KapPaHTUHHBIX COPHBIX pacTeHui. Coop u 3aro-
TOBKA MaTepuajoB KaPaHTUHHBIX PACTEHUHN POLOB
Cenchrus, Bidens, Solanum, Ambrosia v [pomoea OCyIIIeCT-
BJISIJIUCH B KAPAHTUHHOM UHTPOAYKIITMOHHOM y4acTKe
HOxxHoro dpunuana @'Y «BHUUMKP»; Buasl poma Cus-
cuta 3aroTaBJIMBAJIMCH B ITOJIEBBIX YCIOBUAX. OTIMCAHbBI
IpeuMylllecTBa IpUMeHeHUs ropoKapToOHa B MPO-
1ecce CyIIKU PAacTeHUH, ITO3BOJISIOIIVE YBEJIUUYUTD
00beMBI 3aTOTABJIMBAEMBIX B (puyinaie repbapHbIX
MaTepUaJioB C MPUBJIeUeHEM MeHbIIEeT0 KOJIUYeCcTBa
CIIeIMaJINCTOB. Biaromapst BHeIpeHUI0 TOYPOKapTOHA
He06X0IMMOCTb IIEPUOIUUECKOTO TIePeKIIabIBAHUS
pacTeHul 6yMa)kHbIMU «pybalikaMu» OTIajua, 3a 1uc-
KJIIOUYeHUEM pacTeHuil posa [pomoea, y KOTOPBIX HEX-
HbIE ¥ COUHBIE CTe6JIN U JIUCThS B ITPOLlecce ITPECCOBKU
U CYUIKU TPAaBMUPOBAJIUCH, OTBOJ, BJIaru 6bLI HeLOCTa-
TOYHBIN. PaccMOTpeHbI repbapHble KOJJIEKIIWY C TOY-
KU 3peHus 6106e30MaCHOCTY U ITPEIIPUHSTA TOTIBITKA
CHIKEHUS BePOSITHOCTY BO3MOJKHBIX ITPOCHITIEN K113~
HECTIOCOGHBIX CEMSH U ILJIOJOB M3 KOJJIEKIMOHHOTO
MaTepuasia, a UMEHHO — M3JI0)KeHa MeTO/ KA MOHTHU-
poBaHus repbapHbIx 06pa3Il0B KAPAaHTUHHBIX COPHBIX
pacTeHM MOCPeCTBOM JIaAMUHUPOBaHUS. OMMCAHBI
TIOJIOKUTEIbHbIE aCIIEKThI IPEAJIOKEHHOIO METOA:
yBeJINUeHNe IJIUTEeJIbHOCTY XPaHeHNs; BO3MOXXHOCTh
MOHTHPOBaHUS rep6apHbIX 00Pas3oB Ha TPO3PAYHON
OCHOBE, YTO IT03BOJISET JIYUIlle UBYUYUTh DACTEHUE; 3a-
muTa repbapHbIX MaTEPUAJIOB OT HACEKOMBIX; VCKJIIO-
YyeHUe BePOSITHOCTY 06JIaMbIBAHUS YaCTeHN PaCTeHUN
U OCBITIAaHUS CEMSH U3 KOJJIEKIUY U T. JI. OCBEIleHbl
BO3MO)KHbBIE BAPUAHTHI UCIIOJIb30BAHMS 3aJIaMUHUPO-
BaHHBIX rep6apHbIX MAaTEPUAJIOB B 06pa30BaTEIbHBIX
U DeMOHCTPAIMOHHBIX IIeJIsX, B TOM YUCJIe UHCIIEK-
TopaMu Poccesibx03HaZ30pa MPU BBITTOJHEHUN 06-
cJIeIOBaHUY TTOIKAaPAHTUHHBIX 06bEKTOB Ha HAJTUYYE
KapaHTUHHBIX PACTEHUH.
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Herbarium
lamination technique:
our experience

in manufacturing
demonstration
herbariums of
quarantine weeds

N.V. TSINKEVICH

Southern Branch of FGBU “All-Russian Plant
Quarantine Center” (FGBU “VNIIKR”),

Simferopol, Republic of Crimea, Russia

ORCID 0000-0003-3774-3548, e-mail: duna8888@mail.ru

ABSTRACT

The materials and methods that have been used for six
years (since 2017) for the preparation and installation
of herbarium materials of quarantine weeds are pre-
sented. The collection and preparation of quarantine
weed materials of the genera Cenchrus, Bidens, Solanum,
Ambrosia and Ipomoea were carried out in the quaran-
tine introduction site of the Southern Branch of FGBU
“VNIIKR”; the species of the genus Cuscuta were pre-
pared in field conditions. The advantages of using cor-
rugated cardboard in the process of drying plants are
described, which makes it possible to increase the vo-
lume of harvested herbarium materials in the branch
with the involvement of a smaller number of special-
ists. Thanks to the introduction of corrugated card-
board, the need for periodically shifting plants with pa-
per “shirts” has disappeared, with the exception of the
genus Ipomoea plants, in which tender and juicy stems
and leaves were injured during pressing and drying,
moisture removal was insufficient. Herbarium collec-
tions are considered from the point of view of biosafety
and an attempt is made to reduce the possible spillage
of viable seeds and fruits from the collection materi-
al, namely, a method for mounting herbarium speci-
mens of quarantine weeds by lamination is outlined.
The positive aspects of the proposed method are de-
scribed: an increase in the storage duration; the possi-
bility of mounting herbarium samples on a transparent
basis, which allows to better study the plant; protec-
tion of herbarium materials from insects; exclusion of
the possible breaking off parts of plants and shedding
of seeds from the collection, etc. Possible options for
using laminated herbarium materials for education-
al and demonstration purposes, including by Rosselk-
hoznadzor inspectors when performing inspections of
regulated objects for the presence of quarantine plants,
are highlighted.
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Knrouesvte cnosa. lerugpaTaiivs pacTeHUH, rod-
pOKapTOH, KapaHTUHHbIE BUIbI, 61106€30ITaCHOCTb,
MOHTHPOBaHMe, repbapHOe Ieo.

BBEJEHUE

60p pacTeHUU IJisT U3TOTOBJIEHUS TeP-
6apus sBIgeTCS 006s3aTENbHBIM yC-
JIOBUEM TIPOBEINEeHUS OOTAaHUYECKUX
ucciaenoBanuii. l'epbapuii (1at. herba-
rium, oT herba — TpaBa) — 3TO KOJIJIEK-
1S 3acylmleHHBbIX PpacTeHUM, Uu3TOo-
TOBJIEHHBIX B COOTBETCTBUU C OIIpe-
IeJeHHbIMU ITpaBuiIaMu. Takyke STUM
TEPMUHOM 0603HAYAIOT HAyUYHBIE VUPEKIEHUS WU
OTIeJibl, TIe XpaHATcsa repbapHble 06pasilbl 3acy-
IIEHHBIX PACTEHU, IpeAHa3HAUYEHHBIE )11 HAYYHBIX
HCCJIeIOBaHUM I10 CCTEeMAaTVKe, (JIOPUCTUKE, KapaH-
TUHY PACTEHUM, TEHETUKE U CEJIEKIIUH, PACTEHUEBOJ -
cTBY, reorpaduu pacrerui ([TaBmosa, Cypkos, 2008;
OumuTtpues, JlJactyxuH, 2020).

[IpaBuJjia 3arOTOBKY PACTEHUN U MOCIEYIOILast
pa6oTra ¢ HUMU IJid U3TOTOBJIeHUsS Tepbapusa ObLIu
nzobpereHsl B XVI Beke nmpodeccopoM [Tr3aHCKOTO
yHuBepcureTa Jlykoi I'mau. Kaps JInHHel onpenenui
TEXHOJIOTHI0 c6opa: OH MKCaJI, YTO cobupaeMble pac-
TeHUS He IOJDKHBI ObITh BJIAXKHBIMU; IIPOIECC CYIIKYU
IOJIDKEH MTPOXOLUTDH MEXAY JIUCTaMU CyXOM GyMaru,
BCE OpraHbl PaCTEHUS JOJKHBI ObITh B COXPAaHHOCTH,
pacmpaBiIeHbl, aKKYPaTHO YI0XKEHBI U JOJKHBI XOPO-
110 MpocMaTpuBaThea (JleMuna u ap., 2015; [TaBJoBa,
Cypxkos, 2008).

Ha npoTsykeHUY HECKOJIbKUX CTOJIETUY TEXHOJIO-
T'Us M3TOTOBJIeHUS repbapus ocTaBajach GaKTUUECKU
HEeU3MEeHHOM.

C mavaJjia XX Beka JJis CyImKku pacteHuit A.A. Xo-
POIIKOB IIPEIJIOKUI KCII0Jb30BaTh BATHbIE MaTPaCH-
KU, U3TOTaBJINBAaEMbIE U3 ITAITMPOCHOM 6yMaru 1 TOH-
KOTO cJiost BaThl (AnexuH, ChIpeHIuKoB, 1926). 3TOT
CII0C00 CTaJl MINPOKO MCII0JIb30BaThCS pycckumMu 60-
TaHUKaMU.

B koHIIe XX BeKa B KaueCTBe OJHOr0 U3 dJIEMEH-
TOB YCOBEPIUIEHCTBOBAHHOTO CITOCO0A CYIIKY PACTEHU
(CxBopr11oB, 1977; Willing, 2010) B CIIIA u KaHaze Ha-
YaJl IPUMEHSATbCSA TohPOKapTOH. ITo CBOel CyTU 3TO
0ojiee coBpeMeHHas 3aMeHa BaTHBIM MaTpacHUKaM,
CTaBIINM KJIACCUYECKUMU.

B nHare BpeMs 6iaromaps n306peTeHNI0 HOBBIX
MaTepHUaJIOB XUMUYECKOH [IPOMBIILIEHHOCTbIO, a TAKKE
COBEPIIEHCTBOBAHNIO TEOPETUYECKON 1 TEXHUYECKOHN
6a3bl BCe vallle MOSIBISIOTCS HOBbIE TEXHOJIOTUU. Bo3-
MOXKHO UX IIPUMeHeHNe B repOapHoM Jejie, HalIpUMep:

» CKoTu-repbapuu, MPUHIIUIT KOTOPBIX 3aKJII0-
YaeTCsl B UCMOJb30BAHUY KJIEUKOU JIEHTHI U3 TTOJIN-
MEPHBIX MaTePUAJIOB AJIs KpeIleHnusa repbapHbIX Ma-
TEPUAJIOB K JIUCTY. ABTOPBI OTHOCST TaKue repbapuu
K IPUKJIAJHBIM U BPEMEHHBIM TepbapusaM, UCIIOJIb-
3yeMbIM JIJISI TIPUKJIIHBIX UCCIEN0BaHUYN U YUeOHBIX
ueneit (Jumutpues, JlactyxuH, 2020).

« Tep6Gapuil B MOJUITPONIUIEHOBBIX (halijgax:
MIPaKTUKYETCS XpaHeHue repbapHbIX 06pa3IloB Ha JIU-
CTax MJIOTHOU 6yMaru, BCTaBJIE€HHBIX B CTAHIAPTHBIE

Key words. Plant dehydration, corrugated board,
quarantine species, biosafety, mounting, herbarium.

INTRODUCTION

he collection of plants for an herbarium is

a prerequisite for conducting botanical re-

search. Herbarium (lat. herbarium, from her-

ba—herb)isa collection of dried plants made

according to certain rules. Also, this term
refers to scientific institutions or departments where
herbarium specimens of dried plants are stored, in-
tended for scientific research on taxonomy, floristry,
plant quarantine, genetics and breeding, crop produc-
tion, plant geography (Pavlova, Surkov, 2008; Dimi-
triev, Lastukhin, 2020).

The rules for preparing plants and subsequent
work with them for the herbarium were invented in the
16™ century by Luca Ghini, a professor at the Universi-
ty of Pisa. Carl Linnaeus defined the collection techno-
logy: he wrote that the plants to be harvested should not
be wet; the drying process should take place between
sheets of dry paper, all organs of the plant should be
intact, straightened, neatly stacked and clearly visible
(Demina et al., 2015; Pavlova, Surkov, 2008).

For several centuries, herbarium manufacturing
technology remained unchanged.

Since the beginning of the 20" century, A.A. Kho-
roshkov proposed the use of wadded mattresses made
from tissue paper and a thin layer of cotton wool
(Alekhin, Syreyshchikov, 1926). This method has be-
come widely used by Russian botanists.

At the end of the 20™ century, corrugated card-
board began to be used as one of the elements of an
improved method for drying plants (Skvortsov, 1977;
Willing, 2010). In fact, this is a more modern replace-
ment for wadded mattresses that have become classic.

Nowadays, thanks to the invention of new mate-
rials by the chemical industry, as well as the improve-
ment of the theoretical and technical base, new tech-
nologies are increasingly emerging. It is possible to use
them in herbarium area, for example:

« Scotch herbaria, the principle of which is to use
an adhesive tape made of polymeric materials to attach
herbarium materials to the sheet. The authors classi-
fy such herbariums as applied and temporary herbari-
ums used for applied research and educational purpos-
es (Dimitriyev, Lastukhin, 2020).

« Herbarium in polypropylene files: it is prac-
ticed to store herbarium samples on sheets of thick
paper inserted into standard plastic (polypropylene)
files for A3 papers. This method of storage has stood
the test of time. Thus, the scientific herbarium, stored
in self-made polyethylene files, sealed with an iron in
1974-1978, retained the original color of leaves and
flowers (Ena, 2011).
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MJIACTUKOBLIE (ITOJIUIIPONUIIEHOBBIE) (halbl I
oymar pasmepa A3. 3TOT cItocob XpaHeHUs MPOIIes
UCIbITaHUe BpeMeHeM. Tak, HayuUHbIN repbapuii,
XPaHSAUUNCT B CAMOJEJIbHBIX TIOJUITUIEHOBBIX
datinax, 3amagHHBIX YTIOTOM B 1974-1978 rT., coxpa-
HUJI TIEPBOHAYAJIbHYI0 OKPACKY JIUCTHEB U I[BETKOB
(Eua, 2011).

» Tepbapuii, comepXamuil MOJUMepHbIE TPO-
KJIaIK¥, MEXIY KOTOPBIMU PACIIOJIaTalTCs PaCTEHUS
¥ KOTOPbIE CKJIEMBAKTCS [IPY HAaTrPEBAHUU; IPU 3TOM
B IOJIUMEPHBIX IPOKJIaJKaX BBIIIOJHEHbl BEHTUJISA-
IIMOHHbIE OTBEPCTUS AJIST yCTPAHEHMWs KOHJeHcaTa
u3 repbapus (MBanosa, 2017h).

» Tepbapuil coEeP)XUT KaK MUHUMYM OJIHY ITO-
JIMMEPHYIO TPOKJIAJIKY U TIO/JIOXKY, BBITTOJHEHHYTO
13 IMTOPUCTOTO MaTepuraia, Ha KOTOPYI0 YKJIaIbIBA€TCs
pacTteHue. [TofJi0kKKa TPOTIUTHIBAETCS aHTUMUKPOO-
HBIMU TIpernapaTaMu, YTO BIIOCJIEACTBUU TPUBOJUT
K rubesiy MUuIlens rpuboB 1 UX CIIop, bakTepuid. I1o-
JIUMEePHBIE NTPOKJIAZIKU CKIIENBAIOTCS IIPU HarpeBaHUU
(BanoBa, 2017a).

B 2017 r. Ha 6aze IOxuHoro d¢unuamga OI'BY
«BHUWKP» 6bLI MOCTPOEH KaPaHTUHHBIN UHTPOLYK-
IIMOHHBIA YYaCTOK JJIST M3yYEeHUs afalTal[MOHHOTO
MMOTEHIIMaJia, BO3MOXHON aKKJIMMAaTU3alIUY KapaH-
TUHHBIX ¥ UHBA3MBHBIX BUJIOB PAaCTEHU, a TaKxXKe
3arOTOBKM rep6apHbIX U CEMEHHBIX MaTepPUaJioB
(BamgpimeBa u ap., 2018). B ¢Bg3u ¢ 3TUM ObLiIa [0-
cTaBJieHa 3aJlavya M3 BCEro UMEIIerocss MUPOBOTO
OmbITa CO3JaHUusd repbapHbIX KOJJIEKIIUM BhIOPATH
¥ afanTUpPOBaTh HamboJiee MOAXOAAIIE CIIOCO6BI
repbapusaliuy pacTeHU B acriekTe 6no6e30macHo-
CTU CO3/laBaeMbIX 06pa3IloB.

MATEPUAJIbBI U METO/IbI

B pa6oTe MCIOoJIb30BaHbl HEKOTOPBIE CIIOCOOBI 3ar0-
TOBKU U Tepbapusaiuy pacTeHUH, NpemioKeHHbIe
A.B. lllep6akoBeiM u C.P. MatiopoBbiM (2006); M.E. TTaB-
JioBo# u B.A. CypkoBbIM (2008); M.V. [leMUHO U 1.
(2009, 2012); O.H. lemunoii u ap. (2015); A.10. Terrtu-
Hoit u A.T. [TaykoBbiM (2013); B.B. BsantoM u mp. (2015);
A.B. [lumutpureBbiM 1 A.A. JlacTtyxutbiM (2020) u gp.

B mpotiecce CyIKY MTPUMEHANICA TOGPOKAPTOH
3-cyoitHbIl, mpoduiIb A 1 B u razeTHas 6ymara.

Ins duxcupoBaHusa repbapHoro obpasiia uc-
[10JIb30BaJjIach IJIEHKA aKeTHAasI AJIs TIaAMUIHUPOBAHUS
A4 (pazmep 216 x 303 MM, ToairHA 100 MKM) 1 JIaMU-
HaTop PDA4-230CN.

PE3VJIBTATBI U OBCYXKJOEHHNE

Is m3roToBJIeHUST TepOapPHBIX KOJUIEKIUI KapaH-
TUHHBIX PACTEHUH, B TOM YUCJIE OTCYTCTBYIOILUX
Ha TeppuTopuu EBpasuiickoro SKOHOMUUECKOT'0 CO0-
3a (EASC), Heob6xoIMMa KauyeCTBEHHAs CYIIKa pacTe-
HUU U WX YacTeH, C UCTI0JIb30BAHNEM MUHUMAJIBHOTO
KOJIMYEeCTBa BpeMeHU U pabodeil CUJIbI, COXpaHEeHUEeM
IWarHOCTUYECKU 3HAUMMbIX MOP(OJIOTUYECKUX TIPU-
3HAKOB Y IT0JIy4aeMOoTo repbapHOTo MaTepuajia U ero
TIOCJIeIyI0I M MOHTHPOBAaHMEM.

Il COBEPIIEHCTBOBAHMS U YCKOPEHUS ITPOIIEC-
ca CyIIKU B JIOTIOJHEHWE K GyMakHbIM «pybamkam»
HUCIIOJIb30BaJics TOGPUPOBAHHBIN KapTOH, KOTOPBIHN
crioco6CTBOBAJ OTBOJLY JIMIITHEN BJIaru U3 pacTeHUH.

Pactenus pomoB Cenchrus, Cuscuta, Bidens, Sola-
num, Ambrosia, [pomoea cO6UpPaIUCh B yTPEeHHMNE YacChl
¥ CyXYI0 TIOTOJTy, 3aTEM aKKyPaTHO U TIATEJbHO pac-
KJIaZbIBAJINCh HA Ta3€THON GyMare, pacriojioKeHHOH

« Herbarium containing polymer pads between
which plants are located and which stick together when
heated; at the same time, ventilation holes are made in
the polymer gaskets to eliminate condensate from the
herbarium (Ivanova, 2017b).

» The herbarium contains at least one polyme-
ric spacer and a substrate made of porous material on
which the plant is placed. The substrate is impregnated
with antimicrobial agents, which subsequently leads to
the death of fungal mycelium and their spores, bacte-
ria. Polymer spacers stick together when heated (Iva-
nova, 2017a).

In 2017, a quarantine introduction site was built
on the basis of the Southern Branch of FGBU “VNIIKR”
to study the adaptive potential, possible adaptation of
quarantine and invasive plant species, as well as the
procurement of herbarium and seed materials (Vandy-
sheva et al., 2018). In this regard, the task was set to se-
lect and adapt the most appropriate methods of plant
herbarization from all the existing world experience in
creating herbarium collections in terms of the biosafe-
ty of the created samples.

MATERIALS AND METHODS

The work uses some methods of harvesting and her-
barization of plants proposed by A.V. Shcherbakov
and S.R. Mayorov (2006); M.E. Pavlova and V.A. Surkov
(2008); M.I. Demina et al. (2009, 2012); O.N. Demina
et al. (2015); A.Yu. Teptina and A.G. Paukov (2013);
V.V. Byalt et al. (2015); A.V. Dimitriev and A.A. Lastu-
khin (2020) et al.

In the drying process, 3-layer corrugated card-
board, profile A and B and newsprint were used.

To fix the herbarium sample, we used an A4 lami-
nating film (size 216 x 303 mm, thickness 100 um) and
a PDA4-230CN laminator.

RESULTS AND DISCUSSION

To make herbarium collections of quarantine plants,
including those absent on the territory of the Eurasian
Economic Union (EAEU), high-quality drying of plants
and their parts is necessary, using a minimum amount
of time and labor, maintaining diagnostically signifi-
cant morphological features in the resulting herbari-
um material and its subsequent mounting.

To improve and speed up the drying process, in
addition to paper “shirts”, corrugated cardboard was
used, which contributed to the removal of excess mois-
ture from plants.

Plants of the genera Cenchrus, Cuscuta, Bidens, Sola-
num, Ambrosia, [pomoea were collected in the morning
hours and dry weather, then neatly and carefully laid
out on newsprint, located on corrugated cardboard. Af-
ter the plants are laid down, the newsprint is closed
and pressed against the top with a sheet of corrugated
cardboard, then the next sheet of newsprint is placed
on top, and the process is repeated. Bundles with laid
plants are placed in a press and pulled together with a
rope, cord or belt.

By using corrugated cardboard, the issue of
the laboriousness of shifting herbariums with paper
“shirts” was solved, during which injuries of parts of
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Ha rodpokapToHe. [Tocae TOTO
KaK pacTeHUus YJIOXeHBI, ra-
3eTHasg OyMara 3akpbiBaeTcsd
U IPUKUMAETCS CBEPXY JINCTOM
rodbpokapToHa, majiee CBep-
Xy pasMelnaeTcss CJIeNYIOIUii
JIUCT Ta3eTHOU Oymaru, U mpo-
necc noBTopseTcda. [lauku
C YIIO)XEHHBIMY PACTEHUSIMU 3a-
KJIQIbIBAIOTCS B TIPECC U CTATU-
BAIOTCSI BEPEBKOU, ITHYPOM U
peMHEM.

[TocpencTBOM TpUMEHEHUS
ropupoBaHHOTO KapTOHA OB
pellieH BOIIPOC TPYLOEMKOCTU
repekjIaJbIBaHus repbapues Oy-
Ma)KHBIMU «PybaIIkaMu», B IIpo-
Iecce KOTOPOTO HEOJHOKPATHO
0TMeYaJioch TPAaBMUPOBAaHUE
YacTell pacTeHUH, B YaCTHOCTU
IIBETKOB, a TaK)Xe BBUIY HENO-
CTaTOYHOTO OTBOZA BJIATU OT-
MevaJioch ITobypeHune U rmovep-
HEHUVe PacTeHU, pa3pacTaHue
TJIECHEBBIX I'PUGOB, YTO TIPUBO-
nuiio repbapHbie 06pasIibl B He-

rOAHOCTb. TaKkasd TEXHOJOTUA  pyc, 1. H.B. LlMHKeBUY C repbapHbIMU IMCTaMy,

OTJINYAETCS OT TPALUIIMOHHON  (hoTo T.3. OMesibAHEHKO)

U IIPOXOJIUT B 60Jiee KOPOTKUE

cpoku 6e3 mepeKJiagblBaHUI

U 3aMeHbI OYMaXKHBIX «pPybalek», YTO IMOJ0KUTEIbHO
CKa3bIBAETCS Ha KaUeCTBeE IMOJIyYaeMoro MaTepuala.

[Ipolecc CyImKy JOKEH TTPOXOIUTH B CIIPECCO-
BAaHHOM COCTOSIHUY B IIPOBETPUBAEMOM 3aT€HEHHOM
MecTe (T10[1, IePEBOM MJIM B IIOMEIIEHUM). B ciryyae Ha-
XOXKIeHMs repbapHOi CEeTKY Ha COJIHIIE ITPOUCXOIUT
paspyiieHyre XJopoduiLIa, YTo IIPUBOAUT K TTOXKEJITE-
HUI0 paCTeHMH, a Takke paspymenuto JHK oz Bos-
IIefICTBUEM BBICOKUX TEMITEPATYP.

OaHHBIN criocob CyIIKY He Bcerza ymobeH, Io-
CKOJIBKY KapTOH 3aHUMaeT MHOTO MeCTa.

B xome pab6oT, mpoBoguMbix B 2017-2021 rr., oT-
MeYalTCs CTabuIbHbIE KaUECTBEHHbBIE ITOKA3aTEIN
IeruapaTanuy pacTeHuil JaHHbIM CII0CO60M: MHOTHIE
BU/IbI 3aCYNIIEHHBIX PACTEHUN COXPAHSIIOT UCXOLHBIN
IIBET. BbLIU OTIpeiesieHHbIe TPYLHOCTU C PACTEHUSIMU
poxa Ipomoea L.: B Ipollecce IPECCOBKU U CYIIKU COY-
HbIE JINCThS U CTEOJIM TPaBMUPOBAINCh, OTBOJ, BJIaru
OBbLJI HEJOCTAaTOUYHBIN [a)ke IIPYU YCIOBUU CMEHBI OY-
Ma’kKHBIX «py6alrek», TTOBbIIIEHHONW TEMIIEPATYPbI
Bo3ayxa (okojo 40 °C B ;HEBHOE BpeMS) M aKTUBHOU
BEHTWIAIIMY TToMeleHus. Co3/1aBaICh YCIOBUS I
3arHuBaHUs 06pasIioB.

Ba)xkHO IMOHMMAaTh, YTO repbapHble KOJIEKIINYT
MOTYT ObITb MCTOUHUKOM PacCIIpPOCTPaHEHUsI CEMIH
U TIJIOJ0B MHBA3WMBHBIX Y KapaHTUHHBIX BUJIOB pac-
TEeHUH, IPUYEeM HEKOTOPbIE U3 HUX SABJISIOTCSI OTCYT-
CTBYIOILUMU Ha Tepputopuu EAIC. 3T0O MOXET ITpuBe-
CTH K 06Pa30BaHUI0 YCTOMYMBBIX TIOMYJISIIUN COPHBIX
pacTeHu#, OMACHBIX IJIST )KU3HU U 3I00POBbS JIIOHEH
U YKUBOTHBIX, K O0JIBIINMM 5KOHOMUYECKUM TIOTEPSIM
B CEJIbCKOXO03SICTBEHHOI OTPaCn. [IJII CHUKEHU Ta-
KOU BEPOSITHOCTY ObLjIa BIIEPBBIE paspaboTaHa U IPU-
MeHeHa TeXHOJIOTUS (GUKCUPOBAHUSA TepOapHbIX 00-
PasioB KapaHTUHHBIX BUJOB PACTEHUI IIOCPEACTBOM
JlaMUHUpoBaHud (puc. 1, 2).

Fig. 1. N.V. Tsinkevich with herbarium
cymku repbapHbIx 06pasIoB MOHTMPOBaHHbIMU MNOCPEACTBOM NaMuHuUpoBaHusa  sheets mounted by lamination

(photo by T.Z. Omelyanenko)

plants, in particular flowers, were repeatedly noted,
and due to insufficient moisture removal, browning
and blackening of plants, growth of mold fungi was
noted, which made herbarium specimens unusable.
This technology of drying herbarium samples differs
from the traditional one and takes place in a short-
er time without shifting and replacing paper “shirts”,
which has a positive effect on the quality of the mate-
rial obtained.

The drying process should take place in a com-
pressed state in a ventilated shaded place (under a tree
orindoors). If the herbarium grid is exposed to the sun,
chlorophyll is destroyed, which leads to yellowing of
plants, as well as DNA destruction under the influence
of high temperatures.

This drying method is not always convenient,
since the cardboard takes up a lot of space.

In the course of work carried out in 2017-2021,
stable qualitative indicators of plant dehydration by
this method are noted: many dried plant species re-
tain their original color. There were certain difficulties
with plants of the genus Ipomoea L.: in the process of
pressing and drying, succulent leaves and stems were
injured, moisture removal was insufficient even if the
paper “shirts” were changed, the air temperature was
elevated (about 40 °C in the daytime) and the room
was actively ventilated. Conditions were created for
samples to rot.

It is important to understand that herbarium col-
lections can be a source of distribution of seeds and
fruits of invasive and quarantine plant species, some
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PacTeHUs TIPU TaKOM TEXHOJOTUU JTOJKHBI OBITh
MTPeIBAPUTEIbHO XOPOIIO 3aTIPECCOBAHBI U MOJIHO-
CTBIO BBICYIIEHBI (IOMKUY JUCT). B ciryuae ecyim pac-
TeHUs OyIyT HeJJOCTATOUHO BBICYIIEHBI, TIO]T TIJIEHKOM
HauvyHeTCs MPOollecC 3aTHUBAHUSA, U Tepbapuil mpuaeT
B HETOJHOCTb. B cirydyae HEITPAaBUJIbHOTO ITPECCOBAHMS
pacTtenus 6yayT JedopMUPOBAHbI, UX TPYIAHO OyAET
WCCJIEIOBATD B TAJIbHEHIIIEM.

MbI IpeAIoYnUTaEM MOHTUPOBAaHME HA TPO3Pay-
HOI OCHOBE BBUJY BO3MOXKHOCTH GoJiee JeTaJbHOTO
u3yueHus repbapHOTO MaTepuajia Co BCeX CTOPOH
6e3 HapyUIeHUS 1IeJIOCTHOCTHU. [IJIsT 3TOTO BHICYIIEH-
Hble PACTEHUS UJIU BCE COCTABJIAIONINE YaCTU pacTe-
HUS OT I[BETKA J0 KOPHS PABHOMEPHO Pa3MEIa0TCs
Ha IJIEHKE, OTCTYIIast CO BCEX CTOPOH He MeHEE OJHOTO
caHTUMETpPA. B mpaBbIil HUKHUY YTOJ TIIEHKY BKJIA-
JIbIBaeTCs 3a61arOBPEMEHHO O TOTOBIEHHAS 9TUKET-
Ka, cozieprkaliasi CieAyrlle CBeIeHNS O PACTEHUU:
JIaATUHCKOE U PycCKoe Ha3BaHUWE CeMelCTBa, JJaTUH-
CKOe Ha3BaHUe BU/IA C YKa3aHWEM aBTOPA JJATUHCKOTO
Ha3BaHUS, PyCCKOE Ha3BaHME BUA, KPATKOE OMTMCAHNE
MecTa cbopa ¢ yKkazaHueM reorpad@uuecKux KOopau-
HAT, IaTa c60pa, a Takke GaMUINs U MHUIIUAJIBI TOTO,
KeM pacTeHue co6paHo U oTpeiesieHo. [TIeHKa akKy-
PaTHO 3aKPbIBAETCS ¥ HATIPABJIAETCS B JIAMUHATOD, T
repbapuil HaJIeXKHO 3aTIeYaThIBAETC.

He pekoMeHyeTCs JJaMUHUPOBAHUE 3aCyIIeH-
HBIX PAaCTEHUU C KPYIIHBIMU ceMeHaMu (TJIogaMu),
a TakXe TOJICTOCTeOENbHBIX PACTEHUM, KOTOPbIEe
He CMOTYT IPOUTHU MEXIy BajlaMM JIaMUHATOPa,

Puanana

Cepbapmii Ksknoro @
@I'BY «BHHHKP»

Hepenn noaocweran (sap. ayuneran)
Bidens pilosa var. radiata (Sch.Bip.)
JASchmide
Cen. Crommionnerinie — Asteracee

Mecro chopa: Poccus, PecmyGmiea Kpuos,
r. Comdepornons, kapasmimsii
it yuacros Krnoro d

e DI'BY «BHHHKP»
Koopastnaru - 44.94 cw, 34,14 na
23.08.2018
Llnnkenis HB.. Osensanenso T3
Puc. 2. Tep6apHbiii nucT Fig. 2. Herbarium leaf
Bidens pilosa var. radiata  of Bidens pilosa var.
(Sch. Bip.) J.A. Schmidt,  radiata (Sch. Bip.)
MOHTUPOBaHHbIN J.A. Schmidt, mounted
Ha Npo3paYvHoN OCHOBe on a transparent basis
(choTo H.B. UunHkeBMua) (photo by N.V. Tsinkevich)

of which are absent in the territory of the EAEU. This
can lead to the formation of stable populations of weeds
that are dangerous to the life and health of people and
animals, to large economic losses in the agricultural in-
dustry. To reduce this probability, the technology of fix-
ing herbarium samples of quarantine plant species by
lamination has been developed and applied for the first
time (Fig. 1, 2).

Plants with this technology must be pre-pressed
well and completely dried (fragile leaf). If the plants
are not dried enough, the process of decay will begin
under the film, and the herbarium will become un-
usable. In case of improper pressing, the plants will
be deformed, it will be difficult to study them in the
future.

We prefer mounting on a transparent basis due to
the possibility of a more detailed study of the herbari-
um material from all sides without compromising in-
tegrity. To do this, dried plants or all constituent parts
of the plant from the flower to the root are evenly placed
on the film, retreating from all sides at least one cen-
timeter. A pre-prepared label containing the following
information about the plant is inserted into the lower
right corner of the film: the Latin and Russian family
name, the Latin name of the species with the author
of the Latin name, the Russian name of the species, a
brief description of the place of collection with indica-
tion of geographical coordinates, the date of collection,
and also the surname and the initials of who collect-
ed and identified the plant. The film is carefully closed
and sent to the laminator, where the herbarium is se-
curely sealed.

It is not recommended to laminate dried plants
with large seeds (fruits), as well as thick-stemmed
plants that cannot pass between the laminator shafts,
as this may cause damage to the equipment and not en-
sure a quality sample.

It is important to note that when mounting with
the help of lamination, the plant is placed in anaerobic
conditions, where oxidative processes will be absent or
take place at a minimum rate. Presumably, this method
of mounting will extend the suitability of the herbari-
um collection for use — when stored in a dry room with
diffused light and moderate temperatures.

Some positive aspects of the application of tech-
nology for fixing herbarium specimens of quarantine
weeds by means of lamination are noted:

- there is no direct access to the plant, which en-
sures reliable fixation of ripe seeds of quarantine plant
species and prevents their undesirable spread;

- itis possible to mount herbarium samples with
and without a substrate — on a transparent basis;

- in the case of mounting on a transparent basis,
it is possible to study the herbarium specimen from all
sides (Fig. 2);

« the pubescence of plants is preserved, which
can be easily seen through binoculars (Fig. 3);

« the storage duration of herbarium materials in-
creases;

« breakage, crumbling and loss of parts of dry
plants during shifting and transportation are excluded,;

« theissue of pest control of herbariums is solved.
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ITIOCKOJIBKY 3TO MOKET CTATh IPUYNHOM ITOJIOMKU TEX-
HUKU W He 006eCIeurTh ITOJIyueHe KaueCTBEHHOTr0
obpasiia.

Ba)kHO OTMETUTB, UTO IIPY MOHTUPOBAHUYU C I10-
MOIbI0 JJaAMUHUPOBAHUS pacTeHUe 3aKJdaeTcs
B aHa®POOHBIE YCIIOBUS, TlIe OKUCIUTEIbHBIE TIPOIEC-
CBI OYLyT OTCYTCTBOBATH UJIU ITPOXOAUTH C MUHUMAJIb-
HO¥ CKOPOCTBI0. [IPEITONIOKUTENBHO, TAKOU CII0CO6
MOHTHPOBAHUS IIO03BOJUT IIPOLJIUTH IIPUTCOLHOCTD
rep6apHOY KOJIJIEKIIMY K UCIIOJIb30BAHUIO — IPU Xpa-
HEHUU B YCIOBUSIX CyXOT'0 ITOMEIIEHUS C PACCETHHBIM
CBETOM U YMEPEHHBIMU TEMIIEPATYPAMU.

OTMedeHbI HEKOTOPbIE IT0JI0KUTEIbHbIE aCIIEKThI
IIPUMEHEeHUSI TEXHOJIOTUY (UKCUPOBAHUSI repbapHbIX
00pasiioB KapaHTUHHBIX COPHBIX PACTEHUU ITOCPe -
CTBOM JIAMUHVPOBaHUSI:

* OTCYTCTBYET ITPSIMOM NOCTYM K PACTEHUIO, UTO
obecrieunBaeT HaIEXKHYI0 (DUKCAIIAI0 CO3PEBIINX Ce-
MSH KapaHTUHHBIX BUJOB PACTEHWH 1 ITPEOTBPAIIaeT
X HeXXeJlaTeJIbHOe PaCcIpOCTPaHeHUE;

* BO3MOXXHO MOHTHUpPOBaHUE TrepbapHBIX 06pas-
1IOB C ITOJIJIOXKKOM 1 6e3 Hee — Ha ITPO3PavyHOl OCHOBE;

+ BCJIy4Yae MOHTUPOBAHUS Ha IMPO3PAavHOM OCHO-
Be eCTh BO3MOXKHOCTh M3ydyeHus repbapHoro obpasiia
CO BCeX CTOPOH (puc. 2);

s COXpaHsAeTCcsd OMNylleHWe PacTeHUM, KOTO-
poOe C JIErKOCThI0 MOKHO PacCMOTPETb B GMHOKYJISIP
(puc. 3);

+ YBEJIMUMBAETCS AJUTEIbHOCTDb XPaHEHUs rep-
6apHbIX MaTepPUAJIOB,;

» HCKJII0YaeTcsa o0JaMblBaHUe, KPOILIeHNe U I10-
TepU YacTel CYyXUX PaCTeHUH MpU MepeKIaIbIBaHUU
1 TPAHCIIOPTUPOBKE;

 pelraeTcs BOIIpoc 60pb0ObI C BpeoUTENIMU rep-
Gapues.

3ARKJIIOYEHUE

[IpenoXXeHHBIM BUJA MOHTHUPOBAHUSA repbapHBIX
00pasiloB IIOCPEACTBOM JaMUHNPOBAHNSI OTBEYAET
Tpe6oBaHUAM 6106€30ITaCHOCTY ¥ MOXKET KCIIOJIb30-
BAaThCS KakK JJisI U3TOTOBJIEHUS JEeMOHCTPAIIMOHHBIX
repbapres 1 BeJleHUsI 06pa30BaTEJIbHOIO IIPoIiecca,
TaK 1 B IPAKTUUYECKOHN AeITeIbHOCTH MHCIIEKTOPOB
TEePPUTOPUATBHBIX YIIpaBIeHu PoccenbXo3Ham3opa
B XOJle BBIMIOJIHEHUS 00CJeIOBaHUN IOAKAPAHTUH-
HBIX 00bEKTOB Ha Ha/JIWUMe KapaHTUHHbBIX PaCTeHUN
6e3 ormaceHu, uTo Tep6apHBIN MaTepras MOCITYKUT
MCTOYHMKOM (POPMUPOBAHUS OUara 13-3a OChIIaHUsI
JKM3HECIIOCOOHBIX CEMSH.

PaccMOTpeHHbIE TTOJIOXKUTEIbHbIE CTOPOHBI JaH-
HOU TeXHOJIOTUHU II03BOJISIIOT IPUMEHSITh €€ He TOJIbKO
[LJIst MOHTHPOBAHUI KapaHTUHHBIX BULOB PACTEHUH,
HO U AJisT GUKCUPOBAHUS MTOBPEXIEHHBIX BPEeIUTE-
JITMU, a TaKXXe MMOPa’keHHbIX BUPYCHBIMU, TPUOHBI-
MU ¥ 0aKTepuaJbHbBIMU 3a60/IeBAHUSIMU PACTEHUU
1 uX yacrtel. Takue repbapruu MOTYT UCIIOJIb30BAThCS
B X0Jle 00pa30BaTeIbHOTO 1 IEMOHCTPAI[IOHHOI0 IIPO-
ecca.
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Puc. 3. Jluct Solanum
sisymbriifolium Lam.,
MOHTMPOBaHHbIN Ha Npo3payHoin  mounted on a transparent

Fig. 3. Leaf of Solanum
sisymbriifolium Lam.,

basis, under magnification
(photo by N.V. Tsinkevich)
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CONCLUSION

The proposed type of mounting herbarium specimens
by lamination meets the requirements of biosafety and
can be used both for the manufacture of demonstra-
tion herbariums and the educational process, and in the
practical activities of inspectors of the Rosselkhoznadzor
territorial departments during the inspection of regu-
lated objects for the presence of quarantine plants with-
out fear that herbarium material will serve as a source
formation of a focus due to shedding of viable seeds.

The considered positive aspects of this technolo-
gy make it possible to use it not only for mounting qua-
rantine plant species, but also for fixing plants and their
parts damaged by pests, as well as those affected by vi-
ral, fungal and bacterial diseases. Such herbaria can be
used during the educational and demonstration process.

REFERENCES

1. Alekhin V., Syreyshchikov D. Methods of field
botanical research [Metodika polevykh botanicheskikh
issledovaniy]. Vologda: AO Northern Printer, 1926 (in
Russian).

2. Byalt V., Orlova L., Potokin A., Sklyarevskaya N.
Botany. Guide to herbarium [Botanika. Rukovodstvo po
gerbarnomu delu]. St. Petersburg: St. Petersburg State Che-
mical Pharmaceutical Academy, 2015, 72 p. (in Russian).

3. Vandysheva N., Tsinkevich N., Omelyanenko T.,
Kulakov V., Kulakova Yu., Mazurin E. Quarantine Intro-
duction Site in Crimea — Scientific Base of the Coun-
try’s Phytosanitary Security. Plant quarantine. Science
and Practice, 2018; 1 (23): 24-28.

4. Demina M., Solovyov A., Chechetkina N. Herba-
rization of plant material. Textbook. M.: RGAZU, 2009,
56 p. (in Russian).

AsrycT N2 3 (11) 2022 63



HAYKA U MPAKTUKA  SCIENCE AND PRACTICE

3. BangpimeBa H., [JluakeBu4u H., OMeJbsgHEH-
ko T., Kysnakos B., Kymakosa 10., MasypuH E., 2018.
KapaHTUMHHBIA WHTPOAYKIITMOHHBIN y4acTOK B KpbI-
My — HayuyHas 6aza GuTOcaHUTAPHOU 6e30IacHO-
CTU CTpaHbl. — KapaHTWH pacTeHU#. Hayka 1 IIpaKTu-
Ka, 1 (23):24-28.

4. Jlemuna M., ConoBbeB A., YeueTkrHa H. ['epba-
pu3alusg pacTUTENbHOTO MaTepuraja / YueGHoe 110co-
6ue. — M.: PTA3Y, 2009, 56 c.

5. Oumutpues A., JlactyxuH A., 2020. 'epbapHoe
JleJio, yueHue o repbapusax, repoapuoioTys U METO -
Ka cKoTu-repbapusi. — HayuHbie Tpyabl Ye6oKcapcKoro
¢unmamna [maBHOro 60TaHMUYECKOro caga uM. H.B. Iu-
nuHa PAH, N2 16: 9-24.

6. Ena A., 2011. T'ep6apuii B MOJUITPOITHIEHOBBIX
¢aiinax. O HOBOM criocobe XpaHeHUs rep6apHbIX 06-
pasIoB. — YKp. 60TaH. )KypH., 68 (3): 394-398.

7. ViBanoBa W.U., 2017a. ITateHuT P® Ha usobpe-
Tenue N2 2642330 «'epbapuii» 30.01.2017, 601 N2 3
oT 24.01.2018.

8. MBaHoBa U.U., 2017b. ITaTtenT PP Ha usobpe-
Tenme N2 2656570 «'epbapuii» 30.01.2017, 61071. N2 16
ot 05.06.2018.

9. TlaByioBa M., CypkoB B. Yueb6Hoe mocobue
10 U3TOTOBJIEHMIO Tepbapusd. — M.: PYIH, 2008, 32 c.

10. CkBopiioB A.K. Tep6apuii. ITocobure 1o MeTo-
IVKe U TexHUKe. — M.: Hayka, 1977, 199 c.

11. TentuHa A., ITaykoB A. BoTaHUYeCcKue KOJI-
JIEKIIVY U TEXHUKA repbapusaliuy pacTeHu, TpruboB
u Bogopocieii. — EkaTepuHOypr: 31aTeIbCTBO Ypaib-
cKoro yuusepcurera, 2013, 100 c.

12. Illep6akoB A., MaiiopoB C. [ToseBoe uay-
yeHue QJoOpHl U repbapusanusg pacTeHuil. JleTHaq
y4eOHO-TTPOU3BOACTBEHHAS TIPAaKTUKA 10 60TaHuU-
Ke. YacTb 1. — M.: V3a. Kad. BeICIIUX pacTeHUN GHOJI.
¢-Ta Mock. yH-Ta, 2006, 84 c.

13. Willing E., 2010. Eine verbesserte Methode
zum Trocknen von Pflanzen fiir Herbarien. — Naturw.
Beitrdge Museum Dessau, Heft 22: 39-48.

14. Iemuua M., ConoBbeB A., UeueTKkuHa H.,
2012. T'epbapusarnius pacTeHui (c6op, TEXHUKA U Me-
TOZVKA 3aTOTOBKY PACTUTEIbHOI'O MaTepUaa): yueo-
Hoe 1mocobue [InekTpoHHBIN pecypc]l. — URL: http://
www.iprbookshop.ru/20644.html (maTta o6panieHus:
20.01.2022).

15. Ilemuna O., Matiopos C., lllep6akos A., Po-
rasb JI., IMutpueB I1., ITeTpoB [I., 2015. ®iopa cTerHou
yacTu 6accetina JJoHa. ATJac-ONpPeNeJIUTENDb [IeK-
TpoHHBIHA pecypc]. — URL: http://flora-don.sfedu.ru/
book/book/1_1.html (maTa o6pamenus: 20.01.2022).

NH®OPMAILIUA Ob ABTOPE

IuukeBu4 HukoJstait BaguMupoBud, MjiaIIini
HAYYHBINA COTPYIHUK HAyYHO-METOAUUECKOTO OTAENa
H0x#Horo punuana PIr'eY «BHUWKP», . CuMpeporob,
Pecmiybsimka KpbiM, Poccus;

ORCID 0000-0003-3774-3548, e-mail: duna8888@mail.ru.

5. Dimitriev A., Lastukhin A. Herbarium case, doc-
trina of herbariums, herbariology and the scotch-her-
baria method [Gerbarnoye delo, ucheniye o gerbari-
yakh, gerbariologiya i metodika skotch-gerbariyal].
Scientific works of the Cheboksary branch of the Main
Botanical Garden. N.V. Tsitsina RAS, 2020; 16: 9-24 (in
Russian).

6. Yena A. Herbarium in polypropylene files. On
a new approach to storage of herbarium specimens.
Ukr. bot. jour., 2011; 68 (3): 394-398 (in Russian).

7. Ivanova .1, 2017a. RF patent for the invention
No. 2642330 “Herbarium” 01/30/2017, bul. No. 3 dated
01/24/2018.

8. Ivanova L.I.,, 2017h. RF patent for the inven-
tion No. 2656570 “Herbarium” 30.01.2017, bul. No. 16
dated 06/05/2018.

9. Pavlova M., Surkov V. Tutorial for making her-
barium [Uchebnoye posobiye po izgotovleniyu gerbari-
ya]. M.: RUDN University, 2008, 32 p. (in Russian).

10. Skvortsov A.K. Herbarium. A guide to metho-
dology and technology [Gerbariy. Posobiye po metodike
i tekhnike]. M.: Nauka, 1977, 199 p. (in Russian).

11. Teptina A., Paukov A. Botanical collections
and techniques of herbarization of plants, fungi and al-
gae [Botanicheskiye kollektsii i tekhnika gerbarizatsii
rasteniy, gribov i vodorosley]. Ekaterinburg: Ural Uni-
versity Press, 2013, 100 p. (in Russian).

12. Shcherbakov A., Mayorov S. Field study of flo-
ra and herbarization of plants. Summer training and
production practice in botany [Polevoye izucheniye flo-
ry i gerbarizatsiya rasteniy. Letnyaya uchebno-proiz-
vodstvennaya praktika po botanike]. Part 1. M.: Ed. De-
partment of higher plants. Faculty of Biology, Moscow
State University, 2006, 84 p. (in Russian).

13. Willing E. Eine verbesserte Methode zum
Trocknen von Pflanzen fiir Herbarien. Naturw. Beitriige
Museum Dessau, 2010; Heft 22: 39-48.

14. Demina M., Solovyov A., Chechetkina N.,
2012. Herbarization of plants (collection, technique
and method of harvesting plant material): textbook
[Gerbarizatsiya rasteniy (sbor, tekhnika i metodika za-
gotovki rastitel'nogo materiala): uchebnoye posobiye]
[Electronic resource]. URL: http:/www.iprbookshop.
ru/20644.html (last accessed: 20.01.2022).

15. Demina O., Mayorov S., Shcherbakov A., Ro-
gal L., Dmitriev P., Petrov D., 2015. Flora of the steppe
part of the Don basin. Identification atlas [Flora stepnoy
chasti basseyna Dona. Atlas-opredelitel] [Electronic re-
source]. URL: http://flora-don.sfedu.ru/book/book/1_1.
html (last accessed: 20.01.2022).

INFORMATION ABOUT THE AUTHOR
Nikolai Tsinkevich, Junior Researcher, Research
and Methodology Department, Southern Branch of
FGBU “VNIIKR”, Simferopol, Republic of Crimea, Rus-
sia; ORCID 0000-0003-3774-3548,
e-mail: duna8888@mail.ru.

duTtocaHuTapusa. KapaHTuH pacteHuin 64



Pepakuunsa xypHana «PutocaHu-
Tapusi. KapaHTuH pacTteHuin» paga
npeanoXunTb BaM BO3MOXHOCTb
nybnunkaLmm Balimx cTaTein Ha cTpa-
HUUAX XypHana. Hawa uenb — npu-
B/leYeHne BHMUMaHusa K Hanbonee
aKTyanbHbIM NpobsemMam KapaHTu-
Ha pacTeHUI CneunannucToB Cefb-
CKOr0 X035ICTBA M BCEX 3aUHTepe-
COBaHHbIX B 3TOM JIOAEN.

B »kypHane paccmaTtpuBaroTcs
OCHOBHbI€ HanpaBfeHUs PasBUTUS
HayKu 1 NepenoBoro onbiTa B 0bna-
CTU KapaHTMHA 1 3aLLUTbl PaCTEHWN,
nybnvkyeTcs BaxkHas MH(hopMaLLms
0 HOBbIX MeTodax U CpeacTBax,
npuMmeHsaeMmbIx Kak B Poccum, Tak
1 3a pybexom, a Takxe o hutoca-
HUTAPHOM COCTOSIHUW TEPPUTOPUM
Poccuiickon depepauun.

Mbl LOHOCUM [0 LMPOKOro
Kpyra untateneh 06bEeKTUBHYHO
Hay4YHO-MPOCBETUTENbCKYH U aHa-
JINTUYECKYHO MH(OPMAaLNIO: MHEHUS
BeAyLLMX CreunanmcToB no Hanbo-
Jlee NpUHUMNManbHbIM BOMpocam
KapaHTMHa pacTeHWl, OaHHble
0 3HAYMMbIX HOBENLLINX 3apybex-
HbIX M OTeYeCTBEHHbIX UCC/lef0Ba-
HUAX, MaTepuanbl TeMaTUYeCKNX
KOHthepeHL M.

Pepakuuns xxypHana «®duto-
caHuTapusa. KapaHTuH pacTeHumn»
npurnawaeTr K COTPYLHWUYECTBY
KaK BblOAKOLLMXCS OedaTenen HayKu,
TaK U MONOAbIX YYeHbIX, cneLna-
JINCTOB-MPAaKTUKOB, paboTaroLimx
B obnactu utocaHuTapuu, ons
obmeHa onbiToM, obecneveHus
yCTONYMBOro (hUTOCAHUTAPHOrO
6narononyyunst U Ans HOBbIX Hayu-
HbIX AMCKYCCUN.

3A0A4YU XXYPHAJA

* /I3yyeHne OCHOBHbIX TEHAEHLMI PAa3BUTUA HAYKM B 0611aCTU KapaHTUHA PacTEHNI

« AHanM3 LWMPOKOro Kpyra nepenoBbiX TEXHONOrMI B 061aCTU MOHUTOPMHIa
1 N1abopaTopHbIX UCCER0BAHNUI MO KAPAHTUHY PaCcTeHUI

« O6CyxKaeHWe akTyasbHbIX BOMPOCOB KapaHTMHA PpacTeHMi

OBUWLME TPEBOBAHUA K NPEOOCTABJIAEMbIM CTATbAM

K nybnvkauuy npMHUMatoTCs CTaTbU Ha ABYX S3blKax: PYCCKOM M aHIIMNCKOM, CO-
Lepaline pesynbraTbl COBCTBEHHbIX HayYHbIX MccnenoBaHuin, obbemMom o 15 ctpa-
HWLL, HO He MeHee 3 (Mpu ogUHApPHOM MHTEpBase 1 pasMepe WpudTa 12). ONTUManbHbIN
06bem ctatbm — o1 1500 cnos. Ctatbm 6onbLiero o6bema MoryT H6bITb MPUHATLI MO corna-
COBaHUIO C pefaKLmen xypHana.

CTPYKTYPA NPEOOCTABJISEMOM CTATbU*

1. VIK, Ha3BaHue cTaTbu.

2. MHnumanel, hamunvsg aBTopa.

3. MecTo paboTbl aBTOpa, ropoa, ctpaHa, ORCID ID, agpec 3f1eKTPOHHOM NoYThbl.

4. AHHOTauuMa (KpaTKoe TOUHOE U3MOXKEeHMe CoaepKaHMsa CTaTbu, BKtOUatoLLee
thakTmMueckme cBeneHnsa U BbIBOAbI OnuncbiBaemMon paboTsl): 200—250 cnoB., Ho He 6onee
2000 3HakoB c npobenamu.

5. Kntouesble crosa (5—10 cnoB, cioBocoYeTaHuin), Hanbonee ToOUHO oTobpaxkato-
Lwne cneundurKky crtatbu.

6. BBegeHue.

7. Matepuasibl U METOAbI.

8. PesynbTathl U 06CyKOeHNS.

9. BbiBOAbI/3aKNtOYEHME.,

10. Cnucok nutepaTypbl (T. . CMUCOK BCEWN MCMONb30BAHHOW NUTEPATYPbI, CCbIIKM
Ha KOTOPYIO AATCS B CAaMOM TEKCTe CTaTbM): MpaBuia COCTaBEHMS HANpPaBAsSoTCS aB-
TOPY MO 3anpocy.

11. MHdopmaums 06 aBTopax: NPUBOANUTCS NOMHAS MHOPMAaLLMS O KaXXgoM U3 aB-
TopoB (MecTo paboThbl, ropof, cTpaHa, ORCID ID, agpec aNeKTPOHHOW NMoYThl).

12. inntocTpaTrBHble MaTepuanbl (hoTorpadumm, pUCyHKM) LOMYCKAKTCSH XOPOLLEN
KOHTPACTHOCTK, C paspeLlieHneM He Hke 300 Touek Ha awonm (300 dpi), opurnHabl
NPVKNaAblBalOTCA K CTaTbe OTAeNbHbIMU hainamu B hopmare .tiff unu .jpeg (unntoctpa-
LMK, He cooTBeTCTBYHOWME TpeboBaHNSAM, ByayT NCKIOUYEHbI U3 CTaTel, MOCKOJIbKY A0-
CTOMHOE UX BoCcnpou3BeeHue Tunorpadckm cnocobom HeBo3MOXHO0). Heobxoonumo
yKasaTb aBTOPCTBO Kaxaou thotorpacmm (®. U. O. hoTorpada mnm ccoiky).

13. B pepakumto HeobxoaMMo NpefocTaBUTb ABE PEeLEH3UN Ha cTaTblo («BHELL-
HIOH0» U «BHYTPEHHIOD»).

* B TakoM e nopsioke U CTPYKType npedoCcTas/sieTcsl AHr/1053bi4HbIli hepeBod CTaTbU.

PaboTa pnonxHa 6biTb NnpepgocTaBneHa B pegaktope WORD, dopmat DOC, wpudt
Times New Roman, pasmep wpudra — 12, MEXCTPOUHbIN MHTEpPBaN — OAMHAPHbIN, Pa3-
Mep nosiel no 2 cM, oTCTyn B Havyane absaua 1 cMm, hhopmMaTmMpoBaHume Mo WwupuHe. Pu-
CYHKM, Tabnuubl, CXeMbl, rpaduKm 1 Np. [OMXKHbI 6bITb 06583aTENBHO NPOHYMEPOBaHbI,
MMEeTb UCTOYHUKM 1 MOMELLATbCA Ha MeYaTHOM Mnose CTpaHuubl. HasBaHve Tabnuubl —
Hapn Tabnvuen; HasBaHWe pUCyHKa/rpacmKka — NoL pUCyHKOM/rpadinKoM.

BOJIEE NOAPOEHbIE YCJIOBUA NYBNNKALUU CTATEW Bbl MOXKETE
Y3HATb B HALUEW PEOAKLNN:

Appec: 140150, Poccus, MockoBckas obnacTb, r. PameHckoe,

p. n. BoikoBo, yn. [orpaHnyHas, g. 32

KoHTakTHOE nuuo: 3nHoBbeBa CBeTnaHa leoprnesHa

TenedoH: 8 (499) 707-22-27, e-mail: zinoveva-s@mail.ru



denepajibHOE roCyIapCTBEHHOE
OIOI’KETHOE yUpe:KIeHue
«BcepoccUMCKUH IIEHTP KapaHTHHA
pactenuii» (PIrbBY « BHUUKP»)

— Hay4yHoe 1 MeToguyeckoe obecneveHue
neatenbHocTu PoccenbxosHag3opa,
ero TeppuTopUanbHbIX yNpaBsieHUi
n nogBegoMCTBEHHbIX eMy
yupexaeHuii B chepe KapaHTUHA
M 3aLUTbI pacTeHUM

— YcTaHoBneHue KapaHTUHHOrO
(hUTOCAaHMTAPHOrO COCTOAHMS
noAKapaHTUHHbBIX MaTepuanos
n TeppuTopun Poccuinckoin Gepepaumum
nyTeM NpoBeAeHUs nabopaTopHbIX
3KCMEPTU3 U MOHUTOPUHIOB

= HayuHoe CoTpyaHU4YecTBO
C HaUWOHaJbHbIMU
N MeXOyHapoOHbIMM
opraHusauusaMu B obnactu
KapaHTUHA pacTeHui

Bepyuiee yupexxkaeHue B Poccuiickon depepaumm no CUHTE3Y U NPUMEHEHUIO
thepoOMOHOB AN19 BbIIBNIEHUS KapaHTUHHBIX U HEKapaHTUHHbIX BpeguTene
1 60pbbbl C HUMMK

OreyY «<BHUMKP» — napTHep MexayHapogHoM NporpaMMbl N0 KOOpAUHaLUU
Hay4HbIX UccnepoBaHuin B obnactn kapaHTMHa pacteHuin EUPHRESCO 11
(EUropean PHytosanitary RESearch COordination)

B ®rbY «BHUUKP» co3paH u nenctsyet TeEXHUUECKUIN KOMUTET
no ctaHgapTusaumm TK 42 «KapaHTWH U 3aWuMTa pacTeHnn»

Bepnyluee Hay4yHO-MeTOANYECKOE YUpexxaeHue B cocTaBe KoopanHaUMoHHOro
CoBeTa No KapaHTUHY PacTeHUI rocyaapcTe — y4acTHUKOB CHI

19 hunnanos Ha TeppuTopun Poccunckon Mepepauym

[onoBHOE Hay4yHO-MeTogu4YecKoe yupexageHue no peanmsauum MNnaHa
nepBoo4yepenHbIX MepOI'IpVIHTMl‘;I, HanpaBJZiIeHHbIX HAa rapMOHU3aLU0
KapaHTUHHbIX (PUTOCAHUTAPHbIX MEP rOCyAapcTB — YieHoB TaMOXXEHHOro coto3a

140150, Poccus,
MockoBcKkag 00J1aCTh,

r. PaMeHCKOg€, p. I1. BEIKOBO,
yii. [TorparuuHagd, g. 32

Te./daxc:
8 (499) 707-22-27

e-mail: office@vniikr.ru
http://www.vniikr.ru



