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MeXKayHapOoaHbIN
roJ, OXpaHbl 3[I0POBbS
pacTteHuu — 2020
340POBbE PACTEHUU
KaK rjiobasibHadg 11eJb

A.T. HEPCUCSH, A.C. IIAMUIJIOB,
CekpeTapuaT MexXIyHapogHOU KOHBEHIIUY
110 KAPAHTWHY U 3aUIUTe pacTeHuit, ®PAO

arnpesnie 2015 roma Bo BpeMs 10-it

ceccuu Komuccnu 1o uTocaHuTap-

HbIM MepaM (KOM-10) OUHITHINS

MIpenJjoKuia MMPOBO3TJIACUTh Mex-

IYHAPOIHBIN IOl OXPaHbI 3JI0POBBS
pactennit. Brocnencteuu 40-a Ceccus OAO B miojie
2017 roga npuHaia npeajioxxeHve PUHAIHOUY U B Jie-
kabpe 2018 roma 'enepanbHas Accambies O6beaHeH-
Heix Hanuit mpoBoariacuia 2020 rog MexxayHapoaHbIM
rOJIOM OXPAaHbI 300POBbs pacTenuil (MI'O3P).

Cyiorad MeXnyHapoLHOTO Iofa OXpaHbl 3[0POBbI
pacTeHU TJIACUT: «3aNUTUM PACTEHUS — COXPaHUM
JKM3HB». DTOT T'OJl — YHUKaJIbHAd BO3MOXXHOCTh ITOBBI-
CUTDb YPOBEHB OCBEIIOMIIEHHOCTY MUPOBOU OOIIECTBEH-
HOCTM O TOM, KaK OXpaHa 37[0POBbs PACTEHUHN MOXET I10-
MOYb B MCKOPEHEHUH I'0JIOAA, COKpalleHNY MacIuTaboB
HUIIETHI, 3al1TE OKPYKAKIIEeN CPedbl ¥ CTUMYINPOBA-
HYY S5KOHOMMWYECKOT'O PAa3BUTHA.

Kak 1 B citydae 3I0POBbS UeJI0BEKA, 3al[ATa PacTe-
HUI OT BpeauTeael u 60Je3Hel Topasao 9KOHOMUIECKY
3¢ dexTuBHeE, YeM Hopbba C TOTHOMACIITAOHBIMY 3TTU-
neMusiMu. Bojee TOro, mocie MosBJIeHUs BpenuTenei
pacTeHn# M36aBUTHCI OT HUX HEPENKO IMPAKTUIEeCKU
HEBO3MOYKHO, TIPX 3TOM H0pbba C HUMU COTIPSKEHA C Ce-
PbE3HBIMY BPEMEHHBIMU U (PUHAHCOBBIMU 3aTPaTaMMU.

MHorue BpegHble OpraHU3Mbl PACTEHUN CITOCO0-
HBI IIEPEMEINAThCA MEeX DY CTPpaHaMM 1 KOHTMHEHTaMUu
€CTeCTBEHHBLIM CII0CO60M, aKTUBHO WJIX IIACCUBHO, I10-
CPENICTBOM €CTECTBEHHBIX METEOPOJIOTUYECKUX, YACTO
SKCTPEMaIbHBIX IBJIeHUN. OIHAKO, TT0 MHEHUIO MHOTUX
5KCIIEPTOB, OCHOBHBIM (PAKTOPOM PaCIIPOCTPaHEeHUsT
BpeIUTENEN PACTEHNN B PA3JIMYHBIX PETMOHAX MUPA SIB-
JISETCS POCT MUPOBOY TOPTOBJIU, ITyTEIIECTBUI U ITepe-
IBDKEHUS JIIOMIEN, KOTOPhIE UMEIOT MECTO B IIOCIENHEE
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INTERNATIONAL YEAR OF

PLANT HEALTH

2020

International Year
of Plant Health 2020
Plant Health

as a Global Goal

A.G. NERSISYAN, A.S. SHAMILOV,
International Plant Protection Convention
Secretariat, FAO

n April 2015, during the 10th session of the Com-
mission on Phytosanitary Measures (CPM-10),
Finland proposed to declare the International
Year of Plant Health. Subsequently, the 40th FAO
Session in July 2017 accepted Finland’s propo-
sal and in in December 2018, the United Nations Gene-
ral Assembly declared 2020 as the International Year of
Plant Health (IYPH).

The moto of IYPH is Protecting Plants, Protecting Life.
The year is a once-in-a-life-time opportunity to raise
global awareness on how protecting plant health can
help end hunger, reduce poverty, protect the environ-
ment, and boost economic development.

As with human health, protecting plants from pests
and diseases is far more cost-effective than dealing with
full-blown plant health emergencies. Furthermore, plant
pests are often impossible to eradicate once they have
established and managing them is time consuming and
expensive.

Many plant pests are able to move between coun-
tries and continents by natural spread, either actively or
passively through naturally-occurring meteorological,
sometimes extreme, events. However, in many commen-
tators’ view the major driver for the expansion of plant
pests to new areas in various regions of the world is the
tremendous increase in global trade, travel and human
mobility that has occurred over the last century: an ex-
pansion that is exacerbated by a changing climate. Cur-
rently, this human-driven movement of pests is likely to

duTocaHnTapus. KapaHTuH pacTeHnii 2
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CTOJIETHE, 1 BCE 3TO YCYTyOIsieTcsa M3MeHEHEM KIMMa-
Ta. B HacTOdAIIEe BpeMs TaKOe JIBMYKEHUE BPEIUTEIEH,
00yCJIOBJIEHHOE JIeATEJIbHOCTHI0 YeJIOBEKA, BEPOSITHO,
6yIeT TPOUCXOAUTD B OOJIBbIIEN CTETIEHU, YEM DAHBIIIE,
B PE3YJIbTATE TOPTOBJIN, O YEM CBUJIETETBCTBYET EXKET O] -
HBIU cTaTucTUUecknuil 0630p BTO Mo MexayHapoIHOU
ToprosJie. B 2017 rogy, 1o oLjeHKaM, YMCJI0 MeXAyHa-
POIHBIX TYPUCTOB BO BCEM MUPE MOTJIO JIOCTUTATh ITPU-
MepHo 1,32 Mmunuapga denosek (https:/www.statista.
com, 2019).

Bo MHOTMX peErMoHax MUpa MPOUCXOAAT MHOT'OUNC-
JIeHHbIe 3aHOCHI BpeJUTeNielt pacTeHUN U3 APYTUX pe-
I'MOHOB, OKa3bIBaKIIMe BO3IENCTBYE HA PACTEHUEBOS -
CTBO, a TaK)Ke Ha MIPOJIOBOJILCTBEHHYI0 6€30T1aCHOCTD
1 BKOHOMUYECKOEe U COIUaibHOe Pa3BUTUE. VI3BECTHDIE
TIPUMEPBI, CBI3aHHBIE C TOPTOBJIEH, BKITIOYAIOT, HATIPU-
Mep, pacIpocTpaHeHue MaToTeHHoU 6akTtepuu Xylella
Jastidiosa v ee pa3pymuTEIbHOE BO3JEUCTBIE HA OJIWB-
KOBBIE JIEPEBBS B IXKHOM MTanuu, KpudOoHEKPO3 KalTa-
ua (Cryphonectria parasitica), KOpDUUHEBbI MPaMOPHBIN
kot (Halyomorpha halys) B Tpy3uu, CaMIITMTOBas OTHEBKA
(Cydalima perspectalis) B EBporie n Ha KaBKkase 1 T1ajibMo-
BBIU JONITOHOCUK (Rhynchophorus ferrugineus), BIASIOMMIN
Ha TaJibMbl B HEKOTOPBIX YacTax Cpeln3eMHOMOPbA
n Kaekasa. CieyeT OTMETUTE, YTO MMPOXOJIUT AOCTATOU-
HO IJINTENIbHOE BPEMS TI0CJIe 3aH0ca [I0 TIepBOro o6Ha-
PYy>KeHUT BPpeIHbIX OPraHU3MOB, B HEKOTOPBIX CIIyUasax
HECKOJIbKO JIeT. AHaIM3 PUTOCAHUTAPHOr0 prcka (ADP)
MIOTEHIIMAJIbHBIX U3BECTHBIX BPEQHBIX OPTraHU3MOB
U TpUMeHeHNe TPEBEHTUBHBIX MEP UMeeT O0JIbIIIoe 3Ha-
YeHue [1J1s TPe0TBPallleHUs TAKMUX BTOPXKEHW.

B CB$131 C 3TUM TIPEAYTIPENUTEbHBIE MEDPHI KpalitHe
BQYKHBI JJI TIPEIOTBPAIeHNS TPUUNHIEMbIX BpeIUTe-
JIIMU Pa3PYIIUTENbHBIX TOCIEICTBUH JIJ151 CEJTbCKOTO XO-
391ICTBA, UCTOYHWKOB CPEJICTB K CYIECTBOBAHUIO U TTPO-
JIOBOJIbCTBEHHOU HE30ITaCHOCTH.

PacimupeHue 1 MOAAePKKa peann3ali MexIyHa-
POIHBIX CTAHIIAPTOB 110 (PUTOCAHUTAPHBIM MEPaM ABJIS -
€TCs OCHOBHBIM HalTpaBJIeHUEM NeATeTbHOCTU B paMKax
MexayHapo/IHOM KOHBEHIIUHY 110 KaPDaHTUHY U 3aIIUTe
pacrtenun (MKK3P).

Cobmionenue ctanmapToB MKK3P nosBosngeT ad-
(hEKTMBHO YyIIPaBAATh PUTOCAHUTAPHBIMU PUCKAMH,
obecrieunBag 6€30TIaCHYI0 U PE3YJIBbTaTUBHYIO TOPTOB-
JII0 PaCTEHUSIMU U CEJIbCKOX039VCTBEHHOU IIPOJYKIIEeN
Y TIOJIIEP’KMBAs Pa3BUBAKNIMECST M PA3BUTHIE CTPAHBI
B BBIXO/JIE€ HA HOBBIE DBIHKU.

CylecTByeT LeNIbIN Pl MeXAYHapPOgHbIX CTaH-
IapTOB 10 PUTOCAHUTAPHBEIM MepaM (MCDM), a Taxxe
CIIpaBOYHbIE 1 yUeOHbIE MaTePUAJIbL; TPEJIOCTABIEHHbBIE
CTpaHaM B PA3/INYHbBIX PETUOHAX PECYPCHI, IOCTYITHbIE
Ha Beb-caliTe MeXxayHapoIHOU KOHBEHIIUY T10 KapaH-
TUHY 1 3amuTe pacTeHuit (MKK3P) u Ha Beb-camTe
HenapTtamenTa jseca ®AO (http://www.fao.org/forestry/
pests/83440/en/). OlleHKY Pe3yJIbTATOB BHENPEHUA
CTAHJAPTOB MOXKHO HaWTH Ha Beb-caniTe PoHma cTaH-
JIapTHOM TOPToBIM U pasBuTus (STDF).

Hamnpumep, MCOM 36 «/HTerpupoBaHHbIE MEPHI
ILJIS TI0CAJIOUHOI0 MaTepuaia», IPUHATEIN KoMuccuen
no ¢puTocaHuTapHBIM MepaM (KOM) B 2012 ropy, moji-
YepKUBAET POJIb ITPOU3BOJIUTENIEN DACTEHUN U CTPaH
TTPOMCXOXKAEHNS B 00€CIIeYeHNr TOTO, YTOOBI HKCIIOP-
TUPYyeMbIe KMBbIE PACTeHUS ObLIY CBOOOMIHEI OT BPENIU-
TeJIel KapaHTUHHOTO CTaTyca A1 CTPAaHbI-UMITOPTEPA.
Bce uanie cTpaHaM — KCIIOPTEPaAM pacTeHUU AJIs T10-
CaiKu PEKOMEHIYETCS CIeN0BATh CUCTEMHOMY ITOJIXOITY
B 06J1aCTV 60PBHOBI C PUCKAMMU [IJIsI BPEIUTEIIEH.

OT HayKu K npakTuke

occur more than before through trade, as shown in the
WTO International Trade Statistical Review published on
an annual basis. Travel increase in intensities and range.
In 2017, it was estimated that the number of internation-
al tourist arrivals worldwide could reach approximately
1.32 billion (https:/www.statista.com, 2019).

In many other parts of the world, has experienced
numerous introductions of plant pests from other re-
gions, with documented impacts on plant production,
food security, and economic and social development.
Notable examples of recent incursions through trade
include, for example, the plant pathogenic bacterium
Xylella fastidiosa devastating olive trees in southern Ita-
ly, chestnut blight (Cryphonectria parasitica), brown mar-
morated stink bug (Halyomorpha halys) in Georgia, box
wood moth (Cydalima perspectalis) in Europe and Cauca-
sus and the red palm weevil (Rhynchophorus ferrugineus)
affecting palm trees in some parts of the Mediterranean
and Caucasus. It should be noted that the time of intro-
duction may have preceded the first detection in some
cases by several years. An advance pest risk analysis
(PRA) of potential known threats and an implementa-
tion of preventive measures would be of great value in
avoiding such incursions.

Therefore, prevention is critical to avoiding the
devastating impact of pests and diseases on agriculture,
livelihoods and food security.

Developing and supporting the implementation of
international standards for phytosanitary measures is
the core business of the International Plant Protection
Convention (IPPC).

By adhering to IPPC standards, pest risks are ef-
fectively managed, ensuring safe and efficient trade
of plants and agricultural products and supporting
developing and developed countries in accessing new
markets.

There is a whole range of International Standards
for Phytosanitary Measures (ISPMs) and guides and
training materials and contributed resources available
for countries in different regions on the International
Plant Protection Convention (IPPC) website and on the
FAQ Forest Health website (http:/www.fao.org/forest-
ry/pests/83440/en/). Evaluation of the outcomes of im-
plementing the standards can be found on the Standard
Trade and Development Facility (STDF) website.

For example, ISPM 36 Integrated measures for plants
for planting, adopted by the Commission of Phytosanitary
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ITo onenkam ®AO, 4TOOBI TIPOKOPMUTDH PACTYIIee
u B 11eJ10M 60s1ee obecrieueHHOE HaceneHue, k 2050 romy
CeJIbCKOX03dUCTBEHHOE TTPOU3BOJICTBO MNOJKHO BbI-
pactu Ha 60 TIPOLIEHTOB. BBUIY TECHOU CBA3ZU MEXOY
3JI0POBBEM PACTEHUM U OXPAHOU OKPYKAIOIEN CPEembl
@®AO 1pu3bIBaeT K UCIO0JIb30BaHNIO DKOJIOrnUecKy 6e3-
OTIACHBIX METOIOB 60PBOBI C BPENUTENAMY, HATIPUMED,
TIOCPENCTBOM MHTErPUPOBAHHOW CHUCTEMBI 3alUTHI
pacTenunit. MuHUMaabHOE UCIIOIb30BaHUE TIECTUITHIOB
B 60pBbE C BPEOUTENIMU CIIOCOOCTBYET HE TOJTBKO OX-
paHe OKpyXKalllel Cpebl, HO U 3alUTEe OIbLINTENEN,
€CTeCTBEHHBIX BParoB BpeauTeIel, MoJIe3HbIX OPraHu3-
MOB, a TaK)Xe JII0JIeN U )KUBOTHBIX, 3aBUCAIIUX OT Pac-
TEHUU.

Tak, nanpuMep, PAO oxaswiBaja MPaBUTENbCTBY
JIMBUY 3KCTPEHHYI MOMOIIb B 60pbbe C MajibMOBBIM
IIOJITOHOCUKOM Palmaspis phoenicis, TTOBPeXgaiomuM (u-
HUKOBBIE TIAJIbMbI B 3apa)KeHHbBIX palioHaX, U B HEJIOTTY-
IIeHNU ero PacIIpoCTPaHeHUs B He3apa)kKeHHBIX panio-
HaX APYTUX PernoHOB JImBUU. [TPOEKT OBLI HAITpaBJieH
Ha coxpaHeHue 60TaTCTBa TUBUNUCKUX 0a3UCOB, MPE/-
CTABJIAIOIINX COLMATBHBINA U S5KOHOMUYECKUY PE3EPB,
¢ 6oyiee YeM IMIECTHI0 MUJITMOHAMM (DMHWKOBBIX I1aJIbM,
pacTymux Ha O6LUIMPHOM reorpa@ruyuecKoil TEpPUTOPUN.
PaboTa ®AO 1M03BOSIMIIA YKPETTUTH MTOTEHIIMAT (hepMe-
POB U FOCYLAPCTBEHHBIX CIIEIVAJIMCTOB I10 BBIIBIIEHUIO
HaceKoMBIX U 60pbbe C HUMU U YCOBEPIIEHCTBOBATH
HaBBIKM KJIIOUEBBIX 3aUHTEPECOBAHHBIX CTOPOH B OTHO-
LIEeHUY Mep 10 SNIUAHAA30PY U IPUHYIUTEJBHBIX MePO-
IPUATUN, criocobCcTBOBaANA YIYUIIEHUIO KOOPAUHAIIUY
IeNCTBUM 110 60pbOe C BpeAUTEIIMMU.

Ipyrou npumep romouiu PAO — 3To cozganue dep-
MEPCKUX MOJIEBBIX IITKOJI TT0 UHTETPUPOBAHHON CUCTEME
3alIUTHl PACTEHUN, KOTOPbIE IBIAIOTCA YaCThI0 UHU-
nuatuebl ®AO 110 oKazaHuio pepMepaM MOAIEePIKKU
110 YCTOWYMBOMY TTOBBIIIEHUIO YPOXKANHOCTY CETbCKO-
X03IUCTBEHHBIX KyIbTYp. B Pecrybike MoJijioBa 3TO
103BOJIMIIO (DepMepaM BhIPAUIMBATh TOMUIOPEI 3KOJIO-
rrdecku 6e30macHbIM criocoboM. depMepsl MPOoIIY 06-
y4yeHune MeTojiaM 60pb0bl ¢ HanboJiee PacIpoCcTpaHeH-
HBIMUW BPEAUTENSIMU 1 OOJIE3HIMHU, a TAKXKE TT0JTyININ
11ocobus 1o MeTOAM BBISBIIEHUS, IUATHOCTUKY, TTPO(U-
JIAKTUKUW 1 KOHTPOJIA. B pesysnbrare o6ydyeHust hepMephl
HaYaJIX UCII0JIb30BaHNE MAaCKUPOBOYHBIX U 3aIIUTHBIX
CEeTOK OT HACeKOMBIX B TEILIMIIAX, a TakKe (PePOMOHOB
U KJIEEBBIX JIOBYIIEK. [IPOEKT 03BOJINUII TTIOBBICUTE I10-
TeHII1aJl (hepMepPOB B afaNTalluU K TTIPAKTUKE YCTOUYU-
BOT'0 PACTEHUEBO/ICTBA U 60PbOE C PACITPOCTPAHEHUEM
BpenUTENIEN.

CyIecTByeT MHOXKECTBO CII0COHO0B, TI03BOJITIONAX
TIPaBUTENBbCTBAM CTPAH 3alIUTUTh 3JT0POBbE PACTEHNUH,
VKPEerIas TakuM 06pa3oM IMPOJIOBOJIbCTBEHHYO 6e3-
OTIACHOCTD, 3alUIasg OKPY’KAIIIY0 CPeSy 1 CIIOCo6-
CTBYS PA3BUTUIO TOPTOBIN. JIJig 3TOTO HEOOXOAUMO CO-
TJIacOBATh OJIUTUKY U AeUCTBUA C LleTaMu yCTOMYNBOTO
passuTudg (LIYP), CBI3aHHBIMU CO 3M0POBBEM PACTEHUH,
B YaCTHOCTH C IeJITMU, KOTOPhIe HAaTTpaBIeHbl Ha JIUKBU-
IAlLUIo TOJIoAA Y HeloeNaHusd, a TAaK)XKe Ha COKpallleHre
MacITaboB HUMIETHI U 3AIUTY OKPYKAOIIEN CPEIbI.

Tax, cTpaHaM HeOOXOJMMO aKTUBHO TTPOBOIAUTH
MEPOTIPUATHS TI0 TTOBBINIEHNI0 OCBEIOMJIEHHOCTH 06-
IIECTBEHHOCTY O BaXKHOCTY 3[,0POBbA pacTeHul. Kpome
TOT0, HEOOXOIUMO UHBECTUPOBATH B OPraHM3aITMHU T10 3a-
IUTE PACTEHUN 1 06€CTIEYNTD UX HEOOXOAMMBIMU U€eJI0-
BEUYECKMMU 1 (DMHAHCOBBIMY PECYPCAMHU, & TAKXKE YBEJIN-
YUTh 00bEM UHBECTUIUH B UCCIIEIOBAHNS, CBI3aHHbBIE
CO 3[,0POBbEM PACTEHWU, B UHHOBAIUOHHBIE METOIBI

Measures (CPM) in 2012, emphasizes the role of the pro-
ducers of plants and countries of origin in making cer-
tain that exported live plants are free from pests of qua-
rantine status for the importing country. Increasingly
countries exporting plants for planting are encouraged
to follow a systems approach in pest risk management.

FAQ estimates that agricultural production must
rise by about 60% by 2050 in order to feed a larger and
Generally richer population. Because of the strong links
between plant health and environmental protection,
FAO encourages environmentally friendly ways of deal-
ing with pests, such as through integrated pest manage-
ment. Minimizing the use of poisonous substances when
dealing with pests not only protects the environment, it
also protects pollinators, natural pest enemies, benefi-
cial organisms and the people and animals who depend
on plants.

Hence, FAO worked with the government of Libya
to provide emergency assistance to manage the date
palm green pit scale insect in infested areas, and limit
its spread to non-infested areas in other regions of Libya.
The project aimed to preserve the wealth of the Liby-
an oases, which represent a social and economic asset,
with more than 6 million date palm trees spread over a
wide geographical area. FAO'’s intervention increased the
capacity of farmers and government specialists to iden-
tify and control the insect, and improved skills among
key stakeholders for surveillance and enforcement mea-
sures, enhancing coordination in fighting against the
pest.

Another example of the FAO support is Integrat-
ed Pest Management Farmer Field Schools are part of
an FAOQ initiative that supports farmers to increase crop
production in sustainable ways. In the Republic of Mol-
dova, it has enabled farmers to grow tomatoes in an envi-
ronmentally friendly manner. Farmers received training
on managing the most widespread pests and diseases as
well as supporting materials for symptomatic detection,
diagnostics, prevention and control methods. As a result
of the training, farmers have started using shadow and
insect nets in greenhouses as well as pheromone and
sticky traps against insects. The project has increased
the capacity of farmers to adapt to sustainable crop ma-
nagement practices, while also preventing the spread of
pests.

There are many ways in which governments can
protect plant health, thereby enhancing food security,
protecting the environment, and facilitating trade. For
this, it is necessary to align policies and actions with
Sustainable Development Goals (SDG) related to plant
health, in particular those aimed at eliminating hunger
and malnutrition and reducing poverty and threats to the
environment.

Hence, countries need to promote public aware-
ness campaigns on the importance of plant health and
what everyone can do to protect plants. Furthermore,
it is necessary to invest in plant protection organiza-
tions and ensure that they have adequate human and
financial resources. As well as increase investment in
research related to plant health and in innovative prac-
tices and technologies, and support the private sector
and farmers’ investment. Each NPPO should use TPPC
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Y TEXHOJIOTUU, a TaK)Ke CTUMYJIMPOBATh MHBECTUIIUU
CO CTOPOHBI YaCTHOTO cekTopa u pepmepoB. Kaxmas
HallMoHabHAs OPraHu3allud 110 KapaHTUHY U 3alUTe
pacTeHunit I0JDKHA BIOXKUTH B OCHOBY (DUTOCAHUTAPHBIX
TpeboBaHMY K UMIIOPTY cTaHmapThl MKK3P u nagndne
TEXHUYEeCKOro 060CHOBaHUS, COOTBETCTBUE (PUTOCAHN-
TapHOMY PUCKY, HAUMEHBIIUN YPOBEHb OIPAHUYEHUN
¥ MMHUMAJIbHBIE MTPETIATCTBUSA K MEXIYHAPOAHOMY TIe-
PeMeIeHuIo TI0/Iel, TOBAapPOB U TPAHCIIOPTHBIX CPENICTB.

CobtofleHre CTaHLAPTOB 10 PUTOCAHUTAPHBIM
MepaM M YKpPEeIJIEHUWE TOTeHIMana B chepe 3auuThl
pacTeHui, a TakKe MPOBeJIeHNe OlleHKN (UTOCAaHUTAP-
Horo riorentrana (OPIT) B corpynHudecTBe ¢ CekpeTa-
puatoM MKK3P, a Taxke ykperjieHvue CMCTEMbI MOHU-
TOPUHTA U PAHHETO MPENYTIPEXIEHUS C 11eJIbI0 3alUThI
pacTeHuit 1 COXpaHeHUS 3I0POBbs PACTEHUN TBIAIOTCS
HEeOTHEMJIEMOM YaCThIO BKJIaJa B 11eb MI'O3P.

B cBOI0 ouepesb, YaCTHBIN CEKTOP UTPAeT KJTtoue-
BYI0 POJIb, ABJISISICH JIBVDKYIIEN CUJION MHHOBALUH B 06-
JIACTU OXPAHBI 37I0POBBS PACTEHUH U KJTIOUEBBIM 3BEHOM
B IIPOM3BOJICTBE U 3AIUTE PACTEHUN U PACTUTEIbHBIX
MIPOMYKTOB. TaK, MPEIIoaraeTcs, YTO YaCTHBIN CEKTOD
OTBETCTBEHEH 3a IIPOABIKEHNE HKOJIOTUIECKUT YNCTHIX
TIPOAYKTOB U UHHOBAITMOHHBIX METOAOB MTPOMUIAKTUKI
1 60PBOEBI C BPEIUTEIISIMH, a TAKXKE B COOJIIOIEHNN MEX-
JIYHAPOJIHBIX CTAHJIAPTOB M 3aKOHOMATEIBCTBA B 06J1a-
CTU OXPaHbI 37T0POBbS PACTEHUN.

depMepbl B CEJIbCKOM X03AUCTBE UT'PAIOT KJIIO-
YeBy10 POJIb B OXpPaHe 3[I0POBbs pacTeHuit. PepMepsl
OKa3bIBAIOT HEMOCPEeACTBEHHOE BIUIHUE Ha COCTOS-
HUE PACTEHUN U COAENCTBYIOT COXPAaHEHUTO 37J0POBhS
pacTteHnit. ®epMephl LOJHKHBI PETYIIIPHO OTCIEKUBATD
1 coobIIaTh O TTOIBJIEHUU BpeauTesel Ha cBoux Gep-
MaX U TIPUMEHSTh DKOJIOTUYECKY 6e30TTacHbIE METOMbI
60pBHOBI C BpeAUTEIIMU, B TOM UMCJIe OCHOBAHHBIE Ha
6MOJIOTMYECKUX TTOJX0AX, COXPaHIsa TIPYU STOM OIThI-
JIUTEJIEN 1 TTOJIE3HBIX HACEKOMBIX. B rociemHee BpeMsd
thepmepam cTay ZOCTYITHBI ITPENMYIIIECTBA COBPEMEH-
HBIX IM(DPOBBIX TEXHOJIOT UM, MOOMIBHBIX TPUIIOKEHN
Y TIPOTPaMMHOT0 06ecriedeHus 1JIs JOCTyIa K MHQOop-
MaIuy 0 TTPoUIaKTUKE 1 60pbOe C BpeauTeaamMu 1 60-
JIE3HAMM PacTeHUU nin o crocobax UHHOPMUPOBAHUI
O BCITBIIITKAX.

B HacTosIIee BpeMs MHOTHE CTPAaHBbI PEIIaT
npobJieMy MPO/IOBOIbCTBEHHON 6€30TTaCHOCTH, KOTO-
pas MOCTOTHHO HAXOUTCS TI0J] YTPO30# 13-3a 3aH0Ca
Y pacrpocTpaHeHus BpeauTesieil. Vi3aMeHeHue KIuMaTa
CHIWKAET YCTOUYNBOCTD PACTEHUN K BPEIUTENIM U 60-
JIE3HSAM, UTO TAK)XKE MEHSET DKOCUCTEMBI, MEHSIET XKW 3-
HEHHBIU [IWKJI BPEUTENIEN 1 CO3/IaeT HOBbIE HUIIM JIJIst
BpenuTesel 1 60e3Hel pacTeHu.

[IJ1S 3aITUTHI CENTbCKOT0 XO3MCTBA, JIECHOTO X031~
CTBa U OKPY>KAIOIIeN Cpeibl IeHCTBYIOT (DUTOCAHNTAP-
Hble HOPMbBI. MHOTYE PACTEHUT U PACTUTENbHbIE TTPO-
IIYKTBI HE JTOJDKHBI TIEPEBO3UTHCT 6e3 0UInaIbHOr0
paspenieHusd. [T03TOMY KaXXbIH JIOJDKEH CBITPATh CBOO
POJTb B IOCTYKeHMY 0611ei 11e1m MI'O3P-2020, a uMeH-
HO B TIOBBINIEHWY OCBENIOMJIEHHOCTU OBIIECTBEHHOCTU
Y TIOJIUTUYECKUX JIUI, IPUHUMAIOMIUX PENleHns Ha
rino6ajJbHOM, PETUOHATBHOM U HAIlMOHAJIbHOM YPOB-
HSX, BAXXHOCTU 300POBbS PACTEHUN B OCTUKEHUU
LIYP OOH.

OT HayKu K npakTuke

standards as a basis for their phytosanitary import as
well as provide technically justification and be consistent
with the pest risk involved, represent the least restrictive
measures available, and result in the minimum impedi-
ment to the international movement of people, commo-
dities and conveyances.

Enforcement of ISPMs and strengthen plant pro-
tection capacity, as well as conducting a phytosanitary
capacity evaluation (PCE) in collaboration with the IPPC
Secretariat and strengthen monitoring and early warn-
ing systems to protect plants and plant health are the key
part of the contribution to the objective of IYPH.

At the same time, private sector plays a key role in
being a driver of innovation in the plant health domain.
Hence, it is expected that private sector is responsible
for promoting environmentally friendly products and
practices for preventing and managing pests as well as
complying with international plant health standards and
legislation.

Farmers are playing a vital role in protecting plant
health. Farmers directly influence direct influence on
plants, and help to keep them healthy. Farmers have to
regularly monitor and report the occurrence of pests
on your farms as well as adopt and implement environ-
mentally friendly pest management practices — inclu-
ding those based on hiological approaches that do not
kill pollinators and beneficial insects. Recently, modern
digital technology, such as mobile apps and software to
access information about how to prevent and manage
plant pests or diseases or report outbreaks become more
accessible for farmers.

Nowadays, many countries grapple with the is-
sue of food security, which is constantly threatened by
pest introduction and spread. Climate change reduces
plants’ resistance and resilience to pests and diseases
which also is altering ecosystems, changing pests’ life
cycles and creating new niches where pests and plant
diseases can thrive.

Plant health regulations are in place to protect agri-
culture, forestry and the environment. Many plants and
plant products should not be transported without offi-
cial authorization. Hence everyone has a role to play in
achieving the overall objective of the IYPH 2020 to raise
the awareness of the public and political decision mak-
ers at the global, regional and national levels about plant
health’s contribution to achieving the UN SDGs.
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EOK3P: AKTYAJIbHOE

YAK 632.913

duTOCAaHUTAPHAA
TePMUHOJIOTUA

Ha PYCCKOM fI3bIKE:
InmporpamMmma
nepesoaoB EOK3P
u «IJ1occapun
dbuTOCAHUTAPHBIX
TEePMUHOB»

A.Jl. OPJIMHCKUMU, 1.6.1., HAy4YHBIN COBETHUK,
EOK3P

M.I. EPOXOBA, nnepeBomuuk-(ppunancep, EOK3P;
MJIAAUINN HAyYHbIN coTpyauuk, ®I'BHY BHUU
¢uTtonarosoruu

HacTodliee BpeMsa EBporetickas

u CpenuzeMHOMOPCKas OpraHu-

3a0ud 110 KapaHTUHY W 3alluTe

pacrenuit (EOK3P), ocHOBaHHad

B 1951 ropy, BKJIO4YaeT 52 CTpaHbl
EBporbl, Asun 1 Cper3eMHOMOPBA.

ITU CTPaAHbI OTJIMYAIOTCA 3HAUUTEJIbHBIM KYJIbTYD-
HBIM U I3IKOBBIM PazHo06pasueM. Cpeliy HUX eCThb KaK
QHIJIOrOBOPAIINE, TaK ¥ (DPAHKOTOBOPAIIME CTPaHbL. Ho
kpoMe HUxX B EOK3P Bx0omgaT cTpaHbl ObiBIIero CoBeT-
ckoro Cor3a, TIPeATIOUTUTENIbHBIM SI3bIKOM OOIeHUS
[IJIS MHOTHUX 5KCIIEPTOB KOTOPBIX ABJIAETCI DYCCKUU.
K Takum cTpaHaMm oTHocaTca Asepbatimkat, Benapych,
I'pysud, Kasaxcras, Keipreiscras, Jlarsug, JIutsa, MoJi-
IoBa, Poccud, YkpanHa, Y36eKrucTan 1 SCTOHUS. Takxke
MOTEHIUAJbHBIMU CTpaHaMu — ujieHamu EOK3P u3
yurcsa cTpaH 6biBiero CoBeTckoro Corsa SBIsSTCa Ap-
MeHud, TamKuknucTad U TYPKMEeHUCTaH. JKCIIePThI 13
3TUX CTPaH PETYIAPHO YYaCTBYIOT B 3aCelaHUAX I'PYIIIT
SKCIIEPTOB OPTaHU3ALIUM C 1IeJTbI0 00CYXKIEHNUS TPOEK-
TOB PETMOHAJIBHBIX CTaHLapTOB EOK3P 1 yTBEp)XKIeHUA
X OKOHYATEeJbHBIX BapuaHTOB Ha Ceccuu CoBeTa Op-
ra"nmsainuu. Kpome Toro, B VICTIOTHUTENBHBI KOMUTET
EOK3P Ha MpUHIWIIE POTAIIUY PETYIISIPHO N30UPaoTCs
cTpanbl 6biBIIero CoBeTckoro Coo3a, UTO TTO3BOIAET
JIy4Ille yYecTb UX UHTEPECHI.

Ig ynpomeHus obIIeHus MeXy 3KcIepTa-
My EOK3P oduiinaibHbIMU A3bIKAMU OpraHU3aIluu
VTBEDXKJIEHBl aHTJIMNCKUYA U PpaHIly3CcKUuil. B TO e

EPPO: UP-TO-DATE INFORMATION

UDC 632.913

Phytosanitary
Terminology

in Russian: EPPO
Translation Program
and Glossary

of Phytosanitary Terms

A.D. ORLINSKI, Doctor of Advanced Studies
in Biological Sciences, Scientific Advisor, EPPO

M.D. EROKHOVA, Freelance Translator, EPPO;
Junior Researcher, FGBNU All-Russian Research
Institute of Phytopathology (VNIIF)

urrently, the European and Mediterranean
Plant Protection Organization (EPPO), found-
ed in 1951, includes 52 countries in Europe,
Asia and the Mediterranean region.

These countries are characterized by
considerable cultural and linguistic diversity. They in-
clude both English- and French-speaking countries. But
apart from these, the EPPO includes some countries of
the former Soviet Union, and for many experts in these
countries Russian is the preferred language for commu-
nication. These countries include Azerbaijan, Belarus,
Georgia, Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Mol-
dova, Russia, Ukraine, Uzbekistan and Estonia. Also po-
tential EPPO member countries from the former Soviet
Union are Armenia, Tajikistan and Turkmenistan. Ex-
perts from these countries regularly participate in meet-
ings of the EPPO Expert Group in order to discuss draft
EPPO regional standards and approve their final ver-
sions at the Organization’s Council Session. In addition,
countries of the former Soviet Union are regularly elect-
ed to the EPPO Executive Committee on a rotational ba-
sis to better accommodate their interests.

To facilitate communication between EPPO ex-
perts, English and French are approved as the official
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BPEMS PYCCKOMY A3BIKY TAK)XKe YAEIIeTCA 3HAUUTEb-
HOe BHMMaHMe MTOCPEJICTBOM ITPU3HAHUS €TI0 PabounM
a3bI1koM Ha Ceccuax CoBeTa EOK3P, 3acemanusax Vcmor-
KOMa OpraHu3alu U B PALE IPYTUX MEPOIPUITHN OP-
ra"uzanuu. Ins yno6cTBa PyCCKOA3IYHbBIX 3KCIIEPTOB
U TPU3HAHUA UX 3HAUUTEJIbHOTO BKJIaZla B PabOTy 0p-
ranusaruu B 2004 rogy B EOK3P 6bl1a 3amyiieHa mpo-
rpaMma TepeBojia MeXIyHAPOHBIX PUTOCAHUTAPHBIX
TEKCTOB C aHTJIMUCKOTO 93bIKa Ha pycckuit. CHavasa
TIPUOPUTETAMU [IJI IEPEBOAA CIYXKUIN MEXITYHAPO]T -
HBIe CTAHAPTEI 110 PUTOCAaHUTAPHLIM MepaM (MCDM)
DAO/MKK3P, Ho ¢ 2007 roga ®AO mpurHIIa pelleHne
riepeBoguTb MCOM co6CTBEHHBIMU CUJIAMU C YUYaCTU-
€M TIePeBOJUNKOB U3 CIIy)KOBI 110 TMCHbMEHHOMY TIe-
pesonmy ®AO. C sToro BpeMeHu EOK3P npomospkuia
epeBONUTh (PUTOCAHUTAPHBIE NOKYMEHTHI, CHOKY-
CYPOBABIINCH HAa PErnOHaibHbIX cTaHmapTax EOK3P
U U3peJIKa OCYIIECTBIIAL IePEBOJ] TPOeKTOB MCDM g
paccMOTPEHUS UX Ha PErUOHANIbHBIX ceMuHapax PAO.
Kpowme Toro, KaXxgas HaydHO-IIPaKTU4YeCcKad CTaThd U3
BeInyckaemoro EOK3P «Brosnerena EOK3P» cormpoBo-
JKIAETCS IEPEBOAOM Pe3I0Me C aHTIIUMCKOTO A3bIKa Ha
PYCCKMY, YTO TIOMOTaeT PYCCKOTIOHNMAIOIIUM SKCIIeP-
TaM CBOEBPEMEHHO 3HAKOMUTHCS C TIePEIOBbIM MeX-
IIYHAPOJIHBIM OIThITOM B 00JIACTY KapaHTWHA U 3alUTEI
pacTtenun. B HacTosee BpeMs paboTy HaJl TTlepeBoa-
MU TTPOBOJIAT CTIEIIUNAIUCThI B 06J1aCTY KapaHTUHA U 3a-
IMWTHI PACTEHUH, PEaKTyPy BBITIOJTHEHHBIX TTIEPEBOJIOB
OCYIIECTBIIFIOT COTPYyAHVKM CekpeTtapuaTra EOK3P.

IIJ15 TIOJTHOLIEHHOM paboThl Ha, IEPEBOLAMM HE00-
XOIUMO YTBEPXKIeHE TEPMUHOJIOTUUECKOT0 JOKYMEH-
Ta, BKJIIOUAIOIIEr0 OCHOBHBIE MCIIOJIb3yeMbIe TEPMUHEL
U TIOHATUA. TaKUM TEPMUHOJIOTUUECKUM JOKYMEHTOM
B 00JTACTM KapaHTWHA PACTEHWH Ha CETOIHIIIHUIM JIEHD
npusHaH «[moccapuit GUTOCAaHUTAPHBIX TEPMUHOB»
(MC®M N2 5). 3TOT JOKYMEHT CYIIECTBYET B HECKOJIBKUAX
SI3BIKOBBIX BEPCHUSIX, B TOM YHKCJIE U Ha PyCcCKOM. Briep-
BBbIe «[7Toccapuil GUTOCAHUTAPHBIX TEPMUHOB» ObLT TIe-
peBelleH Ha pyccKuit a3b1K B 1997 romy CekpeTapraToM
EOK3P B TeCHOM COTPYAHUYECTBE CO CIIELMaIuCTaMuU
BHUWVIKP u 6611 01Ty6IMKOBaH B )KypHaJe «3aluTa pac-
TeHUM». BOJIbITYI0 POJIb B 3TOM TIEPEBOJE ChITPAU [I-P
AnaTtonui ViBanoBruYu CMETHUK (B TO BPEMS OUPEKTOP
BHUWVIKP) u g-p Ma Maiikia CMAT (B TO BpeMd reHepaib-
Hbll gupekTop EOK3P). OcHOBHOI 3amaveil Ipy IIOAT0-
TOBKE ITEPBOTO MTepeBoia [occapurs 6b1I0 UCTIONb30BaTh
Te PyCCKUE TEPMUHBI, KOTOPBIE TPUMEHSJIVCH B ITPaKTH-
Ke KapaHTWHa pacTeHul B Poccuu 1 B IpyTUX CTpaHax
6biBIIETO CCCP. OdhmiimanbHag pycckas Bepcus [yocca-
pus 6611a ohopmirera EOK3P B 2004 romy B Havyase Ipo-
TPaMMBbI T10 TIEPEBO/TY Ha PYCCKUHT A3bIK MEXKTYHAPOIHBIX
(PUTOCAHUTAPHBIX TEKCTOB.

CTOUT OTHENIBHO MOLUYEPKHYTH OTPOMHYIO MOJ-
BUIKHUYECKYIO POJIb B TIOJITOTOBKE TIepeBojia ['mocca-
pugd GUTOCAHUTAPHBIX TEDMUHOB C aHTJIMKUCKOTO Ha
pycckun a3bik A M. CmeTHmKa (1937-2004). OH ak-
TUBHO y4acTBOBaJ B 2TOI paboTe, baromaps cBoeMy
IMUPOKOMY KPYT0O30py B 06JIaCTU KapaHTUHA pacTe-
HUW 1 OTPOMHOMY IPAaKTUYECKOMY OIBITY. HaBBIKM
TaJIAHTJINBOTO PYKOBOAUTEIIS TO3BOIMIIN eMy coOpaTh
BOKDYT €65 BBICOKOKJIACCHBIX CITEITUaIMCTOB, YTO CII0-
co6CTBOBAJIO TIPOJBIXKEHUTO U TIOTIYIAPU3ALINY TTepe-
JIOBBIX HAYUHbBIX TOCTWYKEHN T BO MHOTUX 06JIaCTAX Ka-
panTuHHOY Hayku. 10 auBapsa 2020 rofa UCTIOIHUIIOCH
16 jieT co nHa cMepTu A. M. CMeTHMKA — YeJIOBEKA, 110~
CBATHUBINETO cebd ey KapaHTUHA PacTeHU U B Hallel
CTpaHe.

OT HayKu K npakTuke

languages of the organization. At the same time, Rus-
sian is also given considerable attention through its
recognition as the working language at EPPO Coun-
cil Sessions, meetings of the organization’s Executive
Committee and several other events of the organiza-
tion. For the convenience of Russian-speaking experts
and in recognition of their significant contribution to
the organization’s work, in 2004 the EPPO launched
a programme to translate international phytosanitary
texts from English into Russian. Initially, the priorities
for translation were the FAO/IPPC International Stan-
dards for Phytosanitary Measures (ISPMs), but since
2007 FAO decided to translate ISPMs using its own re-
sources with the participation of translators from the
FAO Translation Service. Since then, the EPPO has
continued to translate phytosanitary documents, focu-
sing on the EPPO regional standards and occasionally
translating ISPM drafts for consideration at FAO regio-
nal workshops. In addition, each scientific and practical
article in the EPPO Newsletter published by the EPPO
is accompanied by a translation of the Summary from
English into Russian, which helps experts who under-
stand Russian to learn timely about international best
practices in plant protection and quarantine. Currently,
the translations are being translated by experts in the
field of plant protection and quarantine, and edited by
the staff of the EPPO Secretariat.

For full translation work, it is necessary to approve
a terminology document that includes the main terms
and concepts used. Today, the Glossary of Phytosani-
tary Terms (ISPM No. 5) is recognized as such a termi-
nology document in the field of plant quarantine. This
document exists in several language versions, including
Russian. The Glossary of Phytosanitary Terms was first
translated into Russian in 1997 by the EPPO Secretariat
in close cooperation with specialists from VNIIKR and
was published in the journal “Plant Protection”. Dr Ana-
toly Ivanovich Smetnik (at that time Director of VNIIKR)
and Dr Tan Michael Smith (at that time Director Gene-
ral of EPPO) played a major role in this translation. The
main task in preparing the first translation of the Glos-
sary was to use those Russian terms that were used in
plant quarantine practice in Russia and other countries
of the former USSR. The official Russian version of the
Glossary was produced by EPPO in 2004 at the begin-
ning of its program to translate international phytosani-
tary texts into Russian.

It should be noted that A.I. Smetnik (1937-2004)
played a huge role in the preparation of translation of the
Glossary of Phytosanitary Terms from English into Rus-
sian. He was actively involved in this work, thanks to his
wide knowledge of plant quarantine and extensive prac-
tical experience. He had the skills of the talented lead-
er which allowed him to gather high-class specialists,
contributing to the promotion and popularization of ad-
vanced scientific achievements in many areas of qua-
rantine science. January 10, 2020 marked the 16th anni-
versary of the death of A.I. Smetnik —a man who devoted
himself to plant quarantine in our country.
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EOK3P: AKTYAJIbHOE

YOK 632.912

06 yuacTum
CIIELIAJINCTOB

PI'bY «BHUUNKP»

B 3acegaHuu I'pynmnbl
akcrepToB EOK3P
10 JUArHOCTUKe

B 9HTOMOJIOTUU

1.0. KAMAEB, K.6.H., CTapIINi HayYHbIH COTPYSHUK
HAy4YHO-MeTOLNYECKOI0 0TAesia dHToMoJioruu ®I'BY
«BHUUKP»

MEeUaIuCThl  TTOABEJOMCTBEHHOTO
Poccenbxo3Haz3opy Bcepoccuii-
CKOTO [IeHTPa KapaHTWHA PacTeHUN
(PrBY «BHUVKP») NpuHAIKM yua-
ctre B pabore ['PyIIIbI 3KCIEPTOB
EOK3P 110 1uarHoCcTUKe B 9HTOMOJIOTUY B (hOopMaTe BU-
IeokoHMepPeHIINN, 3acelanue KOTOPOUl COCTOSIIIOCH 3-5
mapTa 2020 1. B mTab-kBapTupe EOK3P. Poccuiickyro
depmepanyio perCcTaBaIal HOMUHUPOBAHHBIN SKCIIEPT
10 IMAarHOCTUKe HACEKOMBIX U KJIelIel CTapIuii Hayd-
HbIN coTpynHUK OI'BY «BHUVKP» .6.H. Vibs Kamaes.

B moBecTke 3acemaHug pacCcMaTPUBAJU LIEJIbIN
KOMIIJIEKC BOTIPOCOB, TTIOCBAIIEHHBIX JUATHOCTUYECKUM
rnpoTokoJiaM 1 rpoektamM EOK3P 1 oThe/lbHBIX CTPaH.

B pamMKax mpe3eHTaIni coO6CTBEHHBIX TPOEKTOB
crietnyanuctel PI'BY «BHUWKP» nipencraBuiivi BULEO-
npoekT «OHJIalH-TPaKTUKa KapaHTUHA PACTEHUI».
B kauecTBe IPUMEPOB BHICTYIIMIIN BUEODOJINKY, [Ie-
MOHCTPUPYIOLAE 3TATIbl IPUTOTOBJIEHUSI MUKPOIIPE-
rnapara mayTUHHOTO KJjellla 1 MUKDPOINIPenapaToB JIN-
YMHOK IJIOLOBBIX MYX I10 OPUTVMHAJIBHBIM METOILUKAM.
IaHHbBIN TTPOEKT BbI3Ba O60JIbIION UHTEPEC CO CTOPO-
HEI sKcriepToB EOK3P, emrHOrIacHO 6B1JI0 BHICKA3aHO
TIpeJIO’KeHNEe BKIIIOUUTE B COOTBETCTBYIOIIVE Da3lie-
JIBI IMarHOCTUYEeCKUX IPOTOK0JI0B EOK3P cehinky Ha
BUIIEOPOJIUKYM POCCUUICKOTO MpoekTa «OHJIauH-TIpakK-
THKa KapaHTWHA PACTEHWI», aBTOPaMU KOTOPOTO BbI-
CTYTIAI0T yUueHble BcepocCcuiicKoro 1eHTpa KapaHTruHa
pacTeHun.

TaxuM 06pa3oM, BUIEOIPOoeKT «OHIanH-TTPaKTUKa
KapaHTUHA PaCcTEeHNWI» CTAHOBUTCS 3JIEMEHTOM MEXY-
HapPOJHBIX IUATHOCTUUECKUX TPOTOKOJIOB. Be3yCcIoBHO,
3TO COOBITHE CTAHET UMITYJIbCOM K aKTUBHOMY Pa3BU-
TUIO 1TU(POBUBATIUY METOMOB NUAarHOCTUKY U BHEIIPE-
HUI0 HOBBIX (DOPMATOB HE TOJIbKO 00pa30BaTEIbHBIX

EPPO: UP-TO-DATE INFORMATION

UDC 632.912

On participation
of specialists

of FGBU “VNIIKR”
at the meeting

of the EPPO Panel
on Diagnostics

in Entomology

1.0. Kamayev, PhD in Biology, Senior Researcher
of the Entomological Research and Methodology
Department of FGBU “VNIIKR”

pecialists of the All-Russian Plant Quarantine

Center (FGBU “VNIIKR”) subordinated to the

Rosselkhoznadzor participated in the EPPO

Panel on Diagnostics in Entomology in the for-

mat of a videoconference which was held on
March 3-5, 2020 at the EPPO Headquarters. The Rus-
sian Federation was represented by a nominated diag-
nostic expert on insects and mites, Senior Researcher of
FGBU “VNIIKR”, Ilya Kamayev.

The agenda of the meeting addressed a whole range
of issues related to diagnostic protocols and projects of
EPPO and individual countries.

Within a framework of the presentation of their own
projects specialists of FGBU “VNIIKR” presented video
project “Online-practice of plant quarantine”. As exam-
ples, video clips demonstrating the stages of microscope
slide preparation of spider mites and fruit fly larvae by
original methods were presented. This project aroused
great interest from the EPPO experts; it was unanimous-
ly proposed to include references to the video clips of the
Russian project “Online-practice of plant quarantine”,
authored by scientists of the All-Russian Plant Quaran-
tine Center, into the relevant sections of the EPPO diag-
nostic protocols.

Thus, the video project “Online-practice of plant
quarantine” becomes an element of international diag-
nostic protocols. Undoubtedly, this event will become an
impulse for active development of digitalization of diag-
nostic methods and introduction of new formats not only
educational manuals and materials, but also standard
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Bo Bpems BupgeokoHgepeHuun During a video conference

rnocobui U MaTepurasoB, HO U CTAaHAAPTHBIX GUTOCA-
HUTaPHBIX NIPOLEAYD, a TaK)Ke OCHOBOU IJIA CO3MaHUI
6a3p! IUGMPOBLIX METOJVK BBIABIEHUS W UAEHTU(DUKA-
1M1 00BEeKTOB EAUHOTO MepeyuHsa KapaHTUHHBIX 00BeK-
TOB EASC.

OCHOBHOE BpeMs 3aceflaHus ObLI0 TTOCBSAIIEHO T1e-
pecMoTpy U pa3paboTke AUAarHOCTUUYECKUX MTPOTOKO-
JIOB HACEKOMBIX U KJIeTel. B 4acTHOCTH, 06CYXIATCS
IUarHOCTUUECKUY ITPOTOKOJI TI0 KPAaCHOMY TOMAaTHO-
My nayTuHHOMY Kiteny (Tetranychus evansi), KOTOPbIN
6BLI TIepecMOoTpeH crienuanucramu OI'BY «BHUVIKP»
C IPEIJIO)KEHNEM O BHECEHUU B HETO HEKOTOPBIX M3Me-
HEHUU 10 AUarHOCTHKe BUA, CHAOXKEeHUU PIma Tpu-
3HAKOB OPUTUHAJIBHBIMU UJLTIOCTPALUAMU U aKTYaJI-
3aLUY CBEIEHUN 0 OUOJIOTUY BPEIUTENS.

VYuactue creruanuctoB GI'BY «BHUWKP» B 1107106~
HOT0 POZa MEPOIPUATUIX UCKITIOUNUTEIBHO BaXKHO JIJIT
oOMeHa OTIBITOM U TIOJIyYeHNS HOBBIX 3HAHWL. A BO3-
MOKHOCTB TIPeJICTaBIeHUT OPUTUHATbHBIX Pa3pabo-
TOK YUPEXIEHUA CITY’KUT BaXKHBIM 3TAllOM IPU3HAHUA
POCCUNCKMX HAYUYHBIX JOCTUKEHNIN MEXAYHAPOLHBIM
podeCcCruoHaATbHBIM COOOITECTBOM.

OT HayKu K npakTuke

phytosanitary procedures, as well as the basis for creat-
ing a database of digital methods of detection and iden-
tification of objects of the Common List of Quarantine
Objects of the EAEU.

The main time of the meeting was devoted to revi-
sion and development of diagnostic protocols for insects
and mites. In particular, the diagnostic protocol for the
red spider mite (Tetranychus evansi) was discussed and
revised by specialists of FGBU “VNIIKR” with a proposal
to make some changes in the diagnostics of the species,
supply some characters of original illustrations and up-
date the information about the pest biology.

Participation of specialists of FGBU “VNIIKR” in such
events is extremely important for sharing experience and
obtaining new knowledge. And the opportunity to pre-
sent unique developments of the institute is an important
stage of recognition of Russian scientific achievements by
the international professional community.
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HAYYHbIE NCCITEOOBAHUA

YOK 632.4.01/.08

TaKCOHOMUUECKHe
0COOEHHOCTH

1 6nopa3HooOpa3ue
rpuboB pojaa
Cronartium

N.IL. AYOAYEHKO, cTapuinii HayYHbIA COTPYLHUK
Hay4YHO-METOIUYECKOTO OTAeJIa MUKOJIOT U
u reabmMuHTOJIOTUN PI'BY « BHUWKP»

IH. AYOAYEHKO, Hay4YHbIH COTPYAHUK HAYUHO-
penakivoHHoro otaesna ®I'bY «BHUUKP»

0.B. CKPUIIKA, .6.H., BeLyIN HAYUHbBII
COTPYAHUK HAyYHO-MEeTOANYECKOI'0 OTesia
MUKOJIOTUU U reJibMUuHTOJIoTUU ®I'BY « BHUUKP»

M.B. KOIIMHA, K.C.-X.H., CTApIINI HAYYHbBIN
COpr,H,HI/IK — HaYaJIbHUK Haquo-MeTonuqecxoro
0oT/eJIa MUKOJIOTUY U TeJIbMUHTOJOT N

PI'BY «BHUUKP»

A.T. IIYKOBCKAM4, K.6.H., CTAapIINii HAYYHbBIHN
COTPYAHUK OTIeJia JIECHOTO KapaHTHHA
dI'BY «BHUUKP»

AHHOTAUUA. B cmamove npusodumcs uH@opmayus
0 HeKomopolx Budax 2anslo0bpasyrowux prasuuH poda
Cronartium. Paccmompensl ux CUMNIMOMAMUKG, OUO0JI02U-
ueckue 0C06EHHOCNU, PACNPOCMPAHEHUE U IKOHOMUYUCCKOE
3HaueHue. Ocoboe 8HUMAHUE YOeNeHO 80NPOCAM MAKCOHO-
MUuu u QUazHOCMUKU CEBEPOAMEPUKAHCKUX 2aLI000paA3YH0-
WX PHCABYUUH.

KiroueBbie cJOBa. [G11000Pa3yIOWUE  DHABYLL-
Hol, makxconomus, Cronartium spp., Cronartium ribicola,
Cronartium  orientale, —ceeepoamepuxaHckKue COCHOBbLLE
prasuurv, Cronartium harknessii, Cronartium quercuuni,
Cronartium fusiforme.

JKaBUMHHBIE TPUOLI — IIUPOKO W3-
BECTHBIE PACTUTEJbHbIE I1aToTe-
HbI, BbI3bIBAIOIIME HA TPABTHUCTHIX
Y JIPEBECHBIX DPACTEHUSIX DPasHO-
06pasHble CHUMIITOMBI TTOPAKEHUS.
Yarie BCero 3TO MATHUCTOCTY Ha JINCThSIX MU IPYTUX
opraHax pacTeHMH, Ha KOTOPBLIX BITOCIEICTBUM 06pa-
3YIOTCS SIPKO-OPAHYKEBBIE, JKEJIThIe TTYCTYJIbI — CIIOPO-
HOIIeHUst TPpuba, MOX0XKIe Ha PXKaBUMHY. TakKke MOTyT
pasBuBaThCA U 6osee rmyboKre NHQEKIINU PACTUTENb-
HBIX TKaHEeW, HarTpuMep MapeHXUMbI KOPbI. Takasg WH-
(hexIusa TPUBOIUT K TUMEPTPODUU U TUIEPIIA3UY
TKaHeH! BCJIeCTBYE paspacTaHud U YBEIUYEeHUs 06b-

SCIENTIFIC RESEARCH

UDC 632.4.01/.08

Taxonomic features
and biodiversity

of fungi of Cronartium
genus

I.P. DUDCHENKO, Senior Researcher of the
Research and Methodology Department for Mycology
and Helminthology of FGBU “VNIIKR”

G.N. DUDCHENKO, Researcher of the Scientific
and Editorial Department of FGBU “VNIIKR”

0O.V. SKRIPKA, PhD in Biology, Leading Researcher
of the Research and Methodology Department
for Mycology and Helminthology of FGBU “VNIIKR”

M.B. KOPINA, PhD in Agriculture, Senior
Researcher, Head of the Research and Methodology
Department for Mycology and Helminthology

of FGBU “VNIIKR”

A.G. SHCHUKOVSKAYA, PhD in Biology, Senior
Researcher of the Forest Quarantine Department
of FGBU “VNIIKR”

Abstract. The article provides information on some
species of Cronartium genus gall rusts. Their symptoms, bio-
logical features, distribution and economic importance are
considered. Particular attention is paid to taxonomy and di-
agnosis of North American gall rusts.

Keywords. Gall rusts, taxonomy, Cronartium spp., Cro-
nartium ribicola, Cronartium orientale, North American
rusts of pine, Cronartium harknessii, Cronartium quercuum,
Cronartium fusiforme.

ust fungi are well-known plant pathogens
that cause a variety of symptoms damaging
herbaceous and woody plants. Usually, these
are spots on leaves or other parts of plant,
on which bright orange, yellow pustules ap-
pear subsequently — sporulation of the fungus looking
like rust. Deeper infections of plant tissues, such as cor-
tical parenchyma, may also develop. Such an infection
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eMa COCTaBNIFIONIMX UX KJIETOK. B pesynbTaTe Ha BET-
BSIX U CTBOJIAX 06PA3yIOTCS TaJIIIbI, Ty3bIPEBUAHBIE UITH
MEITKOBUIHbIE B3IYTHA, Ha TIOBEPXHOCTU KOTOPHIX 3a-
KJIQJIbIBAIOTCA S1TMHU. TaKe CUMIITOMBI BBI3BIBAIOT TaJl-
JIoobpasyonre pXKaBIMHLI poma Cronartium.

[TpencTaBUTENN 3TOTO POJiA, UMeS BBICOKU YPO-
BEHb TIaTOJIOTMYECKOM CIelannsaliiy, BecbMa Bpe-
JMIOHOCHBI, MMPOKO PACIIPOCTPAHEHbl U TTPUUYMHSIOT
3HAUUTEbHBIN yIep6 JTIECHOMY U JIeKOPaTUBHOMY
X034#cTBaM, 0cobeHHO B cTpaHax CeBepHON AMepu-
k1 1 Kapubckoro 6accerina. Bojiee BCero cTpamaioT OT
rajoo6pasyoInux PKaBUWH Pa3InuHble BUIIBI COCEH.
B cuiy 6uosiornueckux ocobeHHocTel 6opbba ¢ Bo36y-
IUTENIMU 3TUX 3a60JI€eBaHUH CIIOXKHA, TPYIOEMKA U 3a-
YacTyio He MPUHOCUT HUKAKOTO pesynbTaTa. Bce 3To
CIIOCO6CTBYET MPOSIBIEHNIO K HUM 3HAUUTENHHOTO UH-
Tepeca Co CTOPOHBI CIIEIUAJIUCTOB 1 OBIECTBEHHOCTH.
Kpome 3KOHOMUYECKOTO 3HAUEHU S, PXKaBUMHHUKY POfia
Cronartium TIpeCTaBASIOT 60IBIION HAYUHBIN MHTEPEC,
CBSI3aHHBIN C UX TIIEOMOP(U3MOM, IIUKJIAMU PA3BUTUS
1 hUBMOJOTUYECKON CcTIelaan3aliuen.

BMOJIOTUYECKUE OCOBEHHOCTHU

BO BpeM¢ XU3HEHHOTO IIMKJIA PXKAaBUMHHUKYA MOTYT
(opMUpPOBATh [0 MEeCTU MOPMOTIOTUYECKU U PYHKITNO0-
HAJIbHO PA3JIMYHBIX CTAAWU CIIOPOHOIIEHUS, HACTE -
CTBEHHO 3aKPEIJIEHHBIX U TTOCTOTHHBIX IJI9 KaXkKI0T0
BuIa. [Ipy 9TOM Ha PasHBIX CTAAUAX PA3BUTUI OCHOB-
HbIE PACTEHUSI-X035€Ba MEHSIIOTCSI Ha TIPOMEXYTOUHEIE,
TTOJTHOCTBI0 U3MEHSIETCS BHEITHUYN BUJI, TPUOOB U CUM-
IITOMATHUKA IPOSIBIEHMUA. TaK 4TO, eCJIM He 3HATb r'eHe-
TUYECKOU CBA3W MEXIY HUMU, TO MOXKHO ITPUHATDH UX
3a COBEPIIEHHO Pa3HbIe OPTaHW3Mbl. B CBSI3U C JaHHON
0COOEHHOCTBIO0 P)KABUYMHHBLIX I'PUOOB UX UAEHTUPU-
Kalys o4eHb 3aTpynHgeTcd. OHa yeyTrybasgeTca Takxke
OTCYTCTBUEM eOVMHO00OPa3Ms B TEPMUHAX, YTO HEPENIKO
MIPUBOJIUT K IMyTaHUIlE U OMMOKaM B HOMEHKJIAType
U TAKCOHOMMUU B 1IEJIOM.

JKMBHEHHBIN IUKJ I[IpeACcTaBUTeNel poja
Cronartium B 3aBUCHMOCTH OT TUIIA IIPOM3BOLMMBIX CIIOP
MOXXET OTJIMYAThCA, HO B CBOEM ITOJIHOM BBIPAKEHUU
TIPEJICTABIIAET CIEMYIONIYI0 KapTUHY. BECHOU 1 B Hauase
JIeTa yepes I'ojl WM HECKOJIBKO JIET II0CJIEe 3apakeHusI
Ha rayutax Pinus spp. 06pa3yioTca CIIepMaroHuy 1 ST
[10]. SuMoCTopsl Pa3HOCATCSA TIOTOKAMU BETPA U, MIPU
HaJIMYUU TOCTATOYHOM BJIATH, 3aPa’KatoT ITPOMEXKYTOYU-
HBIX, TAK HA3bIBAEMBIX TEJIVAIBHBIX X03€B, ITPOHUKAs
yepes yCTbUIlA Ha HW)KHEW CTOPOHE JINCTheB. VMed
TOJICTBIE CTEHKH, SIMOCTIOPHI MOT'YT COXPAHSTh KU3HE-
CIIOCOOHOCTD B T€UEHUE IJIUTETBHOTO BpeMeHu. CITyCcTs
pUMepPHO 1-3 HeNleNu 1mocye 3apaXkeHUs Ha JIMCThIX
TTPOMEXXYTOYHBIX X0O3€B MOABIITIOTCS APKO-0PaH)KEBBIE
VPEeIVHNY ¢ ypenuHuocropamu [10, 21]. Ypegunuu He-
MTPEPBIBHO MPOIYIUPYIOT YPEAUHUOCIIOPHI, PEUHDUIIN-
pPys TEWaTbHBIX X035%€B, TAKMM 06pa30M HaKarlIuBas
MHMEKITMOHHBIN TTOTEHIMAJ B T€UeHNEe BCEro JIeTa U 10
roznHen ocenu [10]. YpearHUOCIIOPh! TAaK)Ke MOTYT T1e-
PEHOCUTBCS BETPOM Ha HOJIBIINE PaCCTOIHMA. BoI0CoII0-
IOOHbIE TeNTUY 06Pa3yI0TCS B KOHIIE JIETa, MHOTIa BMECTE
C YPENUHUAMU, HA HYDKHEN CTOPOHE JINCThEB. TeNMOCIIO-
PBI IPOPACTAOT HA ATOM YKe MeCTe, 00pasyst 6a3rIuoCIIO-
pol [21]. BasuanoCopsl YYBCTBUTEIBHEI K BHICBIXaHUTO
Y COJTHEYHOMY CBETY, TI03TOMY OHU BBIJIETIAIOTCS B OCHOB-
HOM B HOUHOE BpeMs CyTOK [21]. 30Ha 3apakeHus 6a3u-
IOCTIOPaMM 06BIYHO OrpaHrmdeHa 06J1aCcThIO B IIpeAeIax
1,5 kM [10, 24]. JleToM U OCEHbI0 TIEPETAIOIINECS TI0 Be-
TPy 6a3UAMOCIIOPEI, B 3aBUCUMOCTH OT BUAa Cronartium,

OT HayKu K npakTuke

leads to tissue hypertrophy and hyperplasia due to the
proliferation and increase in the volume of cells. As a
result, galls, vesicular or bag-like swellings appear on
branches and trunks and aecidia are formed on their
surface. Such symptoms are caused by Cronartium ge-
nus gall rusts.

Species of this genus are highly specialized patho-
gens, being harmful and widespread they cause signi-
ficant damage to forestry and ornamental farms, espe-
cially in North America and the Caribbean. Pine species
suffer most from gall rusts. Due to biological character-
istics, the control of the causative agents of these dis-
eases is complex, time-consuming and often does not
bring any result. All this attracts significant interest of
specialists and public. In addition to economic impor-
tance, rusts of Cronartium genus are of great scientific
interest because of their pleomorphism, development
cycles, and physiological specialization.

BIOLOGICAL FEATURES

During the life cycle, rust fungi can form up to six mor-
phologically and functionally different stages of sporu-
lation, hereditable and constant for each species. At the
same time, at different development stages the main
host plants change to intermediate, the appearance and
symptoms of the fungi completely change. So without
knowing the genetic connection between them, they can
be taken for completely different organisms. This feature
of rust fungi makes their identification very complicat-
ed. It is also compounded by lack of uniformity in termi-
nology, which often leads to confusion and errors in the
nomenclature and taxonomy.

The life cycle of species of Cronartium genus may
differ depending on the type of spores produced, but
generally the cycle is following. In spring and early sum-
mer, a year or several years after infection in the galls
on Pinus spp. spermogonia and aecidia are formed [10].
Aeciospores are transferred by wind and, if sufficient
moisture is present, infect intermediate so-called telial
hosts, penetrating through stomata on the underside of
the leaves. Having thick walls, aeciospores can remain
viable for a long time.

Approximately 1-3 weeks after infection, bright
orange uredinia with urediniospores appear on the leaves
of intermediate hosts [10, 21]. Uredinia continuously pro-
duce urediniospores, reinfecting the telial hosts, thus ac-
cumulating infectious potential throughout the summer
and until late autumn [10]. Urediniospores can also be
transferred by wind over long distances. Hair-shaped te-
lia are produced on the underside of leaves at the end of
summer, sometimes together with uredinia. Teliospores
germinate in the same place, forming basidiospores [21].
Basidiospores are sensitive to drying out and sunlight;
therefore, they are forming mainly at night time [21]. Area
of basidiospores infection is usually limited to an area
within 1.5 km [10, 24]. In summer and autumn, basidio-
spores transmitted with wind, depending on the species
of Cronartium, infect needles, young cones or juicy shoots
of the primary hosts of Pinus spp. [10, 21]. The time be-
tween infection and the formation of spermogonia varies
from several weeks to two or more years, depending on
the species of Cronartium and external conditions [21].
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3apaXkaloT XBOO, MOJIOZIbIE TIUIITKY I COYHBIE TT06ETH
TIEPBUYHLIX X035eB Pinus spp. [10, 21]. [TpomomKuTeb-
HOCTb MEXy UHQUIIMPOBaHNEM U (hOpMUPOBAHUEM
CrIepMaroHueB BapbUPYyeT OT HECKOJIbKUX HEZENb 0
IBYX 1 OoJiee JIeT, B 3aBUCMMOCTU OT Bupa Cronartium
¥ BHEIIHUX ycjioBuii [21]. Bonbinag yacteb Cronartium
SPP., SIBJIISCh MHOT'OJIETHUMU TTapasuTaMu, TIOCHIE 3a-
pPa)keHMd ITPOHUKAIOT B 60JIee TIyboKre TKAaHU COCHBI
U BpacTaoT B cjiou 3aboyioHu [21]. Uepes 4-6 MecdlieB
riocyie MHQUIIMPOBAHUS Ha MOJIOJBIX ITOOEraxX TEKYIIETO
rofla HAUMHAIOT 06pa30BbIBATHCS I'aJljIbl, KOTOPBIE MOTYT
COXPaHATHCA Ha IIPOTAXKEHN U ,ZLECHTI/LHGTI/Iﬁ.

3AMEYAHUA I10 TAKCOHOMUU

Cronartium — 3T0 poji rpuboB ceMeiicTBa Cronartiaceae,
HACUYUTBIBAIOIINY TOpsaKa 40 BULOB, KOJIUYECTBO KO-
TOPBIX TTOCTOAHHO MEHSIETCH U3-3a IPOJ0JIKATOIIXCS
TaKCOHOMUYECKUX IIEPECMOTPOB. MHOI'Me OMCAaHHbIE
paHee BUIBI 5TOr0 poma 6bLIN peKIacCu@ULMPOBAHEI
KaK MpUHAAJIeXaNIe K IPYTUM PomaM Jru60 66111 06b-
€IMHEHDbI C OIIMCAaHHbBIMM B HACTOAIIEE BPpEMA BUOAMU.

UGRAl467282

UGA1241730 UGA2251007

Puc. 1. NopaxxeHus, Fig. 1. Damage caused by
BbI3BaHHble C. coleosporioides  C. coleosporioides
(https://www.invasive.org, (https://www.invasive.org,
¢hoTo: USDA Forest Service;
https://www.invasive.org,
¢hoTto: Thomas Beard)

https://www.invasive.org,
photo by: Thomas Beard)

photo by: USDA Forest Service;

Most of Cronartium spp., being perennial parasites pen-
etrate into deeper pine tissues after infection and grow
into sapwood layers [21]. Galls start forming on the young
shoots of the current year 4 to 6 months after infection
and they can persist for decades.

COMMENTS ON TAXONOMY

Cronartium is a genus of fungi of Cronartiaceae family,
including about 40 species, which number is constant-
ly changing due to ongoing taxonomic revisions. Many
previously described species of this genus were reclas-
sified as belonging to other genera or were combined
with the currently described species. Conversely, species
from other genera, in accordance with the International
Code of Nomenclature for Algae, Fungi, and Plants [12,
19], were transferred to the genus Cronartium. For ex-
ample, Endocronartium harknessii known for its pathoge-
nicity, was transferred from genus Endocronartium to ge-
nus Cronartium and renamed to Cronartium harknessii [4].

The EFSA report on the categorization of Cronar-
tium species (2018) states the presence of three repre-
sentatives of this genus in Europe: Cronartium gentiane-
um, Cronartium pini and Cronartium ribicola. Moreover,
C. gentianeum, C. pini are native to the European region,
and C. ribicola gradually expanded its range from Siberia
to the whole Eurasia [9]. In the middle of the XIX cen-
tury C. ribicola was introduced to Europe and started to
infect introduced P strobus L., and from there with seed-
lings of the same pine entered North America, where it
is now a real curse for many species of five-needle pines
and currants. Most authors, arguing about the danger of
introduction of non-native species of Cronartium spp. to
new territories refer precisely to the destructive effect of
C ribicola on the American continent.

C. pini is widespread in Europe and has many syn-
onyms consisting of the previously described individu-
al species, such as C. flaccidum [23]. It is believed that six
more species are conspecific to C. flaccidum [12], which
inits turn is considered conspecific to C. pini [23]. In Rus-
sian literature, names of such species as Endocronartium
pini and Peridermium pini are often found, that are now
considered synonyms of C. pini [23].

In Russia, according to Z.M. Azbukina [2], three
macrocyclic metoxenous species were found — Eurasian
C. pini = C. flaccidum, Eurasian-North American C. ribico-
la, East Asian C. orientale and one endocyclic (pine-to-
pine) — North-East Asian C. kurilense. The presence of
another endocyclic species, C. sahoanum, in the North-
ern Kuril Islands is also reported [9], but this information
should be confirmed.

According to EPPO data for 2019 Cronartium quercu-
um (Berk.) is present in the Russian Far East, but, as in-
dicated above, according to the results of studies by Az-
bukina and other authors, this fact is not confirmed. For
along time, this causative agent was not found in Russia
among various rust fungi[1, 2]. The studies were carried
out together with Japanese mycologists, who for many
years have been fruitfully studying rust fungi in East
Asia. It should be mentioned that the Japanese uredi-
nologists (uredinology — a section of mycology that stu-
dies rust fungi of the order Uredinales) made the great-
est contribution to the recent taxonomy of rust fungi [2].
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Puc. 2. MopaxeHus, BbizaBaHHble C. harknessii
(choTo: Andrew Khitsun, Tod Ramsfield,
https://gd.eppo.int)

(photo by: Andrew Khitsun, Tod Ramsfield,
https://gd.eppo.int)

OT HayKu K npakTuke

MapTt N2 1 (1) 2020

13



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

Puc. 3. lannbl ¢ auusmu (cnesa) u BepeteHoobpasHoe  Fig. 3. Galls with aecidia (left) and fusiform growth

paspacTaHue BeTBel COCHbI (CnpaBa)
(https://www.invasive.org, ¢oTo: Elizabeth Bush;

of pine branches (right)
(https://www.invasive.org, photo by: Elizabeth Bush;

https://www.invasive.org, hoTto: Robert L. Anderson) https://www.invasive.org, photo by: Robert L. Anderson)

M Hao60pOT, BUALI M3 APYTUX POIOB B COOTBETCTBUU
¢ MeXIyHapOoIHbIM KOJIEKCOM HOMEHKJIaTyPhl BOLOPO-
cielr, rpuboB u pacTeHui [12, 19] 611N HepeBeIeHb
B pox, Cronartium. HamipuMep, M3BECTHBIU CBOEWU T1aTO-
TeHHOCTbI0 BUn Endocronartium harknessii iepeBefieH 13
poma Endocronartium B pog, Cronartium 1 IepeuMeHOBaH
B Cronartium harknessii [4].

B nmoxmanme EFSA o kareropusalluu BUJ 0B
Cronartium (2018) coobiaeTcsa o HaaIU4uKU B EBPo-
e Tpex NpencTaBUTeNiel 3TOro pogja: Cronartium
gentianeum, Cronartium pini v Cronartium ribicola. Tipudaem
C. gentianeum, C. pini ABJAIIOTCI HATUBHBIMU JJI €BPO-
TIENICKOTO pernoHa, a C. ribicola n3 Cubmpu oCcTereHHo
pacuIMpus CBoM apealt, 3aHgB Bcio EBpasuto [9]. B cepe-
nuHe XIX B. C. ribicola 6b11 3aBe3eH B EBpoOITy U CTaJI 110-
PaXaTh MHTPOAYIMPOBAHHBIN F, strobus L., a OTTyma c ce-
STHITAMU DTOU XKEe COCHbI TPOHUK B CEBEPHYI0 AMEPHKY,
IZe B HACTOMIIEee BpeMs ABJIIEeTCI HaCTOAIIUM O1MI0oM
ILJIST MHOTYX BUJIOB TIITUXBOMHBIX COCEH M CMOPOIUHEI.
BOJIBIIMHCTBO aBTOPOB, PACCy’Kast 06 OITaCHOCTH TIPO-
HUKHOBEHUS HeabopUTreHHLIX BUIOB Cronartium spp. Ha
HOBBIE TEPPUTOPUHU, CCHIIAIOTCT MMEHHO Ha (DaKT pas-
pyuIMTesbHOro Bosfeiictsud C. ribicola Ha AMepuKaH-
CKOM KOHTUHEHTE.

Bun C. pini pactipocTpaHeH B EBpoIlle U UMeeT
MHOTO CUHOHUMOB, COCTOSIIIUX U3 PaHee OTIMCAHHBIX
OTHENbHBIX BUMIOB, Kak, HampumMmep, C. flaccidum [23].
[TpenmomaraeTcd, 9TO elle IMIeCThb BUIOB SIBJISIIOTCS
KOHCTenn(pUUHBIMY 110 OTHOIIeHuto K C. flaccidum [12],
KOTOPBIH, B CBOIO OUepedb, CUMTAETCA KOHCIEIUPUY-
HBIM 110 OTHOIIeHMIO K C. pini [23]. B poccuiickom muTe-
paType 4acTo BCTPEYaTCa Ha3BaHUs TAKWX BUIOB, KaK
Endocronartium pini u Peridermium pini, KOTOPBIE TeIlepb
CUMTAIOTCA CUHOHMMAMMU 110 OTHOMEeHUIO K C. pini [23].

B Poccum, 110 maHHubIM 3.M. A36ykuHOM [2], 06Ha-
DY>XEHO TPU MAKPOUMKIJIMYECKNX PA3ZHOXO3IWHHBIX
Buma — eBpasutickuii C. pini = C. flaccidum, eBpasmiicKo-
ceBepoaMepurkaHnckuii C. ribicola, BOCTOUHOA3UMATCKUN
C. orientale v OMWH SHIOLMKINYECKUH (pine-to-pine — oT

For some time, it was believed that the causative
agent of eastern gall rust of pine in Asia and North Amer-
ica is the same species — Cronartium quercuum (Berk.) Mi-
yabe ex Shirai. However, questions have repeatedly aris-
en regarding the taxonomic scope of this species. S. Ito
suggested back in 1939 that the Asian form of pine rust
of oak differs from the American one [16], but he did not
provide convincing evidence. Other researchers even be-
lieved that C. quercuum is an exclusively American spe-
cies and has no distribution outside this continent [14].

In order to clarify the questions regarding the taxo-
nomic scope and distribution of C. quercuum, Japanese
uredinologist S. Kaneko carried out morphological, bio-
logical, molecular genetic studies of two geographi-
cal bioforms using Asian (including Far Eastern) and
American collections. The results showed significant
differences in features between Asian and North Ame-
rican forms [17], which enabled the description of the
Asian form of pine-oak rust as a new species — C. orien-
tale S. Kaneko. It is C. orientale S. Kaneko and not C. quer-
cuum (Berk.) which is present in the Far East of Russia.
Field studies have shown that most North American pine
species are resistant to C. orientale. It was also noted that
Pinus montana Mill. and P, sylvestris L. are susceptible to
the pathogen, which poses a potential risk to these spe-
cies of pine introduced to Asia [18, 20].

Aside from that there is still no final answer to the
question of conspecificity between C. quercuum and fusi-
form rust of pine C. fusiforme Hed. & Hunt. ex Cum. The
connections between these species are very close due
to the fact that they have almost the same morphologi-
cal characters, comparable life cycles, and can affect
one range of host plants [5, 6, 7, 8]. Some differences
are observed in diagnostic features and pathological
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COCHBI K COCHE) — CEBEPO-BOCTOUYHOA3MAaTCKUU
C. kurilense. CoobmiaeTcd Tak)xe 0 TIPUCYTCTBUU elre
OTHOTO DHIOUUKINYeCKOro Buza, C. sahoanum, Ha Ce-
BepHbIX Kypuiax [9], Ho 3Ta mHQOpMaLUI HYKIAeTCS
B TIOJITBEDKIEHUN.

[To manabiM EOK3P 3a 2019 rox, Ha JlanbHeM Boc-
TOKe Poccuu TpUCyTCTBYET BUL, Cronartium quercuum
(Berk.), HO, KaK yKa3bIBAJIOCH BBIIIE, IO PE3yIbTaTaM
vcciaenoBaHni A3OYKUHOU M IPYrUX aBTOPOB, 3TOT
(hakT He TIOATBEPKIAETCA. B TeUeHME MPOOTIKUTE b-
HOT'O BPEMEHU CPENI Pa3INUHBIX PKABUMHHUKOB STOT
BO36ymuTeNb B Poccuu Tak u He 6b1T 06HApyXeH [1, 2].
VccnenoBaHus MMPOBOAMIINCH COBMECTHO C STIOHCKUMU
MUKOJIOTAMU, KOTOPBIE YK€ MHOTO JIET TIJIOJIOTBOPHO 13-
y4arT p)KaBUMHHBIE IPUOBI BocTouHOU A3un. M HaJl0
CKa3aThb, YTO UMEHHO ATIOHCKUE YPEIWHOJIOTH (Ypeau-
HOJIOTWS — Paszesl MUKOJIOTUY, U3yJaroInil PKaBUMH-
Hble TpubbI Topsanka Uredinales) BHecn HAUOOMbIUHI
BKJIaZl B TAKCOHOMMUIO U CUCTEMATHKY PXKAaBUMHHBIX TP~
60B TTOC/IeIHETO BpeEMeHH [2].

1o HEKOTOPBIX ITOP CUUTAJIOCH, UTO BO3OYIUTEIEM
POXXKOBUIHOM PyKaBUMHBI OYKOBBIX B A3un 1 CeBepHOM
AMepuKe 9BISETCI OOUH M TOT >Xe Bup — Cronartium
quercuum (Berk.) Miyabe ex Shirai. OmHako HEOIHO-
KPaTHO T10 TAKCOHOMMWYECKOMY 06'beMY TaHHOTO BUJIA
BO3HUMKaJuM Bomnpockl. Tak, C. Vito eme B 1939 rony
TIPENTIONOXMII, UTO a3uaTckasd opMa ny60oBO-COCHO-
BOW P)KaBUMHBI OTJIMYAETCS OT aMEPUKAHCKOM [16], HO
yOeInTeNbHbIX JOKA3ATENbCTB B II0JIb3Y 3TOT0 HE ITPU-
BeJi. [Ipyrue vcciaenoBaTesu BoobIne cunutanu, uto C.
quercuum SBJISETCS UCKJIIOUUTENBHO aMEPUKAHCKUM
BUJIOM U HE UMEET PAaCIPOCTPaHeHNUs 3a NpefeamMu
JIaHHOTO MaTepuKa [14].

B 11e19X BBISCHEHUS BO3HUKIINX BOIIPOCOB TI0
TAaKCOHOMUYECKOMY 00beMy M PacIpoCTPaHEHUIO
C. quercuum garonckuM ypegunosiorom C. Kanexo 6611

Puc. 4. PakoBble paHbl, NPMBOAALLUE K TOMKOCTHU
CTBOJIOB NOPaXXEHHbIX AepeBbeB

https://www.invasive.org, hoTo: E.G. Kuhlman)
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specialization. Thus, the galls of C. fusiforme, unlike the
galls of C. guercuum, are more elongated, spindle-shaped,
while C. fusiforme from the entire range of host plants
prefers Pinus taeda and E elliottii, which limits the dis-
tribution area of the pathogen. Therefore, C. fusiforme
can be found in the sources as a species, conspecific
to C. quercuum, but having the status of an intraspeci-
fic form and being quite authentic as a species [13, 11].
From a quarantine point of view, this fact is not of par-
ticular importance, since both species have a quarantine
status, but the consideration of C. fusiforme as an intra-
specific form of C. guercuum would simplify the identi-
fication procedure, since due to the genetic proximity
of these species PCR method for the diagnosis of C. fusi-
forme is still not developed.

Describing Cronartium quercuum (Berk.) as a qua-
rantine object for the Russian Federation, the Russian
name for the disease caused by this biotroph is “rozh-
kovidnaja rzhavchina bukovyh” (eastern gall rust of
pine). However, this name was cited by the authors of the
USSR Rust fungus key for Cronartium quercus (Brondt.)
Arth. [3] — a taxon that is synonymous with C. quercuum
(Berk.) and which was thought to be common in the Far
East of the USSR. But for the reasons described above,
there is no C. quercuum in the Far East, but C. orientale.
And, therefore, in our opinion, the Russian name of
the disease may be used for this pathogen, and not for
C. quercuum. Although the Russian name for C. orientale
has not yet been designated.

DISTRIBUTION
AND RISK OF INTRODUCTION

Due to the increasing volumes of international trade in
plant products and timber, there is a real risk of the intro-
duction of absent species of Cronartium into the territory
of the Russian Federation, which pose a certain danger

Fig. 4. Cankers leading to trunk brashness
of tha affected trees
(https://www.invasive.org, choto: USDA Forest Service;  (https://www.invasive.org, photo by: USDA Forest Service;

https://www.invasive.org, photo by: E.G. Kuhlman)
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Puc. 5. CumnTtoMbl C. quercuum Ha CTBOJIe COCHbI

Fig. 5. C. quercuum symptoms on pine

(https://www.invasive.org, ¢oto: Robert L. Anderson;  (https://www.invasive.org, photo by: Robert L. Anderson;
https://www.invasive.org, hoto: Rebekah D. Wallace;  https://www.invasive.org, photo by: Rebekah D. Wallace;
https://www.marylandbiodiversity.com/viewSpecies.  https://www.marylandbiodiversity.com/viewSpecies.

php?species=14677)

Puc. 6. NMopaxeHus, Bbi3BaHHbIe C. fusiforme
(https://ag.purdue.edu, hoto: Amy M. Deitrich;
https://www.flickr.com, hoto: William Tanneberger;  photo by: William Tanneberger; https://www.flickr.com,

https://www.flickr.com, ¢oTo: Alan Cressler)

TIPOBEIEHEI MOP(HOJIOTUIECKUE, OMOJIOTUUECKIE, MOJIE-
KyIspHO-TeHeTUUYeCKre UCCIeN0BaHUA IBYX reorpadu-
yecKkux 610G opM C UCII0/Ib30BaHNEM a3uaTCKUX (B TOM
YMCIe AJTbHEBOCTOUHBIX) U aMEPUKAHCKIX KOJITIEKIIH.
PesynbTaThl UCCIIeIOBAHUIN [TOKA3aJu CyIeCTBEHHbIE
PasINuM IPU3HAKOB a3MATCKOM (DOPMBI OT CeBepo-a-
MEPUKAHCKOM [17], ITO TTO3BOJIMIIO OTIUCATH a3UATCKYIO
hopMy COCHOBO-IyOOBOU PXKaBUMHBI KaK HOBbBIY BUJ, —
C. orientale S. Kaneko. I mumenHo sToT Buz, C. orientale
S. Kaneko, a ve C. quercuum (Berk.), MpUCyTCTBYeT y HaC
B Poccum Ha lanmbHeM BocToke. [TojieBbIie UcciienoBaHmg
TI0Ka3aJix, YTO OOJIBIIMHCTBO CEBEPOAMEPHUKAHCKIX B~
IIOB coceH ycToiumBel K C. orientale. Takyke 0TMedasocs,
uTo Pinus montana Mill. u P. sylvestris .. BOCHPUUMUUBEI
K BO30OYIUTEII0, YTO TIPENCTABIISIET TOTEHINATIbHYTO
OTIACHOCTD JIJIT MHTPOIYIINPOBAHHBIX B A3UI0 3TUX BU-
IoB coceH [18, 20].

TaxKe 10 CUX IIOP HET OKOHYATEJIbHOI'O0 OTBETA
Ha BOITPOC 0 KOHCTIeUMPUIHOCTH Mexay C. quercuum
1 BO3OyIuTEeNIeM BepeTeH000pa3Hol pyKaBUMHBI COCHBI
C. fusiforme Hed. & Hunt. ex Cum. OTHOIIEHUS MEX-
Iy 3TUMU BUAAMU TIPUHUMAIOTCSI KakK OUeHb OJIU3KIe
B CUJIY TOT'O, UYTO OHU 06JIAZIAt0T MPAKTUUECKU OJIHA-
KOBBIMU MOP(OJOrMYECKUMU HPU3HAKAMU, UMEIOT
COTIOCTaBUMbIE KU3HEHHbIE ITUKJIbI ¥ MOTYT ITOPa’kaTh
OIIVH KPYT pacTeHuii-xosqen [5, 6, 7, 8]. HekoTopkle pas-
MUK HabJII0JaoTCa B JUATHOCTUYECKUX IIPU3HAKAX

php?species=14677)

ol i

Fig. 6. Damage caused by C. fusiforme (https://ag.purdue.
edu, photo by: Amy M. Deitrich; https://www.flickr.com,

photo by: Alan Cressler)

to our fauna. To assess the distribution range including
almost all the natural areas of the Northern Hemisphere,
and the diversity of representatives of this genus, the ta-
ble below lists the majority of Cronartium species, their
habitats and the range of host plants.

The most dangerous for the Russian Federation due
to its pathogenic specialization, biological characteris-
tics and harmfulness are North American rusts, such as
Cronartium coleosporioides, Cronartium comandrae, Cronar-
tium harknessii, Cronartium quercuum, as well as all the in-
traspecific forms.

NORTH AMERICAN RUSTS

C. coleosporioides and C. comandrae are holomorphic rusts
and belong to the symptomatic group of the so-called blis-
ter rusts (which includes C. ribicola), causing cankers on
the stems, which is not observed in gall and limb rusts.
Necrosis and cankers caused by these pathogens
can be associated with a secondary infection, for example,
Atropellis piniphila. Infection occurs through young nee-
dles. As it spreads from the site of infection, the patho-
gen causes death of branches, and then of the entire tree.
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¥ TIATOJIOTMYECKOU crIeluanm3aluy. Tak, rajljibl
C. fusiforme, B oTname ot rayuioB C. quercuum, 60jee Bbl-
TIHYThIE, UMEIOT QOPMY BepeTeHa, Ipu 3ToM C. fusiforme
13 BCETO KPyTra PaCTEHUN-X03€B MIPENITOUUTAET Pinus
taeda v P, elliottii, ¥TO OTPAaHUYINBAET apeasl PacIIpocTpa-
HeHUd Bo30ynuTend. [ToaTomy B uctouHukax C. fusiforme
MO)KHO BCTPETUTH KaK BU, KOHCIIEUMPUUHLIN I10 OT-
Homenmio kK C. quercuum, HO UMEIONIUY CTaTyC BHYTPU-
BUZIOBOY (DOPMBI, U KaK BUJ, BIIOJIHE ayTEHTUYHbIM [11,
13]. C KapaHTUHHON TOUKY 3PEHUI STOT (DAKT HEe NUMEET
0cob0T0 3HAUEHU, TaK Kak 00a BHIa UMEIOT KapaHTUH-
HBIY cTaTyc, HO paccMoTpenue C. fusiforme Kak BHYTPU-
BU0BOM (hopMBI C. quercuum rmo3BOJIUIIO OBl YITIPOCTUTD
MIPOIENYPY UIAEHTU(DUKAIINY, TIOCKOJIbKY B CUJTY Te€HEe-
TUYECKOH OJIM30CTY 9TUX BUIoB Metop TP ang gua-
rHOCTUKHA C. fusiforme 10 CUX TI0p He pa3paboTaH.

[Tpu ontmcanum Cronartium quercuum (Berk.) xax
KapaHTHUHHOTO 0b6beKkTa a1 Poccuiickoit demepaiiun
MIPUBOJIUTCS PYCCKOE HasBaHMe 3a00JIeBAHUSA, BbI3bI-
BAEMOTO 3TUM O6MOTPOGOM, — POXKKOBUAHAA PrKAaBUMHA
6ykoBbIX. OlHAKO 3TO Ha3BaHUe 3a001eBaHNS ITPUBO-
IUI0Ch aBTOpaMu OINpeneanTelsa PyKaBUYNHHBIX TPUO0B
CCCP gna Cronartium quercus (Brondt.) Arth. [3] — Tak-
COHa, KOTOPBIU ABJIIETCA CUHOHUMOM JJia C. quercuum
(Berk.), 1 KOTOPBIH, KaK CYUTAJIOCh, PACIIPOCTPAHEH
Ha lameaem Boctoke CCCP. Ho 1o nipyymnHaMm, OrnmucaH-
HBIM BhIIIE, Ha JlaibHeM BocToke C. quercuum HET, a eCTh
C. orientale. VI, cieoBaTeNbHO, 110 HAllEMy MHEHWUIO,
pycckoe HazBaHMe 3a60JIeBAHUSA MOXKET OBITH UMEHHO
y 9TOTO BO3bynuTend, a He Y C. quercuum. XOTs pycckoe
HasBaHue g C. orientale ToKa HUKAK He 0603HAYEHO.

PACIIPOCTPAHEHUE
1 OITACHOCTDb ITPOHUKHOBEHUA

B CcBSI31 C TTOCTOSIHHO YBEJIMUMBAIOIIMUCT 00 beMaMu
MeXITyHaPOIHON TOPTOBJIN PACTUTEBHON TTPOAYKIIN-
eil ¥ JjecoMaTepuaaMu CyIeCTBYET PeasbHast yrposa
3aB0O3a Ha TeppUTOpPUI0 Poccuiickon demepaiuu OTCyT-
CTBYIOIIUX BUZIOB pofia Cronartium, npefcTaBIA0IIUX
OTIPEIENIEHHY0 OITACHOCTD [JIJIs Hatlel dayHbl. YTOOBI
OIIEHUTH OXBAT PACIIPOCTPAHEHNS, KOTOPLIN BKJIIOYAET
B cebsI ITpaKTUYECKHU BCe IIPUPOAHBIE 30HEI CeBEPHOTO
TIOJIyIIapus, ¥ pasHoobpasure NpefcTaBUTesel 3Toro
poIa, HVKe IPUBOAUTCS Tabaulla ¢ rmepevneM 60Jb-
IMWHCTBA BUMIOB Cronartium MecT WX 00UTaHUSI U KPYyroM
PacCTeHNHN-X035€EB.

Hambonee onacubiMu 11 Poccuiickor demepa-
1IUU B CUJIY CBOEM TaTOJOTUYECKOU Crelnanimn3aliuu,
610JIOTUYECKNX 0COOEHHOCTEN M BPEIOHOCHOCTU
SIBJITIOTCSI CEBEpPOaMEPUKAHCKIME P)KABUMHBI, TAKUE
Kak Cronartium coleosporioides, Cronartium comandrae,
Cronartium harknessii, Cronartium quercuunt, CO BCeMU
BHYTPUBUIOBLIMU (OPMaMU.

CEBEPOAMEPUKAHCKHUE COCHOBBIE
PKABUYNMHBI

C. coleosporioides v C. comandrae BAAIOTCSA TOJIOMOPMHBI-
MU PXKaBUYMHAMU U BXOJISIT B CUMITTOMATUYECKYTO TPYII-
Ty TaK Ha3bIBAEMBIX OJIMCTEPHBIX CTEOIEBBIX PKABUNH
(kyma BxomuT u C. ribicola), BbI3bIBAOIIMX SI3BEHHBIE 110~
PaKeHUS Ha CTeOIAX, YET0 He HABJII0IaeTCs Y raJlIoBbIX
7 TUMOOBBIX PKABUWH.

HeKposbl M A3BbI OT 3TUX BO3OyAUTENIEN MOTYT
OBITL CBSI3aHbI M CO BTOPUYHON MHQEKIINEHN, HaIllpu-
mep, Atropellis piniphila. 3apaxeHme TPOUCXOAUT Uepes
MOJIO[IyIO XBOIO. [0 Mepe pacrpocTpaHeHUsa OT MecTa
3apaxeHus BO3OyAUTENb YOUBAET BETBY, a 3aTEM U BCE

OT HayKu K npakTuke

Infected seedlings die within 2-3 years. The pathogens
are of quarantine importance for EPPO and are included
in A1 list. The spread of holomorphic rusts is directly re-
lated to the presence of intermediate host plants. And if
representatives of the genus Castilleja growing in north-
western Russia and Ural can serve as such for C. coleospo-
rioides, then for C. comandrae intermediate host plants can
only be found on the Balkan Peninsula.

Cronartium harknessii — monocyclic gall rust, causing
western gall rust of pine. Unlike other rusts, no interme-
diate hosts are needed for this disease since infection oc-
curs directly pine-to-pine. In the shortened life cycle of
C. harknessii, so-called aecidial teliospores are formed,
i.e. spores similar to aecidiospores, but germinating and
functioning as teliospores. They are transferred by the
wind and secondary infect young shoots of pine trees. Ure-
dinia with urediniospores are not formed at all. This fea-
ture enhances the infectious potential of this disease and
in the areas of distribution, western gall rust is considered
one of the most destructive diseases for susceptible pines.

The pathogen is native to North America and it is
spread from Alaska to Mexico along the Pacific coast and
from Nova Scotia in Canada to the state of New York in
the USA and in the East. C. harknessii forms well-defined
spherical or oblong galls on the branches and stems of
host plants. Small galls can encircle branches, which
leads to their death within a few years (Fig. 2). The harm-
fulness of C. harknessii is first of all contingent on the re-
duced merchantability of wood of the affected trees.

Every spring on galls, pale yellow aecidia 1-8 mm
in diameter appear containing spore powder that infects
new plants.

Puc. 7. Tann C. orientale
B 3uMAManbHON cTagum aecidial stage

Fig. 7. C. orientale gall,

(https://fr.dreamstime. (https://fr.dreamstime.
com/gall-rust-cronartium- com/gall-rust-cronartium-
quercuum-oriental-l-écorchure-  quercuum-oriental-I-
sphérique-rouille-orientale- écorchure-sphérique-
d-souvent-appelé-pin-chéne- rouille-orientale-d-souvent-
branche-image143665587) appelé-pin-chéne-branche-
image143665587)

MaprTNe1 (1) 2020 17



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

Puc. 8. MopaxkeHus, BbiaBaHHble C. ribicola
(https://en.wikipedia.org, hoTo: Marek Argent;

e

Fig. 8. Damage caused by C. ribicola
(https://en.wikipedia.org, photo by: Marek Argent;

https://afsq.org, hoTo: Ressources naturelles Canada;  https://afsq.org, photo by: Ressources naturelles Canada;

https://www.flickr.com, ¢oTo: Richard Sniezko)

IepeBo. 3apakKeHHbIe CAXXEHITBI ITOTUOAI0T B TEUEHME
2-3 net. Iyg EOK3P Bo36ynuTenun nUMeT KapaHTHUH-
HBIM CTATyC U BXOOAT B criMcOK Al. PacripocTpaHeHue
TOJIOMOP(HBIX PXKAaBUYNH HATIPSIMYI0 CBA3aHO C HAJIM-
YureM MPOMEXYTOUHBIX DACTEHUN-X039€eB. 1 eciu B Ka-
YeCTBe TaKOBbIX 14 C. coleosporioides MOTYT BBICTYTIATh
npencraBuTenau poxa Castilleja, mponspacTaiomye Ha
ceBepo-3anaze Poccuu u Ha Ypaiie, To A C. comandrae
TTPOMEKYTOYHbBIE PACTEHUSI-X0359€Ba MOT'YT HAUTUCH
TOJIbKO Ha BayikaHCKOM ITOJTyOCTPOBE.

Cronartium harknessii — MOHOIUKJIMYECKASA TaJLJIO0-
Bas PXKaBUYMHA, BhI3BIBAOINAS 3aTIaIHY0 TaJlIono106-
HYIO PPKaBUMHY COCHBL B OTJIMUmME OT APYTUX PyKaBUMH
ILJI 3TOr0 3ab0JieBaHUA He HY)XHbI IIDOMEXXYTOUHbIE
X035€Ba, TaK KaK 3apa’keHre IIPOVCXOAUT HEIloCPe-
CTBEHHO OT COCHBI K COCHE. B COKpanieHHOM XU3HEH-
"om tukJie C. harknessii 06pa3yoTcs Tak Ha3blBaeMble
SIUAMAJIBHBIE TEJINOCIIOPHI, T.€. CIIOPHI, ITIOX0XKKME Ha
SIMOCIIOPEI, HO ITPOopacTamuiue ¥ QyHKINOHNPYIOIITe
Kak Tenrocropkl. OHU TIEPEHOCSITCS BETPOM U TTIOBTOP-
HO 3apa’kaloT MOJIO/IbIe TTOOET W COCEH. YPEIMHUN C ype-
IVHUOCIIOPaMU TIPU 3TOM He 00pasyioTcsd BOBCe. JTa
0COOEHHOCTh YCUNUBaeT WHMEKITMOHHbBIN MTOTeHITUAT
3ab0JIeBaHKA U B palioHax pacIpoCTpaHeHyd 3aragHas
TaJIJIONOA00HAS PKaBUNHA CUMTAETCS OJHUM M3 CAMBIX
Pa3pyIUTEeTbHBIX 3a60eBaHUN AJIT BOCTIPUUMUMBBIX
K HEMY COCEH.

Ponmurom Bo30ymuTess apiseTcs CeBepHasg AMepH-
Ka, ¥ ero pacipocTpaHeHue 0XBaTUJIO 1o TUXookeaH-
CKOMY TTOOEPEXBI0 TEPPUTOPUIO OT AJISICKY JT0 MEKCUKHY,
a Ha BocToKke oT HoBou loTinmannuy B Kanaze go mrara
Heio-Mopk B CIITA. C. harknessii o6pasyeT X0poIIo pas-
rpaHrYeHHbIe cepUUeCcKUe UK IIPOI0JITOBATEIE IPe-
BECHBIE TaJIJIbl Ha BETBAX U CTEOJIIX PACTEHUI-X035€EB.
He6OJ'IbH_H/Ie raJijIbl MOT'YT OITOACBIBATb BETBU, UTO TP~
BOIUT K X TMOEIN B TEUEeHNE HECKOJIbKUX JIET (PHC. 2).
BpemonocHOCTD C. harknessii 3aKJiI09aeTCsd B IIE€PBYIO
oduepenb B YXYOIIEHV Y TOBAPHBIX Ka4eCTB OPEBECHHDBI
TIOpa’kaeMbIX JEPEBLEB.

E)XeromHo KaXkIyio BeCHY Ha rajijlaxX IIPOUCX0-
IWT obpaszoBaHue 0JeAHO-KENThIX AIIUEB NMaMETPOM
1-8 MM, comeprKallyx ITOPOIIKO0OPa3HbIe CIIOPLI, KOTO-
pble 3apa)kaioT HOBLIE PACTEHUA.

B xome MexIyHapOoHOU TOPTOBJIM TaTOTEH MO-
JKeT PACIPOCTPAHATLCA C 3aPa’KEHHBIM [I0CALOYHBIM

https://www.flickr.com, photo by: Richard Sniezko)

During international trade, the pathogen can spread
with infected planting material, cut branches, and un-
barked pine wood susceptible to this disease. The causa-
tive agent C. harknessii is included in the A1 lists of plant
protection organizations including EAEU Uniform list
of quarantine objects. In Europe, pine species such as
P halepensis, P mugo, and F nigra are considered suscep-
tible to the pathogen. In case of introduction and estab-
lishment, the pathogen can cause serious impact on co-
niferous forests and plantations leading to significant
economic and social consequences.

Cronartium quercuum (Fig. 5) and Cronartium fusi-
forme (Fig. 6) discussed above should also be noted as
especially harmful. These macrocyclic, heterozygous
rusts are genetically very close to each other and can
affect both pine seedlings and mature trees. The galls
caused by these pathogens, encircling trunks and stems
of plants cause the greatest damage to the genus Pinus
(Fig. 3, 4). At the same time, damage caused by uredini-
al and telial stages on intermediate hosts of the genus
Quercus is insignificant [22].

DIAGNOSTICS

Pine rusts can be divided into three large groups based
on their symptoms. Gall rusts are stem rusts that cause
galls on trunks and branches and normally do not cause
cankers. They include C. harknessii, C. quercuum, C. orien-
tale and others. Blister rusts are stem rusts causing can-
kers. Cronartiumribicola is a typical representative of this
group. The third group — limb rusts causing infections,
leading to the death of branches, but not causing can-
kers. These are, for example, the C. arizonicum, Perider-
mium filamentosum, P. stalactiforme [21].

Galls as a symptom are clearly visible on the tree.
Despite the fact that galls are not significant diagnos-
tic feature they differ depending on the species. So,
in the aecidial stage galls of C. quercuum are “brain”
shape (Fig. 5), while galls of Endocronartium harknessii
look like bright yellow-orange balls. In spring, during the
aecidial stage, pine plantations infected with C. harknessii
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Buapnl p. Cronartium spp. , UX 3uuauajbHbIe
¥ TeJINAJIbHbIE PACTEHHUA-X0351€BA M PalOHbI PacCIpPOCTPAHEHUS

OT HayKu K npakTuke

YpeauHuajbHbIe
Buabi duuauajbHbIE
Cronartium pacTenmEs-x03sERa U TeJIhaJIbHbIE PacnpocTpaHeHue
pacTeHus-x03s1eBa
Cronartium OCHOBHbBIE: Melampyrum lineare v Castilleja Kanapa, CIIA
coleosporioides Pinus banksiana, Pinus contorta SPP., BO3MOXXHO, Orthocarpus,
[TpOMEXyTOUHBIE: Pedicularis u Rhinanthus spp.
Pinus jeffreyi, Pinus ponderosa, Pinus
sylvestris vt Pinus nigra
Cronartium OCHOBHBIE: Comandra livida, Kanapa, CIIIA
comandrae Pinus banksiana, Pinus contorta, C. umbellata,C. richardsiana,
P. ponderosa Geocaulon lividum
[TpOMEKYTOYHBIE!
Pinus mugo, Pinus nigra,
Pinus pinaster, Pinus sylvestris
Cronartium Pinus spp. Quercus spp. 3amajHag yacTb
conigenum (P chihuahuana, P, leiophylia, (Q arizonica, Q. dunnii, CIIA, Mekcuku
P montezumae, P. oocarpa, Q. emoryi, Q. grisea, u LleHTpasbHOU
E pseudostrobus) Q. oblongifolia, Q. oocarpa, AMepuru
Q. peduncularis, Q. rugosa)
Cronartium OCHOBHBIE: Castilleja spp. Poccug, Sinonus
kamtschaticum Pinus cembra, Pinus pumila (C. pallida), Pedicularis spp.
[TPOMEXYTOUHBIE: u Ribes spp.
Pinus spp., Pinus strobus
Cronartium Pinus strobus, Pinus albicaulis, Pinus — Ribes spp. Kanaga, CIITA, EBporra
ribicola ayacahuite, Pinus flexilis, Pinus 1 A3Ud TTOBCEMECTHO
lambertiana, Pinus monticola, Pinus
reflexa, Pinus strobiformis
Cronartium OCHOBHBIE: Quercus spp. CIIA
fusiforme P, elliottii, P taeda OCHOBHBIE:
[TpoMEXyTOUHBIE: Q. nigra, Q. phellos,
P rigida, Castanea dentata
P, serotina
Endocronartium Pinus banksiana, Pinus contorta, Kanaga, CIIIA, Mekcuka
harknessii Pinus ponderosa, Pinus sylvestris,
Pinus sensuata, Pinus muricata, Pi-
nus radiata, Pinus halepensis, Pinus
mugo, Pinus nigra
Cronartium Pinus spp. (BkJovas Pinus nigra, Castanea, Castanopsis v Quercus Kuran, dnonng,
orientale Pinus pinaster, Pinus Sylvestris) spp. (Bxmouast Q. rubra) Poccus
(JambHMU BOCTOK)
Cronartium OCHOBHBIE: Quercus spp. Kanapa, benus, Kocra-
quercuum Pinus banksiana, Pinus densiflora, (Q. acutissima, Q. rubra), Puka, Ky6a, l'aitaHa,
Pinus echinata, Pinus thunbergii, Castanea spp. Tonmypac, Mekcuka,
Pinus virginiana (C. dentata, C. pumila) Hwukaparya, [TaHama,
[IpoMexyTouHbIE: u Castanopsis CIIA, Kutan, Uannga,
Pinus nigra, Pinus sylvestris Kopesi, DUnunmnuHel,
TaiBaHb
Cronartium Pinus caribea, Pinus elliottii, Quercus spp. CIITA, Tpy3us
strobilinum Pinus palustris
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Cronartium spp., their aecidial and telial host and areas of distribution

Cronartium spp. Aecidial hosts Uredinial and telial host Distribution
Cronartium Main: Melampyrum lineare and Canada, USA
coleosporioides Pinus banksiana, Pinus contorta Castilleja spp., prob., Orthocarpus,
Intermediate: Pedicularis,
Pinus jeffreyi, Pinus ponderosa, and Rhinanthus spp.
Pinus sylvestris, and Pinus nigra
Cronartium Main: Comandra livida, Canada, USA
comandrae Pinus banksiana, Pinus contorta, C. umbellata, C. richardsiana,
P ponderosa Geocaulon lividum
Intermediate:
Pinus mugo, Pinus nigra,
Pinus pinaster, Pinus Sylvestris
Cronartium Pinus spp. Quercus spp. Western part of the USA,
conigenum (P, chihuahuana, P, leiophylla, (Q arizonica, Q. dunnii, Mexico, and Central
P. montezumae, P. oocarpa, Q. emoryi, Q. grisea, America
P pseudostrobus) Q. oblongifolia, Q. oocarpa,
Q. peduncularis, Q. rugosa)
Cronartium Main: Castilleja spp. Russia, Japan
kamtschaticum Pinus cembra, Pinus pumila (C. pallida), Pedicularis spp.,
Intermediate: and Ribes spp.
Pinus spp., Pinus strobus
Cronartium Pinus strobus, Pinus albicaulis, Pinus — Ribes spp. Canada, USA, Europe
ribicola ayacahuite, Pinus flexilis, Pinus and Asia widespread
lambertiana, Pinus monticola, Pinus
reflexa, Pinus strobiformis
Cronartium Main: Quercus spp. USA
fusiforme P elliottii, P taeda Main:
Intermediate: Q. nigra, Q. phellos,
P rigida, Castanea dentata
P. serotina
Endocronartium Pinus banksiana, Pinus contorta, Canada, USA, Mexico
harknessii Pinus ponderosa, Pinus sylvestris,
Pinus sensuata, Pinus muricata,
Pinus radiata, Pinus halepensis,
Pinus mugo, Pinus nigra
Cronartium Pinus spp. (incl. Pinus nigra, Pinus Castanea, Castanopsis, China, Japan,
orientale pinaster, Pinus sylvestris) and Quercus spp. Russia (Far East)
(incl. Q. rubra)
Cronartium Main: Quercus spp. Canada, Belize, Costa
quercuum Pinus banksiana, Pinus densiflora, (Q. acutissima, Q. rubra), Castanea Rica, Cuba, Guyana,
Pinus echinata, Pinus thunbergii, spp. Honduras, Mexico,
Pinus virginiana (C. dentata, C. pumila), Nicaragua, Panama,
Intermediate: and Castanopsis USA, China, India,
Pinus nigra, Pinus sylvestris Korea, Philippines,
Taiwan
Cronartium Pinus caribea, Pinus elliottii, Quercus spp. USA, Georgia
strobilinum Pinus palustris
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Puc. 9. 3unpmanbHasa ctagus C. coleosporioides

OT HayKu K npakTuke

UGA2251007

Fig. 9. Aecidial stage of C. coleosporioides

(https://www.invasive.org, hoto: USDA Forest Service)  (https://www.invasive.org, photo by: USDA Forest Service)

MaTepUaoM, CPe3aHHBIMY BETBAMU 1 HEOKOPEHHON
IIDEBECUHON COCEH, TOJIBEPXKEHHBIX 3TOMY 3aboJe-
BaHWUIO. Bo3byauTennb C. harknessii BXOOUT B CIIMCKU
A1l opraHusaiui Mo KapaHTUHY U 3alUTe PACTEHUH,
B ToM umciie EITKO EASC. B EBporie BOCTIpUMMYUBHI-
MU K BO3OYIUTENI0 CUNTAIOTCS TaKMe BUIBI COCEH, KaK
P halepensis, E mugo n P. nigra. Bo3bynuTenb B ciaydae
MIPOHUKHOBEHUA 1 aKKJIMMATU3aLIMKU MOXKET 0Ka3aTh
Cepbe3HOE BO3[IENVCTBME HA XBOWHBIE JIECA U HACAXKE-
HUd, UTO Oy/IeT UMeTh 3HAUUTEJIbHbIE BKOHOMUYECKUE
U COlLIMaIbHbIE TTOCJIEICTBUS.

Tax)xe Kak 0cob60 OMacHbIe ClIeAyeT OTMETHUTD
BUnbI Cronartium quercuum (puc. 5) u Cronartium fusiforme
(puc. 6), 0 KOTOPBIX PEYD yIKe TIIJIa BhINIe. DTU MaKpO-
LIUKJINYECKUe, TeTePO3UTOTHLIE U OUeHDb FreHeTUYEeCKN
6u3Kre Mexay coboll pKaBUMHBI MOTYT MOPaXkaTh
1 IIPOPOCTKY COCEH, U B3POCJIbIe IepPeBbA. HanbombIIni
yIep6 TpeacTaBUTENIM Poa Pinus TPUINHSIOT TaJlJIb,
BBbI3BAHHbIE ITUMU BO3OYIUTEIIMU, OTIOSICHIBAIOIIE
CTBOJIBI U cTebnu pacTeHun (puc. 3, 4). [Ipu 5TOM I10-
BPEXIEHUS MTPOMEXYTOUHBIX PACTEHUM — X0359€B Pofa
Quercus, The TIPOXOAAT ypeauaabHasd 1 TelralbHada CTa-
I Pa3BUTHS IIATOIE€HOB, ABJIIIOTCI BeCbMa He3HAUN-
TeJIbHbIMU [22].

AUATHOCTUKA

COCHOBbIE PXKaBUMHBI 110 CBOMM CHMIITOMAaM MOYKHO
pasnenuTh Ha Tpu OOJIBbIIKME TPYIIIL. ['ajI0BbIe PXKaB-
UMHBI — 9TO CTBOJIOBBIE PYKABUMHEI, BhI3hIBAOIIME 00-
pasoBaHMeE TaJlJIOB Ha CTBOJIaX U BETBSIX, [IPU BTOM,
KaK TIpaBuUJIo, I3BbI He 06pasyoTcd. K HUM OTHOCATCS
C. harknessii, C. quercuum, C. orientale 1 gp. BiucTepHbIe

resemble orange groves (Fig. 2). Galls of C. ribicola and
C. coleosporioides are flattened, elongated, and have spe-
cific structure that distinguishes them from galls of
C. quercuum and C. harknessii, especially in the aecidial
stage (Fig. 8, 9).

Aecidial stage of rust fungi when they can be identi-
fied by aecidiospores, occurs in the spring and lasts sev-
eral weeks. During the rest of the year galls of C. quer-
cuum, C. fusiforme, C. orientale (Fig. 7), C. harknessii, etc.,
having a pronounced globular shape, are sometimes in-
distinguishable from each other. In such case, it should
be kept in mind that rust fungi are highly specialized
parasites and are quite strongly connected to their host
plants. So, if a gall is found on a pine tree from the west
coast of the USA, then with a high degree of probability
we can expect that it is E. harknessii, and if from the east
coast, then C. quercuum. Moreover, knowing pine species
on which the gall is found, the place of its growth and the
possible range of intermediate hosts in this area, a pre-
liminary diagnosis can be made using the scheme pro-
posed by Y. Hiratsuka (Fig. 10).

Itis as follows. If gall is found on a pine tree, know-
ing the species of pine, it is possible to determine the
subgenus to which it belongs: Haploxylon the so-called
“white pines” or Diploxylon the so-called “yellow or hard
pines”. After that the range of pathogens affecting this
subgenus can be determined as well as the range of
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(TTy3bIpUaThIe) PXKABUMHBI — CTeOJIEBBIE PXKaBUYMHbI, KO-
TOPBIE BLI3BIBAIOT I3BEHHBIE TTOPAKEHNA. XapPaKTePHLIM
TIpefCTaBUTENIEM 3TOU TPYIIbI ABAAeTCa Cronartium
ribicola. VI TpeTbs Tpymma — TMMOOBbIE PXKABUMHBI —
P)KaBUYMHEI, BBI3BIBAIONIME MHMEKIINY, TIPUBOAIIINE
K rubeyi BETBEU, HO He BBI3bIBAIONIME g3B. DTO, Ha-
nipumep, Buzwl C. arizonicum, Peridermium filamentosum,
P stalactiforme [21].

T'aJIbl KaK CUMIITOM XOPOIIO 3aMEeTHHI Ha JIEPEBE.
HecMOTps Ha TO, YTO TaJLIbl HE IBJITIOTCS OIIPEHEIIsIio-
MM AVarHOCTUYECKUM TIPU3HAKOM, OHYM B 3aBUCUMO-
CTHM OT B[ A, X BbI3BaBIIETO, MMEIOT HEKOTOPhIE OTJIN -
yng. Tak, B SUUIMAIbHON CTaguM Tajuibl C. quercuum
HAITOMMWHAIOT T10 BHEITHEMY BUAY «MO3T» (puc. 5), a raj-
niel Endocronartium harknessii — SpKue KeJITO-0paHKeBbIe
IIapbl. BeCcHOM, BO BpeMs MPOXOXKIEHUA SUMINAILHON
CTaIuM, TNIAHTAIIMY COCHBI, 3apakeHHble C. harknessii,
HAIIOMUHAIOT alejbCUHOBbIE pouu (puc. 2). I'aibl
C. ribicola n C. coleosporioides yTIIOIIEHBI, BbITIHYTHI
¥ UMEIOT XapaKTEPHYIO CTPYKTYPY, OTIIMYAIONIYI0 UX OT
raanos C. quercuum n C. harknessii, 0cOO€HHO B 311N~
anpHOl cTaguu (puc. 8, 9).

SuuAraabHad CTAAUA ¥ PPKaBUMHHUKOB, KOTIA UX
MOXKHO UAeHTUPUIIMPOBATE 10 S1IMOCIIOpaM, IIPOTeKa-
eT BeCHOU U OJIUTCSI HeCKOJIbKO Hellesib. B ocTalibHOE
Bpemda ropa rayet C. quercuum, C. fusiforme, C. orientale
(puc. 7), C. harknessii v gp., UMes BhIPaXKEHHYTO 1Tapo-
ob6pasHyo GopMy, TOPON HEOTIUUUMBI APYT OT APYyTa.
B Tako¥ cUTyaluy Ha/l0 yUUTHIBATD, YTO PXKABUMHHUKYA
ABJIAIOTCA Y3KOCIIeINaJIM3NPOBaAHHBIMU ITapa3uTaMuU
¥ IOBOJIbHO YKECTKO IIPMBA3aHbI K PACTEHUIM-X035-
eBaM, Ha KOTOPBIX MPOTEKAET UX XU3HEHHBIN ITUKJI.
Tak, eciy Mbl HAXOAUM TajIj Ha COCHE C 3amlagHOTO
nobepexbs CIIA, To ¢ 6OJIBIION IOJIe BEPOITHOCTH
MOYKHO O)KMIIATh, UYTO BTO E. harknessii, a €CJIv ¢ BOCTOY-
HOTO TI06epexbd, To C. quercuum. K ToMy e, 3Hasd BU
COCHBI, Ha KOTOPO} 06HAPYXEH T'aJijl, MECTO €€ TTPOU3-
pPacTaHWa ¥ BO3MOXXHBIN KPYT ITPOMEXYTOUHBIX X035€B
B 9TOM paiioHe, MOXXHO COCTABUTh MPeIBapUTETbHbIN
IMarHO03, BOCIIOJIb30BABIINCEH CXEMOM, IIPEIJIOKEHHON
Y. Hiratsuka (puc. 10). CyTb ee 3aKJI04aeTCcsd B CIIemdy-
fommeM. [1pyu o6HaAPYKEHUU Tajljia Ha COCHE, 3Had BU[I
COCHBI, MOXXHO OIIPEENIUTD TI0IPOJI, K KOTOPOMY OHa
IpUHAIJIEXUT: Haploxylon, Tak Ha3biBaeMble «berble
CcOoCHBI», unu Diploxylon, Tak Ha3bIBaeMble «KeJIThIe,
WJIX TBEPZbIE COCHBI». [lajiee MOXXHO OIPEeUTb KPyT
BO30OymuMTeNel, KOTOpbIe ITOPaKatoT MaHHbBIA ITOIPO/I,
U KPYT BOBMOXKHBIX TPOMEXYTOUHbBIX PACTEHUN-X035€EB.
1 Ha060pOT: ecyiu 06HAPYKEHbI JIUCThS TPOMEXYTOU-
HBIX PACTEHUU-X0354€B C CUMIITOMaMU ypeauaJbHON
WA TeanajJbHOW CTaZuu, TO, 3Hasd CEMENCTBO, K KO-
TOPOMY TIPUHAJIEKUT TO PACTEHME-XO3IWNH, MOXKHO
OITPENIeNIUTh KPYT BO3OYAUTENEH M TPUMEPHBINA KPYT
BUJIOB COCEH, TOIBEPKEHHBIX 3apakeHuto [15].

AHanau3 DAaHHOW MH(GOPMALIMM IIOMOXKET COCTa-
BUTD [IPEIBAPUTEIbHBIN AMAarH03, KOTOPLIT HE0OX0Au-
MO TIONTBEPAUTD AaJIbHENIINMU JabopaTOPHBIMU HC-
cJlefoBaHUAMMU. [TOPALOK 3TUX KCCIEIOBAHMNI ONMCaH
B paspaboranubix crenuanucramu OI'BY «BHUVKP»
METOONYECKNX PEKOMEHJALIVAX 10 BhIABJIICHWIO 1 UOCH-
tudukauuu C. quercuum, C. fusiforme v E. harknessii.

3AKJ/IIOYEHUE

[TpencraBuTenu poma Cronartiunm HaAXOAATCS HA OJIHOM
U3 BBICHIMX CTYIEHEW IMapa3suTUUYECKOU JIECTHUIIBI
PACTUTEJIBHBIX TTAaTOTeHOB. OHU Y3KOCTIEUATUZUPO-
BaHbI, ITMPOKO PACTIPOCTPAHEHBI M OUeHb BPEJOHOCHBI.

Pinus Alternate Hosts

C. occidentale Saxifragaceae

C.ribicola Ribes
Grossularia

Subgenus Scmgzgq'ﬂ:;“
Haploxylon Melampyrum
Castillgja

Siphonotegia

Asclepiadaceas
Cynanchum
Vincatoxicum

C.coleosporiode:
C. arizonicum

E. yamabense
E. sahoanum
E. n.sp. (Jing et al.)

Gentianaceas
Genliana
Swertia

Paeoniaceae
Pagoni

C. delawayi aoone

C.quercuum, C. fusiforme Fagaceae

C. conigenum Quercus

Diploxylon C. strobilinum Castanea

Subgenus

. Myricaceae
C. comptoniae Compionia

Myrica

C. comandrae, F. betheli

Santalaceae
E. harknessii C. appalachianum Geocaulon
E. pini T Comandsa

E. sp. ? {P. filamentosum p.p.) Buckieya

Puc. 10. CxemMa B3aMMOOTHOLIEHUI Fig. 10. Relationship
Mex [y OCHOBHbIMU rano- diagram of the main
ob6pasywmmMm pxxaBuMHaMm Ha gall rusts of pine and
COCHe U UX pacTeHusiMu-xossesamm  their hosts

possible intermediate hosts. And vice versa: if leaves of
intermediate hosts with symptoms of the uredinial or te-
lial stages are found, then knowing the family to which
this host plant belongs one can determine the range of
pathogens and the approximate range of pine species
susceptible to the infection [15].

Analysis of this information will help to make a pre-
liminary diagnosis, which must be confirmed by further
laboratory tests The order of these tests is described in
the methodological recommendations for the detection
and identification of C. quercuum, C. fusiforme and E. hark-
nessii developed by the specialists of All-Russian Plant
Quarantine Center.

CONCLUSION

Representatives of the genus Cronartium are on one
of the highest steps of the parasitic staircase of plant
pathogens. They are highly specialized, widespread
and very harmful. In case of their introduction and dis-
tribution, one can expect a serious impact on forest
stands, commercial plantations, ornamental plantings
and nurseries, where pines, oaks, chestnuts and other
plants grow. At the same time, climate conditions will
not be a limiting factor. The only thing that can restrain
the spread of pathogens with a full development cycle is
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B ciiydyae uX MHTPOLYKITUU M PACITPOCTPAHEHUST MOX-
HO OKMIATh CEPbe3HOE BO3/IEHCTBIE Ha JIeCHbIE Haca-
JKIOEeHMHA, KOMMepUYeCKre IIaHTalluy, JeKOPAaTUBHbIE
MMOCaAKKY U MUTOMHUKHU, IZe MPOU3PaCTaiOT COCHBI,
IyOBI, KAITAHBl ¥ IPyrye pacTeHud. [1pu 3ToM K-
MaTHU4YeCKKe yCJIOBUA He 6y,ELyT ABJIATBCA JIMMUTUPYIO-
myM GaKkTOpoM. EIMHCTBEHHOE, UYTO MOXKET CHEPIKATh
pacmpocTpaHenye Bo30ynuTesel ¢ TTOJHBIM IIMKIIOM
Pa3BUTHA, — 3TO OTCYTCTBME IIPOMEXYTOUYHEIX, TEJIN-
AJIbHBIX PACTEHMII-X035eB. 06 umeHTUGUKAIIIY BUI0B
Cronartium y>xe TOBOPWJIOCH BBIIIE, OHA CJI0XKHA 1 HEOI-
HO3HAuYHa. Bce 5TO HaKIabIBAET 0COOYI0 OTBETCTBEH-
HOCTb Ha KaDaHTUHHYIO CJIYKOY A1 TIPUHSATHS MEp T10
HeOITyIIEeHWIO ITPOHUKHOBEHUS OTCYTCTBYIONINX BO30Y-
IuTenei u3 poxa Cronartium Ha TePPUTOPUI0 Poccuti-
ckon depepaliviu.
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the absence of intermediate telial hosts. The identifica-
tion of Cronartium species has already been mentioned
above; it is complex and ambiguous. All this imposes
a special responsibility on the quarantine service for
taking measures to prevent the introduction of absent
Cronartium pathogens into the territory of the Russian
Federation.
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O HEeKOoTOpPBIX BUAAX

rpu6OB B HACAXKIECHUAX

YepHUKH
O0OBIKHOBEHHOM

Ha TEPPUTOPUU
Pecnyoauku Kapeina
1 ApXaHTeJIbCKOM
ob6JiacTu

M.B. KOITMHA, K.C.-X.H., CTapIINi HAyYHbBIN
COTPYAHUK — HAUAJIbHUK HAYYHO-METOUUYECKOTO
0T/iejIa MUKOJIOTUU U FeJIbMUHTOJIOTUN

T.A. CYPUHA, K.6.H., cTapIIuii HAYyYHbIN COTPYAHUK
HAYYHOT0 OT/AEJIa MOJIEKYIAPHO-TeHETUYECKUX
METOJI0B IMarHOCTUKYU

I.A. YBAPOBA, Myagmuii HayYHbIN COTPYSHUK
HAy4YHOTO0 OTJ€JIa MOJIEKYJISIPHO-TeHETUYECKUX
METO/I0B IMarHOCTUKH

AnHoTaUUA. B cmamye npedcmasieHvl pe3yivmantvl
U3YUeHUs Pumonamosio2udecko20 COCNOIHUS eCIMecneeH-
HblX HacaxdeHull Ha cesepe esponetickoll wacmu Poccuu.
omaenvHuie pationvt Pecnybnuxu Kapenus u Bonvuoti Cono-
seyKuLl ocmpos (Apxaneenvckas 06aacms). JJanvl Onucanus
HEKapaHMUHHbLX U008 epubos, Bbl0eNeHHLLX ¢ PACEHUL
uepHUKU 00bIKHO8eHHOL. [Ipusodamces danuble B8u00B0L
udenmugbuxayuy MUKpPOMULEMO8 10 MOPFPHON0ULECKUM
NPUSHAKAM U C NOMOUDI0 PACUUUPBDOBKU HYKACOMUOHDLY 110~
cnedosamenvHocmell.

KiroueBble cJioBa. ECMecmeeHHule HACaxmOeHus,
8udosoti cocmas, uepHuUKa 00bIKHOBEHHAS, PUMONATNO2EHDL,
KapanmuHHbLil 06sexm, I[P cexseHuposaHLie.

epHUKa OOBIKHOBEHHas Vaccinium
myrtillus L. BBIIEIAETCS 10 3HAUM-
MOCTU CpPeAyu STOMHBIX KYJIbTYD,
OHA COOEPXKUT OOJIbIIOE KOJIUYe-
CTBO MUKPOBJIEMEHTOB, OMOJIOTH-
YecKU aKTUBHBIX BEIECTB, IPU 3TOM pacTeHUe YCTOMU-
YMBO K HEBJArompUATHBIM MPUPOLHBIM YCIIOBUSM.
UepHUKA IIXPOKO MTPEACTaBIeHa B PA3HBIX TUTIAX JIeca
Ha CceBepe eBPOIelcKoil yacTu Poccum: eNbHUK-4dep-
HUYHHUK, COCHIK-UYEPHUYHUK, OepesHIK-UePHUYHUK,
KOTOpbIE ABJIAIOTCA HanboJiee PacIpOCTPaHEHHBIMU
B IIOJ30HE IOXKHOU Talru. MaKCHMMaJbHBIM 3aIlac Chl-
Pbs YEPHUWKH OTMedYeH B HoBOCHMOMPCKON 06JIacTH,
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About some fungi
species in blueberry
plantations

in the Republic

of Karelia

and Arkhangelsk
Oblast

M.B. KOPINA, PhD in Agriculture, Senior Researcher,
Head of the Research and Methodology Department
for Mycology and Helminthology

T.A. SURINA, PhD in Biology, Senior Researcher
of the Research Department for Molecular Genetic
Methods of Diagnosis

D.A. UVAROVA, Junior Researcher of the Research
Department for Molecular Genetic Methods
of Diagnosis

Abstract. The article presents the results of the study
of the phytopathological condition of natural plantations in
the north of the European part of Russia — separate districts
of the Republic of Karelia and Bolshoy Solovetsky Island
(Arkhangelsk Oblast). Descriptions of non-quarantine fungi
species isolated from ordinary blueberry plants are given. Data
on species identification of micromycetes by morphological
characteristics and nucleotide sequence decoding are specified.

Keywords. Natural plantations, species complex, blue-
berry, phytopathogens, quarantine object, PCR, sequencing.

lueberry Vaccinium myrtillus 1.. distinguishes
itself by its importance among berry crops;
it contains many micronutrients, biologically
active substances, while the plant is resistant
to adverse environmental conditions. Blue-
berries are widely represented in different forest types
in the north of European Russia — bilberry spruce, pine
and birch forests, which are the most common in the
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Puc. 1. CuMNTOMbI NopakeHUs rpnbamm Ha YepHMKe 06bIKHOBEHHOIA:
a — ycbixaHue noberos, 6-r — HEKPO3bl U NATHUCTOCTMU Ha CTE6NsAX

(poto M.B. KonuHoii, B.T. Kynakosa)

XaHTbI-MaHCUMCKOM aBTOHOMHOM OKpPYTe, PecIy6iu-
kax Kapenus m Komu, Bosoromacko# obyactu. OCHOB-
HbIE PAallOHBI 3aTOTOBKY YepPHUKU — Kapenns u ApxaH-
rejibckas o6actk [10].

Kakx 1 MHOTHMEe pacTeHMs, YepHUKA 0OBIKHOBEH-
Hag opaXkaeTcda IPUOHBIMY BPEIHBIMU OPTaHU3MaMU.
V3yueHn1o BUIOBOTO COCTaBa MUKPOMUIIETOB, CBA3AH-
HBIX KaK B IIEJIOM ¢ pogoM Vaccinium, Tak U C YEPHUKOMN
0OBIKHOBEHHOM, TTOCBAIIEHB! Pab0Thl MHOTHMX CIIeI[1a-
JINCTOB, B TOM YKCJIe U C TPUMEHEHNEM MOJIEKYIAPHBIX
MEeTOmOB naeHTuguKauy [5-8]. Bcero Beimensior oT 70
o 120 BumoB rpuboB, TOPaXkaIoIIyX MIPeACcTaBUTENeN
poza Vaccinium; IpenMyIecTBO COCTABIIIIOT ITaTOTEHHI,
roparkaromue ctebesb 1 IMCTha. Hanbosblee BIUIHIE
Ha COCTOSHUE PACTEHMU M YPOXKAaWHOCTh OKa3bIBAIOT
TIpefCTaBUTENU PORoOB: Phomopsis, Phyllosticta, Phacidium,
Monilinia, Physalospora [2].

3 KapaHTUHHBIX 0OBEKTOB Ha pacTeHmdax Vacci-
nium Spp. oTMeudeH Bup, Diaporthe vaccinii Shear — BO3-
O6yIUTENb BI3KOU THUJIM YEPHUKHU, OTCYTCTBYIOIIUH Ha
TeppuTOpumr Poccurickon ®efepaliiu 1 BKIIFOUEHHBI
B «ENVHBIV TTlepedyeHb KapaHTUHHBIX 06beKTOB EBpa-
3UICKOTO AKOHOMMYECKOTr0 COi3a». BpeloHOCHOCTD

Fig. 1. Symptoms of fungal damage on blueberries:
a — die-back of shoots, 6-r — necroses and spots on stems
(photo by M.B. Kopina, V.G. Kulakov)

southern taiga subzone. The maximum stock of blue-
berry is in the Novosibirsk Oblast, Khanty-Mansi Auto-
nomous Okrug, the Republics of Karelia and Komi, and
Vologda Oblast. The main areas of blueberry harvesting
are Karelia and the Arkhangelsk Oblast [10].

Like many plants, blueberries are affected by fun-
gal pests. The study of species composition of micromy-
cetes, associated both with the Vaccinium genus in gen-
eral, and blueberries, is devoted to the work of many
experts, including the use of molecular identification
methods [5-8]. In total, there are from 70 to 120 fungi
species affecting representatives of the Vaccinium ge-
nus among which pathogens that damage the stem and
leaves prevail. The representatives of the Phomopsis, Phyl-
losticta, Phacidium, Monilinia, Physalospora genus have the
greatest influence on the plants and yield [2].

Diaporthe vaccinii Shear is noted among quaran-
tine objects on plants of Vaccinium spp. It is a pathogen
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Puc. 2. KynbTypa Fusarium avenaceum
Ha KTA (hpoHTanbHas u obpatHas
cTopoHa Yawkwu Metpn)

(choTo M.B. KonuHoi)

60JIe3HM 3aKJIIOYAETCSd B TMOENU TIJI0JIOHOCSINUX I10-
6eroB U COKpallleHWHW ypokarHocTH 6ojiee 4eM Ha
65% [14]. Kpyr pacTeHUl — X035€B JaHHOTO BO30YIU-
TeJIst BKJIIOUAET BCE BUIBI (B TOM YHMCIIE U IUKKE) POJIa
Vaccinium. EcTecTBeHHbBIe HAacaxaeHusa V. myrtillus BBU-
ny 6eCCMEHHOU BereTaruy MUTAIEro PacTeHUs IB-
JISTIOTCS PE3ePBATOPAMU TATOTEHHBIX MUKPOMUIIETOB.
B CBS3U ¢ 3TUM OJIHOU W3 3a[1a4 YYPEXIEHUN, TOIBE-
IIOMCTBEHHbBIX POCCeNTbX03Ha 30Dy, ABJISETCS TPOBee-
H1e GUTOCAHUTAPHBIX 00CTIENOBAHUN €CTECTBEHHBIX
JIECOHACAXKIIEHUH Ha BhISBJIEHE KADAHTUHHBIX 1 0CO60
OTIACHBIX 3a60JIeBaHUM.

CneunanucrtaMu ®I'BY «BHVMKP» HeCKOJIBKO JIeT
MTPOBOAUTCS paboTa 10 N3YUEHUI0 MUKOOMOTHI JIECHBIX
6uoreno308. Tak, B utoye 2019 roma cocTosIach mo-
e3nika B Pecrtybmky Kapenus g peajus3anuy Hayd-
HOM TeMbI «/3yueHne BUA0BOI0 COCTaBa KADAHTUHHBIX
¥ ”HBA3MOHHBIX BU/IOB TPUOOB B JIECOHACAXKIEHUAX CO-
CHEI Ha TeppuTopuu PO». [Tpu mpoBeseHnH 06ciiefoBa-
HU OCYIIECTBIISIN 0TO0P 06pasI[oB MOPAKEHHBIX PAC-
TeHUU PonoB Pinus u Vaccinium
B JIECOHACAXKIEHUSX.

MATEPHAJIBI
1 METO/ bl

OTbop 06pasIoOB YEPHUKU
0GBIKHOBEHHO OBIJT TPOBENEH
B CJIEAYIOIIUX TOUKaX: ['ocymap-
CTBEHHBIN MPUPOJHBINA 3aIl0-
BenuuK Kusau (KOHIOMIOXKCKIIA
parioH, P. Kapenus); ocTpoBa HU-
30BBSI PEKU BBIT, BOJIM3Y IepEB-
HU BoIrocTpoB (BeoMOpCKui
paiioH, P. Kapenus); Boabioit
CoJIOBEIIKHMIT OCTPOB B COCTaBe
apxurienara CoJioBeIKue 0CTPo-
Ba (ApXaHTreJIbcKas 06JIacTh). Pyc. 3. KoHuameHoceL,

B Xome MapmpyTHBIX 06 £ quengceum wa KA
CJle0BaHUM [IPOBOLUIHU OTOOP  (dhoto M.B. KonuHoii)
pob Hal3eMHBIX YacTel pac-
TEHWI YEPHUKU C CUMIITOMaMu1
Mopa)keHust (UTOTIaTOTeHAMU.
Bcero 656110 0T06pano 20 06pasLioB.

VccnemoBaHua 06pasIoB B JabopaTOPUU ITPOBO-
IVJIW KJTACCUUYECKMMU METOZAMU: BhIJIeJIeHe BO30Y-
IUTEJIST BO BJIAXKHOW KaMepe, Ha MMUTATENIbHOMW cpefie

Fig. 2. Culture of Fusarium avenaceum
on PDA (front and back side of the Petri dish)
(photo by M.B. Kopina)

OT HayKu K npaxkTuke

of the blight of blueberry, which
is absent on the territory of the
Russian Federation and inclu-
ded in the Unified List of Qua-
rantine Objects of the Eura-
sian Economic Union. The
disease is harmful because it
destroys fruit-bearing shoots
and reduces yield by more than
65% [14]. The host plant range
of this pathogen includes all
species of the Vaccinium genus,
including wild ones. Natural
plantings of V. myrtillus are re-
serves of pathogenic micromy-
cetes due to perennial vegeta-
tion of the feeding plant. In this
connection, one of the tasks of
Rosselkhoznadzor institutions
is to conduct phytosanitary sur-
veys of natural plantations to
detect quarantine and extremely dangerous diseases.

Specialists of FGBU “VNIIKR” have been working
for several years to study mycobiota of forest biocenosis.
Thus, in July 2019 a trip to the Republic of Karelia was
held to implement the research project “Study of species
composition of quarantine and invasive fungi in pine fo-
rests of Russia”. During the survey, samples of diseased
plants of the Pinus and Vaccinium genus were collected
in plantations.

MATERIALS AND METHODS

Blueberries were sampled at the following locations: Ki-
vach State Nature Reserve (Kondopozhsky District, Re-
public of Karelia); the islands of the lower reaches of
the Vyg River, outskirts of the village of Vygostrov (Belo-
morsky District, Republic of Karelia); Bolshoy Solovetsky
Island in the Solovetsky Islands archipelago (Arkhan-
gelsk Oblast).

During the surveys, the above-ground parts of blue-
berry plants with symptoms of phytopathogen damage

Fig. 3. Puc. 4. KoHngumn Fig. 4. Conidia
Conidiophore F. avenaceum Ha KTA  of F. avenaceum on PDA
of F. avenaceum (¢poto M.B. KonuHoit)  (photo by M.B. Kopina)
on PDA (photo by

M.B. Kopina)
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Puc. 5. Kynbtypa Cytospora sp. Ha KA Fig. 5. Culture of Cytospora sp. on PDA
(poHTanbHag n obpaTHas cTopoHa (front and back side of the Petri dish)
yawkwu MeTpwm) (hoto M.B. KonuHoit) (photo by M.B. Kopina)

Puc. 6. Kynbtypa Phacidium lacerum

yauwkwu MeTpwm) (hoto M.B. KonuHolt)

(KT'A c mobaBineHuneM 1% pacTBopa CTPEIITOMUIIMHA),
MUKPOCKOTIMPOBaHWEe U MopdoMeTpud. UoeHTUpM!-
KaIIMIO TIOJIYYEHHBIX YUCTHIX KYJIbTYDP MUKPOMUIIETOB
MIPOBOIMIIN 10 MOP(OJIOTUYECKUM IIPU3HAKAM, B CO-
YeTAaHUM C MOJIEKYIIPHO-TEeHETUIECKUMY MEeTOLAMU
(moctanoBka [P ¢ yHUBepCaNbHBIMU TIPaliMepamMu,
[IpOBEeIeHNe CEKBeHUPOBaHMsI, 6MOMHMOPMALIIOHHEIN
aHaI3 HyKJIEOTUIHBIX TT0CIeIOBATEIbHOCTEN IMATHO-
CTUYECKUX YYaCTKOB TeHoMa). OTpesieleHne BUL0BOM
IPUHALJIEXKHOCTY IIPOBOIVIIM Ha OCHOBE PAaCIIN(POBKYU
CTIEIYIONIVX YUYACTKOB T€HOB: BHYTPEHHUM TPAHCKPUON-
pyeMmelii crieticep amepnHot pITHK (ITS) (Jlokyc, pekoMeH-
IOBAHHBIN A1 OaPKOAUPOBAHMS I'PUOOB), TeHbI, KOIU-
pyrouire akTuH 1 Tyoynma (11, 13, 19].

PE3VJIBTATBI U OBCYXKJIEHHNE

BrIsBrieHre TPUOHBIX BO3OyAUTEIE TPV 00CIeI0BAHNY
€CTEeCTBEHHbIX HACAKIEHUH TPOBOJIUIIY 10 CUMIITOMAaM
MTOPaKeHUs NUKOPACTYIUX saroj. [Ipeobiamaroniei
CUMITTOMATUKOM B YePHUYHUKAX SIBJI/IaCh HEKPOTHU3a-
IS ¥ yChIXaHVe T06eT0B, U3MEeHEHEe OKPACKU JINCTHEB,
IATHUCTOCTH (puc. 1).

B pesysnbraTe NPOBEIEHHBIX UCCIIeI0BAHN GBLIO
BBISIBJIEHO M UAEHTU(PUIIMPOBAHO 10 BUI0B MUKPOMUTIE-
TOB, IPUHAAJIEXKAIINX K 9 pomaM. MUKOOMOTa HaI3eMHOI
JacTy 0TOOPaHHBIX 06PABIOB ITPeICTaBIeHa BUIAMY U3
ponos Alternaria, Cladosporium, Botrytis, Fusarium, Phacid-
ium, Sporocadus, Neocucurbitaria, Heterophoma, Cytospora.

Fig. 6. Culture of Phacidium lacerum
Ha KTA (thpoHTanbHas u obpaTtHasa ctopoHa  on PDA (front and back side of the Petri dish)

(photo by M.B. Kopina)

were sampled. In total 20 sam-
ples were taken.

Samples in the laboratory
were studied by classical me-
thods: extraction of the patho-
gen in a wet chamber, on a nu-
trient medium (PDA with the
addition of 1% streptomycin
solution), microscopy and mor-
phometry. The pure cultures of
micromycetes were identified
by morphological characteris-
tics in combination with mole-
cular genetic methods (PCR with
universal primers, sequencing,
bioinformatical analysis of nu-
cleotide sequences of genome
diagnostic sites). Species iden-
tity was determined based on
decoding the following gene
sites: internal transcribed spa-
cer of nuclear rDNA (ITS) (locus
recommended for fungi barco-
ding), genes encoding actin and
tubulin [11, 13, 19].

RESULTS
AND DISCUSSION

The fungal pathogens during
the examination of natural plan-
tations were identified based on
the symptoms of damage to wild
berries. The predominant symp-
toms in blueberries were necro-
tization and die-back of shoots,
changes in leaf colouration,
spotting (Fig. 1).

As aresult of the conducted
researches, 10 species of micro-
mycetes belonging to 9 genera were revealed and iden-
tified. Mycobiota of the above-ground part of selected
samples is represented by species from genera Alter-
naria, Cladosporium, Botrytis, Fusarium, Phacidium, Sporo-
cadus, Neocucurbitaria, Heterophoma, Cytospora.

Several isolates of the species Fusarium avenaceum
were identified and morphologically identified from
samples taken at the lower reaches of the Vyg River.
The pathogen culture had an average growth rate, and
pionnotes of orange colour were formed on myceli-
um over time. Abundant macroconidia were noted in
the culture, mesoconidia were less frequently found
(Fig. 2, 3, 4) [4].

The species F. avenaceum has wide ecological plas-
ticity and there are reports about the occurrence of the
pathogen on plants of the genus Vaccinium in the litera-
ture. For example, in Poland and Germany, the species
was isolated from shoots with obvious signs of wilt and
roots of dead parts of high-bush blueberries (Vaccinium
corymbosum L.) [17, 18].

In blueberry samples taken in the Kivach State Na-
ture Reserve the pathogens Cytospora sp. and Phacidium
lacerum Fr. were identified (Fig. 5, 6).
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/13 06pas1ioB, 0TO6paHHBIX B HU30Bbe PEKU BT,
OBLIN BBIJIEJIEHBl U UAEHTUQUITUPOBAHBI 110 MOPGhO-
JIOTUYECKUM TIpU3HAKaM HECKOJIbKO M30JIITOB BULA
Fusarium avenaceum. KynbTypa Bo36yauTess obiaamana
cpenHel CKOPOCTBIO POCTa, CO BpeMEHEeM Ha MUlle-
JIMY 06Pas30BbIBAINCH TMOHHOTHI OPAHXEBOTO I1BETA.
B KynbType ObLI OTMeUeHb! 00MITbHbIE MAKPOKOHUIAY,
peXke BCTpedaanch Me30KoHuanu (puc. 2, 3, 4) [4].

Bup, F. avenaceum obamaeT MUPOKOM SKOJI0rnye-
CKOM TIJIACTUYHOCTBIO U B JINTEPATYPE BCTPEUAOTCSH
COOOIIEHNS O BbIZIEIEHNY BO3OYAMTENT Ha PACTEeHUAX
pona Vaccinium. Tak, HampuMep, B ITosibliie 1 l'epMaHun
BU/JI, BBIJIEJISITIN U3 TTOOETOB C IBHBIMU ITPU3HAKAMU YBSI-
IaHUA ¥ KOPHEN OTMEPINMX YacTel TOIyOUKN BBICOKO-
pocnowt (Vaccinium corymbosum L.) [17, 18].

Ha obpasiiax yepHUKU, 0TOOPaHHbBIX B ['ocymap-
CTBEHHOM IIPUPOJIHOM 3arioBejHMKe KuBay, 6bLIN BBI-
SIBJIEHBI BO3OYAUTENN ITUTOCTIOPO3a Cytospora sp. v da-
umauosa Phacidium lacerum Fr. (puc. 5, 6).

Ha teppuTopuu Poccuu Bun, Phacidium lacerum -
POKO PacIpoCTpaHeH U OTMEUYEH Ha PACTEHUSAX POLOB
Pinus v Abies. Tpub mipencrasisgeT 60JIbIIYI0 OMacHOCTh
JLJIST MOJIOABIX HACAXJIEHUN COCHBI, PACTYIIUX B TIX-
TOMHMKAaX Y B €CTECTBEHHBIX HACAKIEHUSIX. B JIECHBIX
6uoteHo3ax Poccuu 1 Bejopyccuu 4acTo BCTPEYaeT-
CsI APyToy BUA, 3TOr0 3aboneBanud — Phacidium vaccinii
Fr. TTaToreH mopakaeT JUKUE U KyJbTYPHbIE ITOHbIE
pactenus: 6pycHuKy Vaccinium vitis-idaea L.. v TOTyOUKY
y3KoIMCTHYIO0 Vaccinium angustifolium Ait. Boyie3Hb OTHO-
CUTCS K HamboJIee OITacHbIM ITAaTOTeHAM, BbI3bIBas Mac-
COBOEe OTMUMpaHMe HaJ[3eMHBIX YaCcTel pacTeHunii [3, 9].

Hamb6omsee pa3zHoo6pa3HoOH 110 BUIOBOMY COCTa-
By OKkaszajiach MukodJiopa 06pa3iioB, OTOOPaHHBIX HA
Bosburom CoJIoBEIIKOM OCTPOBe. Ha uepHUYHMKAX ObITIO
OTMEUYEHO 0YaroBoe MopakeHne Bo30yIUTEIIMY, pac-
TEHUS OTJIMYAJIW BBITIHYThIE CePhle MATHA C YETKON
MyPITyPHOW KalMOMU, yCchIXxaHue Mo6eros, n3MeHeHe
OKPAaCKM JIMCTLEB 10 PBIKe-6ypo (puc. 7).

CorjlacHO TIOJIYYEHHBIM JaHHBIM, C YePHUKOU
O0OBIKHOBEHHOM 3/1€Ch ObLIN CBSI3aHbI CJIEIYIOIIE BUIBL:
Neocucurbitaria cava (Schulzer)
Valenz.-Lopez, Crous, Stchigel,
Guarro & J.F. Cano, Heterophoma
sylvatica (Sacc.) Qian Chen &
L. Cai, Seimatosporium vaccinii
(Fuckel) B. Erikss. Ha BeTouKkax,
TIOpaXXeHHBIX TIOCJIeLHUM BU-
IIOM, 6BLIN cepo-6esbie A3BbI
C KPacHO-OyPBIMU KPasgMHU, [N -
gHouror 1 mo 10 cM.

I'pub Seimatosporium vacci-
nii paHee OTMeYaJl Ha pacTe-
HuUgx poxa Vaccinium B l1IBeiinia-
puu, Aurnuu, HoBolt 3emanguu
u CIIA. OH 6Bl BBILEJIEH U3
ctebnett Vaccinium myrtillus,
Vaccinium spp., Rhododendron
catawbiense, Rhododendron sp.,

acantha [12, 16]. OTMeUeHO, UTO

S. vaccinii B KOMIIJIEKCe C JIPY-

TMMU BUIAMY I'PUOOB BHIABJISIN Ha CTEOJISIX TOTyOUKNA

BBICOKOPOCJIOi B TT0JTbIIE B PA3HBIX PETMOHAX CTPAHBI.
Ha uepnuke B mraTte Operon (CIIA) Tak)xe ObLI

oTMeueH Bup Sporocadus lichenicola (Corda), cMHOHUM

Seimatosporium lichenicola (Corda) Shoemaker & E. Mill.

(rmonmoBag cranud: Discostroma corticola). B 60IbIIMHCTBE

OT HayKu K npakTuke

Puc. 7. CumnTtombl nopaxkeHnss  Fig. 7. Symptoms of
¢huTonaroreHamu o6pasLoB phytopathogen damage
yYepHuKM ¢ bonbLoro to blueberry samples from
ConoseLKoro ocTposa

(choTto M.B. KonuHoi) (photo by M.B. Kopina)

The species Phacidium lacerum is widely distribu-
ted on the territory of Russia and noted on plants of Pi-
nus and Abies genera. The fungus is very dangerous for
young pine trees growing in nurseries and natural plant-
ings. In forest biocoenoses of Russia and Belarus, ano-
ther type of this disease is often found — Phacidium vac-
cinii Fr. The pathogen affects wild and cultivated berry
plants: foxberry Vaccinium vitis-idaea L. and lowbush
blueberry Vaccinium angustifolium Ait. The disease is one
of the most dangerous pathogens, causing mass die-
back of above-ground plant parts [3, 9].

Mycoflora of samples taken on Bolshoy Solovetsky
Island proved to be the most diverse in terms of species

Puc. 8. Kynbtypa Seimatosporium vaccinii Fig. 8. Culture of Seimatosporium vaccinii

[ Ha KTA (chpoHTanbHasa n obpaTtHas ctopoHa  on PDA (front and back side of the Petri
Staphylea trifolia v Crataegus oxy-  yauu Metpu) (poTto M.B. KonuHoit)

dish) (photo by M.B. Kopina)
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Puc. 9. Konngum Fig. 9. Conidia of

Seimatosporium vaccinii Ha KTA  Seimatosporium vaccinii on PDA

(choTo M.B. KonuHoi1) (photo by M.B. Kopina)

Puc. 10. NukHnpa v kouupum  Fig. 10. Pycnidium and conidia
Neocucurbitaria cava Ha KIA of Neocucurbitaria cava on PDA

(choTo M.B. KonuHoi1) (photo by M.B. Kopina)

crydyaeB BO3OYIUTENb ITOPaXkall PACTEHUS TOJTyOUKHA,
CTpaJIaInye OT MEXaHUYECKUX TTOBPEXAEHNN, BUMHUIX
TPABM, COJTHEUHBIX 0)KOTOB.

TakXe M3 MOPa’XeHHbIX BETOUEK YEPHUKU BhI-
nmensanu Neocucurbitaria cava (Schulzer) Valenz.-Lopez,
Crous, Stchigel, Guarro & J.F. Cano u Heterophoma
sylvatica (Sacc.) Qian Chen & L. Cai (puc. 10, 11). Pog,
Neocucurbitaria Kak CAaMOCTOSATENIbHBIN TaKCOH OBLIT BbI-
nmenen D.N. Wanasinghe ¢ coaBTopamMu u3 ceMeucTBa
Cucurbitariaceae B 2017 rony. B kauecTBe (husoreHe-
TUYECKMX MapKEPOB aBTOPAMU ObLIW MCIIOJIb30BAHBI
YYaCTKY BHYTPEHHEr0 TPAHCKPUOUPYEMOTO CIlercepa,
6ombinont u Manon cyowenunul, p[IHK. B nutepaTyp-
HBIX UCTOUYHUKAX MHPOPMAIUS O BBIABJIEHUU BUIA
N. cava B eCTECTBEHHBIX HACAKAECHUAX MUHMMAJIbHA.
Bun Pyrenochaeta cava (Schulzer) Gruyter, Aveskamp
& Verkley paHee BbIJIENANN U3 PACTEHUN UYEPHUKH,
Pleurophoma cava (Schulzer) Boerema, Loer. & Hamers
OBITT BBIZEJIEH C JTUCTbeB Salix sp. B Pecrybiuke AnTai
[5,17].

TaxkyM 06pa3oM, B IPUPOLHBIX TIOMYIAINSIX Yep-
HUKU Ha TeppuTopuu Pecriybnvky Kapenus u ApxaH-
reJIbCKOM obyacTu ObLIM BhIIBJIEHBI 6osiee 10 BUIOB
Bo30ynuTenelt. Hanbosee yacTo BCTpedaNuch BO3OYAM-
Tenu Gharuarosa, MpefcTaBUTe M (QOMOUTHBIX 'PUOOB.
O6Imee KOJTMUECTBO YMCTBIX KYJIbTYD BO3OYIUTETEH,
CBI3aHHBIX C YePHUKOM OOBIKHOBEHHOMU, IETIOHNPOBAH-
HBIX B MUKOJIOTUYECKYI0 KOJuteKIuto PI'BY « BHUMKP»,
cocTaBuyIo 6osiee 12 M30JIATOB. YUUTHIBAS PasHO0bpa-
31e BUIOBOTO COCTaBa MUKPOMUIIETOB, OUYArOBOCTD
MIPOSIBJIEHUST HEKOTOPBIX BUIOB (DUTOTIATOT'E€HOB, CU-
TaeM 11eJ1Ieco06PasHbIM MPOIODKEHE MOHUTOPUHTA
€CTeCTBEeHHbIX HACKIEHUN.

ABTOpPBI BbIpaXkarT 6JIaTOLapPHOCTb Havallb-
HUKY OTJeja OpraHm3aluy MeXjaabopaTopHBIX

composition. Focal damage
caused by pathogens were ob-
served in blueberries; plants
had elongated grey spots with a
clear purple margin, their shoots
died back, and leaves changed
to red-brown (Fig. 7).

According to the data re-
ceived, the following species
were associated with blueber-
ries: Neocucurbitaria cava (Schul-
zer) Valenz.-Lopez, Crous, St-
chigel, Guarro & J.F. Cano,
Heterophoma sylvatica (Sacc.)
Qian Chen & L. Cai, Seimatospo-
rium vaccinii (Fuckel) B. (Fuckel)
B. Erikss. The twigs affected by
the latter species had grey-white
canker with reddish-brown edg-
es, 1-10 cm long.

The fungus Seimatosporium
vaccinii was previously observed
on plants of the genus Vaccinium
in Switzerland, England, New
Zealand and the USA. It was
isolated from the stems of Vac-
cinium myrtillus, Vaccinium spp.,
Rhododendron catawbiense, Rho-
dodendron sp., Staphylea trifolia
and Crataegus oxyacantha [12,
16]. It has been noted that S. vac-
cinii have been identified on the
stems of high-bush blueberry in Poland together with
other fungal species in different regions of the country.

The species Sporocadus lichenicola (Corda), synony-
mous with Seimatosporium lichenicola (Corda) Shoemak-
er & E. Mill. (sexual stage: Discostroma corticola), was also
observed on blueberries in Oregon, USA. In most cases,
the pathogen affected blueberry plants suffering from
mechanical damage, winter damage, sunburn.

Neocucurbitaria cava (Schulzer) Valenz.-Lopez,
Crous, Stchigel, Guarro & J.F. Cano and Heterophoma
sylvatica (Sacc.) Qian Chen & L. Cai were also isolated
from the affected blueberry twigs (Fig. 10, 11). In 2017
D.N. Wanasinghe et al. isolated the Neocucurbitaria ge-
nus as a separate taxon from family Cucurbitariaceae.
The authors used regions of internal transcribed spacer,
large and small subunits of rDNA, as phylogenetic mark-
ers. In the literature, information on the identification of
the species N. cava in natural plantations is minimal. The
species Pyrenochaeta cava (Schulzer) Gruyter, Aveskamp
& Verkley had previously been isolated from blueberries;
Pleurophoma cava (Schulzer) Boerema, Loer. & Hamers
was isolated blueberries from the leaves of Salix sp. in
the Altai Republic [5, 17].

Thus, more than 10 species of the blueberry patho-
gen were identified in the natural populations of the Re-
public of Karelia and Arkhangelsk Oblast. Phacidio-
sis pathogens, representatives of phomoid fungi, were
the most frequently encountered. The total number of
pathogen pure cultures associated with blueberries de-
posited in the mycological collection of FGBU “VNIIKR”
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Puc. 11. KoHngumu

Fig. 11. Conidia of
Heterophoma sylvatica Ha KTA  Heterophoma sylvatica on PDA

(choTo M.B. KonuHoit) (photo by M.B. Kopina)

CIIMYUTENBbHBIX UCTIBITaHWU B.I. KysakoBy 3a moMoIb
B ITOAITOTOBKE (DOTOMAaTeprasia CUMITTOMOB ITOPaXKeHUS
pacTeHu YepHUKY PUTONaTOreHHBIMU TpubaMu; Ha-
YYHOMY COTpyIHUKY Kapenbckoro gpunmana O.B. CuHke-
BUY, MJIaIIEMY HAQYyYHOMY COTPYAHUKY OTZeJsa JIECHOTO
KapaHTVHa A.A. HaJIKVMHY — 33 OpraHu3alinio U OCYIeCT-
BJIEHNE DKCIIEAUIINM 110 cOOPYy MaTepuaa.
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was more than 12 isolates. Taking into account the diver-
sity of micromycete species composition, the focality of
some phytopathogens, we consider it expedient to con-
tinue monitoring of natural plantations.
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KJjiaccuueckue

11 COBpEeMEHHbIE
METOIbI AUATrHOCTUKHU
rpuboB pojaa
Colletotrichum

Ha 3eMJITHHUKE CaJI0BOM

10.B. IBETKOBA, arpoHoM Jla6opaTopuu
mukosoruu UIL ®IbY « BHUUKP»

A.A. KY3HEILIOBA, 3aBeayoias JjabopaTopuei
MUKOJIOTHY, CTAPIINI HAYIHBIA COTPYIHUK
NI ®I'BY «BHUUKP»

AHHOTAUUA. B cmamve npedcmasier 0030p UH-
dopmayuu o eudax poda Colletotrichum, nopaxcarouux
pacmeHus 3eMasHuKu, sxawyuas komnuexc Colletotrichum
acutatum u komniexc Colletotrichum gloeosporioides, a maxk-
Jce mpydHocmu, ces3anHbLe ¢ HenocpedcmeerHol udenmugu-
Kayuel namoeenos. OnuUcaHvl 0c06eHHOCMU JUGeHOCTIUKL
MUKOJIO2UYECKUX UCCAeD0BAHUL U NPUMEHEHUE KOMNJIEKC-
H020 n00X00a ¢ UCNONIb308AHUEM KJIACCUUECKUX U COBPEMEH-
HbLX MOJNEKYIISPHO-2EHEMUUECKUX Mem0008 Ons MOUH020
AHANU3A 8 TAOOPAMODHLY YCIOBUSX.

KiroueBblie c0Ba. Kapanmun pacmerutl, GHmpax-
HO3 3emasHuku, xomnaexc Colletotrichum acutatum, xom-
naexc Colletotrichum gloeosporioides, namoeexvl 3eMASHU-
KU, MUKOJI02UHECKUE UcCied06anLs.

BBEJEHUE

JIaBHOU 3apaudell [OJi1 BCEX CcIlelua-
JMCTOB, paboramomux B cdepe Ka-
PaHTVMHA PACTEHWH, SBJIAETCA CBOE-
BPEMEHHOE BLIIBJIEHHE M TOYHAI
UIeHTU(DUKAIIMI TPUOHBIX BO30YAU-
TeJiel 6oJIe3He B TIOJIKapaHTUHHOM MaTepuase B cBd-
31 C TEM, UTO II0CAZOYHLIN MaTePral IMIIOPTHOTO IIPO-
UCXOXKIEHWA PEryJIgpHO BBO3UTCH Ha TEPPUTOPUI0 PO
¥ CYIECTBYET BBICOKAst BEPOATHOCTb IMPOHUKHOBEHYS
¥ PACIPOCTPAHEHNS OMIACHBIX KaPAHTUHHBIX TPUOHBIX
(QUTOITaTOTeHOB, HEOOXOAVMMO IIPOBOAUTEL OBICTPYIO
¥ JOCTOBEPHYIO JMArHOCTUKY, OCHOBBIBASICH Ha IPU-
MEHEHMHN KJIACCUYECKMX ¥ COBPEMEHHBIX METOOB.
K xjaccmyecKuM MeTOLAM OTHOCHTCS 3aKJIagKa PAcT-
TeJIbHOT0 MaTepuaja BO BIAXKHYIO KaMepy W Ha TTUTa-
TEJIbHYIO CPENTY, K COBDEMEHHBIM — JIMarHOCTUKA C UC-
TI0JIb30BAHNEM MOJIEKYIIIPHO-TEHETUIECKX METOMIOB.
B miporiecce paboThl BO3HUKAIOT TPYAHOCTU, CBI3aHHbIE
C HEeTOCPeACTBEeHHON WuAeHTU(UKAlLMEN [IaToreHa,
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Conventional and
modern methods
for the diagnosis

of Colletotrichum
fungi on garden
strawberry Fragaria
ananassa

Y.V. TSVETKOVA, Agronomist of the Mycology
Laboratory of the LTC of FGBU “VNIIKR”

A.A. KUZNETSOVA, Head of the Mycology Laboratory
of the LTC, Senior Researcher of FGBU “VNIIKR”

Abstract. The article overviews information on the
species of the genus Colletotrichum that affect strawberry
plants, including the Colletotrichum acutatum and the
Colletotrichum gloeosporioides species complexes. It also
specifies difficulties associated with the direct identification
of pathogens and describes features of mycological research
diagnosis and application of the complex approach using
conventional and modern molecular genetic methods for
precise in vitro analysis.

Keywords. Plant quarantine, strawberry anthracnose,
Colletotrichum acutatum species complex, Colletotrichum
gloeosporioides species complex, strawberry pathogens, myco-
logical research.

INTRODUCTION

he main task for all professionals working in

the plant quarantine field is to timely detect

and accurately identify fungal pathogens in

regulated articles. Since foreign planting ma-

terial is regularly imported into Russia and
dangerous quarantine fungal phytopathogens are highly
likely to enter and spread here, it is necessary to rapidly
and reliably diagnose them with conventional and mod-
ern methods. Conventional methods include setting plant
material up in a wet chamber and on a nutrient medium;
modern methods imply diagnosis using molecular gene-
tic methods. In the process of work, there are difficulties
associated with direct pathogen identification, as well as
the duration of methods used in mycological studies.
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Puc. 1. CuMNTOMBI MPOSIBAIEHUS aHTPAKHO3a Ha JINCTbAX
3eMJIAHUKY NPU UCKYCCTBEHHOM 3apaKeHuu:

a — Bo3byautenb komnnekca Colletotrichum gloeosporioides;
6, B — B036yauTenb komnnekca Colletotrichum acutatum
(choTo HO.B. LiBeTkoBOI)

a TaKXKe C JJINTEIBHOCTBI MCII0JIb3yEMbIX METOMOB
B ITPOBEAEHNY MUKOJIOTUIECKUX UCCIEOBAHNH.

OnmHyM 13 HanboJiee BAYKHBIX 3a00JIeBaHMI 3eMIIS-
HUKU IBJISIETCSA aHTPAKHO3. BO36ynuTen aHTpakHo3a
OTHOCATCS K TPyIIIIe BUmIOB poxa Colletotrichum. Han-
60JIe€ BPEIOHOCHBIMU SIBJIAIOTCS TPUOBI 13 KOMILIEKCa
Colletotrichum acutatum, KoTopbili ¢ 2016 roma uMeeT
KapaHTUHHOE (UTOCAHNTAPHOE 3HAUEHNE Ha TEPPUTO-
puu EBpasuiicKoro 5SKOHOMUYECKOT0 COI03a U CIYNTAET-
CsI OTPAHMYEHHO PaCIIPOCTPaHEHHBIM Ha TEPPUTOPUU
P®. AHTPaKHO3 3eMIITHUKY ABJIFETCI OJHNM U3 Hanbo-
Jiee BPeOHOCHBIX U OTIaCHBIX 3a00JIeBaHN, TTPUBOI
K 3HAUUTEJIbHBIM TIOTEPAM YPOXKas, BbITIaAy PAaCTEHNM
B MATOYHMKAX, @ TAK)Ke CHIDKEHUIO TOBAPHBIX KaUeCTB
TJIOJIOB PACTEHUH.

OcobenHoCTbIO KoMILIekca Colletotrichum acutatum
SIBJITETCS TO, UTO OH SABJISETCA MONM(aroM, ImopakaeT
MIUPOKMH KPYT PaCTEHUMN: I1JI0/I0BbIE, 60O0BbIE, OBOIIL-
HbIE, IPEBECHBIE, KYCTAPHWUKOBbIE 1 TPABIHUCTbBIE KYJTh-
Typel. OmMHAKO HAMOOJIbIINY SKOHOMUYECKUN yInepo
BO30Y/IUTENb BBI3BIBAET ITPU MOPAKEHUN 3EMIITHUKN
cazioBou — Fragaria ananassa Duch. Takxe 3abojeBaHue
OTIACHO TEM, UTO TI0CJIe 3aPaXKeHUsT MOXKET 0CTaBAThCS
B JIATEHTHOM COCTOSIHUY U TIPU GJIATOIIPUATHBIX YCIIO0-
BUSIX IAaBAaTh MACCOBbIEe SITN(QUTOTHUH.

Colletotrichum acutatum TIpencTaBsgeT cobou
komrrekc u3 31 Buza [5]. B xozme paboThl 13 06pasiion
3eMJITHUKY ObLI BhIZIEJIEH OJUH BUJ, U3 KOMILJIeKca —
Colletotrichum nymphaeae.

[TaToreH Mopa’kaeT BCe YaCTU PAaCTEHUST 3eMJITHU-
KU, BbI3bIBAs TEMHBIE HEKPO3bI HA JINCTHSX, yCaX U CTe-
6J19X, a TaK)Ke BIABJIECHHBIE TEMHO-OypPBIE 10 UePHBIX
MITHA Ha 9rojax (C TEMHBIMM CEMJIHKAMU BHYTPU).
TTp¥ BJIQXKHBIX YCIOBUAX CPEMbI HA MISITHAX BBIJEIETCS
JKEJITO-OPaHYKEBBIN DKCCYAAT KIENKUX CIIOP, KOTOPHIA
Pa3HOCUTCA Ha APYTUe PacTeHUs, IBJISIICh TePBUY-
HBIM MCTOYHUKOM MHMEKIUU. [ITPU CYXUX U KAPKUX
YCIIOBUAX TIOPAYKEHHBIE SITOMIBI YePHEIOT W CChIXAaI0TCS.
Colletotrichum acutatum TaxKe MIPOHUKAET B KOPHEBYIO
CUCTEMY, CTPEMUTENBHO pa3pyiras ee. [TopaeHHbIe
POXXKM TIPU paspese CTaHOBATCS KPacHOBATO-OyPhIMY,
TJIaBHBIN 1 60KOBbIE KOPHU TIOCTETIEHHO OTMHUPAIOT, UYTO
MIPUBOIUT K ITOJIHOM IMbeJIn pacTeHus [6].

CJI0XHOCTD OTIpefieIeHns BO30yAUTENsT 3aKJIII0-
YaeTcsd B TOM, UTO «aHTPAKHO3HOE TIOBPEXAEHUE
3eMJITHUKY BBLI3BIBAIOT HECKOJIBKO BUIOB I'PubOB

OT HayKu K npakTuke

Fig. 1. Symptoms of anthracnose on strawberry leaves
in case of artificial contamination:

a — Colletotrichum gloeosporioides complex pathogen;
6, B — Colletotrichum acutatum complex pathogen
(photo by Y.V. Tsvetkova)

Anthracnose is one of the most important strawber-
ry diseases. Its pathogens belong to the species group of
Colletotrichum genus. The most harmful are fungi from
the Colletotrichum acutatum species complex which have
been of quarantine phytosanitary importance in the
Eurasian Economic Union since 2016 and are consi-
dered to be limitedly spread in Russia. Strawberry an-
thracnose is one of the most harmful and dangerous
diseases, resulting in significant yield reduction, loss of
plants in stock nurseries, as well as a decrease in the
commercial quality of plant fruits.

Species of Colletotrichum acutatum complex are
polyphages, affecting a wide range of plants — fruit, le-
gumes, vegetables, tree, bushy and herbaceous crops.
However, it is garden strawberry Fragaria ananassa Duch.
that causes the greatest economic damage. The disease
is also dangerous because it can remain in a latent state
after infection and cause mass epiphytoty under favou-
rable conditions.

Colletotrichum acutatum complex consists of 31 spe-
cies [5]. During work, one species of the Colletotrichum
nymphaeae complex was isolated from strawberry speci-
mens.

The pathogen affects all parts of strawberry plants,
causing dark necrosis on leaves, tendrils and stems, as
well as depressed dark-brown to black spots on berries
(with dark seeds inside). In humid conditions, sticky
spores excrete yellow-orange exudate on the stains,
which spreads to other plants and is the primary source
of infection. In dry and hot conditions, the affected ber-
ries turn black and shrivel. Colletotrichum acutatum also
penetrates the root system, rapidly destroying it. Affec-
ted branch crowns become reddish-brown when cut; the
main and side roots gradually die back destroying the
plant [6].

It is difficult to identify the pathogen because there
are several fungi species of the Colletotrichum genus,
for example, species of the Colletotrichum gloeosporioides
complex, that cause anthracnose damage to strawber-
ries. Like Colletotrichum acutatum, Colletotrichum gloeospo-
rioides is a polyphage and affects about 470 plant species.
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u3 poma Colletotrichum, HaIpuUMeD, BUIBI KOMILIEK-
ca Colletotrichum gloeosporioides. Kax u Colletotrichum
acutatum, Colletotrichum gloeosporioides sIBAI€TCS T10-
nudaroM u nopaxaet nopsaka 470 BULOB PACTEHUIN.
Colletotrichum gloeosporioides Tak)ke IPENCTABIISIET CO-
00M KOMIIJIEKC 13 23 BUIOB [4, 8], KOTOPhIE OTIMYAITCS
CBOEM crienmanu3alel K pacTeHUsIM-X03sieBaM, MOp-
QosornyecKkuMu 1 6UOJIOrMUYECKUMU 0COOEHHOCTAMU,
reorpadryueckuM pacrpocTpaHeHueM [2].

[TaToreHbl UMEKT CXOJIHbIE BHEITHNE CUMIITOMBbI
MOpa)KeHUs BEreTaTMBHOU U reHepaTUBHOW YacTel
pacTtenus (puc. 1).

HecMoTps HaA TO, YTO CUMIITOMBI MTPOABJIEHUS
Ha PacTeHUIX BBITJISIAT OJMHAKOBO, KyJIbTYpabHbIE
XapaKTepUCTUKU rpuboB koMIiekcoB Colletotrichum
acutatum u Colletotrichum gloeosporioides pa3sanIHEBI
(puc. 2). Konmonuu Colletotrichum gloeosporioides 6apxa-
TUCTO-TTYIIKUCThIE, UHOTIa BaToOOpa3Hble ¢ 6YyTrPUCTOH,
He BCerjla OJTHOPOJHOM TTOBEPXHOCTHI0. OKpacka ot be-
JIOTO 710 TeMHO-ceporo. C BO3PacTOM KOJIOHUS TEMHEET.
B KynbType 6bICTPO TEPSIOTCS CITIOPOTEHHBIE CBOMCTRA,
YacTo 06pasyoTcs CKIEPOIMENTON0OHBIE CTPYKTYPHL.

Komonum Colletotrichum acutatum XapaKTEePU3yIOT-
cs 6apXaTHO-OMYIIEHHBIM CTPOEHUEM, 30HAJIbHOU T10-
BEPXHOCTBIO CO CJIA00BOJIHUCTBIM KPAeM, IIBET KOJIOHWUU
B HAUaJIbHBIN ITEPHO/, POCTa 6eJI0-CePhIN CO CBETIIO-6e-
JIBIM CJ1a60BOJIHUCTHIM KpaeM, Ha 14-11 TeHb KOJIOHUA
CTAaHOBUTCH CEPOY C OPAHIKEBBIM BKCCYATOM TI0 BCEM
TIOBEPXHOCTH, C 00pa30BaHUEM YETKUX KPYTOB.

Taxoe KyJIbTypajbHOe Pasinuue TO3BONAI0T IB-
CTBEHHO OIPEeAEeJUTb MPUHAMIEXHOCTb KYJIbTYDHI
K TOMY WJI THOMY KOMILIIEKCY BUIIOB. [T03TOMY 11pU Ta-
THOCTUKE BO3OyIUTEIeN peKOMeHIyeTCs TTPU HaIuuuun

Puc. 2. BblgeneHHble KynbTypbl rpubos
13 3apa)KeHHbIX IMCTbeB KynbTypbl Ha KrA:
a - Bup komnnekca Colletotrichum gloeosporioides;  a — Colletotrichum gloeosporioides complex species;

6 — Bug komnnekca Colletotrichum acutatum
(choTo HO.B. LiBeTkOBOI)

Colletotrichum gloeosporioides also represents a complex
of 23 species [4, 8], which differ in their specialization to
host plants, morphological and biological characteristics,
and geographical distribution [2].

Pathogens have similar external symptoms of da-
mage to vegetative and generative plant parts (Fig. 1).

Although disease symptoms on plants look the
same, the cultural characteristics of fungi belonging to
Colletotrichum acutatum and Colletotrichum gloeosporioides
complexes are different (Fig. 2). The colonies of Colle-
totrichum gloeosporioides are velvety and downy, some-
times cottony with a humpy surface, which is not al-
ways homogenous. The colouration varies from white to
dark grey. The colony gets darker with age. The culture
quickly loses its sporogenic properties and forms scle-
rotium-like structures.

Colletotrichum acutatum colonies are characterized
by a velvety and downystructure, a zonal surface with a
weakly waved edge; the colony is white-grey with a light-
white weakly waved edge in the initial growth period; it
becomes grey with orange exudate across the surface
and clear circles on the 14th day.

This cultural difference makes it possible to identify
whether a culture belongs to a particular species com-
plex. Therefore, when diagnosing pathogens, it is recom-
mended to subculture the fungus and isolate pure cul-
ture if it shows itself in a wet chamber or on a nutrient
medium.

The spores of the Colletotrichum gloeosporioides spe-
cies complex in the pure culture, isolated in the laborato-
ry, differed from the spores of the Colletotrichum acutatum
species by a blunter, rounder edge, greater variability of
the spore size, and spore quantity (Fig. 3).

Fig. 2. Isolated fungal cultures
from contaminated leaves of a culture on PDA:

6 — Colletotrichum acutatum complex species
(photo by Y.V. Tsvetkova)
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Puc. 3. Cnopbl rpubos B kynbtype:  Fig. 3. Fungal spores in a culture:
a — Colletotrichum gloeosporioides;  a — Colletotrichum gloeosporioides;
6 — Colletotrichum nymphaeae 6 — Colletotrichum nymphaeae
(cpoTo HO.B. LiBeTkOBOI) (photo by Y.V. Tsvetkova)

Puc. 4. Cnopbl rpuboBs Ha pacteHuun-  Fig. 4. Fungal spores on garden strawberry,
X03AMHe — 3eMJISTHUKE Caf0BOW: host plant:
a - Colletotrichum gloeosporioides; a — Colletotrichum gloeosporioides;

6 — Colletotrichum nymphaeae
(photo by Y.V. Tsvetkova)

6 — Colletotrichum nymphaeae
(cpoTo HO.B. LiBeTkoBOI)

OT HayKu K npakTuke

However, when viewing
spores directly on the host plant,
species spores can be confused
with each other, particularly
at early detection of infection,
during the formation of spores
and when immature spores are
present (see Fig. 4).

MATERIALS
AND METHODS

The employees of the mycolo-
gy laboratory of FGBU “VNIIKR”
conducted researches in the pe-
riod from 2018 to 2019.

They researched both fo-
reign quarantine strawberry
plants (Italy, Serbia, Poland) as
well as domestic ones (Moscow
and Nizhny Novgorod Oblast),
that were imported from the
Netherlands and Italy.

The following techniques
were used in the study:

Visual technique. During
the initial visual examination
of strawberry plants, only some
tested samples showed disease
symptoms; other plants did not
have typical symptoms. How-
ever, asymptomatic plants were
also selected for further exami-
nation to exclude latent infection.

Biological techniques. Setting
up in a wet chamber. Setting up

COOTBETCTBYIOUIETO TTPOABIIEHNS TPU6a BO BIAXKHOI Ka-
Mepe WY Ha TIUTATEIbHOU Cpejie TPOBOJIUTE TIEPECEB
rpuba ¢ BbIZIEIeHNEM YUCTON KYJIbTYPHL.

Crmopel y BUAOB KomIjekca Colletotrichum
gloeosporioides B YNCTOU KyNbTYPe, BbIZIEIEHHBIX B X0l
paboTel TabopaTOPUM, OTIUYAINUCEH OT CIIOP BUOB
Colletotrichum acutatum 60jee TyIIbIM, OKPYTJILIM KPaeM,
6osblelt BaprabeabHOCThIO Pa3Mepa CIiop, X KoJude-
cTBOM (pmC. 3).

OfHAKO MPY TPOCMOTPE CITOP HETTOCPEACTBEHHO
Ha paCTeHMN-X0341He CIIOPbI BUO0B MOXXHO ITEPeIyTaTh
IIPYT C IPYTOM, B 0COBEHHOCTH TP PaHHEM 0OHaPYIKe-
HUY WHQEKITUY, B Tepros;, HOPMUPOBAHUA CITOP U TIPU
HaJIUYMY He3PEeJbIX CIIop (CM. puc. 4.).

MATEPHWAJIBI U METO/1bI

VccnenoBaHusd MPOBOAUIUCE COTPYAHUKAMU J1abo-
patopuu mukosiorun PIr'byY «BHUMUWKP» B mnepuop,
2018-2019 T

ObbeKTaMu UCCef0BAHUS IBIAICT TTOAKAPAH-
TUHHBIU TTOCAI0YHBIN MaTepra 3e MITHUKA UMITOPT-
Horo mpoucxoxmeHmus (Mrtanus, Cepbud, IToabma)
1 OTEUYEeCTBEHHOT0 IIPOUCXOKIennsd (MockoBcKasg 1 Hu-
JKeTopoJicKas 00J1acTH), 3aBe3eHHbIN U3 HumepiaHmos
u Utanun.

B ucciieioBaHUM UCIIOJIB30BAJIM CIEAYIOIIE Me-
TOZBL:

BusyanvHuliti memod. B xoze TTepBUYHOT0 BU3YaJIbHO-
T'0 0OCMOTPAa PAaCTEeHUM 3eMIITHUKY CUMIITOMbI 3a060J1eBa-
HUS HAOJTFIAIUCh TOJIBKO Ha HEKOTOPBIX UCCIIETyEMBIX

on a nutrient medium (2% pota-
to glucose agar with the addition
of 1% streptomycin solution).

Parts of leaves, petioles, berries as well as rosettes
and root system were selected, washed with running wa-
ter for 10-15 minutes, sterilized in 96% alcohol for 1-2
minutes, and subsequently washed two times with ster-
ile distilled water. Samples were then simultaneously set
up on a nutrient medium and in a wet chamber (Fig. 5).
Dishes were incubated at 25 °C.

Microscopy and morphometry techniques. The grown
fungal mycelium was microscoped. Then it was select-
ed when its microscopic characteristics coincided to be
confirmed with PCR [3].

Molecular genetic technique. Conventional PCR using
complex specific primers.

For accurate identification, the isolates were con-
firmed by molecular genetic method based on conven-
tional PCR with complex specific primers Calnt2 (5-GG-
GGAAGCCTCGG-3’) (Sreenivasaprasad et al., 1996) [7]
and ITS4 (5 -TCCTCCGCTTATGATGC-3 ") (White et
al., 1990) [9] with the size of the amplified area equal
to 490 b.p.

It is possible to sample the mycelium directly from
plant material for analysis because complex specif-
ic primers are used. However, it requires a sufficient
amount of mycelium, i.e., heavy sporulation, which does
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obpasiax, Ha OCTaJIbHBLIX pac-
TEHUSIX TUIIWYHBIE CUMIITOMEI
obHapy)xeHbl He 6bin. OIHAKO
IJIS DaJbHEUIIEero ucciemona-
Hug 6B 0TOOPAHbI M 6ECCUM-
TITOMHBIE PACTEHNWA JJIA CKIIIO-
YeHUs JIaTeHTHOU NHQEKIUN.
Buonoeuveckue memodol.
3akJiazika BO BJIQXKHYIO KaMe-
py. 3akyiazika Ha TTUTATENbHY0
cpeny (2% xapTodeabHO-TJII0-
KO3HBIN arap c mobaBieHUEM
1% pacTBopa CTPEIITOMULIHA).
YacTu JIuCTbEB, Yepell-

KOB, 4rof, a TaKXe PO3ETOK  pyc, 5. MopakeHHble pacTeHus
11 KODHEBOM CHUCTEMBI OBLIM  3eMNSIHUKM BO BAAXHOI KaMepe
0TOOPaHBI, IPOMBITHI B IIPOTOU- (&) M pasBuBLUMICS MULLENUIA

¥ TIpOCTEPUIM30BaHbl B 96%  (POTO A.A. KysHeuosoi)
criupTe 1-2 MUH C MOCJeNYI0-

UM IBYKPATHBIM MTPOMBIBAHUEM CTEPUIIBHOU JHC-
TUJIIUPOBAHHOM BOMOM. [lasiee TIpo6BI 3aKJabIiBaIu
Ha MMUTATEJIbHYIO CPey U TapajijieIbHO BO BJIAXXHYIO
kamepy (puc. 5). Yanikyu HHKyOUPOBaJH IPU TEMIIEpa-
Type 25 °C.

Memod mukpockonuposanus u Mmopgomempui. Bei-
pocmuit Mullenni rpruba MUKPOCKOTIUPOBAJIN U TIPU
COBIIa/IEHUN MUKPOCKOTTMYECKIUX TPU3HAKOB OTOMpaIn
ILJIS TIONTBEPIKIEHUA C UCTIoIb30oBaHueM IT1P [3].

MonexynapHo-eenemuueckutl memod. Kiaccruieckas
[P c mpuMeHeHKWEM KOMIIJIEKCOCTIEIM(DUUHBIX Tpam-
MEPOB.

IIg TOYHOW MIAEHTU(OUKAIUN M30JITHI IOJI-
TBEDXIANU MOJIEKYJIIPHO-TEHETUUECKUM METOMOM,
OCHOBaHHBIM Ha TPOBeNeHUN Kjaccuueckon II1IP
¢ KoMIIekcocTmenuduuHbiMu npaiMepamMu Calnt2
(5"-GGGGAAGCCTCTCGCGG-3 ) (Sreenivasaprasad et
al., 1996) [7]u1TS4 (5 -TCCTCCGCTTATTGATATGC-3 ")
(White et al., 1990) [9], ¢ pasMepoM aMILIUPULIVIPOBAH-
HOT'O y4YacTKa, paBHbLIM 490 I1.0.

OT60p 06pa3IoB MULENUS g aHAJIU3a HE0-
CPeACTBEHHO C PACTUTEIBHOTO MaTepuasia BO3MOXKEH,
T.K. B pab0oTe MCIIOJIb3YIOTCS KOMIIIEKCOCTIEII(UYHbIE
TIpaiiMephl, HO HeO6XOIUMO ITPUCYTCTBUE IOCTATOYHOTO
KOJIMYeCTBa MUIIENN, T.e. 0OUIBHOTO CITOPOHOIIEHU,
YTO HE BCET/Ia TIPOSBISIETCS BO BJIAXKHOUM KaMepe U Ha
IUTATENbHOU cpefie. PEKOMeHAYeTCS IPeIBapUTEIbHO
TIOJIyYUTb YMCThIE KYJIBTYPhI rpuba. Uem 6picTpee rpub
0OHAapYXXEH U IEPECESTH B OTIEbHbIE YAIIKHY, TEM MEHbB-
1€ BEPOSITHOCTD 3apacTaHus Jallek C BJIaKHOW KaMe-
POW U TIUTATENbHON CPeNIoN CatPOTPOPHBIMU U COTIYT-
CTBYIOUIMMU BULAMU.

Taxke HaIMYIWeE YUCTOU KYJIbTYPhI Tprba Heo6X0-
MO B KQuecTBe J0Ka3aTeJbHOTO MaTepuaa, a cpas-
HEHUeE KYJbTYPaJbHbIX TTPU3HAKOB MOXET ABJISITbCH
IIOTIOJTHUTENIbHBIM AUATrHOCTUYECKNM ITPU3HAKOM.

Ilng orbopa obpasiioB 6pair yuacTOK MUTIETUA
rpuba c MUHMMAJIbHBIM 3aXBAaTOM PACTUTENbHOM TKa-
uu (1 cm?), B cirydae 0T60pa U3 YMCTOU KYIbTYPEI — BbI-
CeuKy MUIIeJIUA C MUHUMAaJIbHbIM 3aXBaTOM ITUTATENb-
HOW cpefibl, BHOCUIIU B 1,5 MJT TPOBUPKHU, 106aBIAIN
200 MKJT TU3UPYIoIIero oydgepa 1 pacTUpaIn IeCcTu-
KOM JIJIT MUKpOIpobupok. Beigenernue JHK mpoBo-
VIV C UCTIOJIb30BaHWEM T'OTOBOI'0O Habopa peareHToB
«M-Copb6Ty6» (3A0 «CuHTON», MOCKBA), IEUCTBUE KO-
TOPOT0 OCHOBAHO HA UCIMOJb30BAHNUU MAaTrHUTHBIX Ya-
cTtull. B xome paborer JabopaTopuu OLIIO BLIIBIEHO,

Fig. 5. Affected strawberry plants
in a wet chamber (a) and developed
Colletotrichum acutatum mycelium
HOII Bozie B TeueHme 10-15 mun  Colletotrichum acutatum na KrA (6)  on PDA (6)

(photo by A.A. Kuznetsova)

not always occur in a wet chamber and on a nutrient me-
dium. It is recommended to obtain pure fungal cultures
beforehand. The faster the fungus is identified and sub-
cultured into individual dishes, the less likely it is that
saprotrophic and associated species will colonize the
dishes with a wet chamber and nutrient medium.

The pure fungal culture is also necessary to serve
as evidence, and a comparison of cultural characteristics
may be an additional diagnostic feature.

The fungal mycelium with minimum capture of
plant tissue (1 cm?) was taken for sampling, and the
mycelium cutting with minimum capture of the nutri-
ent medium was used when sampling from a pure cul-
ture. Then they were placed into 1.5 ml tubes with ad-
ding 200 yl of lysing buffer and comminuted with a
pestle for microtubes. DNA was extracted using M-Sorb-
Tub reagent kit (ZAO Sintol, Moscow), which is based on
magnetic particles. In the course of the laboratory work,
these kits showed perfect suitability for DNA extraction
from pure cultures of mycelial fungi.

PCR was performed in the T100 Touch Thermal
Cycler, Bio-Rad. The mixture of reagents for setting one
25 ul reaction contained 5 ul 5x MasP"TagMix PCR buf-
fer (Dialat Ltd., Moscow), 0.5 uM of each primer, 1 ng of
target DNA, and sterile water.

Amplification conditions: 3 min — 94 °C; 30 cycles:
30 sec — 94 °C, 30 sec — 58 °C, 90 sec — 72 °C; 1 cycle:
7 min — 72 °C.

After amplification, 4 ul PCR-product was pipetted
in tubes with 1.0% agarose gel with ethidium bromide in
0.5x TBE buffer and separated by electrophoresis. Later
on, visualization was performed using a gel documen-
fing system.

Afterwards, conventional PCR with universal prim-
ers ITS5/ITS4 was carried out to identify the species. Af-
ter amplification, the products were electrophoretically
separated. Then the samples were cleaned by Thermo
Fisher commercial set (GeneJET PCR Purification Kit)
and sequenced on the 3500 Applied Biosystems genetic
analyzer according to the methodological recommenda-
tions [1]. The obtained sections of nucleotide sequences
were processed and aligned in BioEdit software.
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Puc. 6. KonoHusa nsonsTa, BblgeneHHOro U3 pacTeHUin 3eMASHUKU
cepbcKoro nponcxoxaeHus (a), KoIoHUS U3019Ta, BbIAENIEHHOro U3
pacTeHuU 3eMASTHUKU FroNINIaHA,CKOro npoucxoxpeHus (6), KonoHus nsonsTa,
BblAe/IeHHOro U3 PacTeHUi 3eMJISTHUKU UTANIbAHCKOr0 MPOUCX0XAeHNs (B)

(¢hoTo HO.B. LiBeTkoBOM, A.A. Ky3HeL,0BOW)

YTO JaHHbIe HAOOPHI ONITUMAIbHO ITOAXOAIT AJIS BbI-
nenenud OHK M3 4MCTBIX KYJIbBTYP MULLEJIUATIBHBIX
rpuboB.

[TLP npoBoaunu B TepMmonukiaepe T100 Touch
Thermal Cycler, Bio-Rad. CMechk peakTMBOB [1J1s1 TIOCTa-
HOBKU OJHOM peakumu 06beMoM 25 MKJI comeprkaia
5 MKJ1 5X TTIP-6ydepa MasP’TagMix 2025 (000 «/Ina-
nat JIto», Mocksa), 0,5 UM Ka)kzoro rpanmepa, 1 Hr 11e-
jeBon JIHK 1 cTepuiibHYIO BOLY.

YenoBud aMminukaluy Ha npubope: 3 MUH —
94 °C; 30 qukyaoB: 30 cex — 94 °C, 30 cexk — 58 °C, 90 cek —
72°C; 1 uuxn 7 MuH — 72 °C.

[Tocne amnnuduxanuu 4 mxja IMIIP-npogykTa
packarmeiBaiy B JIyHKU 1,0% arapo3Horo reJis ¢ 6poMu-
cTeiM aTuAYEeM B 0,5% TBE-6ydhepe 1 pas3mesisiiy ¢ IToMOo-
1MbI0 3yIeKTpodopesa. B manbHeleM MpoBOIUIN BU3Y -
aJIM3alInIo C UCTI0JIBb30BAaHUEM Ieflb-IOKYMEHTUDPYIOIIEN
CHCTEMBI.

B manbHeNIeM s onpeaeaeHns BUL0BOMI MIPU-
Ha[JIeKHOCTU ITPOBOLMIIN KJlaccuueckyro [1LP ¢ yHu-
BepcabHBIMU MIpaiiMepamu ITS5/ITS4. TToce aMIIIm-
buxanuu TPOAYKThI PA3HENIIN 3JIEKTPOPOPETUIECKU.
3areM 06pasIbl OUUINAIYN C TIOMOIIBI0 KOMMEPYECKOTO
nabopa Thermo Fisher (GeneJET PCR Purification Kit)
U IIPOBOIMJIA CEKBEHUPOBaHME Ha FeHETUYECKOM aHa-
nmzarope 3500 Applied Biosystems corjacHO MeTO-
IMYEeCKUM peKoMeHmauuaMm [1]. [ToyuyeHHbIe yUacTKU
HYKJIEOTUAHBIX TIOCTIEIOBaTEIbHOCTEN 06pabaThiBaIu
1 BRIPAaBHUBAJIM B IPOrpaMMHOM obecrieueHny BioEdit.

PE3YJbTATBI NCCJIIEJOBAHUA

Uepes YeThIpe IHS IT0C/Ie Havasla MHKYOAIMy Ha Yalrkax
C MUTATEJIbHON CPeno ChOPMUPOBAJICT XapaKTEPHBIN
6eso-cepritt Mutienuit. Ha 7-e CyTKU Ha TTUTATEIbHOU
cpenie 6apXaTUCThI MUTIETI KOJIOHUW Pa3BUIICA U 06-
pasoBaJl OPaHXXEBBIM CIM3UCTHIN BKCCyIaT. Ha vammkax
C BJIQXXHOU KaMepou Mulienit chopMrpoBascsa TOTbKO
Ha 10-14-11 geHb.

HeobXx0iuM0O OTMETHUTD, UTO Ha ITMTATEbHON Cpe-
e KT'A uzongatel koMIiekca Colletotrichum acutatum
OTJIMYAJINCh TI0 KYyJbTYyPaJibHbIM ITPU3HAKAM B 3aBU-
CUMOCTH OT TIPOUCXOXKIEHMS NCCIIeyeMbiX 00pa3IioB.
Tak, ¥3 MOCaJlOuHOT0 MaTepuasa MPOUCX0XIeHUEM
3 MTanuum GBIV BbIJIEJIEHBI U30JIIThI KOMILJIEKCa
Colletotrichum acutatum, KOTOPbIe XapaKTepru30Ba-
JIMCh 6apXaTHO-OMYIEHHBIM CTPOEHUEM, POBHOM 30-
HAJIBHOW MTOBEPXHOCTBIO, TEMHO-CEPHIM I[BETOM CO
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Fig. 6. Serbian strawberry plant isolate colony
(a), Dutch strawberry plant isolate colony (6),

Puc. 7. 3nektpodoperpamma
NpoAyKTOB aMnandukaumum

c npaviMmepamu Calnt2/ITS4:
Ne1d,2, 3,4,5,6,7,8-
obpasubl KoMnekca
Colletotrichum acutatum;
Ne9,10,11,12,13,14-
obpasubl KoMnekca
Colletotrichum gloeosporioides;
K+c.a. — NoNoXUTeNbHbIN
KOHTPOJb KOMMEKca
Colletotrichum acutatum;
K+c.g. — MoNOXUTENbHbI
KOHTPOJb KOMMEKca
Colletotrichum gloeosporioides;
K-B — oTpuuaTenbHbI
KOHTPOJb BblAeNeHNS;

K-u — oTpuuaTenbHbIN
KOHTPOJIb YACTOMN 30HbI

RESULTS

Italian strawberry plant isolate colony (B)
(photo by Y.V. Tsvetkova, A.A. Kuznetsova)

Fig. 7. Electropherogram of
amplification products with
Calnt2/ITS4 primers:
No.1,2,3,4,5,6,7,8 -
Colletotrichum acutatum
complex samples;

No. 9,10, 11, 12, 13,14 -
Colletotrichum gloeosporioides
complex samples;

PC+c.a. — positive control
of Colletotrichum acutatum
complex;

PC+c.g. — positive

control of Colletotrichum
gloeosporioides complex;
NCI - negative control

of isolation;

NCC - negative control

of cleanroom

Four days after the beginning of incubation, a character-
istic white-grey mycelium appeared in dishes with a nu-
trient medium. On the 7th day, the velvety mycelium of
the colony developed on the nutrient medium and formed
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Puc. 8. YucTble KynbTypbl, BblAeNeHHble

13 MOCaA04HOro MaTepuana 3eMASHUKN:

a — BepxHui pap, cnesa Hanpaeo — 1-i nsonat —
npoucxoxnaeHune Utanua, nocnepyowme 2 nsonata —

Fig. 8. Pure cultures isolated from strawberry planting material:

a —top row, left to right — 1st isolate — origin from Italian, the
next 2 isolates — origin from Nizhny Novgorod Oblast, imported
from Italy; middle row, left to right — 1st isolate — origin from

npouvcxoxpeHue Huxeroponckas obnactb, 3aBeseHHble  Serbia, 2nd isolate — origin from Poland, 3rd isolate — origin
13 Utanum; cpegHun psag, cnesa Hanpaso — 1- usonat—  from Nizhny Novgorod Oblast, imported from the Netherlands;
npoucxoxpeHve Cepbus, 2-in usonaTt — npoucxoxpgeHme  bottom row, left to right — 2 isolates — origin from Moscow
MNonbua, 3-1 nzonat — npoucxoxaeHue Huxkeropopckas  Oblast, imported from the Netherlands;

obnacTtb, 3aBe3eHHbIl U3 HugepnaHpoB; HUXHUA

6 — pure cultures of isolates, subcultured into test tubes

PS4, cneBa HanpaBo — 2 U30N1STa — NPOUCX0XAEeHUE for storage
MockoBckasi o6nacTtb, 3aBe3eHHble U3 HuaepnaHnos; (photo by A.A. Kuznetsova)

6 — unCTble KyNbTyPbl M30/I9TOB, NepecesHHble
D11 XpaHeHus B Npo6upku
(choTo A.A. Ky3HeL,0BoOW)

CBETJIO-CEPBIM POBHBIM KPaeM; peBepP3yM TEMHO-Ce-
DBIH, C XapaKTEPHBIM OPAHKEBBIM 3KCCYIaTOM B CEpEe-
InHe KojoHuY (puc. 6 B). HumepiaaHacKye M30IATh Xa-
PaKTePU30BAIUCh HapXaTHO-OIYIIEHHBIM CTPOEHUEM,
30HAJIbHOM IIOBEPXHOCTDIO CO CJIA00BOJIHUCTLIM KPaeM,
IIBET KOJIOHUY B HavaJbHBIN IePUOJ pocTa 6eyo-ce-
PBIY CO CBETI0-6eNibIM Cc1ab0BOJTHUCTHIM KpaeM, Ha
14-11 neHb KOJIOHMS CTaHOBUJIACh CEPO, OPaHXXeBbIN
9KCCymaT ObIJT XOPOIIO 3aMeTeH CO CTOPOHLI PEBEP3Y-
Ma (puc. 6 6). A U30JIATHI, BbIAEIeHHbIe 13 cTpad Cep-
6un 1 [Tonbuiy, uMeau 6ej10-CephIf LIBET CO CBETJIBIM
KpaeM C KaIlJIIMHU IPKO-0pPaH)KeBOT0 DKCCymaTa, pe-
Bep3yM 6eXXeBBIY C TEMHO-PO30BOM CEPENMHOM, a Tak-
JKe C OPaHXXEBbIM BKCCYIATOM B CEPENIMHE KOJIOHUU
(puc. 6 a).

3 06pasiioB, 0TOOPAHHBIX OT 6€CCUMIITOMHBIX
pacTeHuit, 6bLI TAK)Ke BhIZieNIeH (PUTOIIaTOreHHLIN IPub
xoMrIuiexca Colletotrichum acutatum, 4To JOKa3bIBAET He-
00X0IMMOCTD 0THOPa HECCUMIITOMHBIX 00Pa31I0B IJIs
aHaIM3a JIATeHTHON MHpeKIuu [2].

[Tocyie aHanmm3a MOP(OJIOTUUYECKUX TTPU3HAKOB
IIPUMHAOJIEXKHOCTD BBEIOCJIEHHDBIX M30JIATOB K KOMILJIEKCY
Colletotrichum acutatum 6bLIa TIONTBEPXKIEHA C UCITOJb-
30BaHuEeM [111P 1 KOMILIEKCOCTIEIIU(DUYHBIX [TPAMEPOB
(puc. 7).

[TonTBEePXXAEHHBIN MuUIlenni rpuba oTceBanu
B mpobupku ¢ KT'A myig XpaHeHuda B KauyeCTBe IO -
TBEP)KIAoNIero MaTepuaia (puc. 8).

HapHENIINH aHAIU3 HYKJIEOTUIHBIX TIOCJIeI0Ba-
TeJibHOCTel ITS-pernoHa n cpaBHEHME C CUKBEHCAMU
3TAJIOHHBIX IMTaMMOB 6a3bl CBS 1mmokasaju, 4To Bblje-
JIEHHbIE M30JISITHI IPUHAIJIeXaT K Buny Colletotrichum

orange mucous exudate. In dishes with a wet chamber,
mycelium was formed only on the 10th-14th day.

It should be noted that isolates of Colletotrichum
acutatum complex differed in cultural characteristics on
the PDA medium depending on the origin of the samples.
Thus, isolates of the Colletotrichum acutatum complex
were isolated from the planting material originating from
Italy, which were characterized by a velvety and downy
structure, a flat zonal surface, dark-grey colour with a
light-grey flat edge; the reverse side was dark-grey with a
characteristic orange exudate in the middle of the colony
(Fig. 6 B). The Dutch isolates were characterized by a vel-
vety and downy structure, a zonal surface with a weakly
waved edge; the colony was white-grey with a light white
weakly waved edge in the initial growth period; on the
14th day the colony turned grey, and the orange exudate
was well visible from the reverse side (Fig. 6 b). The Ser-
bian and Polish isolates were white grey with a light edge
with drops of bright orange exudate; the reverse side was
beige with a dark-pink middle, and the orange exudate
in the middle of the colony (Fig. 6 a).

The phytopathogenic fungi of the Colletotrichum acu-
tatum complex were also isolated from the samples of as-
ymptomatic plants, which proves that it is necessary to
analyse asymptomatic samples for latent infection [2].

After analysing morphological characteristics, it
was established that the isolated isolates belong to the
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nymphaeae (https://www.ncbi.nlm.nih.gov/nuccore/
JQ948246.1) [10].

HeobxoguM0 OTMETUTD, YTO B HACTOSAIIUI MOMEHT
B KAPaHTHWHHOM IIepevYHe OrpPaHMYeHHO PacIIpoCTpa-
HEHHBIX 00bEKTOB Ha TePPUTOPUM PP HaXOOMTCS BeCh
KoMIUIeKc BumoB Colletotrichum acutatum.

OBCYXJIEHUE PE3VJIBTATOB

[Tony4yeHHBIE PE3yJIbTAThl TOBOPAT O TOM, UTO [IpU
MIPUMEHEHUN COBPEMEHHBIX METOMOB NUATHOCTUKU
BO3MOJKHO OBICTPOE 1 TOUHOE OTIpefieieHre (PUTOIaTo-
reHa, UTO COOTBETCTBYeT (GUTOCAaHUTAaPHBIM TpeboBaHM-
SIM TP JOCMOTPE MOJAKAPAHTUHHOW MPOAYKIMUN. J1JIs
BO3MOKHOCTHU OCYIIECTBJIEHUS HOBBIX METOMOB U UX
MTOATBEPXKEHUS TaK)Ke HeoOX04MMO UCITOIb30BaHMeE
KJIACCUYECKUX METOJIOB.

[Tpy [uarHOCTUKe BO3OYAUTEJST BaXXHBIM OCTa-
eTcsd ucciaedoBaHre JJaTeHTHOU MHMEKINHU, TO eCTh
0oT60p 6ECCUMITTOMHBIX PacTeHW. OTCYTCTBUE TBHBIX
TIPU3HAKOB TTOPAKEHUST MOXKET OBITH CBA3aHO C PSIA0M
[IPUYMH. BO-TIePBhIX, 3a4aCTy0 IPOU3BOAUTENN [IPU-
MEHSIOT OOJIbIIOE KOJIMYECTBO TTECTUIIUIOB, KOTOPbIE
JIEVICTBUTEIBHO TIOMABIAI0T pa3BuTHe rpuba. B naib-
HeliieM Takue 06pasiibl TpebyioT 60bIIeTO BpEMEHU
IS TIPOSIBJIEHNS XapaKTEPHOTO CIIOPOHOIIEHNWS 1 BhI-
sgByeHus rpuba. Bo-BTOPHIX, (DaKysibTaTBHbBIE TTapa3u-
ThI TPOSABIIAIOT cebs TP 0cIabieHN U PACTEHNT-X034€B,
B TO BPEMS KaK B 3J0POBBIX PACTEHUSIX CUMIITOMOB TI0-
paxeHms He HAOJII0IaeTCs.

I/IHTepeCHO OTMETUTDH, UYTO KYJIBTYPaJIbHO-MOP-
(osornyeckune CBOMCTBA BbIZIENIEHHBIX U30JIATOB He
HaXOJIAT OTPAKEHUS B aHAJIN3€ HYKJIEOTUIHBIX TT0CTIE-
IoBaTenbHOCTeU 110 ITS-pernony. Heobxomumo 6osiee
JleTaJibHOE U3yYeHMe HYKJIEOTUIHBIX TTOCTIE0BATENb-
HOCTEN M30JIITOB T10 APYTUM IeHaM.

BbIBO/Ibl

1. CoBMelleHME KJIAaCCUYECKUX U MOJIEKYJIAP-
HO-TeHEeTUYEeCKUX METOJIOB T03BOJIIEeT LOCTOBEPHO
UIEeHTUMUITMPOBATH BO3OYIUTENT aHTPAKHO3A 3eMJIS-
HUKU ¥ TIOBBINAET CIIEIN(PUIHOCTE MUKOJIOTUIECKUX
UCCIEIOBAaHNHN.

2. Vccnemyemble U3014Thl KOMILIekca Colletotri-
chum acutatum OTIWYAIOTCS T10 KYJbTYPAJbHBIM TTPU-
3HaKaM (PEHOTHUITY) B 3aBUCUMOCTH OT ITPOUCXOXKIEHUS
VCCIeyeMbIX 00pasIioB.

3. Ha maHHBIM MOMEHT OCHOBHBIM BUIOM POJia
Colletotrichum ncciiemyeMoit ToIKapaHTUHHOM POy K-
LY 3eMJITHUKY SBJIgeTcs By Colletotrichum nymphaeae.

4. BeImeneHHbIE B X01e paboThl n30aThI Colleto-
trichum nymphaeae OTAUYUMBI OT BUJIOB KOMILIEKCA
Colletotrichum gloeosporioides Kak 110 KyJbTYPaJbHbIM
MIpU3HAKaM, TaK ¥ I10 COBPEMEHHOMY MOJIEKYIITPHO-Te-
HeTnyeckomy [11IP-MeTozy, 0CHOBAaHHOMY Ha IIPUMEHEe-
HUU KOMILJIEKCOCTIEIM(MDUUHBIX TpaiiMepoB Calnt2/ITS4.

5. JlJig yCKOPEeHUS MUKOJIOTUYECKOU IMAarHo-
CTUKYU BO3OYIUTENA aHTPAKHO3a 3eMIAHUKY 7 Hec-
CUMIITOMHOTO TIO[KAaPaHTUHHOTO MaTepuasa ciemy-
€T WCITOJIb30BaTh 3aKJIaAKy Ha IMUTATeJIbHbIE CPebl
C IPUMEHEHUEM aHTUOMOTUKOB (CTPENTTOMUIINHA WU
IIp. AaHAJIOT'OB).

6. Tlpm obciemoBaHWM MTOAKAPAHTUHHON ITPO-
IYKITUY HEOOXOIMMO TPOBOAUTE OTOOP KaK pacTeHul
C TUIMYHBIMM MIPU3HAKAMU IIOPAXKEHUd, Tak 1 6ec-
CUMIITOMHBIX PACTEHMWU IJIT BBISIBICHUSI JIATEHTHON
UHOEKITUN.

OT HayKu K npakTuke

Colletotrichum acutatum complex, which was confirmed
by using PCR and complex specific primers (Fig. 7).

The confirmed fungal mycelium was subcultured
in tubes with PDA for storage as confirmation materi-
al (Fig. 8).

Further analysis of the nucleotide sequences in the
ITS region and comparison with sequences of reference
strains from the CBS base showed that the isolates be-
long to the species Colletotrichum nymphaeae [10].

It should be noted that the entire Colletotrichum acu-
tatum species complex is currently included in the qua-
rantine list of objects with limited spread on the territo-
ry of Russia.

DISCUSSION

The results obtained show that it is possible to quick-
ly and accurately identify the phytopathogen by using
modern diagnostic methods which meet the phytosani-
tary requirements for the inspection of regulated prod-
ucts. The use of conventional methods is also necessary
to make it possible to use new methods and confirm
them.

It is important to study the latent infection, that is,
the selection of asymptomatic plants, in the diagnosis of
the pathogen. The absence of obvious signs of lesions
may be due to several reasons. Firstly, producers often
use lots of pesticides that do inhibit fungal development.
Later on, such samples require more time to show dis-
tinctive sporulation and identify the fungus. Secondly,
the facultative parasites reveal themselves when the
host plants are weakened, while healthy plants show no
symptoms of damage.

Notably, the cultural and morphological properties
of the isolates are not reflected in the analysis of nucleo-
tide sequences in the ITS region. It is necessary to study
nucleotide sequences of isolates in other genes in great-
er detail.

CONCLUSIONS

1. The combination of conventional and molecular
genetic methods allows to reliably identify the pathogen
of strawberry anthracnose and increases the specificity
of mycological research.

2. The studied isolates of the Colletotrichum acu-
tatum complex differ in cultural characteristics (pheno-
type) depending on the origin of the tested samples.

3. At the moment, Colletotrichum nymphaeae is the
main species of the Colletotrichum genus on the regulat-
ed strawberry products.

4. Theisolates of Colletotrichum nymphaeae isolated
in the course of the work differ from the species of the
Colletotrichum gloeosporioides complex both by their cul-
tural characteristics and by the modern molecular ge-
netic PCR method based on the application of Calnt2/
ITS4 complex specific primers.

5. Setting up on the nutrient media using antibiotics
(streptomycin or other analogues) should be used to ac-
celerate the mycological diagnosis of the strawberry an-
thracnose pathogen for asymptomatic regulated articles.

6. When studying regulated products, both plants
with typical signs of lesions and asymptomatic plants
should be selected to detect latent infection.
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HexoTophbie

3aMevYaHus 0 OMO0JIOTUU
U IpoobJieMax
ANArHOCTUKU

KPaCHOIr0o TOMaTHOTO
IMayTUHHOTO KJjeuia
Tetranychus evansi
Baker & Pritchard, 1960
(Acari: Prostigmata:
Tetranychidae)

1.0. KAMAEB, K.6.H., CTapUIii HAyYHBIN
COTPYAHUK HAYYHO-METOAUYECKOTO OTIesIa
sHTOMOJIoruu ®PI'BY « BHUUKP»

AuHoTauua. [Ipugodamcs axKmyanbHble CBEIeHUs
0 PACNPOCMPAHEHUL, HO8ASL UHPOPMAYUL O DPACMEHUIX-
X035e6ax U 60npocax 0uaeHOCMUKI KPACH020 MOMAMHO20
naymunHoeo knewa (Tetranychus evansi) — KapaHmuHH020
obsexma Edunoeo nepeuns EASC. B cmamove daHvl opueu-
HAJIbHbIE UNTTOCTPAYULL CUMNIOMO8 TI0BPENICHUSL pacme-
HULI-X035€8 U OUA2HOCMUYECKUX NPUSHAKO8 8PedUmEN.

KiroueBsblie cji0Ba. KapanmuH pacmenull, axaposio-
2uUs, NAyMUHHbLE KU, KDACHbLL MOMAMHbLE NAYMUHHbLL
Kaew, duaeHocmuka.

PacHBI TOMATHBIM TAQyTUHHBIN
kyent Tetranychus evansi Baker &
Pritchard, 1960 (puc. 1), oTHOCS-
IMUICA K OTCYTCTBYIOIIUM KapaH-
TUHHBIM 00bekTaM EnuHoro re-
peund cTpaH — yyacTHul, EASC, — O4VH 13 arpeCcCUBHBIX
aKTMBHO PaCIpPOCTPAHAIINXCI BPEIUTENeN Iacie-
HOBBIX KYJIBTYD, TIPEXJe BCETO TOMaTa. 3HaueHne 3TO-
TO BpPeNUTENd IJII CEeJBCKOIO XO3dMCTBA OIpeNesisieT
VHTEepeC K JaHHOMY BUZY CO CTOPOHBI IIMPOKOr0 Kpyra
CTIEeLIUaIVCTOB, BKJII0OUasd aKapoJIOroB, CIIELINAINUCTOB 110
3aIUTe PACTEHUM W BO3MEJIBIBAHUIO KYJIBTYPHI TOMaTa
u purocanuTapuu. Ha mpomeninemM XV MexIyHapos -
HOM aKapOJIOTUYECKOM KOHTPecce 1 COBelllaHnu «VHTe-
TPUPOBAHHBIN KOHTPOJIb PACTUTENIBHOSLHBIX KIIEIen»
3amaHonaieapKTUYeCkol  pPeruoHabHON  CEeKIIUU
MexIyHapogHOW OpraHu3aluy 10  OHUOJIOTUYECKOn

SCIENTIFIC RESEARCH

UDC 632.654

OT HayKu K npakTuke

Some comments

on the biology and
diagnostic problems
of red spider mite
Tetranychus evansi
Baker & Pritchard, 1960
(Acari: Prostigmata:
Tetranychidae)

1.0. KAMAYEYV, PhD in Biology, Senior Researcher
of the Entomological Research and Methodology
Department of FGBU “VNIIKR”

Abstract. The article provides current information on
distribution, new data on host plants and diagnostic issues of
the red spider mite (Tetranychus evansi) — a quarantine object
of the Unified List of the EAEU. Original illustrations of host
plant damage symptoms and diagnostic characters of the pest
are given in the article.

Keywords. Plant quarantine, acarology, spider mites,
red spider mites, diagnosis.

ed spider mite Tetranychus evansi Ba-
ker & Pritchard, 1960 (Fig. 1), which belongs
to the quarantine objects that are not includ-
ed in the Unified List of the EAEU member
states, is one of the aggressive pests of sola-
naceous crops, primarily tomato, which spread actively.
The importance of this pest for agriculture determines
the interest of a wide range of specialists, including aca-
rologists, plant protection experts, tomato cultivators
and phytosanitary specialists. This species was repeat-
edly discussed in the reports of acarologist at the XV In-
ternational Congress of Acarology and at the meeting
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Puc. 1. KpacHbli1 TOMaTHbI
nayTUHHbINA Knewy,
Tetranychus evansi, camell,.
®doTto Mukponpenapara
npv TEMHOMOJIbHOM

Fig. 1. Red spider mite
Tetranychus evansi,
male. Photo of the

microscopy using ZEISS

MWKPOCKOMUPOBaHUN Axio Imager 2 and Zen 2.3
c nomolubio ZEISS Axio Imager 2 software
n Mo Zen 2.3 (photo by I.0. Kamayev)

(choTo U.0. KamaeBa)

60pbbe C BpeIHBIMU KMBOTHLIMU U pacTeHuamu (KoH-
rpecc MOBB mo kiemam — 2019) 3TOT BUI HEOLHOKPAT-
HO 06Cy’KIaICca B JIOKJI/IaxX CIIEIINAINCTOB-aKapOJIOTOB.
PanHee HaM¥ 6bITY OTTYOIMKOBAHbI CBEJIEHNS O V-
arHOCTHKE, PACTEHMIX — X0359€BaxX JAaHHOI'O BPeOUTeNsa
U XapaKTEePUCTUKAX ero (UTOCAHUTAPHOTO prcKa [2, 3].
C yueTOM HOBBIX TAaHHBIX 0 OMOJIOTUY BPEAUTEIIS B paM-
KaxX JaHHOU MyOIMKALIY TTPUBOJISITCS HEKOTOPbBIE 3aMe-
YaHUSI OTHOCUTEJIBHO BOTTPOCOB IMATHOCTHUKY KPACHOTO
TOMATHOTI0 KJIellla, UMEIOIIUX ITPaKTUYeCcKoe 3HaUeHe
ILJISI CTIEIMaIMCTOB B 00JIaCTY KapaHTUHA PACTEHUM.

Puc. 2. NacneH
KaponuHckuin Solanum Solanum carolinense,

Fig. 2. Bull nettle

carolinense, copHoe a weed plantin
pacTeHue Ha knymbe — a flowerbed, a reserve
pesepsat An1a nayTuHHbIX  for spider mites.
knewen. AnoHusa, Ocaka Japan, Osaka

(hoTo N.0. KamaeBa) (photo by I.0. Kamayev)

microslide during darkfield

“Integrated Control of Plant-Feeding Mites” of the West
Palaearctic Regional Section of the International Or-
ganization for Biological and Integrated Control (IOBC
Congress on Mites in 2019).

Earlier we published data on diagnostics, host
plants of this pest and characteristics of its pest risk [2,
3]. Taking into account the new data on the pest biology,
this publication provides some comments on the diag-
nostic issues of the red spider mite, which are of practi-
cal importance for specialists of plant quarantine.

It is suggested that the red spider mite originates
from South America and is now reliably recorded in 44
countries of North and South America, Africa, Europe,
Asia, Australia [11, 13]. Recent studies based on molecu-
lar genetic approaches show that this species has inde-
pendently reached the European continent several times
[12, 13]. Its active invasion is particularly noticeable in the
countries of the Mediterranean Basin. For example, T evan-
siwas first recorder in Serbia in 2013 on tomato plants, but
by 2019 it has already spread widely throughout the coun-
try, including the northern areas, and formed sustainable
populations [9, 10]. These records to be the northernmost
records of the species in Eurasia known to date.

In Serbia, the red spider mite is found both in the
protected ground and on wild plant species — black
nightshade (Solanum nigrum) and field bindweed (Convol-
vulus arvensis). In addition, this species was first noted by
the researchers on Cucurbita pepo pumpkin plants [10]. It
isimportant to take this information into account in phy-
tosanitary practice, in particular, the ability of vegetable
crops, as well as weeds (Fig. 2), and not only members of
the solanaceous family to serve as reserves for the pest.

> [t vk
Puc. 3. MacneH yepHbiit Solanum  Fig. 3. Black nightshade
nigrum. XapakTep oKpacku Solanum nigrum. The nature
NUCTbEB pacTeHuUs 3aBUCUT of the plant’s leaf color

oT 06unusa ocobeit KpacHoro depends on the abundance
TOMaTHOro NayTUHHOIO Kiewa of red spider mite individuals
Tetranychus evansi. AnoHus, Tetranychus evansi. Japan,
Ocaka (thoTo U.0. Kamaesa) Osaka (photo by I.0. Kamayev)
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Puc. 4. MacneH yepHbIn Fig. 4. Black nightshade
Solanum nigrum c BbICOKUM Solanum nigrum with high
o6unnem KpacHoro ToMaTHoOro abundance of red spider
nayTUHHOrO Knewa. mite. Japan, Osaka
AnoHus, Ocaka (photo by

(choTo U.B. BepemMeeHKo) L.V. Veremeenko)

CumnTaeTcd, UYTO KPaCHBIM TOMATHBIN Ay TUHHBIN
KJIET TPOUCXOAUT U3 KO)KHOM AMEPUKU U K HACTOSIIEMY
BPEMEHHU JOCTOBEPHO OTMeUeH B 44 cTpaHax CeBepHON
u IOxHOM AMepuk, AQpuku, EBporel, A3un, ABCTpaun
[11, 13]. VicciemoBaHMd IIOCTIEIHUX JIET Ha OCHOBE MO-
JIEKYJIIAPHO-TEHETUYEeCKUX IMOAXOM0B ITOKAa3bIBAIOT, UTO
STOT BUJ, HECKOJIBKO pas3 He3aBUCUMO II0IaLajl Ha €B-
poretickuy KOHTUHEHT [12, 13]. ETo akTUBHAY MHBA3UA
0ocobeHHO 3aMeTHa B CTPaHaX CPelr3eMHOMOPCKOTO
bacceitHa. B uactHocTy, 1. evansi B Cepbuy ObLI BIIEPBLIE
3apeructpupoBaH B 2013 rozy Ha pacTeHMAX TOMaTa,
Ho y>ke K 2019 romy nrMpoKo pacrpoCcTPaHUICA 10 Bcel
CTpaHe, BKJII0Uasd CeBepHbIe ParoHbl, X COPMUPOBAT
ycToruuBblie Tionynauuu (9, 10]. TTo-BuaguMoMy, 3TO ca-
Mble CEBEPHEBIE HAaXOOKM B1Ja B EBpaBI/II/I, V3BECTHBIE
K HACTOSIIEMY BPEMEHU.

B Cepbum KpacHbBIM TOMATHBIN TTAyTUHHBIN KJIETIT
OTME4YEeH KaK B yCJIOBUAX 3alllMINEHHOTO I'PYHTaA, TaK
¥ Ha JUKOPACTYIUIMX BUIaX PACTEHMII: TacjaeHe yep-
HoM (Solanum nigrum) m BbIOHKe 110J1eBOM (Convolvulus
arvensis). KpoMe TOro, 9TOT BUJ, BIIEPBbLIE ObLI OTMEYEH
HCCIIeIOBaTeNIMI Ha PACTEHUAX ThIKBLI Cucurbita pepo
[10]. 9T; cBemeHNA BaXKHO YUNTHIBATD B (DUTOCAHUTAP-
HOI;I IIPpaKTHKe, BYaCTHOCTH TO, UTO OBOIIIHBIE KYJILTYPHI,
a Tak)Ke COpHbIE pacTeHud (PUC. 2), ¥ He TOJIbKO IPe-
CTAaBUTENIV CEMEUCTBA MTACIEHOBBIX MOT'YT CITY)KUT pe-
3epBaTaMMU [IJIsI BDEIUTEI.

B 11e710M BUI IBJIIETCS KpaHe MIMPOKUM II0JIrda-
TOM, COTJIACHO CBEIICHUAM 6a3bI JAaHHbBIX T10 TIayTUHHBIM
kJemaM Mupa T, evansi 6bLI OTMEUEH I10 MeHbIIIeN Mepe
Ha 138 Bumax pacTenuii [11].

B Cepbuu B yCNIOBUAX 3aIUINEHHOTO T'PYHTA
T. evansi BCTpedaeTcsd BMeCTe C APYTUMU XapaKTePHbI-
MU BPENUTENIMU U3 CEMENCTBA MAYTUHHBIX KJIEIlen
Tetranychus urticae Koch, 1836 u T. turkestani (Ugarov
& Nikolskii, 1937), oTHOCAUMUMUCS K T'PYIIIIE BUOB
T. urticae.

B cBSA3M C BO3MO)XHOCTBI0 HAJIMUMA CMeIlTaHHbIX
TIOMY AWt IBYX 1 60jiee BUMOB HEOOXOIMMO OTMETUTH
npobsieMy nuddepeHnanuyu KPacHOr0 TOMATHOTO

Fig. 5. Rose leaf Rosa sp.,
damaged by common red
06bIKHOBEHHBIM NayTUHHBIM  spider mite T. urticae

Puc. 5. Jluct po3sbl
Rosa sp., MOPaXKeHHbIN

knewowm T. urticae (photo by I.0. Kamayev)

(choTo L.0. KamaeBa)

In general, the species is an extremely wide po-
lyphage; according to the database on spider mites of
the world, T. evansi has been recorded on at least 138
plant species [11].

In Serbia, T evansi is found in the protected ground
along with other typical the spider mites — Tetranychus
urticae Koch, 1836 and T. turkestani (Ugarov & Nikolskii,
1937), belonging to the group of T. urticae species.

Due to the fact that mixed populations of two or
more species may exist it is necessary to note the prob-
lem of differentiation of red spider mite (7. evansi) and
common red (two-spotted) spider mite (7. urticae). In
particular, the symptoms of plant damage by mites of
both species are not specific. In both cases it is a change
of chlorenchyma (Fig. 3-4 for T. evansi and Fig. 5 for T. ur-
ticae); both parts of the plant and the plant as a whole die
back in case of mass reproduction of the pest (often cou-
pled with lack of water nutrition), and the abundance of
spider webs and mite individuals becomes noticeable.
T. evansi forms characteristic clusters of red-orange co-
lour, often on tops of plant parts (Fig. 6). At the same
time, it should be taken into account that the colour of
common red (two-spotted) spider mite (T. urticae) ex-
tremely varies from yellow-green to carmine-red (Fig. 7),
including orange, due to which individuals of this spe-
cies are similar to the ones of red spider mite. A more
detailed description of morphological variability of T. ur-
ticae, including colouration of individuals and factors in-
fluencing it, is provided in the fundamental article de-
voted to the problem of synonymization of T. cinnabarinus
and T urticae [6]. The particular paper also provides in-
formation on the differences in colouration of T. evansi
and T urticae [16].

In this regard, it is necessary to identify this spe-
cies by morphological or molecular genetic methods.
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Puc. 6. CkonneHue ocobein  Fig. 6. A cluster of T. evansi
T. evansi Ha nacneHe individuals on black

uepHoM Solanum nightshade Solanum nigrum.
nigrum. 9inoHus, Ocaka Japan, Osaka

(cpoTo U.0. KamaeBa) (photo by I.0. Kamayev)

(T evansi) u 06b1KHOBEHHOTO (T urticae) mayTUHHBIX KJle-
e, B 4aCTHOCTHU, CUMITTOMBI TIOBPEXAEHNS PACTEHUN
Kjemamy 060UX BUIOB HE ABJISIOTCSA CIIEN(GUUHBIMY.
B o6oux cirydasgx 9ToO U3MeHEeHre OKPaCKU XJI0POpUI-
JIOHOCHOU TKaHu (puc. 3-4 gjia T. evansi ¥ puc. 5 g
T. urticae), Tpy MaCCOBOM PasMHOXXEHUH BpeluTess (Ja-
CTO BKYTIE C HEIOCTaTKOM BOLHOT'O MUTaHMWA) HabJII0/a-
eTCd yChIXaHUe KaK OTHeJIbHbIX YacTell pacTeHusd, TaK
¥ BCEr0 PACTEHNUS B IT€JI0M, CTAHOBSTCS 3aMETHBIMU 00U-
JIe TIayTUHBI ¥ 0cobu Kitetnedt. T, evansi o6pasyeT xapak-
TEPHbIE CKOILIEHNS KPaCHO-0PaHXeBOro I[BETA, YaCTO Ha
BEPIIMHAX YacTel pacTeHuit (puc. 6). [Tpu 5TOM ClielyeT
YUUTBIBATH, YTO OKPACKa OOBIK-
HOBEHHOTI'0 TTayTUHHOIO KJIema
(T urticae) BapbUPYET UPE3BHI-
JalHO IIMPOKO: OT XKEJITO-3e-
JIEHOU JI0 KapMUHHO-KPAaCHOM
(pmc. 7), B TOM YHCIIE MOXKET ObIThH
¥ 0paHXXeBOro LIBeTa, 6y1arogapa
ueMy 0co6H JaHHOI'O BUJIA CXOZ -
HbI C 0OCOOSIMU KPACHOTO TOMAT-
HOTO TIayTUHHOTO KJjemna. Boee
TTOJIPOGHO XapaKTEPHUCTUKA MOP-
(osornueckoir N3MEHYMBOCTHU
3TOTO BU[A, BKJIIOUAst OKPACKY
ocobell 1 OKasbIBaIoIIKeE Ha Hee
BIUsiHUE (PaKTOPbI, PACCMOTPE-

KpacHasa nuHua npoBeeHa OTHOCUTEIbHO

- NPOKCUMarbHOI XeTonapbl (CABOEHHbIE
Ha B (QYHIAMEHTAJIBHOM CTAThe,  1jeTyikm, 3aMeTHbIE MO XapaKTepHbIM

MOCBAIIEHHON TIPOGIEME CH-  yytkam): a — [opcasnbHo, b — BEHTpanbHo.

Puc. 7. Ckonnexue ocobeit  Fig. 7. A cluster of T. urticae
T. urticae Ha uBeTKe po3bl individuals on a rose flower
Rosa sp. AnoHus, Ocaka Rosa sp. Japan, Osaka
(choTo M.0. KamaeBa) (photo by I.0. Kamayev)

In the first case, it is necessary to mount spider mite
slides based on a gum arabic (Hoyer’s medium). Ac-
cording to our experience for laboratory practice it is
recommended to use a modified method of mount-
ing spider mite slides, which consists in increasing
the slide heating temperature on a hot bench up to
70-85 °C [1]; following the generally accepted me-
thods, in contrast, the slide is kept at 40-60 °C (rec-
ommended, for example, in [4, 14, 15]). The modified
method of spider mite slide preparation allows to en-
lightening the objects in 3 hours, depending on the
type of fixation of the material (fresh or alcoholic). This

Puc. 8. ®oTo nanku nepsoi napbl Hor T. urticae. Fig. 8. Photo of the T. urticae tarsi I.

The red line is drawn relative to
proximal pair of chaetae (twin setae,
visible from the characteristic disks):
a —dorsally, b — ventrally. Photo of the

"HoHuMmuzanuu 1. cinnabarinus ®oTto MuKponpenapaTa npu hasoso-koHTpacTHoM  slide during phase-contrast microscopy

u T urticae [6]. Tak)xe cBefje- MUKPOCKOMNMPOBaHMM C NoMoLLbio ZEISS Axio
HUS TI0 pasinduaM B Okpacke Imager2uOZen2.3 (hoto M.0. Kamaesa)

T evansi n T. urticae TPUBOIATCH
B pabore [16].

B cBsI31 ¢ 9TUM HEOOXOIUMO TTPOBEAEHNE UIIEHTH -
ukanuy MopdoJIOrMYeCKUMYU UIU MOJIEKYJIIPHO-Te-
HETUYECKUMU METOLAMU. B riepBoM ciiydae TpebyeTcs
M3TOTaBJIMBATh MUKPOIIPETIapaThl Ay TUHHBIX KJIelei
Ha OCHOBEe TyMMMapabuKoBOW cMecu (KUIIKOCTb XOui-
epa). Vicxons M3 Halllero OmbITa, AJd J1abopaToOpPHOM

using ZEISS Axio Imager 2 and Zen 2.3
software (photo by I.0. Kamayev)

duTocaHuTapusa. KapaHTuH pacteHuini - 46

HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

MTPaKTHUKU PEKOMEH/IYETCS UCTIOIb30BaHUE MOIUDUIIN-
POBaHHOM METOIVMKHN M3TOTOBJIEHNS MUKDPOIIPerapara
TTAyTUHHBIX KJIelel, 3aKIIoualonieiics B yBeIudeHun
TeMIlepaTypbl HarpeBa MUKPOIIperapara Ha TEPMOCTO-
nuke no 70-85 °C [1], B oTnuyne OT OOUETTPUHATHIX
MEeTOJIVK, KOTJIa MUKPOTIPEITapaThl BbIIEPKUBAIOT TTPU
temrieparype 40-60 °C (peKOMeHI0BAHHBIX, HATIPUMED,
(4,14, 15]). MognpUIIMPOBAHHBIN METO U3TOTOBJICHUT
MUKPOIPerapaToB MayTUHHbBIX KJIelleil TT03BOJIAET B 3a-
BUCUMOCTH OT TUTIa PUKCAITUK MaTepuaa (CBEXUN 1in
CTIMPTOBOM) IOCTUYD ITPOCBETIIEHUS 0OBEKTOB yIKe Ue-
pe3 3 Jaca, TeM caMbIM CYIIIeCTBEHHO YCKOPSS MPOIIece
PYTUHHOM J1ab0PaTOPHON NUATHOCTUKUA.

Ouddepennmanuga T. evansi OT BUIOB T'PYITIIEI
T urticae ocHOBaHa Ha MOPQOJIOTUUECKUX TTPU3HAKAX
caMIioB 1 caMok [3, 14, 15, 16]. B mepByto odyepesb
OTIPENENIAI0T TIPUHAJIEXXHOCTD UCCIEyEMBIX 0CODe
K TpyTIe desertorum uau urticae. J1Jiss BUIOB TPYIITIBI
urticae, K KOTOPBIM oTHOCATCA 1. urticae u T. turkestani,
XapaKTepHO, UTO Y CAMOK Ha JiaTike | HECKOJIbKO TTPOK-
CUMaJIbHBIX TAKTUJIbHBIX IETUHOK PaCIIOJIOXEHBI
6JIM)Ke K OCHOBAHMIO JIATIKY, YeM MTPOKCHUMAaJIbHAs Xe-
Torapa (puc. 8). Y caMOK I'PYIIIILI desertorun, K KOTOPOu
oTHOcUTCA T. evansi, Ha janke [ Bce 4 MpoKcuMaJbHble
TaKTUJIbHBIE IETUHKY HAXOAATCS IPUMEPHO Ha OJTHON
JIMHUU C IPOKCUMAaJIbHOM XeTOIIapou, T.e. 3TU IeTHUH-
KU He PacriojiodKeHbl OJIMKe K OCHOBAHUIO JIAaTIKU, YeM
pokcuMaibHasg xerornapa (puc. 9). OmHako ciaenyer
OTMETHUTD, UTO JJIS STTOHCKOM TIOTTYJIIIIUY KPacHOTO TO-
MaTHOTO MayTUHHOTO KJela 7. evansi xapakTepHO He-
KOTOPOE OTKJIOHEHNE OT TIPUBEIEHHOTO BBIIIIE TTPABUIIA,
SIMKUW HEKOTOPBIX METUHOK MOT'YT ObITh PACIIOJI0KEHBI
HECKOJIbKO MpPOKCUMaJibHee JUHUU OTHOCUTENbHO
MIPOKCUMAaJIBHOM XeTornapkl (puc. 10). PaHee mpencTaBu-
TeJIV 3TON reorpadmyIecKoy MOy ANy ObITY OTTMCAHBI
B KauecTBe caMoCTosTeNbHOro Buma 7. takafuji [7], Brio-
CIeCTBUY CUHOHUMUW3UPOBAHHOTO C T. evansi Ha OCHOBE
MOP(QOJIOTUYECKUX U MOJIEKYITPHO-TEHETUUECKIX JIaH-
HbIX [8]. Camipl BumoB T, evansi’ 1 60JIbIIMHCTBO BULOB
rpymrbl T urticae Xopouo nudGepeHIIPYIOTCS IPYT OT
Ipyra 1o CTPOEHMIO KOMYIATHBHOrO opraHa (puc. 11).
KpacHbIil TOMaTHBIM [ayTUHHBIN KJIEl OTJINYaeTCs
110 IMATHOCTUYECKUM TIPU3HAKAM OT TI0/IaBJISIOIIETO
6OJIBIIMHCTBA BUAOB poma Tetranychus, BCTpedYaronImX-
cs Ha TeppuTopun 6biBIero CCCP [5]. Takum o6pasoM,
CBOEBPEMEHHOE TIPENOTBPallleHe NHBA3UN KPACHOT'0
MMAyTUHHOTO KJIEIa MOXXeT ObITh OCYIIECTBIIEHO TIPU
OTIEPATUBHOM TIPUHATUY (PUTOCAHUTAPHBIX MeD, BKJTIO-
yag OTePATUBHY UAEHTUGUKAIIUIO 3TOTO OMACHOT0
BPEIUTEN.

B 3axjitoueHue ciaelyeT OTMETUTD, UYTO MOJTyueH-
Hble HOBbBIE JJAHHbBIE O KDACHOM TOMaTHOM TTayTUHHOM
KJIelne TIPeICTaBIAI0TCS BaXHBIMU. B 4acTHOCTH, T10
SKOKJIMMATUYECKUM XapaKTEePUCTUKAM TEPPUTOPUSA
Cepbuu 65113Ka K TeppUTOpUM KXKHOTO henepaibHOro
oxpyra Poccutickont Penepaliny, rje CoCpejoTOYeH0 OC-
HOBHOE ITPOMBIIJIEHHOE TPOU3BO/ICTBO TOMATOB. 37IeCh
6yZIeT yMECTHBIM HAaTIOMHUTD, UYTO Poccutickas ®enepa-
Y4 B pasHble rofel Bxoauia B 10-15 cTpaH — 1uziepoB
T10 TTPOU3BOJICTBY IJIONOB TOMaTa [17], HO TIpK 5TOM Ha
SKCTIOPT HATPABJIAETCST 10 2% PACTUTENbHOM TPOIYK-
IIM1 OT 06'bEMOB TIPOM3BOCTBA (Ha OCHOBE aHaIMW3a
naHHbIX Pocctata 1 @TC). B TO ke BpeMs CYIeCTBYIOT

1 CieLyeT OTMETUTD, 4To ITpobireMa guddepeHInany IByX CXOLHbBIX
BunoB 7. evansi u T. marianae McGregor, 1950 (oco6eHHO 3T0 KacaeTcs
(hopMBI KOIyJIATHBHOTO OpraHa caMioB, cM. Seeman & Beard, 2005,
2011; PM 7/116 (1)) B jaHHOI paboTe He pacCMaTPUBAETCS.

OT HayKu K npakTuke

significantly accelerates the process of routine labora-
tory diagnostics.

The differentiation of T. evansi from T. urticae spe-
cies is based on morphological characteristics of males
and females [3, 14, 15, 16]. First of all, it is determined
if the species of the investigated individuals belongs
to the desertorum or urticae group. The females of ur-
ticae group, which include T. urticae and T. turkestani,
are characterized by several proximal tactile setae on
tarsus I that are located closer to the base of the tar-
sus than proximal duplex of setae (Fig. 8). The females
of the desertorum group, to which T. evansi belongs, all
4 proximal tactile setae on tarsus I are approximate-
ly in line with the proximal duplex of setae, i.e. these
setae are not closer to the base of the tarsus than the
proximal duplex of setae (Fig. 9). However, it should be
noted that the Japanese population of red spider mite
T. evansi is characterized by some deviation from the
above rule — the cavities of some setae may be located
somewhat proximal to the line relative to the proximal
duplex of setae (Fig. 10). Previously, representatives of
this geographic population were described as an in-
dependent species T. takafuji [7], later synonymized
with T evansi based on morphological and molecular

Puc. 9. ®oTo nanku nepsou napsbl Hor T. evansi. KpacHas
JNINHUSA NMPOBefeHa OTHOCUTENIbHO MPOKCHMMAabHOM
xeTonapsbl (CABOEHHbIE WETUHKMU, 3aMeTHbIE Mo
XapaKTepHbIM WMTKAM): BCe TAKTU/bHbIE LWEeTUHKU
PacnonoxKeHbl B OAHY JIMHUIO — XapaKTePHbI NMPU3HaK
rpynnbl BUpoB desertorum. Mukponpenaparbl

v onpepeneHue BbinosHeHo k. OcTos-CTapKeBCKu

(Dr. J. Ostoja-Starzewski, FERA) Ha ocHoBe co6paHHOro
martepuana Ha Solanum melongena n3 KeHun B aaponopTty
BenukobputaHum B 2005 rogy. doTo Mukponpenapara npu
(ha30BO-KOHTPACTHOM MUKPOCKOMUPOBAHMM C NOMOLLbH
ZEISS Axio Imager 2 u MO Zen 2.3 (cpoto U.0. KamaeBa)

Fig. 9. Photo of the T. evansi tarsi I. The red line is drawn
relative to proximal pair of chaetae (twin setae, visible from
the characteristic disks): all tactile setae are in a single
line, which is characteristic of the desertorum species
group. Slides and definition were prepared by Dr. J. Ostoja-
Starzewski (FERA) based on the collected material on
Solanum melongena from Kenya at the UK airport in 2005.
Photo of the slide during phase-contrast microscopy using
ZEISS Axio Imager 2 and Zen 2.3 software

(photo by I.0. Kamayev)
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Puc. 10. ®oTo nanku nepBoi napbl HOr
T. evansi. KpacHas nuHua npoBefeHa

Fig. 10. Photo of the T. evansi tarsi I
(individual from Japan, Osaka). The red line ly prevented by taking prompt

genetic data [8]. The males of
T. evansi’ and most species of
the T. urticae group are well dif-
ferentiated from each other by
the structure of the copulatory
organ (Fig. 11). Red spider mite
differs in diagnostic characte-
ristics from the overwhelming
majority of Tetranychus species
occurring on the former USSR
territory [5]. Thus, red spider
mite infestation can be time-

OTHOCUTEJIbHO MPOKCMMasIbHO XeTonapbl is drawn relative to proximal pair of chaetae phytosanitary measures, in-
(coBOEHHbIE WeTUHKU, 3aMeTHble Mo (twin setae, visible from the characteristic cluding rapid identification of
XapaKTepHbIM WMUTKaM): a — aopcanbHo, b —  disks): a — dorsally, b — ventrally. Photo of this dangerous pest.

BeHTpanbHo. PoTo MMKponpenapara npu the slide during phase-contrast microscopy In conclusion, it should be

¢ha30BO-KOHTPACTHOM MUKpPOCKonupoBaHun  using ZEISS Axio Imager 2 and Zen 2.3

c nomolubto ZEISS Axio Imager 2 n N0 Zen software
2.3 (choTo U.0. KamaeBa)

Puc. 11. ®opmbl KonynaTuBHbIX opraHoB  Fig. 11. Forms of copulatory organs of

camuoB T. evansi (a) u T. urticae (b).
KOHTPACTHOM MUKPOCKOMMPOBaHUU

Zen 2.3 (¢hoto M.0. KamaeBa)

CJIOXKHOCTY B UAeHTUDUKAIIUYU KPACHOTO TOMATHOTO
MAayTUHHOTO KJjella, TpebOymInue COOTBETCTBYIOIEN
TIOJITOTOBKY CIIEIIMAJIMCTOB U HAJWIWSI MUKPOCKOITH-
YecKon TexHUKM ((hasoBO-KOHTPACTHAT MUKPOCKOITHS
B IIPOXOMAIIEM cBeTe). Bce 3To onpenensieT Ba)KHOCTD
TIPENOTBPAIEHUS TPOHUKHOBEHNSA KPAaCcHOTO TOMAT-
HOTO TTayTUHHOTO KJIellla Ha TEPPUTOPHUI0 POCCUNCKON
denepanuu 1 cTpaH — yyactHul, EASC. Kak ormeTuia
B CBOEM IIJIEHAPHOM AoKJaze Mapusd HaBanac Ha XV
MesxxayHapoIHOM aKapoJIOTHUYeCKOM KOHTPeCCe, TIpe-
IOTBpAlleHNE UHBA3UHM PACTUTEIbHOIIHEIX KJIelleil
rToTpebyeT MEeHBIITMX 3aTPAT, YeM ITocyeayonas bopboa
¢ HUMU [12]. VI B 3TOM OTHOUIEHNUM Hambosee s dek-
TUBHBLIM SIBJII€TCA KapaHTUHHBIN (UTOCAHUTAPHBIN
KOHTPOJIb PACTEHU!, B TOM YKCJIe TIPUMEHEHUE TaKOU
(uTOCAaHUTAPHOU MEPHI B OTHOIIEHUY KPACHOTO TOMAT-
HOT'0 TTAYTUHHOTO KJIEIA, KaK TTOCTaBKU PACTUTENbHOM
IPOAYKIWY (TIJI0MBI TOMaTa, bakjakaHa 1 mepiia 1 1o-
CaJIOYHbIX PACTEHUI CEMENCTBA Tac/IeHOBbIE) U3 MECT
¥ YYaCTKOB MPOM3BO/CTBA, CBOOOAHBIX OT IAHHOTO
opraHmusma.
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pointed out that the new data
obtained on the red spider mite
seem important. In particular,
following ecoclimatic charac-
teristics, the territory of Serbia
is close to the territory of the
Southern Federal District of the
Russian Federation, where the
main industrial tomato produc-
tion areas are concentrated. It
would be appropriate to remind
here that the Russian Federation
was among 10-15 countries,
leading in tomato fruit produc-
tion in different years [17], but at
the same time, up to 2% of plant
production is exported (based
on analysis of data from the Rus-
sian Federal State Statistics Ser-
vice and the Federal Customs
Service of Russia). At the same
time, there are difficulties in identifying the red spider
mite, that require appropriate training and us of micro-
scopic techniques (phase-contrast microscopy). All this
makes it important to prevent red spider mite from en-
tering the territory of the Russian Federation and the
EAEU member countries. As Maria Navajas noted in her
plenary report at the XV International Congress of Ac-
arology, prevention of invasions of plant-feeding mites
will require less cost than their subsequent control [12].
In this respect, phytosanitary control is most effective,
including the application of such a phytosanitary mea-
sure to red spider mite as the supply of plant products
(tomato, eggplant and pepper fruits and plants for plant-
ing of the solanaceous family) from places and sites of
production free from the pest.

REFERENCES

1. Kamayev I.0. Approaches to the diagnosis of spi-
der mites (Acari: Tetranychidae) in phytosanitary prac-
tice. Monitoring and biological control methods of woody

T It should be noted that the problem of differentiation of two similar
species of T evansi and T. marianae McGregor, 1950 (especially the
shape of the male copulatory organ, see Seeman & Beard, 2005, 2011;
PM 7/116 (1)) is not considered in this paper.

duTocaHuTapusa. KapaHTuH pacteHunin - 48

HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

yyacTtueM. MoCKBa, 22-26 amnpend 2019 r. Mocksa —
Kpacuogpck: WJI CO PAH, 2019. - C. 82.

2. Kamaes 1.0., MuponoBa M.K. durocanurap-
HBII PUCK PAaCTUTEJIbHOANHBIX Kiemen (Arachnida:
Acariformes) // KapauTuH pacTennii. Hayka u mpakTu-
ka.—2018. - N2 3 (45). - C. 13-20.

3. KamaeB M.0., MuponoBa M.K. Xapakrepu-
CTUKA TPOPUUECKOTO CITEKTPA U AMATrHOCTUUYECKUX
MMPU3HAKOB KPACHOTO TOMATHOTO MayTUHHOTO KJIEMa
Tetranychus evansi Baker & Pritchard, 1960 (Acariformes:
Tetranychidae) / KapanTra pactenunit. Hayka u mpaxTu-
ka.—2016.-N216 (2). - C. 12-19.

4. Jlupmui M.3., MutpodanoB B.M. PacTenue-
obuTaroniue kiemu // Tp. F'oc. Hukurckoro 60T. cama. —
1975.-C.1-180.

5. MutpodanoB B.U., CtpyHkoBa 3.U., JIus-
muil .3, OTipesieinTe/Ib TETPAHUXOBBIX KIellen dgay-
Hbl CCCP 1 coipefieNibHBIX CTpaH. — yimanbe: JoHUTII,
1987.-224c.

6. Auger P, Migeon A., Ueckermann E.A., Tiedt L.,
Navajas M. Evidence for synonymy between Tetranychus
urticae and Tetranychus cinnabarinus (Acari, Prostigmata,
Tetranychidae): review and new data // Acarologia. —
2013.-Vol. 53, No. 4. — P. 383-415.

7. Ehara S., Ohashi K. A new species of from Tetrany-
chus (Acari: Tetranychidae) the Kinki District, Japan // Acta
Arachnologica. — 2002. - Vol. 51, No. 1. - P. 19-22.

8. Gotoh T., Araki R., Boubou A., Migeon A, Fer-
ragut F., Navajas M. Evidence of co-specificity between
Tetranychus evansi and Tetranychus takafujii (Acari:
Prostigmata, Tetranychidae): comments on taxonomic
and agricultural aspects // International Journal of Aca-
rology. — 2009. - Vol. 35. — P. 485-501.

9. Maric¢ 1., Marci¢ D., Petanovi¢ R., Auger P. Biodi-
versity of spider mites (Acari: Tetranychidae) in Serbia: a
review, new records and key to all known species // Aca-
rologia. —2018. - Vol. 58, No. 1. — P. 3-14.

10. Maric¢ I., Medo 1., Marci¢ D., Petanovi¢ R. The
occurrence of tomato red spider mite (Tetranychus evansi)
in Serbia // 7th IOBC Working Group Meeting “Integrated
Control of Plant-Feeding Mites”; 16-19 September 2019,
Vienna, Austria. — P. 15.

11. Migeon A., Dorkeld F. Spider Mites Web: a com-
prehensive database for the Tetranychidae. — 2020. -
URL: http://www.montpellier.inra.fr/CBGP/spmweb.

12. Navajas M. Mites in a changing world // XV In-
ternational Congress of Acarology. 2-8 September 2018,
Antalya, Turkey. - 3 pp.

13. Navajas M., de Moraes G.J., Auger P., Migeon A.
Review of the invasion of Tetranychus evansi: biology, col-
onization pathways, potential expansion and prospects
for biological control // Experimental and Applied Aca-
rology. —2012. - N259 (1-2). — P. 43-65.

14. PM 7/116 (1) Tetranychus evansi. — URL:
http://onlinelibrary.wiley.com/enhanced/doi/10.1111/
epp.12060.

15. Seeman O., Beard J. National diagnostic stan-
dards for Tetranychus spider mites // Plant Health Aus-
tralia. — 2005. — 128 p.

16. Seeman O.D., Beard J.J. Identification of exotic
pest and Australian native and naturalised species of
Tetranychus (Acari: Tetranychidae) // Zootaxa. — 2011. —
Vol. 2961. - P. 1-72.

17. Food and agriculture data. — URL: http://www.
fao.org/faostat/ru.

OT HayKu K npaxkTuke

plant pests and pathogens: from theory to practice. Pro-
ceedings of Second International conference. Moscow,
April 22-26, 2019. Moscow — Krasnoyarsk: SIF SB RAS;
2019: 82 (in Russian).

2. Kamayev 1.0, Mironova M.K. Phytosanitary risk
of herbivorous mites (Arachnida: Acariformes). Plant
Health. Research and Practice, 2018; 3 (45): 13-20.

3. Kamayev 1.0., Mironova M.K. Trophic spectre and
Diagnostic Characteristics of Red Tomato Mites Tetranychus
evansi Baker & Pritchard, 1960 (Acariformes: Tetranychi-
dae). Plant Health. Research and Practice, 2016; 16 (2): 12-19.

4. Livshits 1.Z., Mitrofanov V.I. Plant inhabiting
mites [Rastenieobitayushchie kleshchi]. Tr: Gos. Nikitsko-
go bot. sada, 1975: 1-180 (in Russian).

5. Mitrofanov V.1., Strunkova Z.1., Livshits .Z. Keys
to mites of Tetranychus genus of fauna of the USSR and
neighboring countries [Opredelitel’ tetranihovyh klesh-
chej fauny SSSR i sopredel'nyh stran]. Dushanbe: Do-
nish; 1987 (in Russian).

6. Auger P, Migeon A., Ueckermann E.A., Tiedt L.,
Navajas M. Evidence for synonymy between Tetranychus
urticae and Tetranychus cinnabarinus (Acari, Prostigmata,
Tetranychidae): review and new data. Acarologia. 2013;
53 (4): 383-415.

7. Ehara S., Ohashi K. A new species of from
Tetranychus (Acari: Tetranychidae) the Kinki District, Ja-
pan. Acta Arachnologica. 2002; 51 (1). 19-22.

8. Gotoh T., Araki R., Boubou A., Migeon A., Fer-
ragut F., Navajas M. Evidence of co-specificity be-
tween Tetranychus evansi and Tetranychus takafujii (Acari:
Prostigmata, Tetranychidae): comments on taxonomic
and agricultural aspects. International Journal of Acarolo-
gy. 2009; 35: 485-501.

9. Maric¢ 1., Marci¢ D., Petanovi¢ R., Auger P. Biodi-
versity of spider mites (Acari: Tetranychidae) in Serbia:
areview, new records and key to all known species. Aca-
rologia. 2018; 58 (1): 3-14.

10. Mari¢ 1., Medo 1., Marci¢ D., Petanovi¢ R. The
occurrence of tomato red spider mite (Tetranychus evansi)
in Serbia. 7th IOBC Working Group Meeting “Integrated
Control of Plant-Feeding Mites”; 16-19 September 2019,
Vienna, Austria: 15.

11. Migeon A., Dorkeld F. Spider Mites Web: a com-
prehensive database for the Tetranychidae. 2020. URL:
http://www.montpellier.inra.fr/CBGP/spmweDb.

12. Navajas M. Mites in a changing world. XV In-
ternational Congress of Acarology. 2-8 September 2018,
Antalya, Turkey.

13. Navajas M., de Moraes G.J., Auger P., Migeon A.
Review of the invasion of Tetranychus evansi: biology, col-
onization pathways, potential expansion and prospects
for biological control. Experimental and Applied Acarology.
2012; 59 (1-2): 43-65.

14. PM 7/116 (1) Tetranychus evansi. URL: http://on-
linelibrarywiley.com/enhanced/doi/10.1111/epp.12060.

15. Seeman O., Beard J. National diagnostic standards
for Tetranychus spider mites. Plant Health Australia, 2005.

16. Seeman O.D., Beard J.J. Identification of exotic pest
and Australian native and naturalised species of Tetranychus
(Acari: Tetranychidae). Zootaxa. 2011; 2961: 1-72.

17. Food and agriculture data. URL: http://www.fao.
org/faostat/ru.

MapTNe1 (1) 2020 49



HAYYHbIE NCCITEOOBAHUA

YOK 632.7.04/.08

O reorpaduueckux
MONMYJIAINAX Ta0aAUHOM
0eJIOKPBLIKHA

Bemisia tabaci Genn.

M.B. YIIKOBA, Mytaguiuii HayYHBIN COTPYIHUK
Ja6opaTopuu suTOMOJIorru UJII] ®T'BY «BHUUKP»

E.B. KOJIECHUKOBA, 3aBeayouias iabopaTopueit
sHToMoJioruu NJIL, ®T'BY «BHUUKP»

H.U. EPIIIOBA, Bemyuiuii arpoHOM JIaGopaTOpUU
sHTOMOJioruu UJIL ®TBY « BHUUKP»

AHHOTAUUA. B pabome npedcmasier 0630p Jumepa-
MYPHBLY JAHHbLX N0 2e02PAPUUECKUM NONYALUUIM Mabay-
Holl benoxpovliky Bemisia tabaci Genn. no pe3yn»mamam
Monexkynapuot  duaenocmuiuy. [Iposederno ucciedosanue
MOPPONI02UYECKOTl UBMEHYUBOCTIU OUOMUN08 MabayHOl
benoxpoliku. Hacmoswas paboma moxcen Obimb UCNOJIb-
308aHA CNEYUANUCTNAMU JIAOOPAMOPUL, 0CYUECTBAIIOULUX
uccnedosanus 8 00JaCMi KAPAHMUHG PACEHUL, 8 Kaue-
cmee cnpasouHol UHPOPMAUUL, G MAKHKE MOXem Obimb
UCTIONIb306AHA O/ MOHUMOPUH2A NONYAAYUL MabauHol be-
JLOKPLLIIKIL.

KiroueBsle cioBa. TabauHas 6enokpulaxa, mMopgho-
J0eudeckas udeHmugurxayus, seozpaguueciue nonyaiyul
(buomunsy), knada, cpedneasuameras NONYAAYUSL.

BBEJEHUE

abaunHas 6eJIOKPLLIKA Bemisia tabaci

BXOIUT B crircok 100 omacHbIX UH-

BA3MOHHBIX BUIOB KaK BPEIUTEND

CEJIbCKOXO3IMCTBEHHBIX  KYJIBTYD

U TIEPEHOCYMK BHUPYCOB B COBpeE-
MEHHBIX BBICOKOMHTEHCUBHBIX arPOIEH03aX OTKPBITO-
TO 1 3aKPBITOTO rpyHTa [18].

VIMaro u IUYMHKY JAHHOTO BUIA IIUTAIOTCSI CO-
KOM (DJIODMBI U TIEPEHOCIT MHOTOUMCIIEHHBIE BUPYCHI,
a TaKoKe IBJISI0TCS eIVHCTBEeHHBIM IIePEeHOCUNKOM be-
romoBupycoB (cemerictBo Geminiviridae). Bpenutenb
SIBJIIETCS IMUPOKKM TT0JIM(HAroM 1 OBICTPO IIPHO6peTaeT
PE3UCTEHTHOCTD K HOBBIM IIECTUIIMIAM.

TabauHoil 6EJIOKPLIIKE CBOMCTBEHHA CJIOXKHAM
CTPYKTypa reorpaguueckux MOpPQOJIOTUIECKN He-
Pa3IMYMMBIX, OLHAKO Pa3andyalou[uxcd 61MoJorude-
CKUX [IapaMeTPOB, TAKMX KaK MHBA3UBHOCTD (CII0CO6-
HOCTB JIETKO aKKJIMMaTHU3MPOBAaTbCA B HOBBIX MECTaX
06UTaHUA), TIIIOLOBUTOCTD, CIIOCOGHOCTD K ITEPEHOCY
BUPYCOB.

SCIENTIFIC RESEARCH

UDC 632.7.04/.08

On geographical
populations of the
silverleaf whitefly
(Bemisia tabaci Genn.)

M.V. USHKOVA, Junior Researcher of the Entomology
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E.V. KOLESNIKOVA, Head of the Entomology
Laboratory of the LTC of FGBU “VNIIKR”
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Entomology Laboratory of the LTC of FGBU “VNIIKR”

Abstract. The paper presents a review of literature data
on geographical populations of silverleaf whitefly Bemisia
tabaci Genn. based on the results of molecular diagnostics.
The study of morphological variability of silverleaf whitefly
biotypes was conducted. This work can be used by specialists
of laboratories carrying out research in the field of plant
quarantine, as reference information, and can also be used to
monitor populations of silverleaf whitefly.

Keywords. Silverleaf whitefly, morphological identifica-
tion, geographical populations (biotypes), clade, population of
Central Asia.

INTRODUCTION

he silverleaf whitefly (Bemisia tabaci) is includ-
ed in the list of 100 dangerous invasive spe-
cies as a pest of agricultural crops and a vector
of viruses in modern high-intensity agroceno-
sis of open and glass-covered ground [18].

Imago and larvae of this species feed on the juice
of the phloem and transmit numerous viruses, and are
the only vector of begomoviruses (Geminiviridae fami-
ly). The pest is highly polyphagous and quickly becomes
resistant to new pesticides.

The silverleaf whitefly is characterized by a com-
plex structure of morphologically indistinguishable geo-
graphical but biologically different parameters, such as
invasiveness (ability to easily acclimatize to new habi-
tats), fertility, ability to transmit viruses.
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Fig. 1. Width of wax fringes (AW) and tracheal trunk (TF)
of Q and B biotypes.

CneBa — nepefHsia BockoBasi 6axpoMKa v CTBON On the left — anterior wax fringe and frontal trachea’s trunk
nepepHew Tpaxeu 6uotuna B, cnpasa — 6uotnna Q  of B-biotype, on the right — anterior wax fringe and frontal trachea’s
(photo: [14]) trunk of Q-biotype (photo: [14])

B cuiy reorpaduueckoil 61M30CTH U TTepeMeliie-
HUS Yepes3 IPpaHuIly 3HAYUTEJIbHOr0 TTOTOKA JIIJeH
¥ TOBapPHOU MPOAYKIINY, KOTOPbIE CITOCOOCTBYIOT pac-
MIPOCTPAHEHUI0 BPEIUTENS, 0COObIN MHTePeC Mpej-
CTaBJISIET UCCIIEZIOBAHME CPEAHEA3UATCKOM TIOTY AT
TabauHol 6EJTOKPBITKY, KaK CaMOU CEBEPHOU a3naTCKON
TTOTIYJIAIIY B OTKPBITOM TPYHTE.

KPATKUI OYEPK CTPYKTYPBI
TEOTPA®UNYECKUX MMONYJIAIUN
TABAYHOMU BEJIOKPBLIIKU BEMISIA TABACI

Mopdonorug ncepnonynapusa Bemisia tabaci Ype3Bbl-
JalHo BapurabesbHa 1 B HANOOJIbIIEeH CTeIIeH) 3aBUCUT
OT PACTEeHUA-X03IMHA, B YACTHOCTH, OT OIIYIIEHHOCTH
€T0 JIUCThEB. B pesynbTaTe BU/, IUATHOCTUKA KOTOPOTO
IIPOBOAWTCS 10 MOP(OJIOTMYECKIM IIPH3HAKAM IICEBLO-
TTyTIapus, ObLI OITUCAH 101 MHOTOUKUCI€HHBIMY CUHOHY -
MaMMu, TToKa He ObIIU YCTAaHOBJIEHBI CTAOUIbHbBIE AUa-
THOCTHYECKUE TIPU3HAKY, II03BOJIAIONIYEe IIPOBOLUTD
TOUHYI0 upeHTuduKanuio Bemisia tabaci [20].

Ilo 1985 roma TabauHasa 6eJOKPLIIKA CUXTAIach
BTOPOCTEIIEHHLIM BPEIUTEJIEM CEJIbCKOX03AMCTBEH-
HBIX KYJIBTYP, HO B cepenuHe 1980-X I'T. ITOIBUINCH
IepBblie COOOIIEHNT O HOBOM MHBA3MBHOM OMOTHUIIE
Bemisia tabaci, buoTtuiie B (B HacTodllee BpeMs IIPUHI-
To HauMeHoBaHue Middle East-Asia Minor 1 species,
niy MEAM1). MiHBa3uBHLINM 6uoTull B Mopdoioruue-
CKU He OTJINYAJICA OT MECTHOI'0 CEBEPOaMEPUKAHCKOTO

Due to geographical proximity and the cross-border
movement of a significant flow of people and commodi-
ties that contribute to the spread of the pest, the study
of the Central Asian population of silverleaf whitefly, as
the northernmost Asian population in the open ground,
is of particular interest.

A BRIEF OUTLINE OF THE GEOGRAPHICAL
POPULATION STRUCTURE OF SILVERLEAF
WHITEFLY (BEMISIA TABACI)

The morphology of pseudopupa of Bemisia tabaci is ex-
tremely variable and is most dependent on the host
plant, in particular on the pubescence of its leaves. As
aresult, the species which is diagnosed on the morpho-
logical character of pseudopupa, has been described un-
der numerous synonyms until stable diagnostic features
have been established that allow accurate identification
of Bemisia tabaci [20].

Until 1985, the silverleaf whitefly was considered
a secondary pest of crops, but in the mid-1980s, the
first reports of a new invasive biotype of Bemisia taba-
ci, B-biotype (now Middle East-Asia Minor 1 species,
or MEAM1), appeared. The invasive B-biotype did not
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6uoruma A, HO 6611 60JIee MIMPOKUM I10JaKu(aroM, Ha-
TIPUMEP, 3aCENISI ITyaHCeTTHIO, KOTOpas He ITPUBIIEKa-
Jia MECTHYIO TTOTIY/IAITNI0 (OMOTUTI A), MeJ BIiBoe 6osiee
BBICOKYIO TIJIOJIOBUTOCTb, BBI3bIBAT 3 (HEKT «cepebpu-
CTOU OKPACKU» TUCThEB THIKBEHHBIX U SIBJIAJICA TIEpe-
HOCUMKOM OETOMOBUPYCOB HA OBOIIHBIX U TEXHUYUECKUX
kynbTypax [13]. TTosnHaee B CIIIA GbLT BBISBJIEH APYTON
MHBa3UBHBIN 6uoTni — 6morn Q (Mediterranean, MED),
KOTOPBIM TaK)Ke He OTAUYaJICI MOP(GOJOTUUYECKN OT
abopUIreHHOr0 ceBepoaMePUKaHCKOro 6uoTua A, HO
06HAPYKUII BHICOKYIO YCTOMYNBOCTD K IMUPOKOMY KPYTY
necTuaugoB [15].

IOag nneHTu@UKauuy MOpQOJIOTHYecKy Hepas-
JIMYUMBIX OMOTUTIOB Hanbosiee Hale)KHbIM MOJIEKYIIAP-
HBIM MapKepOM OKasajiach II0CIeN0BATEIbHOCTD 1IH-
ToxpoMoKcuAasbl mtCOI, KOTOpas II03BOJISLIA BEISIBIIITD
HaANOOJTBINTYIO HYKJIEOTUAHYIO INBEPTEHIINI0 MEX/IY 110~
MYAALUAMY 1M BHYTPU HUX [17]. TIpOBeIeHHBIE BIIOCTE] -
CTBUY MHOTI'OYMCJIEHHbBIE TeHeTUYECKIE UCCIIeNOBaHU
reorpapUIECKUX MIOMYAIIINN TabauHOW 6eJI0KPBIIKA
1 pUIOTeHeTUYEeCKUN aHaIu3 CXOACTBA BhIIBIEHHBIX
TarIOTUIIOB ITO3BOJIMIN ONPEAEIUTD IPOUCXOKICHMIE
MHBa3UBHBIX 6uoTunos B u Q. Buotun B (MEAM1) 6b11
POZCTBEHEH TOMYIAIIUAM M3 TTYCTHIHU Ha CEBEPO-BOC-
Toke Appurku, bivxHero BocToka u ApaBUMCKOTO MTOJTY-
ocTpoBa, Torga kak Q (MED) 6611 6JIM30K K ITOITYIAIIM
CaxapsI 1 K 1ory oT Caxapsl [12, 17]. THBa3uBHbIe O10-
ULl B 1 Q cefiuac paccMaTpUBaIOT KaK KPUITTUYIECKIE
BUBI (BUABI-IBOUMHUKN) [18].

Pe3ymbTaThl MHOTOUNCIIEHHbBIX UCCIe0BaHUMN 6110~
TUTIOB/TIONTY ALY ObL1u 060061meHB! B 0630pax e Bappo
u np. [16, 17]. meHTUGUKALINA PA3IAYHBIMUA MOJIEKY-
JNIIPHBIMU METOLAaMU Aaja B OOIIMX UyepTax OJM3KUe
pe3ysbTaThl ¥ TT0Ka3aja CylleCTBOBAHNE YCTOMYNBBIX
Qunoreorpa@uUIeCcKMX TPYIIUPOBOK U3 OUMOTUIIOB/
TonyngI i, 06pa3youux HeECKOJIbKO OCHOBHBIX KJIaf,
CBSI3aHHBIX BHYTPU HUX €JIMHCTBOM TTPOUCXOXIIEHNS.
Krager pacxomsaTca APyT OT ApyTa MOYTH Ha OIUHAKO-
BbIE PACCTOAHU (IuBepreHuus kaanm Ha ~10%). Mcxona
U3 CTaHIAPTHOU [IJI9 MUTOXOHApUaibHou JTHK o1ieHKN
VPOBHY MyTalui 2-5% 3a 1 MWJIJIMOH JIET, MBIl MOXXEM
CIlesIaTh BBIBOJ, YTO OCHOBHEIE (DMIOTeHeTUYeCcKue (MIn
dumoreorpaduyecKre) Kiambl pasgeIniich MIIJINOHbI
et Hasapn [13].

CobpaHHbBII MCCeNoBaTENIMY MAaCCUB JaHHBIX
o JHK monynanuii TabavuHoM 6eJI0OKPBIJIKK YacTo He
COITPOBOYXKAJICA TAaHHBIMY O OMOJIOTUYECKIX XapaKTe-
pUCTUKAX reorpa@ruecKux monyadiuui (monudaruu,
TJIOZOBUTOCTH TIPU CKPENUBAHUU C IPYTUMU OGMOTH-
TIaMU U T.I1.), TTO9TOMY pasjeseHre Ha OMOTUIIBI OBIIIO
TIPOBENIEHO TTPEUMYIIECTBEHHO T10 CTeNeHU HYKJIe0-
TUAHOW IUBEPTEHIIUU U TeoTrpaduyuecKoMy TTPOUCXO-
JKIEHUIO.

VccnenoBaTenu BhIAeIUAN 34 MOP(OIOruIEeCK
HepasINYUMBbIX BUAA/0MOTHUIIA Ha OCHOBAHWUY KaK MU-
HUMYM 3,5% HyKJIeoTuAHON guBepreriuy mtCOI [20].
BONBIIMHCTBO OMOTUIIOB, [1JI KOTOPBIX OMOJIOTUYECKIe
XapaKTEPUCTUKM OBLIM M3YUEHbl, UMEJIU Y3KUN KPyT
PacTeHNH-X035€eB, OTPAHUYEHHOE PACIIPOCTPAHEHUE
u cjabyio MHBA3UBHOCTE [15].

Hawubosee mompobHo 1CCae0BaHbl KOCMOIIOIUTH-
Jeckue 6uoTumel Q 1 B, A4BHO CBA3aHHBIE C MEXAyHa-
POZHO TOPTOBJIEH ITOCAAOUYHBIM MaTEPUAIOM, TOPIIEY-
HBIMU PACTEHUSIMU 1 CPE3KOM 1IBETOB.

I'pymia 6uotumnos Q 6bLIa paszesieHa Ha JBe POfl-
CTBEHHbIE TeHeTUUeCKMe IPYIIbL: 13 BocTouHoro Cpe-
IM3EeMHOMOPB 1 13 3aragHoro CpenuseMHOMOPh [19].

morphologically differ from the local North American
A-biotype, but was a wider polyphage, for example, it col-
onized Poinsettia, which did not attract the local popu-
lation (A-biotype), had twice higher fertility, caused the
effect of “silver coloration” of pumpkin leaves and was a
vector of Begomovirus on vegetable and industrial crops
[13]. Later another invasive biotype, Q-biotype (Medi-
terranean, MED), was identified in the USA, and it did
not differ morphologically from the indigenous North
American A-biotype, but showed high resistance to a
wide range of pesticides [15].

In order to identify morphologically indistinguish-
able biotypes, the most reliable molecular marker was
the sequence of mitochondrial cytochrome oxidase I
(mtCOI), which allowed identifying the largest nucleo-
tide divergence between and within populations [17].
Numerous genetic studies of the geographical popula-
tions of silverleaf whitefly and phylogenetic analysis of
the similarity of the haplotypes identified subsequently
made it possible to determine the origin of invasive B
and Q biotypes. B-biotype (MEAM1) was related to popu-
lations from the desert in northeastern Africa, the Middle
East and the Arabian Peninsula, while Q (MED) was close
to populations from the Sahara and sub-Saharan Africa
[12, 17]. The invasive B and Q biotypes are now consi-
dered as cryptic species (sibling species) [18].

The results of numerous biotype/population studies
have been summarized in the reviews of De Barro et al.
[16, 17]. Identification by different molecular methods
gave generally similar results and showed the existence
of stable phylogeographic groups of biotypes/popu-
lations forming several main clades connected with-
in them by unity of origin. The clades differ from each
other by almost equal distances (divergence of clades
by ~10%). Based on the standard estimate of the muta-
tion level of 2-5% within 1 million years for mitochon-
drial DNA, we can conclude that the main phylogenetic
(or phyllogeographic) clades were separated millions of
years ago [13].

The data set collected by researchers on DNA of
silverleaf whitefly populations was often not accompa-
nied by data on biological characteristics of geographi-
cal populations (polyphagia, fecundity when crossed
with other biotypes, etc.), so the division into biotypes
was carried out mainly by the degree of nucleotide di-
vergence and geographical origin.

The researchers identified 34 morphologically in-
distinguishable species/biotypes based on at least 3.5%
nucleotide divergence of mtCOI [20]. Most of the bio-
types for which bhiological characteristics were studied
had a narrow host plant circle, limited distribution and
low invasiveness [15].

Cosmopolitan biotypes Q and B, clearly associat-
ed with international trade in planting material, potted
plants and cut flowers, have been studied in most detail.

The group of Q-biotypes was divided into two relat-
ed genetic groups: from the Eastern Mediterranean and
from the Western Mediterranean [19].

B-biotype formed a monophyletic group with a high
penetration rate of genes from related populations, which
was associated with a high level of new genetic material
intake in international trade in flowers and potted plants.
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BuoTum B 06pazoBajl MOHODUIETUUECKYIO IPYIIITY
C BBICOKOU YaCTOTOM ITPOHWKHOBEHUS T'€HOB U3 POJI-
CTBEHHBIX MOMYJAIINN, UTO CBA3AJIU C BBICOKUM YPOB-
HEM TIOCTYIJIEHUS HOBOI'O TEHETUYECKOT0 MaTepurata
1PV MEeXIYHAPOLHOU TOPTOBJIE IBETAMU M TOPIIEYHbI-
MU PaCTeHUSIMU.

[Tocre uccnenoBaHUd CTETIEHU CXOACTBA MEXIY
O6MOTUIIAMY YCTAHOBJIEHEI IPYTHE MOHODUIETUUECKLE
KNnamgel — 13 VMcmanuu n 3amnagHoil AbGpuku, UTanuu,
KapubCcKuX OCTPOBOB.

711 HEKOTOPBIX ITOITYJISIINY/OMOTUIIOB He YIaloCh
YCTAHOBUTH CBA3b C KAKUMU-JINOO PaHee OTTUCAHHBIMU
KJIaJlaMu.

Camoe 6osbIoe pasHoobpasre TarIoTUIIOB/610-
THUIIOB ObIJIO orrcaHo B Kutae [10].

K a”asoruuHbslM BbIBOJAM mpuiiu e bappo
1 COaBTOPHI [16, 17], KOTOPBIE CAEIAIN BEIBOJ, UTO CY-
IECTBYET IECTh OCHOBHBIX «pac» (BUOTUIIOB): A3US;
banu; ABcTpanud, TEPPUTOPUA K Iy OT Caxaphl;
CpenuseMHOMODbe, Masasg A3ud, Abpuka; AMepuka,
a Tak)Xe MHOTOUMCJIEeHHbBIE TTOTYIAIUY U3 a3UaTCKUX
PernoHoB 6e3 YeTKOU CBA3U C KAKUMU-JINOO0 TPyTIITaMu
(pacammn).

[To mocieIHUM NAaHHBIM TIpefIojiaraeTcsa Cylie-
ctBoBaHue 11 pac, unu rpymr [18], pa3auyHble aBTOPEI
He TIPUIEP>KMBAIOTCS €UHON TEPMUHOJJIOTUN.

VccrnenoBanre CTPYKTYPbI reorpaduyueckux mo-
nynanun Bemisia tabaci B Kutae u UHAUM TTOKA3aJ10
Hajgugre 8 6MOTUTIOB, KOTOPBIE TPUHAIJIEKATN K IBYM
OCHOBHBIM a60pPUTEHHBIM asuaTcKkuM noarpynmnam (I,
II). OT ob11ero MaccuBa a3uaTCKUX OUOTUIIOB 3aMETHO
oTinnyancs 6uotun K B [TakucTaHe, KOTOPBIN XapaKTe-
PU3yeTCsd BbICOKOU TJIONOBUTOCTbIO, YCTOMUYUBOCTHIO
K TIeCTULIMIaM, MAaCCOBLIM PAa3MHOKEHMEM U CIIOCO0-
HOCTBIO K PACIIPOCTPaHEHMIO BUPYCOB Ha XJIOIIYaT-
Huke [11].

TakuM ob6pasoM, reorpad@uueckas TOMYISIIINSI
Bemisia tabaci Ha 10T0-BOCTOKe A3MATCKOTO KOHTMHEHTA
COCTOUT MPENMYIECTBEHHO U3 MHOTOUUCIEHHbBIX ab0-
PUTEeHHBIX, PA3INYaAON[IXCSI TeHeTUYECKY OMOTUIIOB.
[IpenmosyaraeTcs, 4TO 3TOT PETWOH SBJISJICA BaXKHBIM
LIeHTpoM guBepcudukanymu B CtapoM CeTe A Pop-
MMPOBaHUA KOMILIEKca 61oTUIIoB Bemisia tabaci [10].

BO3MOKHOCTh MOP®O0JIOTUYECKOM
NAEHTU®UKALIU BIOTUIIOB
TABAYHOM BEJOKPBLIKU

B mocyiegHue rofbl HaKaIIMBaeTCs Bce 60JIbIle JaHHbIX
10 OTCYTCTBUIO TIJIOOBUTOTO TOTOMCTBa TabayHOoU be-
JIOKPBIJIKY B Pe3yIbTaTe CKPeInyBaHNI OMOTHUIIOB, TI10-
STOMY ODMOTUIIBI BCE Yallle TPAKTYIOTCS KaK KPUIITHUYe-
CKMe BUIbI, BUIbI-OBOMHUKY [18].

Buabl-ABOMHUKY 0OBIYHO 0OHAPYXUBAIOT MU-
HUMaJbHble MOPQOJIOTUYECKUE PA3INUNs, KOTOPhIe
MOTYT OBITb MCIIOJIb30BAHBI AJIT NUATHOCTUKYA U MO-
HUTOPUHTA.

UT06BI HAUTU YCTOUUYMBBEIE MAaTrHOCTUYECKUE
MPU3HAKY [JIS pasTpaHuYeHUsd OMOTUIIOB TabauHOU
6enmoxkpruIky, B CIIA ncciaemoBanu 137 MOMyISILIMA CO
BCEr0 MMpa I10 TaKUM MOP(GOJIOrUUeCKUM IpU3HAKAM,
Kak (pOHTAIbHbIE METUHKY, TTIEPEJHUE U KaylalbHble
BOCKOBBIE HAXPOMKU, JOPCATbHEBIE IMETUHKY, ITUPUHA
CTBOJIA TIEpeIHEN Tpaxewu, 3ajHre CybMapruHaibHble
METUHKY, KayJaJibHble MeTUHKYU. CTIEUaIUCThI TTPU-
IIJIX K BBIBOJLY, UTO MCCIENOBAHHBIE MOpdosornde-
CKMe IPU3HaAKU He I03BOJSI0T UAeHTUQUIINPOBATD
WHBa3WBHbIE OMOTUIILI B 11 Q, T.K. OHU CIIeUM(QUIHEI

OT HayKu K npakTuke

Other monophyletic clades — from Spain and West
Africa, Italy, the Caribbean Islands — have been identi-
fied after a study of the degree of similarity between the
biotypes.

For some populations/biotypes, it was not possible
to establish a link with any of the previously described
clades.

The largest variety of haplotypes/biotypes has been
described in China [10].

Similar conclusions were drawn by De Barro and
co-authors [16, 17], who concluded that there are six
major “races” (biotypes): Asia; Bali; Australia; sub-Sa-
haran Africa; the Mediterranean, Asia Minor, Africa;
and America, as well as numerous populations from
Asian regions with no clear association with any groups
(races).

According to the latest data, 11 races, or groups, are
supposed to exist [18], different authors do not follow the
same terminology.

A study of the geographical population structure of
Bemisia tabaci in China and India revealed the presence
of 8 biotypes that belonged to two major aboriginal Asian
subgroups (I, IT). From the total array of Asian biotypes,
the K-biotype in Pakistan differed significantly. It was
characterized by high fertility, resistance to pesticides,
mass reproduction and the ability to spread viruses on
cotton plant [11].

Thus, the geographical population of Bemisia tabaci
in southeast Asia consists mainly of numerous aborigi-
nal, genetically distinct biotypes. It is assumed that this
region was an important center of diversification in the
Old World for formation of biotype complex of Bemisia
tabaci [10].

THE POSSIBILITY OF MORPHOLOGICAL
IDENTIFICATION OF BIOTYPES
OF SILVERLEAF WHITEFLY

In recent years, more and more data have been accumu-
lated on the absence of the fertile offspring of silverleaf
whitefly as a result of cross-breeding of biotypes, there-
fore, biotypes are increasingly treated as cryptic species,
sibling species [18].

Sibling species usually detect minimal morpholo-
gical differences that can be used for diagnosis and mon-
itoring.

In order to find stable diagnostic characters to dif-
ferentiate biotypes of silverleaf whitefly, 137 populations
from around the world were studied in the United States
for morphological features such as frontal setae, anterior
and caudal wax fringes, dorsal bristles, width of the fron-
tal trachea’s trunk, posterior submarginal bristles, cau-
dal bristles. Specialists concluded that studied morpho-
logical features do not allow identifying invasive B and
Q biotypes, as they are specific to a given geographical
population, but do not retain specificity to the biotype in
other regions [21].

Subsequent studies have confirmed that within
geographical regions, B and Q biotypes show persistent
differences.

Morphological differences between Q and B bio-
types, such as: anterior submarginal bristles, length
of posterior submarginal bristles, length and width of
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IJIs TaHHOU reorpadguyecKkon
TIOTIYJIAIIAY, HO HE COXPAHIIOT
crienuUUHOCTD [Jid 6bruoTuUMa
B IPYTUX pernoHax [21].

[Tocnenymouye MCCIemno-
BaHUM TIOATBEPAWIIN, UTO BHY-
Tpu reorpadryuecKrx PErMOHOB
6roTutbl B 1 Q 06HAPY>XKMBAIOT
YCTOWYUBbIE PA3TUUN.

B Typuuu uccrienoBanu
MOP(hOJIOTUYECKUE PABIIMUUSI
Mexay buoturniamu Q u B, Takue
Kak: mepenHue cybMapruHaib-

HBlE METUHKU, IJINHA 3aJJHUX
cybMapTrUHAIbHBIX METUHOK,
ANMHA U WHUPUHA HEPENHUX 4 _orypew; 6 — rubMcKyc
1 3aJHVX BOCKOBbBIX 6aXpOMOK, (CDOTO M.B. yLLIKOBOl"’i)
IJIMHA LOPCAJIbHbBIX IETUHOK,

IJIMHA KayaJbHbBIX ETUHOK U IMMPUHA CTBOJIA TIEPE]]-
HEU Tpaxeu.

Il pasrpaHUyeHus IByX 6MOTUTIOB Haubosiee
3HAUMMBIMU OKA3aJMCh TaKUe MPU3HAKY, KaK MUPU-
Ha MepegHUX BOCKOBBIX HAXPOMOK U CTBOJIA TPaXeEWU.
BockoBble 6axpoMKy 6uoTHIIa Q M CTBOJI TPaxXeu oKa-
3aJIMCh 3HAYMTEJILHO IIMPE, YeM JAHHbIE TapaMeTPhI
ouoTtumna B [23].

Vi3MepeHue JIJIMHbBI ICEBIOIYTIapUs, a TAKXKE JIJIHI-
HbI U IIAPUHBI TTEPESHUX BOCKOBBIX 6aXPOMOK, (DOPMEI
BXOJIHOU KaMephbl M CTBOJIA NepeJIHEN TPaxeu y ICeB-
IIOTIyTIapUEB MIECTU GMOTUTIOB TabauHOU H6EJIOKPBLIKY
B KuTae rokasaso, 4To [JIMHA TICEBIOIyTIapus NHBa-
3UBHBIX OMOTHUIIOB Oblyia 60JIbINE, YeM ab0OPUTEHHEBIX,
a TlepeJIHe BOCKOBbIe 6aXpoMKU 6uoTHIa B 661U [10-
CTOBEPHO MUpe, yeM y 6uoruta Q [24].

ITaHHBIE TI0 TYPELKUM U KUTAUCKUM TIOTTYJIIIIASIM
TabauHON 6EJIOKPBIIKYA TOATBEPKAAI0T [21] HempuMe-
HUMOCTb M3YYEHHBIX MOP(HOJIOTUUYECKNX TIPU3HAKOB
B KauecTBe JNUATHOCTUYECKUX [IJIT WIEHTUPUKALIUN
OUOTUTIOB, TPOUCXOIAIINX M3 PA3HBIX reorpaduyecKux
TIOMIYIALNN.

BMecTe ¢ TeM IOJIyueHHble Pe3YIbTaThl TOKA3bI-
BalOT BOBMOXKHOCTD MCIIOJIb30BAHUA TAKUX ITPU3HAKOB,
KaK IMUpUHA TPaxelHOro CTBOJIA U TIEPeSHUX BOCKO-
BBIX 6HAXPOMOK JJIT MOHUTOPUHTA OMOTUIIOB TabauHON!
GEJIOKPBIJIKM Ha TaHHOU TEPPUTOPUU, a TIPU TTOTBIIE-
HUU B MOMYJSIIIUY 0COGEH C 3aMETHO OTINYAOIIUMU-
Csd pasMepaMu ICeBIOIYNapus UIn APYTON MUPUHONU
TIepeHUX BOCKOBBIX 6aXPOMOK WJTM TPAXeMHOTO CTBOJIA
TIPEATIoNaraT UCII0JIb30BaHUE MOJIEKYIAPHON UIEH-
TUQUKALAY 1719 BBISIBJIEHUS TOTEHIIMAIbHBIX MTHBA3WB-
HbBIX OUOTUTIOB.

TakuM 06pa3oM, K HACTOAIIEMY BPDEMEHU yCTa-
HOBJIEHO CYIIIECTBOBaHNE MHOXXECTBA reorpauyeckux
TIOTTYAIIMY TabauHON GEJIOKPBIIKY, Pa3IUYarouuXCs
HE TOJIBKO 110 MOJIEKYJIIPHBIM XapaKTEPUCTUKAM, HO
7 110 MOP(OJIOTUYECKUM MUKPOIIPU3HAKaM, HO BMECTE
€ TeM coOPaHO OUEeHb MaJIo JAaHHBIX 110 6MOJIOTUYECKUM
XapaKTEPUCTUKAM OTIIENIbHBIX TeorpauuecKux ToTy-
st (BMOTUIIOB) U CBA3AHHOMY C HUMU TTOTEHIINATb-
HOMY (DUTOCAHUTAPHOMY PUCKY.

B IaHHOM UMCCIIeIOBAaHUM MBI cO6pav U IIpoaHa-
JIN3UPOBAJIM JIUTEPATyPHBIE TaHHBIE TI0 CPeJHea3naT-
CKO TIOTIYAAIMY TabauHOo 6eJIOKPBIIKY U TOTIOJTHUJIN
X cOGCTBEHHBIMU PE3YIbTaTaMM I10 3UMOBKe Tabau-
HOM 6EJIOKPBIJIKK B OTKPBITOM TPYHTE, TIYTAX PACIIPO-
CcTpaHeHUsd 1 MOP(OJIOTUYECKUX TIPU3HAKaX IICEB0-
TTyTIapus.

Puc. 2. dopma ncesgonynapues
TabauHol 6enokpbinku (YabekucrtaH): pseudopupa (Uzbekistan):

a — cucumber; 6 - hibiscus
(photo by M.V. Ushkova)

anterior and posterior wax fringes, length of dorsal bris-
tles, length of caudal bristles and width of the frontal tra-
chea’s trunk were investigated in Turkey.

The most important features for distinguishing
between the two biotypes were the width of the ante-
rior wax fringes and the trachea’s trunk. Wax fringes of
Q-biotype and tracheal trunk appeared to be much wider
than these parameters of B-biotype [23].

Measuring the length of pseudopupa as well as the
length and width of the anterior wax fringes, the form of
chamber and trunk of the pseudopupae’s frontal trachea
of silverleaf whitefly’s six biotypes in China showed that
the length of pseudopupa of invasive biotypes was lon-
ger than that of aboriginal biotypes and the anterior wax
fringes of B-biotype were significantly wider than those
of Q-biotype [24].

Data on Turkish and Chinese populations of silver-
leaf whitefly confirm [21] that the studied morphological
features are not applicable as diagnostic ones for identi-
fication of biotypes originating from different geographi-
cal populations.

At the same time, the obtained results show the
possibility of using such features as the width of the tra-
cheal trunk and the anterior wax fringes for monitoring
biotypes of silverleaf whitefly in a given territory, and in
case of individuals with significantly different sizes of
pseudopupa or other width of the anterior wax fringes
or tracheal trunk in the population, the use of molecu-
lar identification for detection of potential invasive bio-
types is assumed.

Thus, to date, it has been established that there are
many geographical populations of silverleaf whitefly that
differ not only in molecular characteristics, but also in
morphological micro traits, but also very little data are
collected on the biological characteristics of individual
geographical populations (biotypes) and the associated
potential phytosanitary risks.

In this study, we collected and analyzed litera-
ture data on the Central Asian population of silverleaf
whitefly and supplemented it with our own results on
silverleaf whitefly overwintering in the open ground,
distribution pathways and morphological features of
pseudopupa.
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Puc. 3. lUnpuHa cTBONOB Tpaxen
TabauHoIn 6enoKpbIIKNU: whitefly:
a - orypeu,; 6 — rnbuckyc (YsbekuctaH); a - cucumber; 6 — hibiscus (Uzbekistan); Western Pamirs [4].

B — TUMbsiH (3pawunb); B — thyme (Israel);

r — xnonyatHuk (TypkMeHus, npenapar  r— cotton plant (Turkmenistan,
a specimen from the laboratory collection)
(photo by M.V. Ushkova)

13 nabopaTopHOI KOJITeKLLUN)
(choTo M.B. YwwkoBoi)

CPEJHEA3HNATCKAA IIOMIYJIALINA
TABAYHOMU BEJIOKPBLJIK!. UCTOPUSA

U IIYTU PACTIPOCTPAHEHU A TABAYHOM
BEJIOKPBLJIKM B CPEJHEN A3UU

Tabaunasg 6eJTOKpbIIKA OblIa BIIePBBIE 0OHADPYKEHA
B Typkmenuu B 1988 1. B 60JbIION UMCIEHHOCTY Ha
xJIoTIYaTHUKe B AlrxabazickoMm 1 BaxapaeHcKoM patio-
Hax U B Y3bekucraHe B Xope3aMCKoil 1 Byxapckou 06-
nactax [2]. K 1993 1. BpenuTeb TOJTHOCTHIO 3aCeJIT
OCHOBHbIE 30HbI XJIOTIKOCETHUS TypKMeHUN 1 Y36eKu-
cTaHa 1 BCo TeppuToputo Kapakasnmakum [3].

Bemisia tabaci 6b11a obHapyXKeHa B TamKUKHCTaHe
B 1994 romy nk 1998 rozmy crasia OlacHbIM BPeIUTEIEM
B IOKHOM TaKMKUCTaHe. Ha XJI0rmyaTHUKe pa3BUBAIOT-
cs IBa BUIA OEJTOKPBIIOK — TabauHad M TEeTIUYHAA, HO
riocsie 2000 T. YMCTIEHHOCTDb TabauHO 6eIOKPBLITKHY CTa-
Jia TIPEBBINIATh SKOHOMUYECKU I TTIOPOT BPEIOHOCHOCTH
CO BTOPOM TTOJIOBUHEI JIETA U [IO TTO3HEN oceHn: [5, 8].
B 3amagHoM [TaMupe TabauHasg 6eIOKPBLIKA TPUCYT-
CTBYET, HO HE SIBJIIETCS MacCOBbIM BpenuTeseM [4].

B 2015 r. TabauHas 6eJIOKpBIIKA OBLIA yKaszaHa
KaK OOBIUHBIA BPEIUTEb PACTEHUH OTKPHITOTO I'PYHTA
B [OxxHOM Kuprusum [22].

VicTopus pacrpoCcTpaHeHUsT BPeIUTEIS TTOKA3bI-
BaeT, UTO CpeHea3uaTcKad nonyndauusd Bemisia tabaci
OTHOCHUTCS K BBICOKOMHBAa3MBHOMY THUITY. 3a 5 JIET, He-
CMOTPS Ha TIPMHSThIE KADAHTUHHbBIE MEPHI, ObLIa T10J1-
HOCTbI0 3acesieHa TypkMeHud, Y36eKrCTaH, HECKOIbKO
no3gHee TaIpKUKUCTaH M Kuprususd, rie 6eJIOKPhLIKa
OCTAETCS MacCOBBIM BUJIOM C BBICOKOW UMCJIEHHOCTBHIO
Ha XJIOTTYaTHUKE U OBOIIHBIX KYJbTYpaxX 3aKPbITOTO
Y OTKPBITOTO I'PYHTA.

[TyTu pacnpocTpaHeHus OGeJIOKPBIJIKK BKJOYa-
JI KaK CaMOCTOSATENbHbBIN Pa3yieT HaCeKOMbBIX U3 Ova-
T'OB, TaK M PaclpocTpaHeHre C aBTOTPAHCIIOPTOM, HO

OT HayKu K npakTuke

CENTRAL ASIAN POPULATION
OF SILVERLEAF WHITEFLY.
HISTORY AND DISTRIBUTION
PATHWAYS OF SILVERLEAF
WHITEFLY IN CENTRAL ASIA

The silverleaf whitefly was first dis-
covered in Turkmenistan in 1988 in
large numbers on cotton plant in Ash-
gabat and Bakharden regions and in
Uzbekistan in Khorezm and Bukhara
regions [2]. By 1993 the pest had com-
pletely infested the main cotton-grow-
ing zones of Turkmenistan and Uz-
bekistan and the whole territory of
Karakalpakstan [3].

Bemisia tabaci was found in Ta-
jikistan in 1994 and by 1998 had
become a harmful pest in southern
Tajikistan. Two species of whiteflies —
silverleaf and greenhouse — devel-
op on cotton plant, but after 2000 the
number of silverleaf whiteflies began
to exceed the economic pest levels
from the second half of summer to late

Fig. 3. Width of tracheal trunk of silverleaf autumn [5, 8]. The silverleaf whitefly

is present but not a mass pest in the

In 2015, the silverleaf whitefly
was listed as a common pest of open
ground plants in South Kyrgyzstan [22].

The pest distribution history
shows that the Central Asian popula-
tion of Bemisia tabaci belongs to the highly invasive type.
During 5 years, despite the quarantine measures taken,
it was completely inhabited by Turkmenistan, Uzbeki-
stan, a little later Tajikistan and Kirghizia, where whitefly
remains a mass species with high abundance on cotton
and vegetable crops of open and glass-covered ground.

Whitefly distribution pathways included both in-
sect flying from outbreaks and distribution with vehi-
cles, but the main distribution pathway, according to our
data, was trade in seedlings of flower crops and vegeta-
bles, which were grown in polytunnels and shelters in
the private sector.

BIOLOGICAL CHARACTERISTICS
OF SILVERLEAF WHITEFLY
IN TURKMENISAN

Depending on the weather conditions, silverleaf white-
fly develop in Turkmenistan in 5-7 generations, of
which 3-5 develop on cotton plant. This is much less
than in the southern tropical cotton-growing zones,
where up to 9 generations develop on cotton plant. Fer-
tility was also low, reaching 70 eggs per female on cot-
ton [3]. The silverleaf whiteflies are characterized by
seasonal migration between cultures. In spring, before
cotton, it develops on cucurbits, nightshade and cockle-
bur. Tomatoes are often already inhabited by whiteflies
when setting out plants from greenhouses in the open
ground. Initially, the pest population on plants is low,
on average 0.02-0.22 larvae per plant. Then, during the
month, in mid-July, a sharp increase in pest population
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OcHOBHbIE pacTeHUs —
X03s1€Ba Ta6auHOM 6€JIOKPbLIKHU
B Cpenueii A3uu

IIpeanounTaeMbie
Pecny6yiuka  pacTeHUs HICTOYHUK
XJI0TTYaTHUK, Tabak,

Kuprusus [22]

TOMAaThI, JbIHA
XJIOIMYaTHUK, OT BI,
TapKUKUCTaH YPL, [29]
THIKBEHHBIE
XJIOMMYATHUK, ObIHS,
fakIaKaH, OpycCoOHeTH,
TypKMEHVSA by [6, 7]
TubUCKyC, TacyieH,
IYPHUIITHUK
XJIOMYaTHUK, OT BI,
ypi Epiosa,
V3bekuncTaH TIOMU/IOPEI, TUOUCKYC,
HeorTy61.

H6axdeBbIe U KaltyCTa

OCHOBHBIM IIyTEM PACIIPOCTPAHEHU, TT0 HAIIIUM JlaH-
HBIM, ObLJIa TOPTOBJIS Paccamoil IBETOYHBIX KYJIbTYD
1 OBOLIEN, KOTOPYIO BBIPAIVBAJIN B IJIEHOYHBIX TETLIN-
11aX 1 YKPBITUIX B YaCTHOM CEKTOPE.

BUOJIOTUYECKUE OCOBEHHOCTHU
XJIOIIKOBOMH BEJOKPBIJIKU
B TYPKMEHUU

B 3aBUCKMMOCTH OT IMOTOAHBIX YCJIOBUU XJOIIKOBAA
6eJIOKPBIIKA pa3BuBaeTcd B TYPKMeEHUU B 5-7 TTOKO-
JIEHUSX, U3 KOTOPBIX 3-5 MPOXOAAT Ha XJIOTTUaTHUKE.
ITO 3HAUUTEJIbHO MEHBIIE, YeM B IOXKHBIX TPOIIK-
YeCKHNX 30HaX XJIOMKOCESHNS, Ille Ha XJOIMYaTHUKE
pasBuBaeTcs A0 9 MOKOoJIeHUM. [1J0J0BUTOCTh TaKXKe
Obljla HEBBICOKOM, IOCTUrad Ha xJionmyaTHuke 70 qJutj,
Ha camky [3]. JIJg XJIOTTKOBOM 6eJIOKPHIJIKY XapaKTep-
Ha Ce30HHad MUTPALMg MeXy KyJIbTypaMu. BecHOWN,
repeq 3acejlIeHMeEM XJIOMUYaTHUKA, OHA Pa3BUBAETCH
Ha 6axUeBbIX KYJIbTYpPax, MacjeHe, IypHUITHUKE. Pac-
ca/la TOMAaTOB 3a4acTyio OBIBAET y)Ke 3acesieHa 6eJo-
KPBLIKOM TIPY BbICA)KUBAHUU W3 TEILIUIL B OTKPBITHIN
TpyHT. TlepBOHAYANBHO YMCIEHHOCTh BPEUTENA HA
pacTeHusdx HeBbIcOKad, B cpenHeM 0,02-0,22 TUUYUHKA
Ha pacTeHue. Jlajiee, B TeUeHUE MECHIIA, B CEPEeIUHE
uioJid, HabJolaeTCa peskoe yBearndeHne YuciaeHH0-
CTU BPeOUTENS, LOCTUTANIIEN MaKCUMyMa B KOHILE
aBTycTa — Havaje CeHTA0pA. B Toabl MaccoBOTO pas-
MHOXEeHUS TIJIOTHOCTD TOTYIAIIUY K OCEHU TOXOAUIa
10 4240 umaro u 24000 JIUYUHOK U TICEBLOIYIIAPUEB
Ha pacTeHue, a B OTAeJIbHbIX caydadax 7o 100000 3ka.,
T.e. 10 100 ocobet Ha KBaZpaTHBIM CAHTUMET] JIMCTO-
BOI IOBepxHOCTHU. [Tocsie medonuanym XJaomJyaTHUKa
Bemisia tabaci 1aeT ele OIHO TOKOJIEHNE B CEHTI0pe —
OKTs0pe Ha 034 HEel KarycTe, IblHe, II01epHe, macie-
He, IypHUITHUKE [3].

B KOHIIe Masd — HavaJle NIOHS pPa3InYHbIe OBOIIHbIE
KYJbTYPHI, @ TaK)Ke XJIOMYaTHUK 3aceiama TerandaHasa
6enokpbuIKa Trialeurodes vaporariorum. B majabHeneM
OHa TIOCTETIeHHO BBITECHSIACH XJIOTTKOBOU 6EJIOKPDIII-
KO, KOTOpas B aBTyCTe — Havajle CeHTI6pa JocTUraa
BBICOKUMX YPOBHEU UUCIEHHOCTH, OT 50 10 160 TUUUHOK
U TICEBJIONYyTIapUeB Ha KBAZ[PATHBIM CAaHTUMETP. VIHO-
raa oba Buma 6eJIOKPHLIOK 00pa30BbIBaIM CMEIIaHHbIe
KOJIOHUM C IIpeobiagaHreM XJIOIIKOBOW OEJIOKPBIIKH.

was observed, reaching its maximum in late August —
early September. In years of mass reproduction, the
population density by autumn reached 4,240 adults
and 24,000 larvae and pseudopupae per plant, and in
some cases up to 100,000 specimens, i.e. 100 individ-
uals per square centimeter of leaf surface. After defoli-
ation of cotton, Bemisia tabaci gives another generation
in September-October on late cabbage, melon, alfalfa,
nightshade, cocklebur [3].

In late May — early June various vegetable crops
as well as cotton were inhabited by greenhouse white-
fly Trialeurodes vaporariorum. Later it was gradually re-
placed by the silverleaf whitefly, which reached high
population levels of 50 to 160 larvae and pseudopu-
pae per square centimetre in August and early Sep-
tember. Sometimes both species of whiteflies formed
mixed colonies dominated by silverleaf whitefly. In the
Mary region, silverleaf whitefly completely displaced
the greenhouse whitefly on all crops of open and glass-
covered ground [3].

Silverleaf whitefly hibernates in the pseudopu-
pa stage on fallen leaves or on the leaves of evergreen
plants. According to our observations, leaves of the main
host plants of whiteflies — plants from the families of
melons and gourds and nightshades — are not preserved
on the soil until spring and pseudopupa on the destroyed
leaves die. Fallen leaves of Rosa canina are rolled up in a
tube and on their inner surface pseudopupa of silverleaf
whitefly successfully hibernates until spring. Thus, in
experiments conducted in 1991, according to our data,
11 (about 1%) out of 1,174 pseudopupae survived on
100 leaves of Rosa canina until March. In the literature
we have data on natural micropopulations of Bemisia ta-
baciin mountain gorges [8]. The basic mass of the hiber-
nating population of sprilverleaf whitefly is preserved in
winter on plants in greenhouses and under polytunnel
shelters in private households [3].

SPREAD OF THE VIRUSES

According to field observations confirmed by laboratory
studies, the effective vector of Tomato leaf curl virus is

Main host plants of silverleaf whitefly
in Central Asia

Republic Preferred plants Source
Cotton plant, tobacco,
Kyrgyzstan tomato, melon [22]
o Cotton plant, cucumber,
Ttz Cucurbitaceae (cucurhbits) [29]
Cotton plant, melon,
. eggplant, paper mulberry,
Turkmenistan hibiscus, nightshade, [6,7]
cocklebur
Cotton plant, cucumber, Ershova,
Uzbekistan tomato, hibiscus, melons unpub-
and gourds, cabbage lished
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B MaphbIficKO# 06J1aCTH XJIOTIKOBAas OEJTOKPBIJIKA T10JI-
HOCTBIO BBITECHWJIA TEIJINYHYIO Ha BCEX KYJIbTyPax OT-
KPBITOTO U 3aKPBITOTO TPyHTA [3].

Tabaunasg 6eJOKPBIIKA 3UMYET B CTAJIUN TICEB-
JIOTyIIapyd Ha ONAaBIIUX JIUCTBIX WJIW HaA JIMCTBSIX
BEUHO3eJIEHbIX PAacTeHUH. 1o HAIUM HaOIIOMeHUIM,
JIUCThSI OCHOBHBIX X0351€B OEJIOKPHIITKA — PACTEHUH U3
ceMelncTB 6axUeBbIX U ITACTEHOBBIX — HE COXPAHSIOTCH
Ha T0YBe JI0 BECHBI U MICEBONYIIapUY Ha Pa3pylleH-
HBIX JIMCTbAX TTOTUHAI0T. OTIaBIue JIUCThI PO3bl (Rosa
canina) CBOPavMBaIOTCS B TPYOOUKY ¥ HA UX BHYTPEeHHEN
TIOBEPXHOCTHU [I0 BECHBI TICEBIONyTIapuu TabauHou be-
JIOKDBLIKY YCIIEIHO 3UMYIOT. Tak, B OMbITaX, MPOBEAEH-
HBIX B 1991 rony, 110 HaIllMM AAaHHBIM, JI0 MapTa Mecdana
u3 1174 ncepornyrnapueB Ha 100 JIMCTbAX PO3bI BBIKU-
J0 11 (oxomo 1%). B muTepaType UMETCS CBeIeHUS
0 TIPUPOIHBIX MUKPOTIONYIALINAX Bemisia tabaci B TOP-
HBIX yiIenbgax [8]. OcHOBHag Macca 3UMYIOIIEN 101y~
JIIUMY TabauHOU GEJIOKPBIIKY COXPAHSIeTCa 3MMON Ha
PaCTEHMSX B TEIINLAX Y ITOJ, TIJIEHOYHBIMY YKPBITUAMU
B YaCTHBIX X039UCTBax [3].

PACITPOCTPAHEHUE BUPYCOB

ITo JaHHBIM II0JIEBBIX HAOIIOIEHUH, IOATBEPIKISHHBIX
J1abopaTOPHBIMU MCCIIeOBAHUAMU, 3P(PEKTUBHBIM I1€-
PEHOCUMKOM XJIOPOTUYECKON KYyPUaBOCTU JINCTHEB TO-
marta (Tomato leaf curl virus) aBngeTcd TemnuyHad, a He
XJIOTIKOBas 6eJ10KphUIKa [1]. Ha xytoruaTHrKe 3a60JieBa-
HUI 1 Tuben PacTeHUH 13-3a MOPAKEHUT BUPYCHON
nH@eKIIren B ouarax TabayHoi 6eJ0KPHIIKY He OTMe-
yeHo [3]. PasMHOxeHUe Bemisia tabaci Ha XJI0ITYaTHUKE
B Ta/PKUKMCTaHe He COIPOBOXKIAJIOCH PACTIPOCTPAHE-
HMEM BUPYCHBIX 3aboseBanuti [4, 5]. [Tpy MapIIPyTHBIX
HCCIeIOBAaHUAX B Y36eKUCTaHe Mbl TAaKOKe He OTMevaIn
CUMIITOMOB BUPYCHBIX 3a60I€BaHM HAa PACTEHUAX, 3a-
CeJIeHHBIX TabauHOU 6eIOKPBIIKON.

YCTOMYUBOCTD K MNECTULIUIAM

PesynbTaThl UCCIeN0BaHUN BBISBUIM B amixabagckon
[IOIYJIALMN YPOBEHD PEe3UCTEHTHOCTU 416X K bu-58
(mmMeToaT), YpOBEHb PE3UCTEHTHOCTH 63X — K JAHUTO-
ny (hennponatpuH) 1 47.5X — K cyMunuanny (heHna-
Jiepar). DTU Pe3yIbTaThl CBUETENCTBYET O PA3BUTUN
TIEPEeKPECTHON PEe3NCTEHTHOCTH K hochopopranmye-
CKMM U MUPETPOUAHBIM MHCEKTUIIUAAM 1 O00bICHS-
10T HU3KYI0 3Q(EKTUBHOCTD TTUPETPOUIOB B OTIBITAX
1989 1. u ToyTHOE OTCYTCTBUE 3P PeKTUBHOCTH Bn-58
1 dozanona (hochopopraHUIECKUX MHCEKTUITNIOB).
HekoTophble MOmynsauuy TabavuHoi 6eJT0KPBLIKYA ObLIN
YyBCTBUTEIBHBI K MHCEKTUIIAAM, 3HaueHus CK (cmep-
TEeJIbHOM KOHIIEHTPALIMN) IJI HUX HaXOOATCA B IIpefe-
jax 0,00012-0,00020 1o m.8. [3].

Takxum 06pa3oM, B cpellHeasnaTCKON TIOMyISIUN
TabauHol 6eJIOKPBITKY HabJomaeTcsa 6picTpoe GopMu-
POBaHMeE BBICOKOT'O YPOBHS YCTOMUNBOCTH K TECTULIUIAM.

MOP®OJIOTUYECKUE XAPAKTEPUCTUKU
CTPOEHMA IICEBJONYIIAPUEB

Y1 BOCKOBBIX KAHAJIbIIEB
CPEJHEA3VATCKOM ITONYJIALIUN
TABAYHOI BEJIOKPBLJIKU

Mgl ipoBOMIIN POTOrpadpOBaHUE TICEBNIOITYTIAPUER
TabauHOM 6eJIOKPBLLIKY B labopaTopuu Bcepoccuiicko-
r'o IeHTpa KapaHTWHA PACTEHWH TTOCPECTBOM arlra-
paTHOTO KOMIIJIeKca Ha 6aze MUKpockorma Axio Imager
A2 nipu aso0BOM KOHTPACTe MUKPOIIPENapaToB OKpa-
MEHHBIX QYKCUHOM TICEBAOTyTIapueB 6eJTOKPBIIKY,

OT HayKu K npakTuke

the greenhouse, not silverleaf whitefly [1]. Diseases and
plant deaths due to viral infection in foci of silverleaf
whitefly have not been observed on cotton plant [3]. Re-
production of Bemisia tabaci on cotton in Tajikistan was
not accompanied by the spread of viral diseases [4, 5].
During the pathway studies in Uzbekistan we also did
not observe any symptoms of viral diseases on plants
attacked by silverleaf whitefly.

RESISTANCE TO PESTICIDES

The results of the research revealed the level of re-
sistance in the Ashgabat population of 416X to Bi-58
(dimethoate), the level of resistance of 63X to danitol
(Fenpropathrin) and 47.5X to sumicidin (fenvalerate).
These results indicate the development of cross-resis-
tance to organophosphorus and pyrethroid insecticides
and explain the low efficiency of pyrethroids in the ex-
periments of 1989 and the complete lack of efficien-
cy of Bi-58 and phosalone (organophosphorus insec-
ticides). Some populations of silverleaf whitefly were
sensitive to insecticides, their values of lethal concen-
tration are in the range 0.00012-0.00020 on primary
nutrient basis [3].

Thus, in the Central Asian population of silverleaf
whitefly there is a rapid formation of a high level of re-
sistance to pesticides.

MORPHOLOGICAL CHARACTERISTICS
OF THE STRUCTURE OF PSEUDOPUPAE
AND WAX TUBULES OF THE CENTRAL
ASIAN POPULATION

OF SILVERLEAF WHITEFLY

We photographed pseudopupae of silverleaf whitefly in
the laboratory of the All-Russian Plant Quarantine Cen-
ter by means of a hardware complex based on the Axio
Imager A2 microscope at phase contrast of microslides
of pseudopupae of whitefly coloured with fuchsine, col-
lected on cucumber leaves (leaves with lint) and hi-
biscus leaves (leaves are smooth) with magnification
200x (general form of pseudopupa) (Fig. 2 a, 6) and
400x (tracheal trunks) (Fig. 3 a, 6, B, T) to investigate
and measure the width of the anterior tracheal trunk.
The width of the anterior trunk of the trachea was mea-
sured using a micrometer eyepiece. In the study, 15
pseudopupae from hibiscus and cucumber plants (Uz-
bekistan, Tashkent), thyme (Israel, laboratory collec-
tion) and cotton (Turkmenistan, laboratory collection)
were used.

RESULTS AND DISCUSSION
The form of a pseudopupa. The edges of a pseudopupa of
silverleaf whitefly on a cucumber leaf were curved, with
noticeable festoons (Fig. 2 a). The edges of pseudopupa
on hibiscus leaves were smooth, with small crenations
(Fig. 2 6).

Thus, the structure of the pseudopupa’s edge of the
silverleaf whitefly was not a stable morphological diag-
nostic feature for the geographical population.

Tracheal trunks. The absence of anterior wax
fringes was typical for the Uzbek pseudopupae of sil-
verleaf whitefly collected on hibiscus and cucumber
leaves (Fig. 3 a, 6), and for the Turkmen pseudopupae
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co6paHHbIX Ha JIUCTbIX Oryplia (JIMCThS C BOPCUHKA-
MU) U IUCTBIX TUOMCKYyCa (IUCThA TJIaJKNE) C YBEJIN-
vyenueM 200x (obmrag ¢popma rceppornynapus) (puc. 2
a, 6) 1 400x (cTBoJBI Tpaxen) (puc. 3 a, 6, B, ) AJIT UC-
CJIelOBaHUS ¥ U3MEPEHUS IMUPUHBI IEPELHETO CTBO-
Jla Tpaxeu. Vi3MepeHue MUPUHBI ITIepeIHero CTBoJIa
Tpaxeu MPOBOIUIIHN C TIOMOIIBI0 OKYIAP-MUKPOMETPA.
B riccnemoBaHuM 6BIJIO UCTIOIB30BAHO IT0 15 TICEBAOIY-
rapueB c pacTeHul rubuckyca u orypiia (Yabekucras,
r. TamkeHT), TuMbsaHa (M3paniib, JabopaTopHas KO-
JieKkms) u Xjomvatarka (TypkMeHud, JabopaTopHad
KOJIJIEKIINS).

PE3YJIBTATBI 1 OBCYXKJEHUE

@opma ncegdonynapus. Kpaa riceBmomnynapua TabadHon
6EJIOKPBIIKY Ha JIMCTE OTyplia ObLIY U3BUINUCTHIMHA,
¢ 3aMeTHBIMU (pecToHaMM (puc. 2 a). Kpag riceBmomyma-
pUA Ha JTUCThAX TUOUCKYca ObLIY TIAIKUMU, C MEJTKON
ropoaYaToCThIo (puc. 2 6).

TaxkuM 06pa3oM, CTpoeHue Kpas TICeBIOITyIIapus
TabauHoM OeJOKPHIIKK He OBLIO CTabMIbHBIM MOPQO-
JIOTUYECKUM JUATHOCTUYECKUM IIPU3HAKOM MIJI [eo-
rpauyecKoy MOy,

Cmeosivt mpaxetl. s y36eKCKUX TICEBMIOITyTIapreB
TabauHoM 6eJIOKPLIIKY, COOPAHHLIX Ha JUCTBIX TH-
6rckyca u orypioB (puc. 3 a, 6), ¥ A9 TYPKMEHCKUX
TICEBIOTyTIapueB, COOPAHHBIX C JIUCThEB XJIOMTUATHU-
ka (puc. 3 1), 6bLJI0 XapaKTePHO OTCYTCTBUE TIepefHEN
BOCKOBOU 6aXpoMbl. [IceBIOTyTIapuy XapakTepru30Ba-
JIUCH IMAPOKUMU CTBOJIAMU Tpaxen. Mex 1y IICeBIoIy-
TTapusMu, COGpPaHHBIMU Ha JINCTBSAX OT'YPla B TETLIULIE
U JUCTbAX TMOMCKYyCca B OTKPBITOM T'PYHTE, CTATUCTH-
YeCKM AOCTOBEPHBIX PA3IUUU 0 NIUPUHE CTBOJIOB
Tpaxeit He o6HapyX)eHOo (72,5 MKM 1 65 MKM COOTBET-
CTBEHHO). [IJI TICeBAOMyIIapueB, COOPAHHBIX Ha JIN-
CThSIX TUMbsiHA U3 VI3pawiis (puc. 3 B), ObLIO XapaKTEPHO
HaJIM4Kre epeiHel BOCKOBOM 6aXpOMKM 1 HoJiee y3Kre
CTBOJIbI TIEPENHUX TPaxel, 48,8 MKM.

TaxuM 06paz3oM, MUPUHA CTBOJIA TPAXEU TPE]I-
CTaBJISIETCS OTHOCUTENIBHO YCTOMYNBOM XapaKTEPUCTU-
KO TICEBIIOITyTIapUs TabauHOM 6eJTOKPBLIIKY, XOTS HAIITN
TIpeBapUTENIbHbBIE BHIBOZLI TPEOYIOT TIOITBEPKIEHUS
IIOTIOJIHUTEJIbHBIMU UCCIENOBAHUIMU. [10JyUeHHbIE
Pe3yNbTaThl, CBUIETEIbCTBYIOMYIE O CTAOMIHBHOCTH IITH -
PUHBI CTBOJIOB MIepeHell Tpaxeu, JJid reorpaduiecKon
TTOMYJIAIMYU/6UOTUTIA COOTBETCTBYIOT BBIBOZAM CITEIIN-
QJIMCTOB, MCCIEIOBABINNX aHAJIOTUYHBIN TT0KA3aTeb
B Typiuu [22] 1 B KuTae [23]. Takoke CTBOJIBI TPaXen xa-
PaKTePU3YIOTCA OGHOTUITHOM (DOPMOI BXOILHOU KaMephl
CTBOJIA TPAXEU M KPYITHOU I'PaHYJIAIIMEN CTEHOK CTBOJIA.
[Tpu ganbHeneM MoATBEPKIEHUY CTaOMIbHOCTH JaH-
HOT'0 KOMILJIEKCA IIPU3HAKOB €r0 MOYKHO MCITOJIb30BaTh
KaK DKOHOMUWYECKY BBITOIHBIN 1 TTPAKTUYECKU [TPUME-
HUMBIU METOZ, MOHUTOPUHTA WHBa3uM TabauHoit 6eio-
KPBLIKYA B HOBBIE MECTOOOUTAHUS.

3AKJ/IIOYEHUE

[TpoaHamM3nPOBaB PE3YIBTATHI UCCIENOBAHUH 110 610-
JIOTMU U PACIIPOCTPaHEHUI0 TabauHOU H6EJIOKPBIIKY
B CpenHeil A3uu, Mbl MOXXeM TIPUUTU K BBIBOJY, UTO
cpenHeasuaTCcKas MOMyIAnusg TabauHo 6eJTOKPBLIKY
Bemisia tabaci XapaKTepPU3yeTCs CIeAYIONUMU 6M0I0-
TUYECKUMU 0COOEHHOCTAMU:

- YCTOMYMBOCTD K HU3KMM TEMIIEPATYPaM TIPU 3U-
MOBKE;

- He OTMeueHa KaK MePeHOCUNK BUPYCOB PACTEHUH;

- HU3Kad TJI0JI0BUTOCTD;

collected from cotton leaves (Fig. 3 1). Pseudopupae were
characterized by wide tracheal trunks. No statistically re-
liable differences in width of tracheal trunks were found
between pseudopupae collected on cucumber leaves in a
greenhouse and hibiscus leaves in the open ground (72.5
pum and 65 pm respectively). Pseudopupae collected on
thyme leaves from Israel (Fig. 3 B) were characterized by
anterior wax fringes and narrower trunks of the anterior
trachea, 48.8 um.

Thus, the width of tracheal trunk appears to be a
relatively stable characteristic of the pseudopupa of the
silverleaf whitefly, although our preliminary findings
require confirmation by additional studies. The results
obtained indicating stability in the width of the anteri-
or trachea’s trunk for the geographical population/bio-
type correspond to the findings of specialists who have
studied a similar indicator in Turkey [22] and China [23].
Also, tracheal trunks are characterized by the same form
of chamber of tracheal trunk and large granulation of
trunk’s sides. In case of further confirmation of the sta-
bility of this complex of features, it can be used as an
economically advantageous and practically applicable
method for monitoring of silverleaf whitefly’s invasion
into new habitats.

CONCLUSION

Having analyzed the results of studies on biology and
distribution of silverleaf whitefly in Central Asia, we can
conclude that the Central Asian population of silverleaf
whitefly (Bemisia tabaci) is characterized by the following
biological characteristics:

- resistance to low temperatures during overwin-
tering;

- has not been noted as a vector of plant viruses;

- low fecundity;

- wide polyphagia;

- high invasiveness.

According to our preliminary data, pseudopupae
of silverleaf whitefly in Uzbekistan are characterized by
wide trunks of anterior trachea and absence of anterior
wax fringes. In complex, this allows us to speak about the
originality of the Central Asian geographical population
and the expediency of its further study on the scheme
of identification of unknown populations of silverleaf
whitefly using a global data set on mtCOI [12].
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- mupokag monudarvs;

- BBICOKAast ”HBA3UBHOCT.

[To HamUM IIpeaBapPUTEIbHBIM HaHHBIM, IICEBOOITY-
rapum TabavHOM GEJTOKPHITIKY B Y30EKUCTaHEe XapaKTe-
PU3YIOTCS MUPOKUMU CTBOJIAMY TIEPETHUX TPAXen 1 OT-
CYTCTBUEM TIEPEHUX BOCKOBBIX HaXPOMOK. B KOMTITIEKCE
3TO TIO3BOJISIET TOBOPUTH O CBOEO6PA3NM CpeHeasnar-
CKOM reorpaIecKon MOMYJIAINN U IeJIECO00PA3BHOCTH
ee MaJbHENINero UCccyieloBaHus 10 CXeMe UIeHTU(PrKA-
LMY HEW3BECTHBIX MOIYJIIIINN TabauHON 6EJTOKPBIIOK
C TIOMOIIBIO TT06aIbHOro Habopa marnHbx 0 mtCOI [12].
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YOK 581.9(581.527.7)

I'epOoJiornueckKas
IKCIIeIUIIUS
B KpacHosspckui Kpau

U Pecny6JuKy Xakacus

T.B. 3BEJIb, Hay4YHbI# COTPYAHUK TOMCKOTO
¢punuana ®Irey «BHUUKP»

A.JI. 3BEJIb, 1.6.H., mpodeccop kadenpsl 60TAaHUKHU
®I'AOY «HaluoHaJIbHBIN UCCIeA0BaTEeIbCKUN
TOMCKUH rocyapCTBEHHbIM YHUBEPCUTET»

C.U. MUXAWJIOBA, Hay4HbBIN cCOTPYIHUK TOMCKOTO
unuana ®ITBY «BHUUKP»

AuHOTaUUA. B cmamoe coobuiaemces 0 eepbonoeuye-
ckoti akeneduyuu 8 Kpacrnospekuii kpaii u Pecnyonuxy Xaxa-
CUS, COCTNOSBULELICS 8 PAMKAX BbinoNIHeHUs HUP 6 aszycme
2019 eoda, a maxice o pesynvmamax 0aHHoU dKcneduyuu.
B nonesulx yenogusx nposodusioch UsyueHue pacnpocmpare-
HUSL COPHBLX, UHBAZUBHBLY (8 MOM YUCIE KAPAHMUHHDLY,) BU-
008 pacmeruli: 0Cyuecmeiaacs coop ceMerHoeo U eepbapHo-
20 MAMepPUaos, 8blNOJIHAIUCH 2e000MAHULECKIE ONUCAHUL
aepoyeH0308 U HabIHOeHUS 30 PACMEHUIMU 8 NPUPOIE.

Kirouessie ciioBa. CopHble pacmeHus, UHBA3UBHbLE
8udbl, a2poyeHo3vl, KaparmurHvle eudvl pacmenuli, KpacHo-
apckuil kpaii, Pecnybnuxa Xakacus.

2019 r. B TomckoM dQuauaie
OI'BY «BHUMUWKP» B pamMkax BbI-
nonHeHusd tembl HUP «M3yuenue
pacIpoCcTpaHeHUs U HKOJIOr0-01o-
JIOTUYECKUX 0COBEHHOCTEN  Ka-
PaHTUHHBIX ¥ MHBA3WBHBIX BUJIOB DACTEHUM HA Tep-
putopun CubUpCKOTO (QefepanbHOro OKpyra» ObLIN
TIPOJIOJKEHBI  SKCIIEAUIIMOHHBIE UccaenoBaHud. Co-
CTOSITIACh BKCIIENUIIMOHHAS TI0€3[IKa COTPYIHUKOB (-
nuana M TOMCKOTO TOCY[apCTBEHHOTO YHMBEPCUTETA
(B paMKax ZI0TOBOpa O COTPYIHUYECTBE) B PecrybinKy
Xakacud 1 10)KHYI0 YacTb KpacHOAPCKOro Kpad.

[lenbio maHHOW TepOboJIOTUUECKOU AKCTIeIUINY
SIBJIAJIOCH M3yUYEeHMeEe PACIPOCTPAHEHU KaPDaHTUHHBIX
1 0c0B0 OTTacHbIX MHBA3MBHBIX BUJIOB pacTeHUN B Pec-
ny6rKe Xakacus M H0)KHbIX parioHax KpacHOIPCKOro
Kpag.

3aziaun SKCIequIMy ObLTN CIIENYOIINE:

- obciieloBaHME COPHO-TIOJIEBOM U pyJiepajibHOM
tiioper Pecrtybmmkm Xakacus 1 1XKHBIX parioHoB Kpac-
HOSPCKOTO Kpad;

- cbop ceMeHHOro 1 repbapHOT0 MaTePUAaIOB JIJIg
TTOTIOJTHEHUS KAPITOJIOTUYUECKON KOJJIEKITUY U repbapus;

OUR EXPEDITIONS

UDC 581.9(581.527.7)

OT HayKu K npakTuke

Herbological
Expedition

to Krasnoyarsk Krai
and the Republic

of Khakassia

T.V. EBEL, Researcher of the Tomsk Branch of FGBU
“VNIIKR”

A.L. EBEL, Doctor of Advanced Studies in Biological
Sciences, Professor of the Botany Faculty
at FGAOU National Research Tomsk State University

S.I. MIKHAILOVA, Researcher of the Tomsk Branch
of FGBU “VNIIKR”

Abstract. The article describes the herbological
expedition to Krasnoyarsk Krai and the Republic of
Khakassia, which took place part of the research project in
August 2019, and its results. Researchers studied distribution
of weed, invasive (including quarantine) plant species in the
field, collected seed and herbarium materials, described the
geobotany of agrocenoses, and observed plants in nature.

Keywords. Weed plants, invasive species, agrocenoses,
quarantine plant species, Krasnoyarsk Krai, Republic of Kha-
kassia.

n 2019, the Tomsk branch of FGBU “VNIIKR”

continued its expedition research as part of a re-

search project called “Study of Distribution and
= Ecological and Biological Characteristics of Quar-

antine and Invasive Plant Species in Siberian
Federal District”. The employees of the branch and the
Tomsk State University made an expedition trip (under
the cooperation agreement) to the Republic of Khakas-
sia and the southern part of Krasnoyarsk Krai.

The herbological expedition aimed to study the dis-
tribution of quarantine and extremely dangerous invasive
plant species in the Republic of Khakassia and southern
Krasnoyarsk Krai. The expedition had the following tasks:

- survey of weed, field and ruderal flora of the Re-
public of Khakassia and the southern regions of Kras-
noyarsk Krai,

- collect seed and herbarium materials to supple-
ment the carpological collection and herbarium,
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- search for quarantine plant species in the area un-
der study,

- geobotanical description of agrocenoses and
cenoses with weed plants,

- observation over weed, invasive (including ex-
tremely dangerous) and quarantine plant species in
natural conditions.

Krasnoyarsk Krai is the second-largest subject of the
Russian Federation (Fig. 1) occupying 2,366.8 thousand
sq. km (or 13.86% of the country’s territory). It is a part
the Siberian Federal District and borders the Republic of
Sakha (Yakutia) and Irkutsk Oblast in the east, the Tyva
Republic and the Republic of Khakassia in the south, Ke-
merovo and Tomsk Oblast, as well as the Khanty-Mans
and Yamalo-Nenets Autonomous Okrug in the west.

Krasnoyarsk Krai is situated in the basin of the

Puc. 1. KpacHosipckuii kpat  Fig. 1. Krasnoyarsk Krai and

n Pecnybnuka Xakacus
Ha kapTe Poccuiickoin

the Republic of Khakassia
on the map of the Russian

Depepauyn (WTpUXOBKON Federation (shaded are Yenisei River. There is a lowland valley along the Yeni- Puc. 3. BocTouHbiii Casn  Fig. 3. East Sayans Puc. 4. ArponaHawadpt Fig. 4. Agricultural landscape
oTMeueH PaVIOVH npoeefeHus  areas under study) sei’s left bank, and the Mid-Siberian Plateau along its B MaHckoOM paiioHe in Mansky District y NogHoXusa ocTenHeHHbIx  at the foot of steppificated

uccnenosaHui) KpacHosipckoro kpas of Krasnoyarsk Krai
(choTo T.B. 6enb)

rop B KyparmHckom mountains in Kuragino District

right bank, which height reaches 500-700 m above
parioHe KpacHosipckoro of Krasnoyarsk Krai

(photo by T.V. Ebel)

- TOUCK KapaHTUHHbBIX BUJIOB PACTEHUN Ha HCclie-
IIyeMOUl TepPUTOPNY;

- BBITIOJTHEHME Ie000TaHUYECKUX ONUCAHUN arpo-
11€HO30B U 11eHO30B C COPHBIMU PACTEHUIMH,

— HabJIOIEHYS 32 COPHBIMY, MHBA3WBHBIMU (B TOM
yrcjie 0cob0 OTTacHBIMMU) W KapaHTUHHBIMU BULAMU
pacTeHuit B IPUPOJIHBIX YCIOBUIX.

KpacHOogpCKUM Kpall — BTOPOM MO MJOIamu
cybBeKT Poccuiickon ®emepanuu (puc. 1), 3aHUMAaeT
2366,8 ThiC. KM? (MK 13,86% TEPPUTOPUU CTPAHBI).
KpacHosgpckuit Kpail BXoguT B CUOUPCKuUil pemepaib-
HBIM OKPYT. Ha BOCTOKE Kpay TPaHUIUT ¢ PecrrybmuKon
Caxa (dxyTus) u pKyTCKOM 061acThio, Ha 1oTe — ¢ Pec-
nybsikoit TeiBa 1 ¢ Peciybimkol Xakacud, Ha 3ara-
e — ¢ KemepoBcKkot 1 TOMCKOM 06J1acTAMY, a TAKXKe
¢ XaHTbI-MaHCUNCKUM U SIMaio-HeHelKuM aBTOHOM-
HBIMU OKPYTaMU.

KpacHosTpcKu# Kpay pacioyioykeH B bacceiiHe pexu
Enuceit. Bnosnb sieBoro 6epera EHucesa pacrojaraetcs
HU3MEHHA JOJIMHA, & BJIOJIb ITPaBoro — CpegHecubnp-
CKOE TIJIOCKOTOPbE, BBICOTA KOTOPOTO mocturaet 500-
700 ™ BhbITIIEe YPOBHA Mops. Ha ceBepe Kpali OMbIBAeTCsS
KapckuMm mopeM 1 MopeM JlanTeBbIX. [IpOTIKEHHOCTD
TEPPUTOPHUHU OT CEBePa 10 FOPHBIX parioHOB HOxxHOM Cu-
6upu moutu 3000 kM. Penbed KpacHOIPCKOTO Kpas pas-
HooGpaseH. Ha 60/IbIIOM MTPOTSIKEHNY CEBEPHOM YaCTh
pexa EHncel mpoJsioyXuiia LOJIVHY Ha CTHIKE ABYX TEKTO-
HUYecKnux CTPyKTyp. C mpaBobepexba K JoJUHE PeKUr
YCTYIaMU CITyCKaeTC CIIOKeHHOE IPeBHUMU IIOPOIaMU
CpenHecmbmpCKOe TIOCKOTOPhe U EHMCENCKUH KPIK.
Ha jeBoM Gepery peku pacrojioskeHa BOCTOUHAsA YacThb
3ananHo-CubupcKol HUBMEHHOCTH, KOTOPAas Ha CeBepe
CMBIKAETCS C 06MmUpPHON EHMCecKo-XaTaHTCKON HIU3-
MEHHOCTBIO, 3aHUMaloIel YacTb TallMbIPCKOTO TT0JIY-
ocTposa. 0T kpas 3aHUMaIOT TOPBI ¥ MEXXTOPHBIE BIIa-
ImHbl AnTae-CassHCKON TOPHOM CTPaHbL. JIeBobepexxne
EHuCces HEOJHOKPATHO TTePeKPhIBAJIOCh JeIHUKAMU,
TOATOMY pefibed 371eCb B OCHOBHOM PaBHUHHO-XOJ-
MUCTBHIN (pPHUC. 2), UMEETCs MHOTO 03ep, O0JIOT U PEK.
B IO’KHOW 4YacTHM Kpasi BBICATCS XPeOThI BOCTOUHOTO
u 3ananHoro Cagd u KysHerkoro Asatay. Y [OLHOXUA
XpebTOB JIeXXUT MUHyCHHCKas KOTJIOBUHA, e 6jaro-
TIPUATHbBIE KJIMMATUUYECKUEe YCI0BUd. BocTouHbI CadH
HauMHAaeTCsd HEMHOTO 3amafHee ropoja KpacHogpcka
¥ TTPOXOMIUT Ha I0T0-BOCTOKE A0 rop 3abankanbd. JTa
obmrrpHag ropHasg 06J1acTb COCTOUT M3 MHOTUX TOPHBIX
XpeOTOoB, BIIaAVH 1 BLICOKUX I1JIaTO (PHUC. 3). 3IeCh eCTh

sea level. The region is washed by the Kara Sea and the
Laptev Sea in the north. Its territory is almost 3,000 km
long from the north to the mountainous areas of Sou-
thern Siberia. Krasnoyarsk Krai has diverse terrain. The
Yenisei River has laid a valley at the junction of two tec-
tonic structures over a large area in the northern part of
the region. The Central Siberian Plateau and the Yeni-
sei Range, composed of ancient rocks, descend from the
right bank to the river valley in echelon. On the left bank
of the river, the east part of the West Siberian Plain is lo-
cated which meets with the extensive Yenisei-Khatanga
Lowland in the north covering a part of the Taymyr Pe-
ninsula in the north. Mountains and intermountain areas
of the Altai-Sayan Highlands occupy the southern part of
the region. Glaciers repeatedly covered the left bank of
the Yenisei and made the terrain here pretty much flat
and hilly (Fig. 2) with an abundance of lakes, swamps
and rivers. In the southern part of the region, the ranges
of the East and West Sayans and Kuznetsk Alatau rise.
At the foothills of the ranges lies the Minusinsk Ba-
sin, where climatic conditions are favourable. The East

Puc. 2. Bup Ha neBobepexxbe Fig. 2. View on the left
EHuces ¢ KpacHosipckoro bank of the Yenisei River
BOAOXpaHUNULLA from the Krasnoyarsk
(HoBocenoBckuii p-H, Reservoir (Novosyolovo
OKpecTHOCTM npucTtaHm Ynasel  District, near the
HanpoTue c. HoBocenoeo) Ulazy pier opposite
(choTo T.B. 36enb) to Novosyolovo village)
(photo by T.V. Ebel)
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Puc. 5. OTporv BOCTOUHOIoO Fig. 5. Spurs of the eastern
MakpockioHa KysHeukoro macroslope of the Kuznetsk
Anaray B LLIupuHckom Alatau in Shirin District of the
parioHe Pecny6nuku Xakacusa  Republic of Khakassia

(choto A.J1. 36ens) (photo by A.L. Ebel)

HECKOJIbKO TIJIOCKOBEPITUHHBIX XPeOTOB BBICOTOU 10
900 M, KOTOPBIE HA3LIBAIOT «OEJIOTOPbIMU», — MaHCKOE,
Kanckoe, [lesauHCcKoe 1 gpyrue. 3ananHbii CasgH IIpoTs-
HYJICS Ha F0)KHOU rpaHuile KpacHOspcKoro kpas 6osee
yeM Ha 650 kM. OH COCTOUT M3 MHOI'MX XpebToB (Epraku,
Cagnckutr, KyprymuburHckuii, Tazapama, [I)kebanickui,
ApaJlaHCKU U [IP.) ¥ IPEBHUX TTOBEPXHOCTE! BhIPDABHU-
BaHU4. Ha 1oro-3amnaze npoTtanysica KysHekuii AyiaTay,
OTHENAIIINY MUHYCUHCKYIO BITAJUHY OT Ky3HEIIKON.

Ha TeppuTopuun Kpasd BBIAENAIOT apKTUUECKUN,
CyOapKTUYECKU M YMEPEHHBIN KIMMAaTUUECKIE MTOsICa.
IO)xHag yacTb Kpasd OTJIMYAETCS TEILJIbIM JIETOM U yMe-
peHHOoU 3uMoii. CyXOM M YUCTBIN BO3/yX, 0bUIMe COl-
HEYHBIX JHEH, 11eJiebHble BOAbI CO3LAI0T OJIarOIIPUIT-
HbIE KJIMMATUYECKUE YCIOBUMA [IJI JIEUEHUST U OTIbIXA.
B 3amasiHoit yacTy Kpas BbIaZaeT 00JIbliiee KOJTIMIeCTBO
0CaJIKOB.

3HAUYMTEJbHYIO YaCTh TePPUTOPUU KpacHOIPCKO-
ro Kpasd 3aHUMaeT 30Ha Tauru. TUnmuvyHasg CTeb pac-
TIOJIOXKEHA Ha fore kpad (puc. 4) 1 3aHUMAET OOJIBINYO
JacTb MUHYCUHCKOM BITaAUHBI, YyJIbIMCKO-EHUCENCKON
KOTJIOBUHBI. 3eMJiefiefie B Kpae BO3MOXXHO MMPUMEPHO
[0 IKMpPOThI EHMCENCKa, a ceBEPHEE — TOJIBKO OUaraMu.

kpas (choto A.J1. 36ens) (photo by A.L. Ebel)

Puc. 6. lopbl Cakcapbl — Fig. 6. Saksary Mountains -
npearopbsi AGakaHCKoro foothills of the Abakan
xpeb6Ta B ACKu3ckoM painioHe  Range in Askizsky District of
Pecnybnukn Xakacus the Republic of Khakassia
(choto A.J1. 36ens) (photo by A.L. Ebel)

Sayans begin a little west of the city of Krasnoyarsk and
reach the Trans-Baikal Mountains in the southeast. This
vast mountainous region consists of many ranges, in-
termountain areas and high plateaus (Fig. 3). There are
several flat-topped ranges up to 900 m high called “Belo-
gorye” (white mountains) — Manskoye, Kanskoye, Pezin-
sky, and others. The West Sayans stretch for over 650 km
on the southern border of Krasnoyarsk Krai. It includes
many ranges (Ergaki, Sayan, Kurtushibinsky, Tazarama,
Dzhebashsky, Aradan, etc.) and ancient peneplains. The
Kuznetsk Alatau stretches in the south-west, separating
the Minusinsk Hollow from the Kuznetsk Hollow.

The region comprises arctic, subarctic and tempe-
rate climate zones. The southern part of the region
boasts warm summer and moderate winter. Dry and
clean air, plenty of sunny days, and healing waters cre-
ate favourable climatic conditions for treatment and rec-
reation. The western part of the region gets more rainfall.
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Puc. 7. O3epo KpacHoe B BelickoMm paiioHe  Fig. 7. Lake Krasnoye in Beysky District of the
Pecny6nuku Xakacus (oo T.B. 36enb) Republic of Khakassia (photo by T.V. Ebel)

PeruoH aBsgeTcd KPYITHBIM IIPOM3BOAUTEEM CEJTBCKO-
XO3AUCTBEHHON MPOonyKumyu B CubupckoM demepab-
HOM OKpyTe. BajoBol c60p 3ePHOBBIX 3[IeCh €5KEeT0IHO
COCTaBJIIET OKOJIO 2 MJIH TOHH. KpacHOAPCKMI Kpal
B UYMCJIE JIMJIEPOB [0 YPOXKAUHOCTY 3€PHOBBIX 1 3€PHO-
6060BBIX KyIbTYD CPEAU PernoHOB Cubupu. B ocne-
HUe oMbl arPapuy YCIIEITHO BO3LEIbIBAIOT HOBbBIE [IJIST
Kpas CeJIbCKOX03S9CTBEHHbIE KyJIbTYPhI: PATIC U KyKYy-
py3y Ha 3epHo [7].

Pecnybmka Xakacus pacIiojoyKeHa B JieBoOepex-
HOM JyacTu baccerHa peku EHMCeN, Ha TePPUTOPUAX
CasgHO-ANITaliCKOro Haropbs 1 XakaccKo-MUHYCHUHCKON
KOTJIOBUHEL [IPOTSIXKEHHOCTh TEPPUTOPHU C CeBepa Ha
for — 460 KM, ¢ 3arajia Ha BOCTOK (B HamboJyee mMupo-
kot gactu) — 200 kM. [Tnomanb Pecrybnuky Xakacus
61900 kM2, 310 0,4% oT TeppuTopru Poccuiickoit dene-
parum (cM. puc. 1). Ha ceBepe, BOCTOKE U I0TO-BOCTOKE
Xakacuga rpaHuyuT ¢ KpacHOIPCKUM KpaeM, Ha ore —
¢ Pecrtybkont TeIBa, Ha 10r0-3ar1azie — ¢ PecrtybamKoi
AnTait, Ha 3amajie — ¢ KeMepoBcKkoit obracTbio. Kmumart
Xakacuu pe3ko KOHTUHEHTAIbHBIN, C CYXUM JKAaPKUM
JIETOM M XOJIOLHOM MaJIOCHEXXHOM 3UMOoit. CpeHIsa TeM-
rieparypa Bosgyxa utosd +17,9 °C, auBap4 -18,9 °C. Ko-
JINYECTBO COJTHEUHBIX THEN B PECITyOIIMKE 3HAUUTETBHO
BBIIIIE, UeM B COCEIHMX PerruoHax [3].

80% TeppuTtopuy Xakacuy 3aHMMAIOT TOPbI, Ha
KOTJIOBUHBI IpuxoauTcda 20%. Ha 3amalie pacroioxe-
Ha I0’KHag 4aCTh BOCTOYHOI'0 MaKpPOCKJIOHa Ky3Helko-
ro Anaray (BeIC. 10 2178 M) (puc. 5), KOTOPLIN I0XKHEee
nposokaeT AbakaHckui xpebeT (puc. 6); Ha 1re —
ryboKo pacusieHeHHbIe XPeOThI KpalfHETO CeBePO-3a-
naga 3amanmaoro Casgna (Boic. 1o 2930 M), K ceBepy OT
HUX — CPeJIHeTopbs [kebatckoro, XaHchiH, [[PKONUCKO-
10 XpebToB. Cpeiyt MEXI'OPHBIX KOTJIOBMH HAUOOJIBIITYO
TJIOIANh 3aHMMAaeT MUHYCUHCKAA KOTJIOBUHA (BBIC.
250-400 M), 1719 Hee XapaKTePHbI HEGOJIbIINE KY3CTO-
BbI€ TPl M OCTaHIIbl, PABHUHHbIE YaCTU HA3bIBAIOT-
cqa crernamu: Konbanbekada, YitbaTckasd, AbakaHcKad.
K ceBepy OT BaTeHEBCKOTr0 KPsXKa HAXOAUTCA YyIbIMO-
Enmuceiickas KoTsioBuHa [1]. CaMble KPYITHbIE PEKU Xa-
kacum — Enmcent, Abakan, YynbiM 1 Tomb. B pecriybimke
6ostee 500 03ep, PEK ¥ MEJTKUX peuyIiek (puc. 7).

Xakacus — pa3BUTHIM CEJIbCKOX039MCTBEHHBIN
pation HOxHo# Cubupu. CenbX0o3yroibsd COCTABIIIOT
cBhlle 30% TeppuTopun Xakacuu, U3 HUX IAllHI 0KO-
710 25%. CBoimre 50% MIOCEBHBIX IIJIOMIAZIEN 3aHUMAIOT

Puc. 8. CeHokocHble nyra  Fig. 8. Hay meadows

Ha KocuHckom xpebTe on the Kosinsky Range
(YcTb-AbBakaHckum paiioH  (Ust-Abakan District of
Pecnybnuku Xakacus) the Republic of Khakassia)

(choTo A.J1. 6ens) (photo by A.L. Ebel)

The taiga zone occupies a significant part of Kras-
noyarsk Krai. The typical steppe is located in the south
of the region (Fig. 4) and covers a large part of the Mi-
nusinsk Basin, the Chulym-Yenisei Hollow. Farming in
the region is possible up to the latitude of the Yenisei
and is focal to the north. The region is a major producer
of agricultural products in the Siberian Federal District.
Gross yield of grain here is about 2 million tonnes an-
nually. Krasnoyarsk Krai is one of the leaders in terms
of grain and leguminous crop yields among Siberian re-
gions. Over the last years, farmers have successfully cul-
tivated new crops in the region — rape and corn to be
used as grains [7].

The Republic of Khakassia lies on the left bank of
the Yenisei River basin, in the Sayan-Altai Highlands
and the Khakass-Minusinsk Hollow. The territory stret-
ches 460 km from north to south and 200 km from west
to east (in its widest part). The Republic of Khakassia

duTocaHnTapusa. KapaHTuH pacteHuin - 64

HALLIU 3KCNEOUUMN  OUR EXPEDITIONS

LR e S
S T it

e MR IEENBAHLIA s
Tt
OBULAN NPOTAMEHKOETE MAPIPYTS - 3150 0.
R,

Puc. 9. Kapta MapwpyTta Fig. 9. Expedition route map
3KCMeauLMOHHONM Noe3aKu

KOPMOBEI€, cBbilie 40% — 3epHOBLIE W 3¢PHOO060BEIE
KYJBbTYPbI, OKOJIO 5% — KapTodenb 1 0BOIIU, OKOJIO
1% — TexHUUYeCKMe KyJIbTypbl [1]. OBUIMpPHbIE TUIOMALN
3aHSTHI TACTOUIIAMY M CEHOKOCaMU — OCHOBOM Pa3BU-
TS XKUBOTHOBOICTBA (puc. 8).

B nmepuiop ¢ 14 1o 27 aBrycta 2019 . MapIipyTHbI-
MU 06CIe0BaHUIMY ObLTa OXBaYeHa TTPAKTUUECKU BCA
TeppuTopusa Pecrybnmky Xakacud (3a UCKIIIOUYEHEM
CaMbIX FOXKHBIX M 3aTaHbIX TOPHO-JIECHBIX PAOHOB)
U CeJIbCKOX03AUCTBEHHbIe palioHbl KpacHOAPCKOTO
Kpag, pacriojIoKeHHBIE K I0TY OT JIMHWY boroTos — KaHck
(cM. puc. 1). Ob1tag MpoTSHKEHHOCTh MapIIpyTa cocTa-
BuJa 0koJio 3150 kM (puc. 9).

V3yyeHme cOpHO (JIOPHI KaK CereTajbHbIX, TAK
U pyZepajbHbIX MeCTOOOUTAHUU TTPOBOIUIU MapII-
PYTHO-PEKOTHOCIIMPOBOYHBIM METOIIOM 06CIIeI0OBAHMSA
TeppuTopuM [2]. Bcero 66110 3apUKCUPOBAHO OKOJIO
200 ToUyek MeCTOHAXOXKIEeHNN MHBA3UBHBIX (B TOM

Puc. 10. BoinonHeHune
reob6oTaHMYecKoro onMcaHus

Fig. 10. Geobotanical
description of rapeseed

arpoLeHosa panca B OKpecTHOCTAX  agrocenosis near Bogotol

r. Boroton (KpacHosipckuii Kpai) (Krasnoyarsk Krai)
(choTo A.J1. 6ens) (photo by A.L. Ebel)

Puc. 11. leo6oTaHnueckoe
onvcaHue arpoLeHosa nweHnLbl description of
B OKpecTHocTax n. Cyxopon
(MuHycuHckum p-H KpacHosipckoro  near Sukhodol
kpas) (choTo A.J1. I6ens)

OT HayKu K npakTuke

occupies 61,900 sqg. km. This is
0.4% of the territory of the Rus-
sian Federation (Fig. 1). Khakas-
sia borders Krasnoyarsk Krai in
the north, east and south-east,
the Tyva Republic in the south,
the Altai Republic in the south-
west and Kemerovo Oblast in
the west. Khakassia has a harsh
continental climate with dry,
hot summers and cold, snowy
winters. The average air tem-
perature is +17.9 °C in July and

: (Sl -18.9 °C in January. There are

many more sunny days in the re-
public compared to neighbour-
ing regions [3].

80% of Khakassia’s territo-
ry is mountainous with the hol-
lows accounting for 20% of it. In
the west is the southern part of

the eastern Kuznetsk Alatau macroslope (up to 2,178 m
high) (Fig. 5), which prolongs the Abakan Range to the
south (Fig. 6); the rugged mountains of the extreme
north-west of the West Sayans (up to 2,930 m high) are in
the south with the middle mountains of the Dzhebashs-
ky, Khansyn and Dzhoysky Ranges to the north of them.
The Minusinsk Hollow is the largest one (250-400 m
high) among intermountain hollows; it is characterized
by small cuestal ridges and residual mountains; the plain
parts are called steppes — Koybalskaya, Uybatskaya,
Abakan. To the north of the Batenevsky Range lies the
Chulym-Yenisei Basin [1]. The largest rivers in Khakas-
sia are the Yenisei, Abakan, Chulym and Tom. There are
over 500 lakes, rivers and creeks in the republic (Fig. 7).

Khakassia is a developed agricultural region of
Southern Siberia. Over 30% of the Khakassia’s territory
is farmland, about 25% of which is tillable. About 50% of
crop acreage is occupied by fodder crops, over 40% — by

Fig. 11. Geobotanical
wheat agrocenosis
(Minusinsk District

of Krasnoyarsk Krai)
(photo by A.L. Ebel)
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T : [I0CEBOB OT CEJIbCKOX03AMCTBEHHBIX JKMBOTHBIX MJIX 3a-
e e371a TpaHCIIopTa.

B xope skcrienutiy cobpano cbie 100 06pasIios
(6osnee 90 BUIOB) CEMIH COPHBIX pacTeHui (puc. 14)
u okoy10 250 nucToB repbapusa (82 BuIa COPHBIX pac-
TeHUM u3 25 ceMeNCcTB). B pesynbTaTe aHaansa reobo-
TaHUUYECKUX OIMCAHMI arPOLIEHO30B PA3INUHbIX CeJIhb-
CKOXO03SMCTBEHHBIX KYJIbTYD U 3aJI€)KEU YCTAaHOBJIEH
BUJ/IOBOY COCTaB COPHSIKOB. B arporieHos3ax obHapy»XeHo
162 B1Ia COPHBIX PACTEHUM, OTHOCALIUXCS K 32 CEMEN -
ctBaM. Hambojiee MHOTOUYMCIIEHHBIMY B arpolieHo3ax
SIBJIIOTCS ceMelicTBa AcTpoBble (Asteraceae), Bo6o-
Bble (Fabaceae), MarnukoBeie (Poaceae), KamycTHble
(Brassicaceae), Mapesnie (Chenopodiaceae), dcHOT-
xoBble (Lamiaceae), PosoriseTHble (Rosaceae), 'Bo3any-
uele (Caryophyllaceae), I'peuninabie (Polygonaceae),
3ouTruHbIe (Apiaceae), Bypaunukossie (Boraginaceae).
UKCca0 BUAOB 3TUX CEMEUCTB COCTABIIIOT 79% OT 006-
IIeT0 YKCIIa, OCTaJIbHbIe CEMEHNCTBRA MIPeCTaBIeHbI Ofl-
HUM-YEThIPbMS BULAMU.

Haubosee 4acTo U C BLICOKUM OOMILEM B UCCIIENO-
BaHHBIX arpoleH03ax BCTPevanTcs 16 BUIOB COPHBIX

b,

Puc. 12. TeoboTaHnueckoe Fig. 12. Geobotanical
onucaHue CUNbHO description of a cornfield
3aCOPEeHHOro NacieHoMm in the village of Kuragino,
YepHbIM KYKYpPY3HOro nong heavily infested with black

Puc. 13. 3eMnsaHo poB
no NepuMMeTpy OBCAHOMO
nossi B OKPECTHOCTAX

c. HoBopoccuiickoe

Puc. 16. O6maHumnBonnogHuk  Fig. 16. Sphallerocarpus
the perimeter of an oatmeal
field near the village
Novorossiyskoye (Altai District
B c. KyparnHo (KpacHoapckuin  nightshade (Krasnoyarsk Krai) (AnTaiickui p-H Pecny6nukmn  of the Republic of Khakassia)

TOHKUM (Sphallerocarpus gracilis (Besser ex Trevir.)
gracilis (Besser ex Trevir.) (photo by A.L. Ebel)
(choTo A.J1. 36ensq)

Kkpait) (hoto A.J1. 36ens)

(photo by A.L. Ebel) Xakacusq) (poto A.J1. 36ens)  (photo by A.L. Ebel)

YuCIe KaPDAaHTUHHBIX) BUIOB PACTEHUN. B X0[e 3KCIIe-
OUILIMK OBLIIO chesiaHo 45 reoboTaHUvYecKUX OIUCcaHni
B Pa3IMYHBIX arpolieHosax (MreHnIa, parc, OBec, Ky-
Kypy3a, TIpoCco, Cost, AUMEHD, JII0IIepPHA MTOCeBHas, Kiie-
BEP, COPTO, TPeYNXa, TOPoX, KapTodesb, CMellaHHbIe
arporeHo03kl, 3anexu) (puc. 10-12). Cienyer OTMETUTE,
YTO BBITIOJIHEHVE re060TaHUYECKUX OMMUCAHUH Ha Tep-
PUTOPUM FO’)KHBIX PalOHOB Xakacuu ObIJI0 3HAYUTEIb-
HO 3aTPYAHEHO TeM, YTO MHOTHEe arpolleH03bl 3[IeCh
OKPY)XEHBI T10 TIEPUMETPY TIIYOOKUM U IMTMPOKUM PBOM
1 3eMJITHBIM BaJioM, TOUHOE MpeJHa3HaueHne KOTO-
PBbIX HAMU He yCTaHOBIEeHO (puc. 13). BO3MOXHO, UTO
IIaHHbIE COOPYXXEHUS MpenHa3HavYeHbl IJI 3alUTh

34\,’5

M

4

Puc. 14. Cywka B nonesbIX Fig. 14. Drying seeds
YCNOBUSIX CEMSH NacsieHa of black nightshade
yepHoro (Solanum nigrumL.)  (Solanum nigrum L.) in the
(choTo T.B. 36enb) field (photo by T.V. Ebel)

cereals and legumes, about 5% — by potatoes and vege-
tables, about 1% — by technical crops [1]. Pastures and
hayfields span vast areas; they form the basis for the de-
velopment of animal husbandry (Fig. 8).

From 14 August to 27 August 2019 route surveys
covered almost the entire territory of the Republic of
Khakassia (except for the southernmost and western
mountainous and forest areas) and agricultural areas of
Krasnoyarsk Krai located south of the Bogotol — Kansk
line (see Fig. 1). The total length of the route was about
3,150 km (Fig. 9).

Weed flora of both segetal and ruderal habitats was
studied by route survey method [2]. In total, about 200
locations of invasive (including quarantine) plant species
were recorded. During the expedition 45 geobotanical
descriptions were made in different agrocenoses (wheat,
rape, oats, corn, millet, soybean, barley, purple medick,
clover, sorghum, buckwheat, peas, potatoes, mixed ag-
rocenoses, deposits) (Fig. 10-12). It should be noted that
it was quite difficult to describe geobotany in the sou-
thern regions of Khakassia due to deep and wide ditches
and earth walls that surround many agrocenoses here,
the true purpose of which was not established (Fig. 13).
These structures may have been designed to protect
crops from farm animals or for transport entry.

The members of the expedition collected over 100
samples (more than 90 species) of weed plant seeds
(Fig. 14) and about 250 herbarium leaves (82 species of
weed plants from 25 families). After analyzing geobotani-
cal descriptions of agrocenosis of various crops and depos-
its, they determined species composition of weed plants.
In agrocenoses, 162 species of weeds belonging to 32 fa-
milies were found. The most numerous families in agro-
cenoses are Asteraceae, Fabaceae, Poaceae, Brassicaceae,
Chenopodiaceae, Lamiaceae, Rosaceae, Caryophyllaceae,
Polygonaceae, Apiaceae, Boraginaceae. Species of these
families constitute 79% of the total number of species;
the other families are represented by one to four species.
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pacTennit (cM. TabauIry). Bce OHM OTHOCSTCS K IMUPOKO
pacrnpocTpaHeHHbIM COPHIKAM. BoJiee MoJIOBUHBI U3 T1e-
PeYNrCIIeHHEBIX B TabJIMIle BUAOB OTHOCITCS K OITaCHBIM
(Chenopodium album L., Setaria viridis (L.) P. Beauv., Fallopia
convolvulus (L.) A. Love, Echinochloa crus-galli (L.) P. Beauv.,
Amaranthus retroflexus L., Galeopsis bifida Boenn.) n oco6o
omacHbIM (Avena fatua L., Cirsium setosum (Willd.) Besser,
Sonchus arvensis L..) 171 TPOAYKITUY PACTUTENHHOTO ITPO-
HCXOXKIIEeHNS BpeOHLIM OpranmusMam [4, 5].

B mosoBuHe reoboranmyeckux onucanuit (51%)
TIPUCYTCTBYET METUHHUK 3eJIeHbl (Setaria viridis (L.)
P. Beauv.). B 100KHBIX paiioHax XaKacuu 1 KpacHOSIPCKO-
T'0 Kpas OH 3aMeIlaeTcsd Ha IMeTUHHUK HU3Ku (S. pumila
(Poir.) Schult.), KOTOPBIH BCTpevyaeTcs 3mech B 27% omu-
CaHUM. B 11ejioM MeTUHHUKM OTMeYeHbl HaMu B 76%

Puc. 15. EXXOBHUK

Fig. 15. Barnyard grass
06bIKHOBEeHHbIN (Echinochloa (Echinochloa crus-galli (L.)

crus-galli (L.) Beauv.) — Beauv.) — an invasive
06bIYHbINV B arpoL,eHo3ax species common in
CpepnHen Cubupu niBasuBHbIi  agrocenoses of Central
Bug (choto A.J1. 36ens) Siberia (photo by A.L. Ebel)

The most frequently found are 16 species of weed
plants (see table) with a high incidence in the studied
agrocenoses. All of them belong to widespread weed
plants. More than half of the species listed in the table
belong to dangerous (Chenopodium album L., Setaria viridis
(L.) P. Beauv., Fallopia convolvulus (L.) A. Léve, Echinochloa
crus-galli (L.) P. Beauv., Amaranthus retroflexus L., Galeopsis
bifida Boenn.) and extremely dangerous (Avena fatua L.,
Cirsium setosum (Willd.) Besser, Sonchus arvensis L.) pests
of plant products [4, 5].

Half of the geobotanical descriptions (51%) con-
tain green bristlegrass (Setaria viridis (L.) P. Beauv.). In
southern regions of Khakassia and Krasnoyarsk Krai, it
is replaced by red bristlegrass (S. pumila (Poir.) Schult.),
which is found here in 27% of descriptions. In general,
we found bristlegrass in 76% of descriptions and it oc-
curs in agrocenoses throughout the whole studied area.

The incidence of lots (7 species each) of wormwood
(Artemisia) and tormentils (Potentilla) indicates a low level
of agricultural machinery used in these farmlands.

It should also be noted that we found species of weed
plants that are included in the lists of pests prohibited for
entry in several countries that import grain quite often
[6]. These are, for example, such species as Russian pig-
weed (Axyris amaranthoides L., prohibited for entry in Iran),
pigeonweed (Buglossoides arvensis (L.) .M. Johnst, pro-
hibited for entry in Mexico), viper’s bugloss (Echium vul-
gare L., Mexico, Sri Lanka), bearbind (Fallopia convolvulus
(L.) A. Love, Israel, Mexico), flaxweed (Linaria vulgaris Mill.,
Mexico), ball mustard (Neslia paniculata (L.) Desv., Mexico),
green bristlegrass (Setaria viridis (L.) P. Beauv., Brazil, Gua-
temala) and red bristlegrass (Setaria pumila (Poir.) Schult.,
Brazil, Guatemala, Mexico), field pennycress (Thlaspi ar-
vense L., Mexico, Paraguay, Syria, Thailand), night-flo-
wering catchfly (Silene noctiflora L., Mexico), horse daisy
(Tripleurospermum inodorum (L.) Sch. Bip., India, Mexico),
heartsease (Viola arvensis Murray, India), and others.

Studied agrocenoses also had 15 invasive spe-
cies included in the Black Book of the Flora of Siberia
(2016): Acer negundo L., Atriplex sagittata Borkh., Axyris
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Puc. 17. NaTyk komnacHbI (Lactuca serriola L.) Fig. 17. Compass plant (Lactuca serriola L.) is not

BCTpeyaeTcs He 4acCTo B arpoueHosax

often found in agrocenoses of Krasnoyarsk Krai

KpacHosipckoro kpasi u Xakacuu (choto A.J1. 36ensi)  and Khakassia (photo by A.L. Ebel)

OIMCAHUM U BCTPEUAIOTCS B arpOIleH03ax 10 BCEU UC-
CJIeZIOBAaHHOW TEPPUTOPUM.

[IpomspacTaHue B PsALe arpoieH030B TOBOJIbHO
D0JIBIIIOro KoJimuecTBa (110 7 BUIIOB) OJIbIHEN (Artemisia)
n namyaTtok (Potentilla) CBUIETENBCTBYET O HU3KOM
YPOBHE arpoTEXHUKU, TPUMEHIEMON B JJAHHBIX CEJThb-
XO3YTOIBSX.

CrnenyeT TakXe OTMETUTH, YTO B MCCJIEJOBAH-
HBIX arpoIeH03ax JOBOJIbHO YaCTO BCTPEYAITCS BULbI

amaranthoides L., Conyza canadensis (L.) Cronquist, Echi-
nochloa crus-galli (L.) Beauv., Echium vulgare L., Epilobium
adenocaulon Hausskn., Lactuca serriola L., Lepidium den-
siflorum Schrad., Malva verticillata L., Melilotus officinalis
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BcTpeyaeMoCTb OCHOBHBIX BU/I0B
COPHBIX PaCTEHUH B UCCJIeJOBAHHbBIX
arpoueHo3ax KpacHospCKoro kpas

u Pecniy6imku Xakacusa

BcTpeuaemMocCTs,
Bun, % OT 006IIero YKCJIa arpoLeHO30B
BerpeuvaemocTs Britie 50%
Chenopodium album L. 84

Panicum miliaceum ssp. ruderale (Kitag.) Tzvelev 62

Erodium cicutarium (L.) L'Hér. 53

Setaria viridis (L.) P. Beauv. 51

Berpeuaemocts 30-50%

Fallopia convolvulus (L.) A. Love 47
Avena fatua L. 44
Cirsium setosum (Willd.) Besser 44
Echinochloa crus-galli (L.) P. Beauv. 44
Linaria vulgaris Mill. 44
Chenopodium aristatum L. 42
Sonchus arvensis L. 42
Artemisia vulgaris L. 38
Lappula squarrosa (Retz.) Dumort. 38
Cannabis sativa L. 36
Amaranthus retroflexus L. 31
Galeopsis bifida Boenn. 31

COPHBIX PaCTeHUM, BKIIOUEHHbIE B CIUCKYA BPEIHBIX
OpPraHu3MOB, 3aIIPEIeHHbIX K BBO3Y B Psifie CTPaH — UM-
TTOPTEPOB 3€PHOMPOAYKINY [6]. 3TO, HATIPUMED, TaK1e
BU/JIbI, KAK: aKCUPUC IUPUTIEBBIN (AXyris amaranthoides L.,
3ampelned K BBO3y B Vpane), O6yTiIoccoOnmec MoeBOHn
(Buglossoides arvensis (L.) .M. Johnst, 3arpelieH K BBO3y
B MeKCUKe), CUHAK 0ObIKHOBEHHBIN (Echium vulgare 1.,
Mexcuka, [lTpu-Jlanka), rpedunInka BbloHKoBas (Fallopia
convolvulus (L.) A. Love, Mzpaunb, MeKCHKa), TbHIHKA
obbikHOBeHHad (Linaria vulgaris Mill., Mekcuka), Hec-
nusa metenbuaTtada (Neslia paniculata (L.) Desv., Mekcu-
Ka), MEeTUHHUKY 3eJieHbli (Setaria viridis (L.) P. Beauv.,
Bpasunuga, 'BaTeMasna) u HU3Kuil (Setaria pumila (Poir.)
Schult., Bpasunmsd, I'BaTemana, Mekcuka), spyTKa I10-
nesad (Thlaspi arvense L., Mexcuka, [Taparsati, Cupud,
Tawmnanm), cMojeBKa HouelBeTHad (Silene noctiflora L.,
Mexkcuka), TpexpebepHuK Henaxyunut (Tripleurospermum
inodorum (L.) Sch. Bip., uaus, Mekcuka), puaska rmoJje-
Bas (Viola arvensis Murray, IHIWS) 1 [Ip.

B cocraBe MccienoBaHHBIX arpolleH030B HaMU
OTMEUEHO 15 MHBAa3UBHBIX BUJIOB, BHECEHHBIX B «Hep-
Hyt0 KHUTY Qopel Cubupu» (2016): Acer negundo L.,
Atriplex sagittata Borkh., Axyris amaranthoides L., Conyza
canadensis (L..) Cronquist, Echinochloa crus-galli (L.) Beauv.,
Echium vulgare L., Epilobium adenocaulon Hausskn.,
Lactuca serriola L., Lepidium densiflorum Schrad., Malva
verticillata L., Melilotus officinalis (L.) Pall., Pastinaca
sativa L., Sphallerocarpus gracilis (Besser ex Trevir.)

OT HayKu K npakTuke

(L.) Pall., Pastinaca sativa L., Sphallerocarpus gracilis (Bess-
er ex Trevir.) Koso-Pol., Tripleurospermum inodorum (L.)
Sch. Bip., Vicia hirsuta (L.) Gray.

The incidence of barnyard grass (Echinochloa
crus-galli (L.) Beauv.) is quite high in the surveyed
area — this invasive weed plant was recorded in 44%
of the studied agrocenoses (Fig. 15). Butterweed (Co-
nyza canadensis (L.) Cronquist) was found in 18% of the
studied agrocenoses. Such species as parsnip (Pastinaca
sativa L.), Sphallerocarpus gracilis (Besser ex Trevir.) Ko-
so-Pol., horse daisy (Tripleurospermum inodorum (L.) Sch.
Bip.) are recorded in 11-13% of agrocenoses.

We found Sphallerocarpus gracilis (Besser ex Trevir.)
Koso-Pol. in agrocenoses of steppe regions of the Repub-
lic of Khakassia (Fig. 16). It grows on fields in rather large
numbers here. It is a biennial umbelliferous plant typical
for Central Siberia with a natural habitat confined to the
East Asian region (the Far East, Japanese and Chinese

Incidence of the main species of weed
plants in the studied agrocenoses

of Krasnoyarsk Krai and the Republic
of Khakassia

Incidence,
% from the total number
Species of agrocenoses
Incidence over 50%
Chenopodium album L. 84

Panicum miliaceum ssp. ruderale (Kitag.) Tzvelev 62

Erodium cicutarium (L.) L'Hér. 53

Setaria viridis (L.) P. Beauv. 51

30-50% incidence

Fallopia convolvulus (L.) A. Love 47
Avena fatua L. 44
Cirsium setosum (Willd.) Besser 44
Echinochloa crus-galli (L.) P. Beauv. 44
Linaria vulgaris Mill. 44
Chenopodium aristatum L. 42
Sonchus arvensis L. 42
Artemisia vulgaris L. 38
Lappula squarrosa (Retz.) Dumort. 38
Cannabis sativa L. 36
Amaranthus retroflexus L. 31
Galeopsis bifida Boenn. 31
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Puc. 18. T.B. 36enb

BO3Jle pacTteHus nebepbl
cTpenoBupHomn (Atriplex
sagittata Borkh.) Ha nweHnuHom  Borkh.) in a wheat field

Fig. 18. T.V. Ebel near
glossy-leaved orache
(Atriplex sagittata

nose B OKPeCTHOCTSX near the village of Bellyk
c. bennbik (KpacHoTypaHckuii (Krasnoturansky District
p-H KpacHosipckoro kpas) of Krasnoyarsk Krai)
(choTo A.J1. 36ensq) (photo by A.L. Ebel)

Koso-Pol., Tripleurospermum inodorum (L.) Sch. Bip., Vicia
hirsuta (L.) Gray.

IIOBOJILHO BBICOKA Ha 00CIEI0BAHHON TEPPUTOPUL
BCTPEUYAEMOCTD €XKOBHUKA 0OBIKHOBEHHOTO (Echinochloa
crus-galli (L.) Beauv.): 5TOT MHBA3WBHBIN COPHAK OTMEUEH
B 44% M3y4YeHHBIX arpoleHo30B (puc. 15). Menkoie-
TIecTHUYEK KaHaackuil (Conyza canadensis (L.) Cronquist)
BCTpeueH HaMmu B 18% ucciemoBaHHBIX arpoOleHO-
30B. Takme BUABI, KaK MacTepHaK moceBHou (Pastinaca
sativa L..), 0OMaHYMBOIIIONHUK TOHKUY (Sphallerocarpus
gracilis (Besser ex Trevir.) Koso-Pol.), TpexpebepHUK He-
naxyuuii (Tripleurospermum inodorum (L.) Sch. Bip.), oT-
MeueHbl B 11-13% arporeHo30B.

O6MaHYMBOTIIONHUK TOHKUU (Sphallerocarpus
gracilis (Besser ex Trevir.) Koso-Pol.) BcTpeueH HamMu
B arpoIieH03ax CTEITHbIX paioHOB Pecrtybinky Xakacus
(puc. 16). 3mech OH MTPOM3PACTAET Ha MOJIAX B IOBOJILHO
6OJIBIIOM KOJIMYECTBE. DTO XapaKTepHoe misa CpegHen
Cubupu IByleTHee 30HTUYHOE PACTEHNE C eCTECTBEH-
HBIM apeajioM, IIPUYPOUYEHHBIM K BOCTOUHO-A3MATCKOM
obsacTtu (JalbHEBOCTOYHO-ATIOHO-KNUTANCKUY PETH-
OH). BTOPUYHBIN apeas 3TOr0 MHBA3WBHOTO BX/Ia OXBa-
THIBAET MTOYTH BECh J[aibHUH BOCTOK, HOJIBIINYIO YacTh
Cubupu, a B KoHIe XX BeKa 5TOT BUJ ObLI 3aHECEH
B IIEHTPAaJIbHbIE PAMOHBI €BPOTIENCKOM YacTu Poccuu.
O6MaHYMBOILIOIHMK BEI3bIBAET 00eIHEeHUEe BULOBOTO
cOoCTaBa OKPY’XKAIIEeN pacTUTENbHOCTHU. [TosBIeHue
IAHHOTO COPHIKA B arpolleH03aX CBUMETEIbCTBYET
0 HeCcOO6JTI0IeHUY OCHOBHBIX ITPABUJI 30HAJIBHOM arpo-
TEXHUKU: HAPYUIEHUN YePeNOBAHUA KYJIbTYP B CEBOO-
60poTe, HeMOOPOKAYECTBEHHOM 1 HECBOEBPEMEHHOM
BBITTOJIHEHUY arPOTEXHUYECKUX ITPABUJI 110 06paboTKe
TIOYBBI U YXO/y 3a pacTeHUsIMH [8].

Jlatyk kommacHbl (Lactuca serriola L.) (puc. 17)
Y aKCUPUC MUPUTIEBRIN (Axyris amaranthoides 1..) BCTpe-
YajJurch TOBOJBHO PENKO (B 9% arporieHo30B). B nByx-
Tpex onrcanugax (0T 4 10 7% arpolieHo30B) OTMeYa-
nuch nebena crpenosunHaa (Atriplex sagittata Borkh.)
(puc. 18), ropomuiek Bojocuctwiit (Vicia hirsuta (L.) Gray),

region). The secondary habitat of this invasive species
covers almost the entire Far East, most of Siberia; at the
end of XX century, this species was introduced into the
central areas of European Russia. Sphallerocarpus graci-
lis causes the species composition of the surrounding
vegetation to deteriorate. The occurrence of this weed
plant in agrocenoses shows that main zonal agricultural
techniques are not observed: disruption of crop rotation,
poor quality and untimely fulfilment of farming proce-
dures on soil cultivation and plant care [8].

Compass plant (Lactuca serriola L.) (Fig. 17) and Rus-
sian pigweed (Axyris amaranthoides L.) was found rather
rarely (in 9% of agrocenoses). In two or three descrip-
tions (4-7% of agrocenoses) glossy-leaved orache (Atri-
plex sagittata Borkh.) (Fig. 18), common hairy tare (Vicia
hirsuta (L.) Gray), viper’s bugloss (Echium vulgare L.) and
common melilot (Melilotus officinalis (L.) Pall.) were ob-
served. As for ash-leaved maple (Acer negundo L.), fringed
willowherb (Epilobium adenocaulon Hausskn.), greenflow-
er pepperwort (Lepidium densiflorum Schrad.) and verti-
cillate mallow (Malva verticillata 1..) (Fig. 19), we recorded
them only once in agrocenoses.

When surveying ruderal vegetation during the ex-
pedition we found 4 sites (2 per Krasnoyarsk Krai and
Khakassia) of greater dodder (Cuscuta europaea L.). We
collected herbarium material of this quarantine species
and samples of seeds as well as took photos of the dis-
covered foci (Fig. 20, 21).

We also observed invasive species in the ruder-
al sites. In addition to the 16 species, mentioned above
(including the greater dodder), we also recorded 17
more invasive weed plant species that are included in
the Black Book of the Flora of Siberia (2016): Conium
maculatum L., Centaurea jacea L., C. pseudomaculosa Do-
brocz., Helianthus tuberosus L., Matricaria discoidea DC.,

Puc. 19. NpocBupHUK
MyToBuaTbin (Malva

Fig. 19. Verticillate mallow
(Malva verticillata L.)

verticillata L.) on a potato field in the
Ha KapTotenbHoM none village of Bolshoy Syutik
B A. BonbLoli CloTuk (Ordzhonikidzevsky

(OpOXKOHUKMA3EBCKUIA District of the Republic
p-H Pecnybnuku Xakacus) of Khakassia)
(thoTo A.J1. 6ens) (photo by A.L. Ebel)
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Puc. 20. Ouar noBUAUKM eBponencKomn Fig. 20. Focus of greater dodder (Cuscuta

(Cuscuta europaea L.) Ha 6epery

CUHSK 0OBIKHOBEHHBIN (Echium vulgare L..) M IOHHUK Jie-
kapcTBeHHbIN (Melilotus officinalis (L.) Pall.). A xyeH sce-
HEJNUCTHBIN (Acer negundo L..), KUTIpeil )KeJIe3UCTOCTe-
6enbHbIN (Epilobium adenocaulon Hausskn.), KJIOIIOBHUK
rycTonBeTKOBLIN (Lepidium densiflorum Schrad.) u mpo-
CBUPHUK MyTOBUaThIM (Malva verticillata L.) (puc. 19)
BCTPEUEHbl HAMH B arPOLeH03aX JINIIb OJHAKIbI.

B xo[ie sKCTIequIry TPy 06CIeq0BaHNY Pyaepasib-
HOU pacTUTENbHOCTU OBbLIN 0OHAPYXEHBI 4 MeCTOHA-
XoKIeHuda (1o 2 — B KpacHOSIpCKOM Kpae U B XaKacuu)
KapaHTWHHOTO BUA TTOBUJIMKY eBporieiickoit (Cuscuta
europaea 1..). Cobpan repbapHbIi MaTepuas JaHHOTO
KapaHTUHHOI'O BUAA 1 06pasibl CEMAH, CAeJIaHbl (DOTO-
CHUMKY 0O6HAPYKeHHBIX 049aroB (puc. 20, 21).

Tak)xe B pylepasbHBIX MECTOHAXOXIEHUIX OT-
MeyvaJINCh NHBAa3MBHLIE BUILL. KpoMe mepedrciieHHBIX
BBIIE 16 BUAOB (BKJIIOUAdA MOBUJIMKY €BPOIIENCKYIO)
6b11M 0OHAPY>KEHHI ertle 17 BUI0B MHBA3UBHbBIX COPHBIX
pacTeHUM, BHECEHHBIX B «HepHYI0 KHUTY Qiopbl Cu-
6upu» (2016): Conium maculatum L., Centaurea jacea L.,
C. pseudomaculosa Dobrocz., Helianthus tuberosus L.,
Matricaria discoidea DC., Solidago canadensis L., Impatiens
glandulifera Royle, Armoracia rusticana Gaertn., Rorippa
sylvestris (L.) Besser, Sisymbrium officinale (L.) Scop.,
Echinocystis lobata (Michx.) Torr. et A., Lotus corniculatus L.,
Medicago sativa L., Trifolium hybridum L., Elodea canadensis
Michx., Hordeum jubatum L., Ulmus laevis Pall., U. pumila 1..

UpesBbIYaliHO MUPOKO B HACEJIEHHBIX ITYHKTAX Xa-
Kacum 1 KpacHOSIPCKOTO Kpasd pacipoCcTpaHeH TUMeHb
TPUBACTEIN (puc. 22).

Taxxe NMIPeUMYIECTBEHHO C HACEJIEHHBIMU MTyHK-
TaMM CBJ3aHBI MHOTOUYMCIEHHBIE MECTOHAXOKIEHUI
HEJIOTPOTHY XeJIe3KOHOCHOU (Impatiens glandulifera Royle)
Y 3XUHOIUCTHCA JIortacTHOro (Echinocystis lobata (Michx.)
Torr. et A).

[To o6ouMHaM aBTOJOPOT, Ha MIYCThIPAX HEPETKO
BCTPEYAlOTCs BacuJeK JIyroBou (Centaurea jacea 1..), 60-
JIUTOJIOB TIATHUCTBIN (Conium maculatum L.). V3 monesa-
IIUTHBIX JIECHBIX [I0JIOC B €CTECTBEHHBIE MECTOOOUTAHU
AKTHBHO PACCeISIeTCs MIbM IPU3EMUCTBIH, WIIK Kaparad
(Ulmus pumila L.). A B HEKOTOPBIX BOI0EMAX UCCIEN0BAH-
HOU TepPUTOPMY HaMU ObLIIM 0OHAPYIKEHBI 0Uari 3J10/1en
KaHazckou (Elodea canadensis Michx.) (puc. 23).

europaea L.) on the bank of the Yesaulovka
p. EcaynoBka B A. KyckyH MaHckoro p-Ha  River in the village of Kuskun of Mansky District
KpacHosipckoro kpas (choTto T.B. 36enb) in Krasnoyarsk Krai (photo by T.V. Ebel)
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Solidago canadensis L., Impatiens
Slandulifera Royle, Armoracia rus-
ticana Gaertn., Rorippa sylvestris
(L.) Besser, Sisymbrium officina-
le (L.) Scop., Echinocystis lobata
(Michx.) Torr. et A., Lotus cornicu-
latus 1., Medicago sativa L., Trifoli-
um hybridum L., Elodea canadensis
Michx., Hordeum jubatum L., Ul-
mus laevis Pall., U pumila L.

Foxtail barley is extremely
widespread in the settlements of
Khakassia and Krasnoyarsk Krai
(Fig. 22).

Numerous records of Hi-
malayan balsam (Impatiens glan-
dulifera Royle) and wild balsam
apple (Echinocystis lobata (Michx.)
Torr. et A.) are also related to set-
tlements mostly.

Brown knapweed (Centaurea
Jjacea L.), carrot fern (Conium mac-
ulatum L.) are often found on the
roadsides, in bare places. Dwarf
Asiatic elm (Ulmus pumila 1..) actively spreads from forest
shelterbelts to natural habitats. We have also found foci of
American waterweed (Elodea canadensis Michx.) in some
water reservoirs of the studied areas (Fig. 23).

Thus, during the herbological expedition in the ter-
ritory of the Republic of Khakassia and southern regions
of Krasnoyarsk Krai, we identified the locations of 33 of
58 invasive species included in the Black Book of the Flo-
ra of Siberia (2016).

Herbal and carpological samples collected during
the expedition supplemented the carpological collection

Puc. 21. NoBunuka
eBponeiickas (Cuscuta
europaea L.) B 3apocnsix
KycTapHUKOB no bepery
p. PbibHas (c. Pbi6HOE
PbI6MHCKOrO p-Ha
KpacHosipckoro kpas)
(choTo A.J1. 36ensq)

Fig. 21. Greater dodder
(Cuscuta europaea L.) in
thickets of bushes along
the bank of the Rybnaya
River (the village of
Rybnoye in Rybinsky
District of Krasnoyarsk
Krai) (photo by A.L. Ebel)
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Puc. 22. UHBa3uBHbIN Fig. 22. Invasive foxtail
AauMeHb rpuBacTbit (Hordeum  barley (Hordeum jubatum L.)
jubatum L.) B HaceneHHbIX often forms solid thickets
NyHKTax yacto obpasyeTt in settlements (the village
CNJIOLWHbIEe 3apocaun of Ashkaul in Kansky District
(c. Awkayn KaHckoro parioHa  of Krasnoyarsk Krai)
KpacHosipckoro kpas) (photo by A.L. Ebel)

(choTo A.J1. 6ens)

TakmM 06pa3oM, B xoJie repboJIOTMUeCKOM DKCTIe-
IUITAY Ha TEPPUTOPUY PectybyinKy Xakacus 1 FXKHBIX
paitoHoB KpacHOIPCKOTO Kpas HaMU ObLIN BbISIBIEHEI
MeCTOHaxX0oXJeHud 33 13 58 MHBA3UBHBIX BUIOB, BKJTIO-
UEeHHBIX B «YepHyI0 KHUTY Qyiopbl Cubupn» (2016).

Il'epbapHble M KapIIOJOTHYecKre 06pasiibl, Co-
6paHHbIE B DKCIEAUIIMOHHON ITOe3IKe, TTOMOJHU-
JIM KapIIOJOTUYECKYI0 KOJIJIEKIINI0 U repbapuil co-
PHBIX ¥ MHBa3WBHBLIX BHUIOB, CO3maHHBIE Ha 6asze
VcmeiTaTenbHON JabopaTtopum ToMcKoro duianana
OI'BY «BHUUKP». YacTb cobpaHHBIX 06pasIioB repe-
naHa B ®TBY «BHUVKP». TToimyueHHBIE B Tep6OJIOTH-
YeCKOU DKCIeAUITNYI MaTePHaIbl OYAYT NCIIOIb30BAHEI
MTPY HAITMCAHWY HAYUHBIX OTYETOB U CTATEM.
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Puc. 23. 3apocnu u uBetyuwme
3K3eMMsApbl MHBA3UBHOWM
anopeu kaHapckoi (Elodea
canadensis Michx.),
06Hapy>KeHHON B NPOTOKe

p. MaHa (MaHckui p-H
KpacHosipckoro kpas)

(choTo A.J1. 36ens)

Fig. 23. Thickets and
flowering specimens of
invasive American waterweed
(Elodea canadensis Michx.),
found in the arm of the Mana
River (Mansky District of
Krasnoyarsk Krai)

(photo by A.L. Ebel)

and herbarium of weed and invasive plant species cre-
ated based on the Tomsk branch testing laboratory of
FGBU “VNIIKR”. Some of the collected samples were
transferred to FGBU “VNIIKR”. The materials received
in the herbological expedition will be used to prepare
scientific reports and articles.
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denepanbHOE rocyIapCcTBEHHOE
OIOI’KETHOE yUpe:KIeHue
«BcepoccUMCKUH IIEHTP KapaHTHHA
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— HayuyHoe 1 MeToguueckoe obecneyeHme — YcTaHoBNiEHUE KAPaHTUHHOIO = HayuHoe coTpyaHu4ecTso
JeaTtenbHocTu Poccenbxo3Haasopa, ¢MTocaHUTapHOro COCTOAHMUS C HauMOHaNbHbIMUK
ero TeppuTopUanbHbIX yNpaBieHui NogKapaHTUHHbIX MaTepuanos 1 MeXXayHapoAHbIMU
1 NoaBeaOMCTBEHHbIX eMYy n TeppuTopun Poccuinckoin Pepepavum opraHusauuamm B obnactu
yupexneHun B cchepe KapaHTUHA nyTem npoBeneHus nabopaTopHbIx KapaHTUHA pacTeHUi
M 3aLMTbl pacTeHU 3KCNepTMU3 U MOHUTOPUHIOB

» Begyuiee yupexgeHue B Poccuiickonn @egepaumm no CUHTE3Y U NPUMEHEHUID 140150, Poccus,
(bepOMOHOB Angd BbigdBNeHNa U 60pb6bl C KapaHTUHHbIMU U HEKQPAHTUHHbIMU

MockoBcKag 00J1aCTh,
PaMeHCKM palioH,
r. PamMeHCKoe, p.11. BBIKOBO,

BpeguTenamm

» ®rbY «BHUUKP» — napTHep MexAyHapoaHON NPorpamMmbl No KOOPAUHALMM
Hay4HbIX uccnepoBaHuin B obnactn kapaHTMHa pacteHun EUPHRESCO 11

(EUropean PHytosanitary RESearch COordination) ya. IlorpaHuyHasd, 1. 32
* B ®IrbY «BHUUKP» cospaH n pencteyeT TeXHUYeCKUin KoMuTeT Teu./dakc:
no ctaHpaptusaumm TK 42 «KapaHTUH 1 3almTa pacTeHuin» 8 (499) 707-22-27

* Begyuwee Hay4yHO-MeToAMUYeCKoe yupexkaeHue B coctaBe KoopaMHaLMOHHOIo

. e-mail: office@vniikr.ru
coBeTa Mo KapaHTUHY pacTeHUN rocyaapcTB — y4acTHUKoB CHI

http://www.vniikr.ru
» 22 hunuana Ha TeppuTopumn Poccuinckon depepauum
« [onoBHOE Hay4yHO-MeToaMU4YeCcKoe yupexaeHue no peanusauum MNnaHa
nepBooYepeHbIX MEPONPUATUIN, HAaNPaB/IEHHbIX HA FAPMOHU3ALLUI0
KapaHTUHHbBIX (hUTOCAHUTAPHBIX MEP FOCYAAPCTB — YiIeHOB TaMOXXEHHOro coto3a



