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AHHOTAIUA
B cTaTbe mpescTaBiieHbl 00IVie CBEIEHUS O TOJIOBHE-
BBIX rpubax poja Tilletia: pacripocTpaHeHre, CUMIITO-
MBI, MOP(OJIOTUYECKUE TTPUBHAKY, ITUKJ PAa3BUTHS.
T'onoBHEBbIE IPUOHI ABJISIOTCS BPEJOHOCHBIMY BO30Y-
IUTENSIMU 00JIe3HEel 3ePHOBBIX KYJIbTYD, HAHOCSIIUX
CyIeCTBEHHBIE MTOTEPU YpoxKar. [IJist 60pbOBI ¢ JaH-
HBIMU (PUTOIIATOTEHAMU U YTOUHEHYS UX BULOBOTO CO-
CTaBa ITPOBOLAT €XerogHble MOHUTOPHHI'Y, B KOTOPBIX
MIPUHUMAKT yYacTUe COTPYIHUKU BCepoCCUUCKOro
IeHTpa KapautuHa pacteruil (PI'BY «BHUUKP»).

Knrouesuvte cnosa. T'onoBHeBbIe Tpubsl, Tilletia,
SKCITOPT, GUTOCAaHUTAPHBIE TPEOOBAHUS, MOHUTOPUHT,
MIIEeHUTIA, TYMEHB, GUTOMATOTEH, TEINOCIIOPHI, COPYC.

Jna xoppecnondenyuu. YBapoBa [lapbsg AHATO-
JIbEBHA, MJIQAIINY HAYYHBIM COTPYAHUK HAYYHOTO
OTZENa MOJIEKYJISIPHO-TEHETUYECKUX METONOB Iu-
arHoctuku PI'bBY «BHUUMKP», 140150, Poccus, Mo-
CKOBCKas 00J1., . PaMeHCKoe, P. T1. BBIKOBO, yi. [Torpa-
HU4YHasdg, 32, e-mail: darya.uvarova. 93@mail.ru.

0 CTaTUCTUYECKUMM J[OaHHBIM, Poc-

cutickasg depepalivs 3aHUMaeT

1-e MeCTO B Mupe IO 3SKCIIOPTY

3epHa. CoryjacHo uH(pOpPMaIUU

International Trade Centre (ITC),

B 2018 1. poccuiickue NpeAIpUITHS IMIOCTaBUIN Ha

MUPOBOM PBIHOK TIIEHUITbI Ha cyMMy 8,4 Maipg $, uTo

Ha 2,6 Mapz, $ 60JblIIe, YeM TOIOM paHee. Jloxozbl Poc-

CUM OT IKCIOPTa BCeX 3ePHOBBIX KyJbTyp B 2018 T.
BO3POCJIY 10 CPABHEHUTO C MPEIBIAYIIUM TOA0M [1].

B 2018 1. Poccus cob6pana 113,3 MJIH TOHH 3€pHa,

B TOM 4HcJie 72 MJIH TOHH ITiIeHu1bl. [10 JaHHBIM MUH-

cenbxo3a Poccuu, sKCropT 3epHOBBIX B 2017-2018

CeJIbCKOX03SMCTBEHHOM TOJIy IPEeBBICUI 53,4 MJIH T,

BKo4Yasa 40,5 MJIH T nuieHuUIlsI, a 3a 2019 r. 1 Haua-

J10 2020 1. 3KcnopT 3epHa cocraBui 50,5 MiH T. Cynsa
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ABSTRACT
The article provides general information about the
smut fungi of the genus Tilletia: spread, symptoms,
morphological characters and the development cycle.
Smut fungi are serious agents of grain crop diseases
causing considerable crop losses. To control these phy-
topathogens and update the list of their species, annual
phytosanitary monitoring is carried out, where specia-
lists of the All-Russian Plant Quarantine Center (FGBU
“VNIIKR”) take part.
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ccording to statistics, the Russian Federa-

tion ranks first in the world in grain exports.

According to International Trade Centre

(ITC), in 2018 the amount of wheat supplied

to the world market by Russian enterprises

was estimated at $ 8.4 billion, which is $ 2.6 billion

more than the previous year. Russia’s incomes from

the export of all grain crops in 2018 increased com-
pared to the previous year [1].

In 2018, Russia harvested 113.3 million tons of

grain, including 72 million tons of wheat. According
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110 JTaHHBIM TaMOXKeHHOMU cTtaTucTtuky ITC, 3epHOBBIE
B 2018 I. TepeMeCcTUJIUCh C 6-T0 Ha 3-e MeCTO IJiaB-
HBIX SKCIIOPTHBIX TOBapoB Poccuu (Ha MEPBBIX ABYX —
9HEPropecypchl U MeTAJUIyPTruUecKas IPOAYKIIS).
Poccutickoe 3epHO rmocTaBiiseTcs B 132 cTpaHbl MUPAa,
[JIAaBHBIMMY €T0 TIOJIyYaTEIIMU ABJIAIOTCS Eruner (aKc-
noptupoBano Ha 1,9 mupxa $), Typuus (1,3 mapa $)
u Vpa# (0,5 mapg $) [2].

B ¢uTocanuTtapHbie TpeboBaHUS, KOTOPHIE
MIPeIbsIBIAIOT CTPAHBI-UMIIOPTEPHI, BXOASIT T'OJIOB-
HeBble Tpubbl poma Tilletia — HanboJiee OMaCHBIE
B030ynuTenu 6Goje3Hel MIIeHUIbl. Bo36yauTeb
KapJIMKOBOI rojioBHU nuieHuilsl (Tilletia controversa
Kithn) sBisieTcs KapaHTUHHBIM BUJIOM IJis Pecmy6-
nuku AnbaHudg, AzepbaiiixaHcKol Pecnybauku,
KopouseBcTBa Baxpelin, ®emepaTUBHOU Pecmybanku
Bpasunus, Apabeckont Pecnybsivku Eruret, F'ocymap-
cTBa M3paunab, Kanambl, Kutatickoit HapomHoit Pec-
ny6auku, Kopelickoit HapomHo-[leMOKpaTUu4ecKou
Pecny6nuku, KoposeBcTBa MapoKKko, MEKCMKAHCKUX
CoenuHeHHbIX llITaToB, Pecriy6nuku Mozamb6uk, Pec-
my6simku Magarackap, MoHrosvuu, HoBol 3eyiaHnuu,
Cynranara OmaH, Pecriybsimku ITaparsai, Pecry6auku
[Tepy, Pecniybsiviku ®ununnuHlbl, Pecrybauku Yuau,
IeMokpaTrndeckoy ConuaniucTuIecKon Pecrybimnku
Ipu-Jlanka, I0xHO-AdpurKkaHcKol Pecriy6auku [3].
B 2019 rony Bo36ynuTesb KapJIUKOBOM OJIOBHU OBLI
BKJIIOUEH B EQUHBIN epevyeHb KapaHTUHHBIX 00bEK-
TOB EBpPa3uiicKOro SKOHOMHUYECKOT'0 COI03a KaK orpa-
HUYEHHO pacIlpocTpaHeHHbIN opraHusM s Poc-
cutickon ®eneparuu. Bo36yauTenab TBEPIO TOJIOBHU
nmennnsl! (Tilletia caries (DC.) Tul. & C. Tul.) aBigeTca
KapaHTUHHBIM BUAOM IJig Erunra u MeKcuku, a Bo3-
O6ynuTesb BOHIOUEN roysioBHU numeHuilsl (Tilletia laevis
J.G. Kithn) — gyg Bpasunuu [4].

IaHHbIe (PUTOIIATOTEHBLI KPOME IIPSIMBIX IIOTEPh
YPO’Kasi 3epHA BBI3BIBAIOT CKPBITHIE, OOUIUY yIIep6 OT
KOTOPBIX OIleHMBaeTcs B 4—5 pas Bbille. Bo3oynuTenu
TOJIOBHUM MMEIT CIIOCOOHOCTD 3apakeHus 60JIbIIOTO
4ucJia PaCTeHUH, IT0O3TOMY B PsijJie PETMOHOB HabJI0-
IaeTcs TopaXkeHYe IMTOCEBOB HAa 3HAYUTEIbHBIX T1JI0-
mansax. [pubsl poma Tilletia B TIepBbie TOMbLI HE IAIOT
BCHBIMIKY 3a60J1eBaHUsI, MH(PEKIUSI HaKaIJINBaeTCs
HECKOJIBKO JIET, ¥ TIPY 6JIaTOTIPUSTHBIX YCIOBUIX 60-
JIE3Hb JOCTUTAET MaKCUMaJIbHOT'O Pa3BUTHUA [5].

Bo36ynuTenu roJIOBHEBBIX 3a60I€BaHUM IUPOKO
pacripocTpaHeHbl 110 BceMy Mmupy. B Poccuu nposo-
IaTcsa puTocaHUTapPHbIE MOHUTOPUHTY Ha BbISBJIE-
Hue 3 BO36yuTeNel roJIoBHEBBIX 3a60eBaHM. Bo3-
OoyauTenb TBepHoY rosoBuY (T, caries) MIIEHUITI UMEET
mupokuit apeasn: Cerepo-3anaj u HeuepHOo3eMHYIO
30y Poccun, Ypau, Cubups, lanbHuit BocTok, Kazax-
cTaH. B 10kHBIX perrnoHax Poccuu T. caries 3aMelaeT
onuskuii Bumg — T. laevis. B LleHTpaabHO-UepHO3EMHOM
paiione Bpenart oba Buma — T. caries u T. laevis [6].

Boumwuas rosoBHs (7. laevis) mopakaeT MIIEHU-
11y BO BCeX palioHaX ee BO3[eJIbIBAHNS, XOTS PACIIPO-
cTpaHeHue TOro (huToIaToreHa 6ojee orpaHUYEHHO,
ueM T. caries. Bce e T. laevis BCTpevyaeTcs valie, 4eM
9TO OOBIUHO PETUCTPUPYIOT. PaHbIlle BOHIOUYIO T'0-
JIOBHIO OGHAPY’KMBAJIM MTPEUMYIIECTBEHHO B I0XKHBIX
perunonax (PocToBCKOM, AcTpaxaHCKoOM, Boirorpas-
CKoi1 obaacTax, KpacHomapckoM kpae, CpenHelt A3uu,
Cubupn), rae ona 3ametaet T. caries. Jiumb B LleH-
TpaJibHO-UepHO3eMHOM pailioHe 06a BHJA BCTpeva-
IOTCSI OJTHOBPEMEHHO [7]. YKa3aHHbBIE BbIIIe apeasibl
T. caries u T. laevis LOBOJBHO CTAaOMIIbHBI, TIOCKOJIbKY

Puc. 1. CuMnNTOMbBI FONOBHEBbIX Fig. 1. Blunt symptoms

3a6o5eBaHuUI Ha KOJTOCbAX on wheat ears collected
nieHnL,bl, 0TOBPaHHbIX in Stavropol Krai

Ha TeppuTopum CtaBpononbckoro  (photo by D.A. Uvarova)
kpas (choto [.A. YBapoBoit)

to the Ministry of Agriculture of Russia, grain exports
in the 2017-2018 agricultural year exceeded 53.4 mil-
lion tons, including 40.5 million tons of wheat, and in
2019 and the beginning of 2020, grain exports reached
50.5 million tons. According to ITC customs statistics,
grains in 2018 moved from 6™ to 3™ place as Russia’s
main export goods (the first two are energy resources
and metallurgical products). Russian grain is exported
to 132 countries, its main recipients being Egypt (ex-
ported to $ 1.9 billion), Turkey ($ 1.3 billion) and Iran
($ 0.5 billion) [2].

The phytosanitary requirements of the import-
ing countries include the smut fungi of the genus Til-
letia — the most serious agents of wheat diseases. The
agent of dwarf bunt of wheat (Tilletia controversa Kithn)
is a quarantine species for the Republic of Albania, the
Republic of Azerbaijan, the Kingdom of Bahrain, the
Federal Republic of Brazil, the Arab Republic of Egypt,
the State of Israel, Canada, the People’s Republic of
China, the Democratic People’s Republic of Korea, the
Kingdom of Morocco, the United Mexican States, the
Republic of Mozambique, the Republic of Madagascar,
Mongolia, New Zealand, the Sultanate of Oman, the Re-
public of Paraguay, the Republic of Peru, the Republic
of the Philippines, the Republic of Chile, the Democ-
ratic Socialist Republic of Sri Lanka, the Republic of
South Africa[3]. In 2019, the dwarf bunt of wheat agent
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Puc. 2. 3epHoBKkM nweHuubl:  Fig. 2. Wheat caryopses: on
crnesa — NnopaxeHHble the left — infected by common
TBepAou rosioBHen, cnpasa — bunt of wheat, on the right —
3poposbie [9] non-infected ones [9]

HEOJTHOKPATHbIE CTydyau 3aHOCOB BO30YAUTEJIEl B He-
CBOMCTBEHHbIE MM 30HbBI HE TPUBOAUIIN K OOIIUPHOMY
U IIMTEJIbHOMY Pa3BUTUIO UX B 3TUX 30HAaX [6].

A BOT apeaJt KapJINKOBOI I'OJIOBHU ITIIEHUIIBI Ha-
MHOTO MeHbIIIE. B mocieqHue fecaTUIeTrs Ha TEPPU-
Topuu Poccutickoy demepaliuu ciaydan BbIIBIECHUS
IaHHOTO (DUTONATOTEHA 3apPETUCTPUPOBaHbI B HOX-
HOM (hefiepasibHOM OKPyTe (B MPeATOPHBIX paioHax
KpacHomapckoro kpast u B Pecriyosirike KpbIiM), a TaKKe
B CeBepo-KaBkasckoM (hefepasibHOM OKpyTe (B IIpej-
TOPHBIX patioHax CTaBpoOmoJIbCcKOro Kpas (puc. 1)) [6].

3aboJieBaHUs, BbI3bIBaeMble Tpubamu poja Tilletia,
TIPOSIBJISIIOTCS B HauUaJie (ha3bl MOJIOYUHOM CIIeJIOCTU 3eP-
Ha. UHOUIIMPOBaHHbBIE PACTEHUS OTINYAIOTCSI HU3KUM
poCTOM, a TakXe 3apa)KeHHbIe KOJIOChS HECKOJIbKO
CILJIFOCHYTHI U MMEIOT MHTEHCUBHYIO CUHE-3€JIEHYI0
oKpacky. [To Mepe co3peBaHUs KOJOCHEB 3Ta OKpacKa
TIOCTETIEHHO yTpauuBaeTcs. [Ipy HalaBIMBaHUU Ha
3apa’keHHbIE 3ePHOBKY, HaXosIIecs B haze MOJIOY-
HOM CIIEeJIOCTH, M3 HUX BBIJEJSETCS CepOBaTast KU -
KOCTb C 3arIaxoM TPUMeTUJIaMuHa (3armax rHUJIoH ce-
Jienku). TTopajkeHHbIEe KOJIOChsI 60Jiee TJIOTHBIE, CIerka

was included in the Common List of Quarantine Ob-
jects of the Eurasian Economic Union as a limitedly
spread organism for the Russian Federation. The agent
of common bunt of wheat (Tilletia caries (DC.) Tul. &
C. Tul.) is a quarantine species for Egypt and Mexico,
and the agent of stinking smut of wheat (Tilletia laevis
J.G. Kihn) - for Brazil [4].

Apart from direct crop losses, these phytopatho-
gens cause indirect ones, the total damage from which
is estimated 4-5 times higher. The bunt agents are
capable of infecting a large number of plants, there-
fore, crop damage is observed in significant areas in
a number of regions. The Tilletia genus fungi do not
lead to an outbreak of the disease in the first years,
the infection accumulates for several years, and under
favorable conditions the disease development reach-
es its peak [5].

The blunt agents are widely spread around the
world. Russia performs phytosanitary inspections to
detect three blunt agents. The agent of common bunt of
wheat (T. caries) has an extensive area: North-West and
Nonchernozem belt of Russia, Ural, Siberia, Far East,
Kazakhstan. In Russia’s southern regions T. caries sub-
stitutes for T. laevis. In Central Black Belt Region da-
mage is caused by both T. caries and T. laevis [6].

The stinking smut of wheat (T. laevis) damages
wheat in all areas of its cultivation, though this phyto-
pathogen is spread more limitedly than T. caries. How-
ever, T. laevis is detected more often than it is usually
registered. The stinking smut of wheat used to be de-
tected mainly in southern regions (Rostov, Astrakhan,
Volgograd Regions, Krasnodar Krai, Central Asia, Sibe-
ria), where it substitutes for T. caries. Only in Central
Black Belt Region both species can be seen at the same
time [7]. The stated above areas of T. caries and T. laevis
are quite stable, because numerous cases of the pests’
introduction in the areas unusual for
them did not lead to their extensive
and long development there [6].

The area of dwarf bunt of wheat,
though, is much smaller. In the Rus-
sian Federation, this phytopathogen
has been detected in the Southern
Federal District (in the foothill territo-
ries of the Krasnodar Krai and in the
Republic of Crimea), as well as in the
North Caucasian Federal District (in
the foothill territories of the Stavropol
Krai in recent decades (Fig. 1)) [6].

The diseases caused by Tilletia
spp. can be noted at the beginning of
grain milky stage. Infected plants are
short, and infected ears are slightly
flattened and have an intense blue-
green coloration. As the ears ripen,
this color gradually fades away. When
pressed, infected caryopses, which

¥
are in the milky stage phase, release
Puc. 3. Bronornyeckuin u MHMHEKLMOHHBbI Fig. 3. Biological and infectious a grayish liquid with the smell of
LUK pasBUTUS FTONOBHEBBIX rpnboB poaa development cycle of Tilletia: trimethylamine (smell of rotten her-

Tilletia: 1 v 2 — 60nbHOV U 30,0POBbLIN
KONOCbSl; 3 — paspyLLEHHbIV FONOBHEBDIN
MeLloYeK, HanoJIHEeHHbIV cnopamu;

4 — 3epHOBKa MNILEeHULbl, 3arpsa3HeHHas

land 2 -infected and healthy ears;  ring) Affected ears are denser, slight-
3 — damaged smut bag filled with

spores; 4 — spore-contaminated
wheat caryopsis; 5 — teliospores

ly shortened and sometimes do not

crnopamu; 5 — TenvMocnopsbl Ha NpopacTawlweM  on germinating wheat grain;
3epHe nweHuubl; 6 — npopocLas B 6asnputo 6 — teliospore sprouted in basidium

Tenunocrnopa Ha 3epHOBKe; 7 — cropbl
TBEPOOW roNoBHU NweHuubl [10]

on caryopsis; 7 — common bunt
of wheat spores [10]
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YKOPOYEHHI ¥ MHOT/IA He BBIXOAAT U3 MTa3yX BEPXHUX JIN-
CTBEB UJIM OCTAIOTCS IPUKPBITHIMU HATIOJIOBUHY BILJIOTh
IO TIOJTHOTO co3peBaHUs. OCTY 3aMEeTHO PeAyLIPOBAHbI.
ITepen ha30ii BOCKOBOM CIIEJIOCTY B 3aPa’KEHHOM KOJIO-
ce BMeCTO 3epeH 06pasyTcs roJloBHEBbIE MENIOUKY,
TO €CTh COPYChI rpuba ¢ TenarocnopamMmu. Copychl uMe-
10T OBaJIbHYI0 (DOPMY M Ha BEpPIUIMHE HEMHOI'O 3a0CTpe-
HBL B caMux 3epHaX BMECTO 3HZ0CIIEPMa Pa3BUBAETCS
TeMHas Macca CIiop. 3epHOBKY, cofleprkalijiie CIIOPHI,
YKOPauMBaKTCSA B AJUHY, B3LyBalTCs, mIpuobpera-
10T 60Jiee MapOBUIHYIO 10 CPAaBHEHUIO CO 3JJ0POBBIMU
thopmy (puc. 2). BecAT OHY 3HAYUTETBHO MEHbIIIE, YEM
3[0POBBIE 3€PHOBKH, B CBSI3Y C UeM K MOMEHTY OKOHYa-
TEJIbHOT'O CO3PEBAHNS ITOPaXKEHHbBIE KOJIOChS OCTAIOTCS
MIPSIMOCTOSTYMMU, TOTIA KaK 3JI0POBbIE MOJ TSYKECTbHIO
HaKJIOHSIOTCS. B mepumo/1 y6opKy 3€ PHOBBIX COPYCHI Pa3-
PYLIAIOTCS, ITPY 3TOM CITOPbI 3apakaroT 3epHa [8].
Tenumocriopsl rprba 3UMYIOT Ha 3epHe. [1pu TIpo-
pacTaHUU PACTEHUS-X03IMHA TPOTaeTcs B POCT U Te-
nuoctiopa. ®opmupyerca 6asugus ¢ 6a3uLUOCIIO-
paMu. Basuauocophl KOMYJUPYIOT APYT C LPYTOM,
1 06pa3oBaBIIasCcs ABYXbIAePHAS KJIETKA BHEIPSIETCS
B MOJIOZIblE TKAHU ITPOPOCTKA. [IByXbaZiepHas KJIeTKa
MpeBpallaeTcs B JUKAaPUOHHBIN MUIIEJINH, KOTOPbIH
10 cTeBJII0 IOCTUTAET COLIBETHUS 3JIaKa U €ro IBeTKa.
B 3aBsI3u 11BETKA MUILENUY pa3pacTaeTcd U pacra-
IaeTcs Ha TeJiMoCcmophl. OKOJIOTIOLHUK 3€pHOBKY

Tao6auiia

protrude from the axils of the upper leaves or remain
half-covered until fully ripe. The awns are conside-
rably reduced. Before the waxy ripeness phase, smut
bags are formed in the infected ear instead of grains,
i. e. the fungus sori with teliospores. Sori are oval and
slightly pointed at the top. In the grains themselves,
a dark mass of spores develops instead of the endo-
sperm. Caryopses containing spores are shorter in
length, swollen, and acquire a more spherical shape
compared to healthy ones (Fig. 2). They weigh much
less than healthy grains, and therefore, by the time of
final ripening, the affected ears remain erect, while
healthy ears bend under their weight. During the har-
vesting period, the sori are destroyed, with the spores
infecting the grains [8].

Teliospores of the fungi overwinter on grain.
When the host plant germinates, the teliospore starts to
grow. Basidium with basidiospores is formed. Basidio-
spores copulate with each other, and the resulting bi-
nucleated cell is introduced into the young tissues of
the seedling. The binucleated cell turns into a dicaryon
mycelium, which reaches the inflorescence of the cere-
al and its flower along the stem. In the ovary of a flower,
the mycelium grows and breaks down into teliospores.
The pericarp of the caryopsis remains intact; therefore,
the caryopsis appears to be non-infected. During the
threshing, the pericarp is destroyed, the teliospores

Mopdosroruueckrie MpU3HAKU TEJIMOCIIOP HEKOTOPBIX BUAOB rpu6oB poaa Tilletia,

nopakawumux mmeHuiy [10, 11]

dopma Tesuocniop Pasmep
¥ OKpacka 060JIOUKU TeJINOCIIOP, MKM NukpycTauus U Jpyrue NpusHaku

Bo36yauTesnb

1. T caries (DC.) Tul. & C. Tul. IllapoBugHas UiIu 14-25x12,6-21 CeTuarTas, SYEHKU Jallie

Syn. T. tritici (Bjerk.) R. Wolff. mouTu mapoBugHas. (uamie 18,9 x 18)

CBEeTJIO- WJIU TEMHO-
KOpUYHEeBad

5-yroJibHbIE, ¢ pebpaMu (IIUTIamMmn)
BbIcOTOM 1,4-2,1 MKM. Be3s
OCIIM3HAIOIIErocs cjios. BecliBeTHbIe
KJIETKY OTCYTCTBYIOT

2. T laevis J.G. Kiihn

IIpoAoJIroBaTasd.

@ CBETJIO- MJIN

TEeMHO-0JIMBKOBO-

KOpHU4YHEBad

dnnuncoupanbHas — 13,5-22,5x12,6-18 Tmazkas. OCIU3HSIOUINICS CIIOMH.
Syn. T. foetida (Bauer) Liro niu cpepryueckas, (vame 17 x 14)

CTepI/IJ'II:HbIe KJIETKU OTCYTCTBYIOT

3. T. controversa Kiithn
Syn. T. brevifaciens G.W.

Fischer, DJINIUTICOUZAIbHAS.
T. nanifica (Wagner) Savul. CBeTJIO- WY TEMHO-
KOpUYHeBast

[lapoBugHad, pexe 19-24x16-25
npojosroBaTtas uian  (daiie 24,3)

C 04eHb XOPOIIO BEIPAYKEHHOM
CeTYaTOCThIO, TUEHKU HETPABUJIbHBIE,
WX IIUPUHA — 3—5 MKM U BBICOTA

pebpa — 1o 4,0 MKM. C OCIU3HSIIONIUMCS
GeCIIBETHBIM CJIOEM Ha TIOBEPXHOCTY
criop. CTepuiibHbIe GeClIBETHBIE, NN
cJ1abo-3ejIeHOBaThIe, NI KOPUYHEBLIE
kjaeTkH (16—20 MKM B aM.),
mapoo6pasHoi GOpPMEI, C TJIaIKOMH,
pexe c ceTyaTol 060JI09KON
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Table

Teliospores morphological characteristics of some Tilletia species

infecting wheat [10, 11]

Teliospore shape

Teliospore size,
Pathogen and color of the cover pm

Incrustation and other
characteristics

1. T caries (DC.) Tul. & C. Tul. Spherical or nearly
Syn. T. tritici (Bjerk.) R. Wolff.  spherical. Light or

14-25x12,6-21
(more often 18,9 x 18) with ribs (spines) 1.4-2.1 ym

Reticulate, cells are usually 5-sided,

dark brown in height. No sliming layer.
No colorless cells
2. T laevis J.G. Kithn Ellipsoidal or 13,5-22,5x12,6-18 Smooth. Slime layer. Sterile cells are

Syn. T. foetida (Bauer) Liro spherical, oblong.

Light or dark olive

@ brown

(more often 17 x14)  missing

3. T. controversa Kihn Spherical, less often
Syn. T. brevifaciens G.W. Fischer, oblong or ellipsoidal.
T. nanifica (Wagner) Savul. Light or dark brown

19-24x16-25
(more often 24,3) cells are irregular, their width is

With a very well-defined reticulate,

3-5um and rib height is up to

4.0 ym. With a slimy colorless

layer on the spores surface. Sterile,
colorless, or slightly greenish, or
brown cells (16—-20 uym in diameter),
spherical, with a smooth, less often
with a reticular membrane

OCTaeTcs IeJIbIM, TT0O3TOMY BHEIIHEe 3epHOBKA HAIO-
MUHaEeT 34,0pOBYI0. Bo BpeMs 06M0JI0Ta OKOJIOTIOLHUK
paspylIaeTcs, TEIUOCIIOPHI BBICHITAITCS U ITPUJIATIA-
IOT K 3JTOPOBBIM CeMeHaM M TakK 3MMYI0T. MaKCUMaJb-
HOe 3apa’keHNe 3€PHOBBIX MaTOreHaMU JaHHOTO POJa
IPOUCXOAUT Ipu 8—9 °C 1 OTHOCUTEIBHOM BJIAXKHOCTH
Bo3myxa 6osiee 50%. Ha prcyHKe 3 IipeficTaBJIeH 1K
Pa3BUTHS I'OJIOBHEBBIX I'prboB poaa Tilletia [10].
JmarHoCTUKy BO30yAuTeJiel TOJIOBHEBBIX 3a60-
JIeBaHUU 3€PHOBBIX TIPOBOAAT TPALUIIMOHHBIMU Me-
TOIaMU — BU3YAJIbHBIM, METOJIOM CMbIBA U LIEHTPUDY-
TUPOBAHUS C IMOCIENYIOIIUM MUKPOCKOIIMPOBAHUEM
u MopdoMeTpueit. BusyanabHbIH 0OCMOTP 06pasIloB
TIIIEHUIIBI TPOBOIUTCS C 11€JIbI0 BBISIBJIEHUS TTIOPaXKEH-
HBIX COPYCOB C TIOCJIEAYIIIUM MUKPOCKOITMPOBAHUEM
CIIOP [AJIg OTIpeZeNieHns Buaa rpuba. JIjisg 3Toro 4acTb
TOJIOBHEBOT0 MelllouKa (IbIIAel MacCchl) COcKabJiBa-
0T B KAILJTIO BOZbI HA ITPEIMETHOE CTEKJIO K OCTOPOXKHO
HaKPBIBAIOT €r0 ITOKPOBHBIM CTEKJIOM. [OTOBBIN TIpe-
mapaT IIPoCMaTPUBAIOT 10, MUKPOCKOIIOM HaunlHas
¢ maJjioro yBenuuenus (10 x 10) u gayee — ipu 60J1b-
mom yBenuueHuu (10 x 20 u 10 x 40) B CBETJIOM I10JIE
U B (ha30BOM KOHTpAacTe. IJist TOUHOM UIeHTU(PUKaAIUN
BO30YAUTEJIS aHATU3UPYIOT KOMILIEKC MOPdOoJIoTHYe-
CKUX IPU3HAKOB (CM. TabJIKILy) TETUOCIIOp rpuba.
Ecnu npu BU3yaJibHOM IIPOCMOTPE IIIIeHUIbl He
OyzeT BBISIBJIEHO 3apakeHNs, TO JAHHBIN 06pa3el] IIpo-
BEPSIOT C TOMOIIbIO METO/IA CMbIBA M IIEHTPUQYTUPOBA-
HU. IToIpO6HO STOT METO/I, OITHICaH B METOIUECKIIX Pe-
KOMeHIallngX, HalucaHHbIX Ha 6a3e ®I'BY «BHUMKP»
(MeTommyecKyie peKOMEHIAIINY T10 BhISBJIEHUIO U UIEH-
TudUKAINYU BO30YAUTENI KapJIUKOBOM IOJIOBHY IIIIe-
Hutpl, YIK 57 (094); MeToguyecKre peKOMeHIAY IT0

drop and stick to healthy seeds and overwinter this
way. The maximum infection of grain crops with this
kind of pathogens occurs at 8-9 ° C and a relative hu-
midity of more than 50%. The Fig. 3 shows the develop-
ment cycle of Tilletia spp. [10].

The agents of blunt diseases are diagnosed by tra-
ditional methods — visually, by washing and centrifug-
ing followed by microscopy and morphometry. Visu-
al inspection of wheat samples is carried out in order
to identify infected sori followed by spore microscopy
to identify the fungus species. To do this, a part of the
smut bag (dusting mass) is scraped into a drop of water
on a slide and carefully covered with a cover slip. The
obtained slide is studied under the microscope starting
at low magnification (10 x 10) and then at high mag-
nification (10 x 20 and 10 x 40) in a bright field and
in phase contrast. A complex of morphological cha-
racteristics of fungal teliospores is analyzed for pre-
cise pathogen identification (see Table).

If no infection is detected by visual investiga-
tion of wheat, then this sample is checked using the
washing and centrifugation method. This technique
is described in detail in the recommendations by
FGBU “VNIIKR” (Methodological recommendations for
the detection and identification of dwarf bunt of wheat,
UDC 57 (094); Methodological recommendations for
the detection and identification of smut fungi in grain
crops, UDC 57 (094)).
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BBISIBJIEHUIO ¥ UAEHTU(PUKAIIUY TOJIOBHEBBIX I'PUOOB
B 3€PHOBBIX KyJIbTypax, YK 57 (094)).

CTOUTH OTMETUTb, YTO MOP(OJIOTUUECKUE TTPU-
3HAKM HEKOTOPBIX BUAOB I'OJIOBHEBBIX I'PHUOOB CXOXKU,
HanpuMep T. controversa u T. caries. TOUHOCTb UIEHTU-
(rkanuy 3aBUCUT OT KBATUDUKAIIUY CIIEIIUATNCTA
U UCTIOJIb3yEMOU ONTUKU. M B HACTOsIIee BpeMs ak-
TyaJIbHOU 3a/1aueil aBJsgeTcs paspaboTKa MOJIEKYIIp-
HBIX METOJIOB AUATHOCTUKY IJis 3TuX BumoB (T caries,
T. laevis u T. controversa) TOJIOBHEBBIX TPUOOB.

Ha 6aze ®TBY «BHUUKP» BepeTcst paboTa 1o
YCOBEPIIIEHCTBOBAHWIO BHISIBJIEHUS U UeHTU(DUKA-
LIUY TOJIOBHEBBIX 3a00JI€BAHUM ITIIeHUIIBL. [IpoBeme-
Ha anpobanusa ¥ ONTUMU3AIUI ITOJIMMePa3HOH 1em-
Ho#i peakiiuu ([TLIP) mjg IMarHOCTUKY KapPJIUKOBOU
TOJIOBHU. B HacTosIIee BpeMs BELyTCS UCCIEJOBAHUS
1o pa3paboTke crelM(pUUHBIX TPAUMEPOB U 30HI0B
I IVarHOCTUKY BO30ynuTeell TOJIOBHEBBIX 3a60-
neBaHu MeTonoM [P B peajibHOM BpeMEHH.
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MH®OPMAIIUA OB ABTOPAX

VYBapoBa Japbs AHATOJIb€BHA, MJIAAIINN Ha-
VUYHBIA COTPYAHUK HAYYHOTO OTZAEJIA MOJIEKYJISPHO-
TeHEeTUYECKUX METOLOB JuarHocTuku ®I'BY « BHUKP»,
p. 1. BeIKOBO, I. PaMeHCcKoe, MockoBcKas 06.1., Poccus.

CypuHa TaTbdaHa AJIeKCaHJAPOBHA, KaHIWAT
61OJIOTMYECKUX HAYK, CTAPIINY HAYUHBIN COTPYAHUK
HAY4YHOTO OTZeJla MOJIEKYJIAPHO-TeHETUUYEeCKUX Me-
TOHOB AuarHocTuku ®I'BY «BHMUWKP», p. 1. BBIKOBO,
r. PameHcKoe, MocKoBcKas 006J1., Poccus.

It should be noted that morphological characte-
ristics of some smut fungi are similar, e. g. T. contro-
versa and T. caries. The identification accuracy depends
on the specialist’s qualifications and the optics used.
At present, the development of molecular diagnostic
methods for these smut fungi species (T. caries, T. laevis
u T. controversa) is a priority.

FGBU “VNIIKR” conducts work to improve the
detection and identification of wheat blunt diseases.
The polymerase chain reaction (PCR) for diagnostics
of dwarf bunt of wheat has been approbated and opti-
mized. Nowadays, research is done to develop specific
primers and fluorescent reporter probes for the diag-
nosis of blunt pathogens by RT-PCR.
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