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AHHOTAIIUA
[TacMo sIBIsETCS OITacHBIM 3a60JIeBaHUEM JJIS KYJIb-
TYPHBIX U JUKOPACTYLIUX BUJIOB JIbHA, U €r0 BO30y-
nutenb, Mycosphaerella linicola Naumov (Septoria lini-
cola (Speg.) Garass.), *MeeT KapaHTUHHBIHN CTaTyC IJIsT
psiza cTpaH, 3aKyInarollux JbHOIPOAYKIIUIO B Poccum.
Jlyist TOTO UTO6BI AKCTIOPTUPYyEMast u3 Poccuu ceMeHHas
MIPOAYKIIVS JIbHA COOTBETCTBOBAJIa COBPEMEHHBIM (hU-
TOCAHUTAPHBIM TPE6OBAHUIM, OHA JOJKHA OBITH CBO-
60/lHA OT OMACHBIX PACTUTEJbHBIX IIATOTEHOB, B TOM
yuciie u oT Mycosphaerella linicola, KOTOPbBIN, HECMOTPS
Ha IIMPOKOE pacIIPOCTpaHeHe, BXOAUT B KaPaHTUH-
HbIe CIIMCKU TaKWX CTPaH, Kak Erumet, Y36eKucTaH,
Pecnryonuka Kopes, Kurtait u Benapyce. [ToaToMy mo-
HUMaHWe 6MO0JIOTUYECKUX ITPOLIECCOB KUBHEAEATENb-
HOCTY BO36YIUTEJIS TIACMO JIbHA U CBSI3aHHbIE C 3TUM
BOTIPOCHI OOHAPYKEHUS U UAeHTUDUKAIINY Tprobpe-
TawT 0coboe 3HaveHne. COBpeMeHHast [UarHOCTUKa
(huTOMmaTOreHOB BKJIIOUAET B ce6S1 KOMILJIEKC Mep, OC-
HOBAHHBIX Ha COYETAHUM MOJIEKYJISIPHO-TEHETHYEe-
CKMX U KJIACCUYECKUX METOMIOB. B cTaThe paccMaTpu-
BAKTCS BOIIPOCHI, OTHOCSIUECS K OMOJIOTUIECKOMY
MeTONy UeHTU(DUKALMY BO3OYIUTEIISI, OCHOBAHHOMY
Ha 3HaHUIX 6U0JIOrMUeCKUX 0COOEHHOCTEN Pa3BUTUS
3a60JIeBaHUS U KYJIbTYPaJbHO-MOP(OIOruIecKoro
aHaju3a. B ncciemoBaHULX, IPOBEJEHHBIX aBTOPa-
Mu B 2021 1. Ha 6a3e ®T'BY «BHUUKP», BbIsIBJI€HbI
Y HaTJISLHO MTPOUJIIIOCTPUPOBAHBI BaXKHbBIE aCIIEKTHI
MTPOXOXKIEHUS KU3HEHHOTO IuKJa Septoria linicola
Ha araprns30BaHHBIX ITMTAaTEJIbHBIX CPpeaax, IT03BOJIA-
olIve naeHTU(UIMPOBATh BO30YAUTES [TaCMO JbHA
B J1aGOPaTOPHBIX YCIOBUSIX B KOPOTKUE CPOKU. TakxKe
B CTaThe PACCMaTPUBAIOTCS BOITPOCHI UCTOPUM pac-
pocTpaHeHus 3a60eBaHUS U U3BMEHEHUN TaKCOHO-
MUYECKOTO CTaTyca BO30OYAUTES.

Knrowuesste cnosa. Mycosphaerella linicola, cramus
Septogloeum, cmopoHouieHue Tuna Melanconiales, TUK-
HUJUAJbHOE CIIOPOHOIIEHUE, KYIbTyPajibHO-MOP()O-
JIOTUYECKUU METO[I, YnucTasd KyJbTypa, [ICEBJIOTELNH,
ackocropsl, pusuosiorunueckas Gopma, UHOKYJISIINS,
JIMarHOCTHUKA.
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ABSTRACT
Pasmo is a dangerous disease for cultivated and wild
flax species, its pathogen, Mycosphaerella linicola Nau-
mov (Septoria linicola (Speg.) Garass.), has a quaran-
tine status for some countries importing flax products
from Russia. For flax seed products exported from Rus-
sia to meet modern phytosanitary requirements, they
must be free from dangerous plant pathogens, includ-
ing Mycosphaerella linicola, which, despite its wide distri-
bution, is included in the quarantine lists of countries
such as Egypt, Uzbekistan, the Republic of Korea, Chi-
na and Belarus. Therefore, understanding the biologi-
cal processes of the vital activity of the pasmo flax di-
sease pathogen and the related issues of detection and
identification are of particular importance. Modern
diagnostics of phytopathogens includes a set of mea-
sures based on a combination of molecular genetic and
classical methods. The article considers issues relat-
ed to the biological method of pathogen identification,
based on knowledge of the biological characteristics of
the disease development and cultural and morpholo-
gical analysis. In the studies conducted by the authors
in 2021 on the basis of FGBU “VNIIKR”, important as-
pects of the life cycle of Septoria linicola are identified
and clearly illustrated on agar nutrient media, allow-
ing identification of the causative agent of flax pasmo
disease in the laboratory in a short time. The article
also discusses the history of the spread of the disease
and changes in the taxonomic status of the pathogen.

Key words. Mycosphaerella linicola, Septogloeum
stage, Melanconiales sporulation, pycnidial sporulation,
cultural morphological method, pure culture, pseudo-
thecia, ascospores, physiological form, inoculation,
diagnostics.
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BBEJEHUE

HcTopus oGHapYKEeHUIt
U pacnpocTpaHeHue
abojieBaHMe IacMo JIbHA, IIUPOKO pac-
ITPOCTPAaHEHHOE BO BCEX JIbHOCEIIIUX
permoHax Mupa, UMeeT HECKOJIbKO He-
O0OBIUHYI0 U 0 CUX TOP JO0 KOHIIA He
BBISICHEHHYI0 UCTOPUI0. BriepBbIe 3a60-
JleBaHUe 6bLIO 0OHApPY>XeHO B ApTeH-
TrHe B 1909 r. uccaepoBateynem Crie-
rariyHy Ha JibHE, COGPAaHHOM B TOM
JKe ToZy B OKpecTHOCTsX Jla-Tlnars! (Spegazzini, 1911,
series II1, series V). OmHaKo, BpI i ApTeHTHUHA ABJISI-
eTcsl poIHOM 3a60JieBaHMs, TIOCKOJIBKY KYJIbTyPHBIE
BU/IbI JIbHA B OTOM CTpPaHe M3HAYaJIbHO UMEJU WHO-
3eMHO€E MPOUCXOKIEeHNE, a Ha TUKUX BUIAX JIbHA, 10
yTBepXXIeHuIo [apaccuHy, 3a60eBaHne OTMEUEHO He
6n1710 (Garassini, 1938). B 1916 1. 3a6oieBaHue o6Ha-
pyxusarrT B CIIIA, B 1928 1. B Kanaze, B 1930 1. B Ho-
Boi 3emaHguu v Ha JJanbHeM BocTtoke CCCP, B 1938 .
B EBporne, B 1941 1. B Adpuke u B 1958 r. B Kurae.
3a 50 jeT 3aboJjieBaHUE PACIIPOCTPAHSIETCS II0 BCe-
My MUPY, ¥ Be3le, IIe OHO IOSIBISIETCS, €r0 CUUTAIOT
OIHUM M3 CaMbIX BPEJOHOCHBIX Ha KYJIbType JbHa
(puc. 1).

TTepBOoHAYAJIbHO BO36GYAUTENb ObLI orTrcaH Crie-
raguuau B 1911 1. mox uMmeneM Phlyctaena linicola
Speg., Ipu 3TOM XapaKTePHbIMU TaKCOHOMUYECKUMU
MpU3HaKaMU YKa3bIBaJUCh TaKWe, KaK HaJuudue T0]
STUIEPMUCOM He BIIOJIHE CDOPMUPOBAHHBIX TUKHU/T
C MUPOKUM YCTbUILIEM U HaJIUYUE OJHOKJIETOUHBIX
crop (Spegazzini, 1911, series III). [IpuMepPHO B 3TO Xe
BPEMSI I10 TPUYNHE XapPaKTePHOTO HEMMUKHUAUATbHO-
T'0 CIIOPOHOIIEHUS DTOT JKe TPub ObLI OTIMCAH STUM Ke
aBTOpOM Kak Septogloeum linicola Speg. (Spegazzini,
1911, series V). B 1938 r. l'apaccuHU JOKa3bIBAET OIIN-
GOYHOCTD TAKOT'O CCTEMATHUUYECKOI0 ITOJIOXKEHUS BO3-
OynuTeJis Ha OCHOBAHWM TOTO, YTO B Pa3BUTUU rpuba
OITHOBPEMEHHO MOXKHO OBLIO HAUTH NIMPOKO PACKPBI-
Thle TUKHUMABI, TUKHUIBI ¢ HEOOJBIIUM YCThUIIEM
W YYACTKM CIIOPOHOIIEHUs, HATTOMUHAIONIME JIOXKa
MeJIaHKOHUEBBIX IpuboB. K TOMY e 6bLJI0 TTOKa3aHo,
YTO IIOMUMO OJHOKJIETOUHBIX CIIOP, XapaKTEePHBIX
IJs pona Phlyctaena, y BO3OYOUTENST MMEIOTCS MHOTO-
KJIETOUHBbIE CIIOPHI, Yallle BCETO C TPeMsI Ieperopos -
KaMu. Bce 3TO ITO3BOJIMIIO MCCJIEeL0BATENI0 OTHECTH
BO30yIUTENs [TacMO JibHA K ITPEeICTaBUTEISIM pojia
Septoria moa uMeHeM Septoria
linicola (Speg.) Garass. (Garas-
sini, 1938). B ToMm ke roay Boui-
JleHBeOep HalleJ Ha JbHSHOU
cojioMe u3 APreHTUHBI cyMya-
TYI0 CTaIUI0 BO3OYOUTEJS Mac-
MO M omucal ee Kak Sphaerella
linicola (Wollenweber, 1938).
EMy ymajsock U3 CyMKOCIIOP I10-
JIVUYUTD KyABTYPY Septoria linicola,
npuyeM B ero pabore o6pasoBa-
HUI0 TUKHUINATBHOTO CIIOPOHO-

Septogloeum. TakuMm 06pasoM, (https://betaren.ru/harmful/bolezni/

OblJIa yCTAHOBJIEHA reHeTHUdec- bolezni-lna/pasmo/)
Kas cBs3b Sphaerella linicola c He-

COBEpPIIEeHHbIMU CIOPOHOIIeHUuIMU Septoria linicola
u Septogloeum linicola. Boyee TO3LHNE UCCIELOBAHUS
TI03BOJIMJIM TIepyaHCKOMY MUKoJory I'apcua-Pajne
nmepenMeHoBaTh rpub B Mycosphaerella linorum (Woll.)

Puc. 1. CaMNTOMbI NAcMo JSibHa

INTRODUCTION

History of detections and spreading

he pasmo disease of flax, which is wide-

spread in all flax-growing regions of the

world, has a somewhat unusual and still

not fully clear history. The disease was first

detected in Argentina in 1909 by the re-
searcher Spegazzini on flax collected in the same year
in the vicinity of La Plata (Spegazzini, 1911, series III,
series V). However, Argentina is unlikely to be the
birthplace of the disease, since cultivated flax species
in this country were originally of foreign origin, and
according to Garassini, the disease was not observed
on wild flax species (Garassini, 1938). In 1916, the di-
sease was detected in the USA, in 1928 in Canada, in
1930 in New Zealand and the Far East of the USSR, in
1938 in Europe, in 1941 in Africa and in 1958 in China.
For 50 years, the disease has been spreading all over
the world, and wherever it appears, it is considered
one of the most harmful on flax culture (Fig. 1).

The pathogen was originally described by
Spegazzini in 1911 under the name of Phlyctaena lini-
cola Speg., with characteristic taxonomic features being
the presence of incompletely formed pycnidia with a
wide stomata under the epidermis and the presence of
unicellular spores (Spegazzini, 1911, series III). Around
the same time, due to the characteristic non-pycnidi-
al sporulation, the same fungus was described by the
same author as Septogloeum linicola Speg. (Spegazzini,
1911, series V). In 1938, Garassini proves the fallacy of
such a systematic position of the pathogen on the basis
that in the development of the fungus one could simul-
taneously find widely opened pycnidia, pycnidia with
a small stomata, and areas of sporulation resembling a
lodge of melanconium fungi. In addition, it was shown
that in addition to unicellular spores characteristic of
the genus Phlyctaena, the pathogen has multicellular
spores, most often with three septa. All this allowed
the researcher to attribute the causative agent of pas-
mo disease to representatives of the genus Septoria un-
der the name of Septoria linicola (Speg.) Garass. (Garas-
sini, 1938). In the same year, Wollenweber detected the
ascigerous stage of the flax pasmo disease pathogen on
flax straw from Argentina and described it as Sphaerella
linicola (Wollenweber, 1938). He managed to get Septoria
linicola culture from ascospores, moreover, in his work,
the formation of pycnidial sporulation was preceded by

Fig. 1. Symptoms of pasmo disease of flax
HmeHNns [IPENMECTBOBANIA CTALUA  ya nuctbax (a) u ctebnsax (b) pactenns  on leaves (a) and stems (b) plants

(https://betaren.ru/harmful/bolezni/
bolezni-lna/pasmo/)

dutocaHuTapus. KapaHTuH pacteHuii = 26
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Garcia-Rada (TIpo1enko, 1964).
OIHaKO BIIOCHENCTBUU BBI-
SICHHUJIOCh, UYTO caMOe paHHee
omucaHWe CyMYyaTOW cTamuu
BO30YyIUTEJIS [TaCMO JibHA ITPU-
HaJIJIEXXUT COBETCKOMY MUKOJIO-
'y, OCHOBATEJII0 OTeYEeCTBEHHON
(utonatonmoruu H.A. HaymoBy,
onucasiiemy 6osee 200 HOBBIX
BUIOB TrpuboB m3 25 pPOIOB.
I'pub 6b1T BeIZeIeH HayMOBBIM
BCCCP B 1926 . u3 1iceBAOTEI -
eB, 00Hapy)XeHHBIX Ha PAaCTEHU-
ax jgbHa (Linum usitatissimum L.),
U omnuicaH kak Mycosphaerella lini-
cola Naumov (1926) (ITpo1eHKo,
1964). B HacTosIIee BpeEMS BO3-
OynouTesb IIacMo JIbHA U3BECTEH
MMEHHO 10/, 9TUM UMEHEM.
Cuuraercsd, YTO BIEPBbIe -
B CCCP 3aboJieBaHMe IacMo JIbHa AT

B oceHHe-NeTHUIA Nepuog,
BMeCTe C MMKHUAAMU
obpasytoTcs neputeLmu

are formed with pycnidia

BonbHoe pacteHue
Affected plant

6b1J10 O6HAPY)KEHO U 3aperu- =R G
cTpupoBaHO Ha JlaigbHeM BocTo- 5%
ke B 1930 r. Ha pacTeHUsIX JbHa, :
BBIPAIEHHbBIX U3 aPTreHTUHCKUX

cemsn (HatambuHa, 1931). Ho  3500080e
TOTrJa BO3HMUKAET BOIIPOC, UTO pacTteHns

omuchiBam HaymoB B 1926 r.  Headlthyplants

Ha JIbHEe OOBIKHOBEHHOM, €CJIU
CHUMIITOMAaTKKa, 0UYeBUAHO, ObLIa
Ta xe? 3HauUT, 3abojJeBaHUeE

6p1110 B Poccun yxke 110 3Tor0? 1o pyc. 2. KusHeHHbIi LKA

(nceegoTeumm) c cymkocnopammu
In the summer-autumn period,
pseudothecia with ascospore

3apakeHHble BCX0Abl
Infected seedlings

3apakeHHble ceMeHa,
pacTuTesnibHble OCTaTKN

Infected seeds, plant residues PackpbiBLumiics

ncespoTeLmin
Opened pseudothecium

Cymkocnopbl

% Ascospores

MukHoCnopbI
Pycnospores %
=

MepesapaxeHue.
BTtopuuHas uHdekums

Secondary infection

MNMukHocnopsbl

Pycnospores MukHWAab!
& Pycnidia
3 = Th !
e g A
=
Qa:mﬁﬁh

Fig. 2. Life cycle of development

uccleNoBaHNUM, OIYOJMKOBAH-  passutus Bo3byauTens nacmo ibHa  of the flax pasmo disease pathogen

HBIX (ppaHIy3cKUMU yuyeHbIMU ([.H. QyoueHko)
B 2020 r., onucaBUIUMU cCyMyua-
TYI0 CTaZUI0 TaCMO Ha COJIOMe
JibHA BO PpaHIIMM, YaCTO MOXXHO OBIJIIO BCTPETUTh
B JIUTEPATyPeE YTBEPXKIEHYE, UTO BO3OYAUTEIDb ITaCMO
JibHa B EBpOIIe B eCTECTBEHHBIX YCIOBUAX He 06pasy-
€T CyMYaTOl CTaJuy, Pa3BUBASICh 110 COKPAIEHHOMY
nukiay (Paumier et al., 2020). 9To OATBEPKIAIOT U KC-
cinenoBanus T.E. BaxpyiieBoii, ipoBeieHHble B 1985 T,
KOTOPbIEe MOKa3aJid, YTO Ha TEPPUTOPUU OBIBIIETO
CCCP maToreH B cyMuaTOl CTaauy He 61T 06HAPYKEH
(Baxpyuiera, 1985). Ho HayMOB OMUMCHIBAJ CyMYaTyIO
cranuio M. linicola Ha OCHOBAHUU IICEBIOTEIIEB, HA-
IEeHHBbIX Ha JibHe B Poccuu B 1926 T., oniepeiuB ppaH-
1y3CKUX uccienoBaresyieii Ha 100 jeT. XoTd Torma
He OblLjIa T0OKa3aHa reHeTruvecKas cBsI3b M. linicola c eTo
aHaMopdaMu U He ObljIa OMpeiesieHa POJIb CyMYaTOR
CTaJUU B PpaclpocTpaHeHUU UHPEKIIUN.

Kak 3TO yacTo 6bIBa€T B MUKOJIOTUU, TPYILHO-
CTU B UJEHTU(PUKAIIUY U CUCTeMATHKe BO3HUKAIOT
U3-3a TOT'0, UTO ITaTOTEH, 00J1aast IMHUPOKUM CIIEKTPOM
MeXaHW3MOB JIJIS1 BBDKUBAHUS, B PA3JIMYHBIX YCIOBUSX
ITPOSIBJISIET CBOM CBOMCTBA TaK, UTO MCCJIEIOBATENSIM
Ka)keTcsl, YTO OHU MMEIOT JIeJI0 C Pa3HbIMU BUIAMU.
JTO B IIEPBYI0 OUEPElb KACAETCS TAKUX BO3OYIUTETEN,
Kak M. linicola.

BuoJiornyeckue 0CO6eHHOCTH
LIukJ pasBuTusa rpuba uMeeT 3 CTaAUY, OTINYAION-
ecst MeX[Jly co601 xapaKTepoM CIIOPOHOIIEHUS I MOP-
tosorueii cnopoHocsmux cTpykTyp (IIporieHko, 1964;
[TpumakoBckasi, 1971) (puc. 2):

I cTagus — nukHuguaiabHasa (Septoria linicola),
B 9TOM CTaAWU B IIEHTPAJbHOM YaCTU ITOPa’KEHHBIX

(G.N. Dudchenko)

the Septogloeum stage. Thus, the genetic relationship of
Sphaerella linicola with imperfect sporulation of Sep-
toria linicola and Septogloeum linicola was established.
Later research allowed the Peruvian mycologist Gar-
cia-Rada to rename the fungus to Mycosphaerella lino-
rum (Woll.) Garcia-Rada (Protsenko, 1964). However,
later it turned out that the earliest description of the
ascigerous stage of the flax pasmo pathogen belongs
to the Soviet mycologist, the founder of Russian phyto-
pathology N.A. Naumov, who described more than 200
new species of fungi from 25 genera. The fungus was
isolated by Naumov in the USSR in 1926 from pseudo-
thecia found on flax plants (Linum usitatissimum L.), and
was described as Mycosphaerella linicola Naumov (1926)
(Protsenko, 1964). At present, the causative agent of
flax pasmo disease is known under this name.

It is believed that for the first time in the USSR, the
pasmo disease of flax was detected and reported in the
Far East in 1930 on flax plants grown from Argentin-
ean seeds (Natalina, 1931). But then the question aris-
es, what did Naumov describe in 1926 on common flax,
if the symptoms were obviously the same? So, the dis-
ease was present in Russia already before that? Prior
to the studies published by French scientists in 2020,
which described the ascigerous stage of flax pasmo
disease on flax straw in France, it was often possible
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Puc. 3. ChopmupoBasLumecs NMKHMAbI U NCEBAOTELMUN Fig. 3. Formed pycnidia and pseudothecia

Ha nopaxeHHoM cTebne nbHa (hoTo aBTOPOB).

on the affected flax stalk (photo by the authors).

Morpy»keHHble B anuagepmuc, ninockue v 6onee ceetnble  Immersed in the epidermis, flat and lighter formations

06pa3oBaHusl — NUKHUObI. BbinykJible, OKpyrbie
1 6onee TeMHble obpasoBaHua — ncesdoTeyuu.

Y4acTKOB 06pasylTCs XOPOIIO BUAUMBIE TTMKHUJIBI
(puc. 3,19);

Il cragys — KOHUAVAIbHAS, B 9TOM cTaguu hopMu-
pyeTcs CIIOPOHOIIEHYE B BUIe MaJI03aMETHBIX HE60JIb-
mux JIOXK Tutia Melanconiales/Septogloeum, OT KOTOPBIX
OTHAEJSAIOTCS CITOPBI, ToXoXkue Ha S. linicola (puc. 12);

III crapus — cymuaTas cragus M. linicola nipen-
cTaBJIeHA ILJIOLOBBIMY TeJIaMU IICEBIOTEIINSIMU, KO-
TOpble 06Pa3yI0TCs Ha CTEOJIIX OOJIBHBIX PACTEHUN
B JIETHE-OCeHHUN repuos (puc. 3, 21).

B cBOoeM pa3BUTHH, B 3aBUCUMOCTY OT BHEUTHUX
yCJIOBUH, rpub MOXKET MPOXOJUTH BCe 3 CTaUU JKU3-
HEHHOT0 IIMKJIa II0CJIeI0BATEIbHO, & MOXKET BHIOOPOU-
HO — B Pa3JINYHOM COUeTaHUU. [Ipr 3TOM KOHUIMATb-
Has CTaJ sl MOXKET ITPEIIeCTBOBATh TUKHUIUATbHOM.
Taxk, BosseHBe6ep B CBOMX UCCIENOBAHUSIX YKA3hIBAJ
Ha o6pa3oBaHMe CBOOOIHBIX KOHUIUY TTepe] 06pa3oBa-
"ueMm nukHug (Wollenweber, 1938). A AucenbM (1960)
Ipu 3apakeHUM pacTeHui Habiiogaa obpa3oBaHUe
MIYyYKOB MUIIEJIVS, BBICTYITAIIYX Yepe3 YCThbUILA JIN-
CThEB JibHA Ha 8-11 IeHb [0CJie 3apa’keHUsI U OTEsII0-
mux KoHuauy (Anselme, 1960). B TOLyCThUYHBIX KaMe-
pax o6pa30BBIBATIUCH CKOILIEHUS TI€PETIIETAIOIIUXCS
MUIeINAJIbHBIX HUTEHN, KOTOPhIe aBTOP CUMTAJ 3a4aT-
KaM¥ TUKHUJ, WY CTIOPOHOIIeHUEM Tuma Septogloeum
(Anselme, 1960). CymuaTas CTafius B IUKJIe PA3BUTUS
rpuba ob6pasyeTcs PeIKO U He BCEr ia MOIaJaeT B IoJie
3peHUs UCCeoBaTeNel, HO, TI0 YTBEPXKIeHN0 (DpaH-
Iy3CKUX YUEHBIX, 3TA CTAJIVS UTPAeT 3HAUUTEIbHYIO
POJIb KaK B afialiTaliuy BO36yAUTES K BHEITHUM YCJIO-
BUSM, TaK ¥ B pacIpocTpaHeHny nHpeKiny Bo dpaH-
uuu u EBporte (Paumier et al., 2020).

Paraii K. B cBOeli pa6oTe, JaTupoBaHHOM 1953 T,
yKasbIBaJ Ha CyLleCTBOBaHUE IBYX (pu3uojoruye-
cKkux hopM BO36YAUTESA ITACMO JIbHA, OTJANYAIOIIUXCS
110 arPeCCUBHOCTY U TeorpaduueckoMy pacrpocTpa-
Henuio (Rataj, 1953). [1o ero yTBepXAeHUIO, (GU3UO-
Jjoruyeckas ¢opma «A» IMIUPOKO pacIIpocTpaHeHa
B EBpore, A3uu 1 AMepuKe, OHa MeHee arpecCuBHa
u o6pasyeT IUKHUZABL. ITa hopMa XapaKTepusyeTcs
6oJiee AJMHHBIM MHKYOAIITMOHHBIM IIEPUOIOM U (a-
KyJIbTaTVMBHO 06JiaZiaeT caripo@UTHBIMY CBOMCTBAMU,
KOTOPBIE TTIO3BOJISIOT €1 TOJIbIIIe COXPAaHIThCI Ha pac-
TUTEJIbHBIX OCTaTKaX. boJjiee arpeccuBHasg popma «b»
pacrmpocTpaHeHa B ApreHTUHE U Ha TEPPUTOPUY ObIB-
me# YexocmoBakuu. OcobeHHOCTbIO (OPMBI «B»

are pycnidia. Convex, rounded and darker formations
are pseudothecia.

to find in the literature the assertion that the caus-
ative agent of flax pasmo disease in Europe does not
form the ascigerous stage under natural conditions,
developing according to a shortened cycle (Paumier
et al., 2020). This is also confirmed by the studies of
T.E. Vakhrusheva, carried out in 1985, which showed
that the pathogen in the ascigerous stage was not de-
tected on the territory of the former USSR (Vakhrushe-
va, 1985). But Naumov described the ascigerous stage
of M. linicola on the basis of pseudothecia detected on
flax in Russia in 1926, ahead of French researchers by
100 years. Although the genetic relationship of M. lini-
cola with its anamorphs was not shown at that time,
and the role of the ascigerous stage in the spread of
infection was not determined.

As is often the case in mycology, difficulties in
identification and taxonomy arise from the fact that the
pathogen, having a wide range of mechanisms for sur-
vival, manifests its properties in different conditions
in such a way that it seems to researchers that they are
dealing with different species. This primarily applies to
pathogens such as M. linicola.

Biological characteristics
The development cycle of the fungus has 3 stages,
which differ in the nature of sporulation and the mor-
phology of spore-bearing structures (Protsenko, 1964;
Primakovskaya, 1971) (Fig. 2):

I stage — pycnidial (Septoria linicola), at this stage,
clearly visible pycnidia form in the central part of the
affected areas (Fig. 3, 19);

II stage — conidial, at this stage sporulation is
formed in the form of inconspicuous small lodges of
the type Melanconiales/Septogloeum, from which spores
similar to S. linicola extract (Fig. 12);

I1I stage — ascigerous stage of M. linicola 1t is rep-
resented by fruiting bodies of pseudothecia, which are
formed on the stems of diseased plants in the sum-
mer-autumn period (Fig. 3, 21).

In its development, depending on external con-
ditions, the fungus can go through all 3 stages of the

dutocaHutapusi. KapaHTuH pactenuii = 28
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SABJIIeTCs 00pas3oBaHue KOHUAUAIBHOTO CIIOPOHOIIe-
Hus tTuna Septogloeum. TIMKHUIBI TIPY 9TOM He GOpPMU-
PYIOTCSI, BMECTO HUX 00Pa3yITCs JIOXKA C KOHUIUAMU
B BUJIE TToAyIIeyueK. ITa (hopMa IIoxo pacTeT B YUCTOMN
KyJIbTYPE, XapaKTepusyeTcs 60Jiee KOPOTKUM MHKY0Oa-
IIMOHHBIM [TEPUO/IOM U GBICTPON r'6GEIbI0 MHOKYJIUPO-
BaHHBIX PACTEHUH.

Kak oTMeualT MHOTHE aBTOPbI, OTINUYUTETbHOMN
0COOEHHOCTHI0 BO3BYAUTEINS TACMO JibHA SBJISIETCS
TO, UTO B IIPOLeCCe PA3BUTUSI aHAMOP(HBIX CTAAUM
rpub MOXXeT 06pPa30BbIBATH KAK HACTOSAIIE KOHUIY-
aJIbHbIE CIIOPOHOLIEHUS, TaK U IEJIbIN CIEKTP Iepe-
XOJIOB OT CBOOOIHBIX KOHUIUEHOCIIEB 0 OTKPBITHIX
¥ B Pa3HOI CTEIIEHU 3aKPbITHIX JIOXK, TPOU3BOIANIUX
xouupuu (Kypuakosa, 2009; [TponeHko, 1964; Rataj,
1953; Wollenweber, 1938). 3To HOATBEPXKIAIOT 1 HAIIY
UCCeloBaHus, TpoBeeHHbIe B 2021 I. B paMKax pabo-
TBI 110 U3YUEHUIO GMOJIOTUY BO3OYIUTEIIS TTaCMO JIbHA
U 110 pas3paboTKe 6UOJOrMYeCKOro METOLA ero uaeH-
TU(UKAIIUY Ha OCHOBE KYyJIbTypaIbHO-MOpPQOoJIoruyie-
CKIX CBOMCTB ITaTOreHa.

MATEPUAJIBI U METO/1bI

B pa6oTe MCIIOJIb30BAJIUCh CIEAYIONINE MaTePUAJIbl:
repbapHble 00pas3iibl PACTEHUH JIbHA C CUMIITOMaMU
macMo, cobpaHHbIe B IPOBUHIIMKY MaHuTob6a (KaHa-
na) B 1957 r. u B Kutae B 1958 I., 13 MUKOJIOTTYECKOM
kosuteknuu ®I'BY «BHUVKP»; Beretupyoumue, 350-
pPOBBIE pacTeHusd JibHA; 2 u3oagTa S. linicola (TICKOB-
CKUM 1 KUTAUCKUI) 13 MUKOJOTUUECKOU KOJIEKITUHN
OI'BY «BHUUKP».

[IpUMeHSANIUCH CIEAYIOIIEe METObI: METO/, BbI-
JleJIeHUS YUCTBIX KyJIbTYP C MCII0JIb30BAHUEM Cpef, —
2%-r0 KapTodeabHO-TII0Ko3H0ro arapa (KI'A), coio-
IOBO-IIPOXIKEBOTO arapa, arapa
C KycOouKaM{U MOPKOBHU, 2%-TO
KapTo(heabHO-MOPKOBHOTO ara-
pa (KMA); MeToJ, ICKYCCTBEHHOM
VHOKYJISAIMY C HAaHECEHUEM CyC-
TEeH31HU CIIOP B KOHIIEHTpaluu
25-50 criop B Karujie Ha aBTOKJIa-
BUPOBaHHbIE KyCOUKU cTebieil
JIbHA, TIOMeIleHHbIe Ha COJIOZ0-
BBIM arap; MeTOJl CBETOBOM MU-
Kpockonuu (Mukpockor Olympus
BX53, Mmukpockor Axio Imager A2,
cTepeoMUKpOcKoI Discovery V20)
npu 20-, 40- 1 50-KpaTHOM yBe-
JUYEeHUU; MeToJi MophoMeTpuu
C UCIT0JIb30BAHUEM ITPOTPAMMBI
CellSens standard; meTtog, poTo-
¢ukcanym (Canon 5D u IITaTHLIE
KaMephbl MUKPOCKOTIOB).

PE3YJIBTATBI

N OBCYXXJAEHUE
B mpotiecce paboThbl YUCThIE KYJTb-
TypHeI S. linicola 06pa3oBbIBAIN
XapaKTePHBIE [IJIST CEITTOPUO30B

BBINYKJIble KOJOHUM CKIam4da-  (1-i1, 2-it pap, — 2%-i KIA; 3-it pag, -
TOr'O TUIIA C HAJIMUUEM IIPUIIOL-  conoAoBbil arap (choTo aBTOpoB))

HSATOTO 60JIEe TIIIOTHOTO IIeHTpA.

OKpacka KOJIOHHH cO BpeMeHeM

MeHsJIach. BHauae oHa ObljIa cBeTJasd, II0UTHU beJad;
TIOTOM TIOCTETIEHHO TEMHEJIA ¥ B KOHIIE BapbUPOBaJa
OT TEMHO-CEPOH 10 MOUTH YepPHOH (puc. 4).

Puc. 4. ®usnonoruyeckune hopmbl

life cycle sequentially, or selectively — in various com-
binations. In this case, the conidial stage may precede
the pycnidial stage. Thus, Wollenweber in his studies
pointed to the formation of free conidia before the for-
mation of pycnidia (Wollenweber, 1938). And Anselme
(1960), when infecting plants, observed the formation
of mycelium bundles protruding through the stomata
of flax leaves on the 8™ day after infection and separat-
ing conidia (Anselme, 1960). In the stomatal chambers,
clusters of intertwining mycelial filaments are formed,
which the author considered the rudiments of pycnidia
or sporulation of the type Septogloeum (Anselme, 1960).
The ascigerous stage in the development cycle of the
fungus is rarely formed and does not always fall into the
field of view of researchers, but, according to French
scientists, this stage plays a significant role both in the
adaptation of the pathogen to external conditions and
in the spread of infection in France and Europe (Paumi-
eretal., 2020).

Rataj K. in his work, dated 1953, pointed out the
existence of two physiological forms of the causative
agent of pasmo disease, differing in aggressiveness
and geographical distribution (Rataj, 1953). Accord-
ing to him, the physiological form “A” is widespread
in Europe, Asia and America, it is less aggressive and
forms pycnidia. This form is characterized by a lon-
ger incubation period and optionally has saprophytic
properties that allow it to survive longer on plant de-
bris. A more aggressive form “B” is common in Argen-
tina and in the territory of the former Czechoslovakia.
A feature of form “B” is the formation of conidial spo-
rulation of the Septogloeum type. In this case, pycnidia
are not formed, instead of them a lodge with conidia
in the form of pustulations is formed. This form does

Fig. 4. Physiological forms
OKpyTJIble, MENJICHHOPACTYIMUE,  Septoria linicola Ha nuTaTenbHbIx cpegax  of Septoria linicola on nutrient media

(2%, 2" row — 2% PDA; 3" row — malt agar
(photos by the authors))
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Komouuw S. linicola 3aMeTHO OTIIMYAIOTCS OT KOJIO-
HUU APYTUX [TaTOTE€HOB, BCTPEUAIOIIMXCS HAa PACTeHU-
SIX JIbHA, U 9TO obJieryaeT paboTy 1o uaeHTUUKaIuu
BO36GYZUTENS 10 KYJbTYPaJIbHOMY MPU3HaKY (puc. 5).
TPYOHOCTH IIPU MOJYyYEeHUN YUCTON KYJIbTYPHI S. lini-
cola oT 06Pas1OB, B3ATHIX U3 PACTUTEIbHOTO MaTePU-
ajia, 3aKJIF0YAITCS B TOM, UTO KOJIOHUU BO3OYAUTES
macMo JbHa 06J1aJal0T OUeHb MeJIJIEHHON CKOPOCTHIO
pOCTa ¥ TIPY BBICEBE HA TUTATEIbHYIO CPEY OHU JIETKO
3a6uBaOTCS OGBICTPOPACTYIIUMYU KOJOHUSMU APYTUX
TIaTOTEHOB.

JvHaMuKa pocTa KOJIOHWH BO36yIuTesd Ha pas-
JIMYHBIX TTUTATEJIbHBIX CPeZax OueHb HU3Kas (puc. 6).
Ha 3-#1 meub pa3BuTus KooHus S. linicola Ha 2%-M KTA
JIOCTUTAET BCETO 2—3 MM B IMaMETPE U IIPEJICTABIISIET
€060 OKPYTJIOe, BBIMTYKJIOe 06pa3oBaHue IOUTH 6ejIo-
ro IIBeTa. B 9T0 BpeMs KOJIOHUS ellle He o6pazoBaa
HUKaKUX CIIOPOHOCHBIX CTPYKTYP, TEM He MeHee Mpu
MUWKPOCKOTIMPOBAHUHY YKE MOXKHO HAOJII0IATh PEIKUE,
eIVHUYHbIe KOHUUY, OTHEJUBIINECS OT MUIEIUS
(puc. 7). K14-M cyTKaM B 3aBUCUMOCTHU OT THUITA CPEJBI
IraMeTp KOJIOHUY yBeTMUUIICS 10 14 MM, HO He TIpe-
Bbimaja 22 Mmm. K 20-M CyTKaM pOCT KOJIOHUY TIPaKTU-
YeCKU ITPEKPATUIICH, XOTS caMa KOJIOHUS B JaJIbHEN-
1IeM IpeTeplieBajia U3MeHEeHUs B CBOEH CTPYKType
U OKpacke (puc. 4).

Ha 4-5-#1 1eHb pa3BUTUSI B HUI)KHEN YacTU KO-
JIOHWU HUTY MUIIEJNS HAUUHAIOT YTOJIIIATHCS U TEM-
HETbH, B TO BPEMSI KaK BEPXHS S YaCTh MULIEJIVS OCTAET-
cs cBeTJION. Ha pucyHKe 8 X0po1i1o BULHO o6pa3oBaHue
TeMHOU rudsI Ha ¢poHe 6ojiee TOHKOTO, CBETJIOTO MU-
HeJivs ¥ HavaJio 06pa30BaHUs CIIOPOreHHOM ITOJIOCTH.
Ha HayaJIbHOM 3Tare Pa3sBUTHUS KOJOHUY HUKHUM MU-
LeJIUHM MeCTaMM OKPAaIIBAETCS B KDACHOBATO-0yPhIT
1IBET, U3-3a Uero BCs KOJIOHUS ITprUobpeTaeT po30Ba-
TBIN OTTEHOK (puc. 9).

Ha pucynke 10 nokasaHo, Kak B OTZEJIbHBIX 'Y~
(hax HauMHAIT 06PA30BBIBATHCS OKPYTJIble BKIIIOUE-
HUS TEMHO-KUPIIUYHOTO IBeTa. [Tocyie TOTo, KaK 3Tu
BKJIIOUEHWS, CIUBASCh, 3ATIOJHSIOT TU(bI, MULIEJIUN
CTaHOBUTCS 6YPHIM U BIIOCJIEACTBUY — [TIOYTU YEPHBIM.
Ecnu 1o 3TOro KOHUAMY 06pa30BbIBAJIUCH HA OTAENb-
HBIX KOHUJIVEHOCIIaX, TO MOSBJIEHNE TaKOTO MUIle-
JIVisE TOBOPUT O HavaJie POPMUPOBAHUS CIIOPYIUPYIO-
IIUX CTPYKTYP.

I'rdbl TEMHOTO MUILLETUS
VILUIOTHSIIOTCS, ¥ Ha HUX 00pasy-
IOTCSI CTPOMBI M KaMEPBI B BUJIE
TEMHBIX OYTOPKOB, B KOTOPBIX
opmupytoTes ciopsl (puc. 11a).
VIHTEHCUBHOCTD CITOPOHOIIEHUS
YBEJIMYMBAETCS, HO TPYLHO yCTa-
HOBUTb €ro UCTOUYHUK. PopMa
KOJIOHUU TIPUOOpeTaeT KOMKO-
BATOCTh U CKJIAAUATOCTh. YacTo
BOKDPYT KOJIOHUM CTaHOBUTCS
3aMeTHBIM TEMHBIN 000/10K, 00-
Pa30BaHHBIN GYPBIM MUILIEIUEM
(puc. 11b). PeBep3yM KOJIOHUU
TeMHO-6ypbIii (puc. 11c).

B 5TOT mepuoj MOXXHO Ha-
67r01aTh KOHUJMAJNBHYO CTa-
nut Septogloeum ¢ obpasoBa-
HUEM CIIOPOHOIIEHUS B BUJE
MeJIaHKOHUAJbHbBIX JI0X (puc. 12). CITophl Ha KOPOT-
KUX KOHUJHUEHOCIaX PaCIOoJIaralTcs MepIIeHuKy-
JISPHO WJIW T10J, HEGOJBIIUM yIJIOM I10 OTHOIIEHUIO

/

Puc. 5. KonoHuu (cnesa HanpaBo) Septoria
linicola, Fusarium spp., Alternaria spp.

Ha 2%-M KTA, BblpeneHHble U3 pacTUTENbHbIX
06pasuoB. nbHa ((hoTo aBTOPOB)

not grow well in pure culture, is characterized by a
shorter incubation period and rapid death of inocu-
lated plants.

As many authors note, a distinctive feature of the
flax pasmo disease pathogen is that during the develop-
ment of anamorphic stages, the fungus can form both
true conidial sporulation and a whole range of transi-
tions from free conidiophores to open and, to varying
degrees, closed lodges that produce conidia (Kurcha-
kova, 2009; Protsenko, 1964; Rataj, 1953; Wollenwe-
ber, 1938). This is also confirmed by our studies con-
ducted in 2021 as part of the study of the biology of the
flax pasmo disease pathogen and the development of
a biological method for its identification based on the
cultural and morphological properties of the pathogen.

MATERIALS AND METHODS

The following materials were used in the work: herba-
rium samples of flax plants with pasmo disease symp-
toms, collected in the province of Manitoba (Cana-
da) in 1957 and in China in 1958, from the “VNIIKR”
mycological collection; vegetative, healthy flax plants;
2 isolates of S. linicola (Pskov and Chinese) from the
“VNIIKR” mycological collection.

The following methods were used: the method
of isolating pure cultures using media — 2% potato
dextrose agar (PDA), malt yeast agar, agar with carrot
pieces, 2% potato carrot agar (PCA); the method of ar-
tificial inoculation with the application of a suspension
of spores at a concentration of 25-50 spores per drop
onto autoclaved pieces of flax stems placed on malt
agar; light microscopy method (Olympus BX53 mi-
croscope, Axio Imager A2 microscope, Discovery V20
stereomicroscope) at 20x, 40x and 50x magnification;
morphometry method using the CellSens standard pro-
gram; photofixation method (Canon 5D and standard
microscope cameras).

RESULTS AND DISCUSSION

In the course of work, pure cultures of S. linicola formed
typical of Septoria rounded, slow-growing, convex fold-
ed-type colonies, with an elevated, denser center. The
color of the colonies changed over time. At first, it was
light, almost white; then gradually darkened and at the
end varied from dark gray to almost black (Fig. 4).

/®)
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o

Fig. 5. Colonies (left to right) Septoria
linicola, Fusarium spp., Alternaria spp.
on 2% PDA, isolated from plant
samples of flax (photo by the authors)
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3-ncyTkn 8-e cyTkm 14-e cyTku The colonies of S. linicola are
3“day 8" day 14t day clearly different from the colo-

— : nies of other pathogens found
on flax plants, and this makes it
easier to identify the pathogen
by the cultural character (Fig. 5).
Difficulties in obtaining a pure
culture of S. linicola from sam-
ples taken from plant material
are due to the fact that the colo-
nies of the pasmo disease of flax
have a very slow growth rate and,
when sown on a nutrient medi-
um, they are easily contaminat-
ed with fast-growing colonies of
other pathogens.

The growth dynamics of
pathogen colonies on various nu-
trient media is very low (Fig. 6).
D konormn 3 mm 10 mm 20 mm On the.3.rd day of development,
D colonies the S. linicola colony on 2% PDA
reaches only 2-3 mm in diame-
ter and is a round, convex, almost
white formation. At this time, the
colony has not yet formed any
spore-bearing structures; ne-
vertheless, under microscopy,
one can already observe rare,
- . d single conidia that have separat-
D KONOHUU 3mm 8 mm 20 mm ed from the mycelium (Fig. 7). By
D colonies the 14™ day, depending on the

— — type of medium, the diameter of
the colonies increased to 14 mm,
but did not exceed 22 mm. By the

KrA
PDA

D KonoHumn 2mm 8 mm 16 mm
D colonies

KMA

MopkoBHas
cpepa

Carrot me-
dium

gg‘; AoBEIN 20™ day, the growth of the colo-
Malt agar ny practically stopped, although

the colony itself subsequently

underwent changes in its struc-

e . ture and color (Fig. 4).

D KkonoHun  2mm 10 mm 14 mm On the 45" day of deve-
D colonies lopment, in the lower part of
Puc. 6. PasButue konoHuin Septoria  Fig. 6. Development of Septoria linicola the colony, the mycelium fila-
linicola Ha pasnnuHbIX NUTaTeNbHbIX  colonies on various nutrient media ments begin to thicken and dark-
cpepax (hoTo aBTOPOB) (photos by the authors) en, while the upper part of the

K JIOXKY, 06pa3oBaHHOMY rudamMu TEMHOTO MUIIEIHA.
Jloxa MajI03aMETHBI, U UX HEITPOCTO YBU/IETh.

B 3aBUCHUMOCTH OT BHEIIHUX YCJIOBUU U TIPOUC-
XOXKJIEHUS U30JISITa PA3BUTHE CIIOPOHOIIEHUS B KO-
JIOHUU MOXXeT IONTH II0 TUIly, onucanHomy H.M. Ba-
cunbeBckuM (1924) nua S. ribis (BacuabeBcKul, 1924).
B aToM cityuae rudanabHbIN KITyb6ouek, 06pa3oBaHHbIHN
crieTeHueM TUd, pa3pacraeTcs, 4 ero TKaHb, PaCTBO-
psIsCh, 3aMeHseTCs criopamu. Miu ke BO3MOXKHO pas-
BUTHUE TI0 TUITY, ONTMcaHHOMY Xappucom (1935) auis
S. lycopersici (Harris, 1935). B aToM ciyuae rudaabHbIN
KJIy604uek rmpeobpasyeTcs B 3aMKHYTYI0 TUKHUINAIb-
HYI0 KaMepy, B KOTOPO#H 3aKJIaZbIBAalOTCS ¥ Pa3BUBAIOT-

Cs1 IMKHOCTIOPBI (CMM(OreHHbIN TUII PA3BUTHSA). Puc. 7. EGBUHUYHbIE KOHUAuKU  Fig. 7. Single conidia of
Ha pucynke 13 Ha HECKOJIbKUX NMUKHUAAX, Ha- Septoria linicola Ha 2%-M Septoria linicola on 2% PDA
XOIAIIUXCSA B Pa3HOM CTENEHM CO3PEeBaHMs, TOKa3a- KTA (choTo aBTOpOB) (photo by the authors)

HO pa3BUTHE ITMKHUJBI OT 3aPOXAEHUA 0O 3PEJIOCTHU.
TMukHUIE! S. linicola TpenCTaBIISIOT COO0M TOHKOCTEH-
HbI€, OKPYTJIbIE BMECTHJIHIA CIIOpP, OKPaIleHHbIE
B TeMHO-KOpI/I‘IHeBbIﬁ IIBET. HonynpospaquIe BHa4va-
Jie MMKHUOBI CO BpDEMEHEM TEMHEIT U YBEJIMUMBAKTCA MioHb N2 2 (10) 2022 31
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Puc. 8. O6pasoBaHue Fig. 8. Formation of a dark
TeMHoro Muuenua n Hadano mycelium and the beginning of
obpasoBaHusa cnoporeHHol  the formation of a sporogenous
nonocTu (choTo aBTOPOB) cavity (photo by the authors)

B pasmepe (puc. 13). PasMephl TUKHUJ, BAPbUPYIOT
oT 60 10 125 MKM B IuaMeTpe.

[To Mepe co3peBaHUS CIIOP JaBJieHUE BHYTPU
MUKHUAIUATbHON KaMepPbl YBEITUYUBAETCS, ¥ TTPU TI0JT-
HOM WX CO3PEBAHUU CIIOPHI BEIOPACHIBAIOTCS HAPYXKY
HampaBJeHHbIM IOTOKOM uYepe3 o0pas3oBaBIleecs
B MUKHUZE oTBEpcTHE (puc. 14).

Cnops!l S. linicola, HeCMOTPS Ha Pa3JIMYHbIE UCTOY-
HUKM X 06pa30BaHUs — OT EAUHUYHBIX KOHUAUEHOC-
1IeB 10 TUKHUJ, — UMEIT OJJUHAKOBBIE, B TIPe/eax

Puc. 9. KonoHusa npuobpetaet Fig. 9. The colony

po30BaTblii OTTEHOK
(thoTo aBTOPOB)

acquires a pinkish hue
(photos by the authors)

mycelium remains light. Figure 8 clearly shows the for-
mation of a dark hypha against the background of a thin-
ner, lighter mycelium and the beginning of the formation
of a sporogenous cavity. At the initial stage of colony de-
velopment, the lower mycelium turns reddish-brown in
places, due to which the entire colony acquires a pink-
ish hue (Fig. 9).

Figure 10 shows how rounded inclusions of a dark
brick color begin to form in individual hyphae. After
these inclusions, merging, fill the hyphae, the myceli-
um becomes brown and subsequently almost black. If
prior to this, conidia were formed on individual coni-
diophores, then the appearance of such a mycelium in-
dicates the beginning of the formation of sporulating
structures.

The hyphae of the dark mycelium become denser,
and stromas and chambers in the form of dark tuber-
cles are formed on them, in which spores are formed
(Fig. 11a). The intensity of sporulation increases, but
it is difficult to establish its source. The shape of the
colony becomes lumpy and folded. Often, a dark rim
formed by brown mycelium becomes visible around the
colony (Fig. 11b). The reversum of the colony is dark
brown (Fig. 11c).

During this period, one can observe the conidial
stage of Septogloeum with the formation of sporulation
in the form of melanconial lodges (Fig. 12). Spores on
short conidiophores are located perpendicular or at a
slight angle to the lodge formed by hyphae of the dark
mycelium. Lodge is subtle and not easy to see.

Depending on the external conditions and the ori-
gin of the isolate, the development of sporulation in the

Puc. 10. Hauano Fig. 10. The beginning of
obpasoBaHus byporo the formation of brown
muuenus. NMokpacHeHme  mycelium. Redness of
OTAENbHbIX T individual hyphae

(¢hoTo aBTOpPOB) (photos by the authors)

dutocaHuTapusi. KapaHTuH pactenuii =~ 32
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Puc. 11: a — TeMHble 6yropku (aLepBysibl) Ha MULLENTUK
(nokasaHbl cTpenkoit); b — konoHus Septoria linicola;
¢ — obpaTHasa cTopoHa KosloHuu (peeep3yM) (choTo aBTOpOB)

IIOTPEIIHOCTH, MOP(OJOruuecKre XapaKTepuCTH-
KU, 4YTO obJierdaeT UAeHTU(DUKAIINI0 BO3OYIUTES.
9To GeclBETHLIE, [TAJIOUKOBUIHbIE, IIPIMbIe UJIN He-
CKOJIbKO M30THYTBIE CIIOPHI, C 3aKPYTIEHHBIMU KOH-
IIaMU, C OJTHOM-TPEeMs XOPOIIIO Pa3IMUUMbIMU TIepe-
ropogkaMu. B HalleM KcclaefoBaHUM Pa3sMep CIIOP
coctaBua 16,8-28 (40) x 1,8-3,1 MkM (puc. 15). Mop-
(osornveckrie XxapakKTePUCTUKY KOHUIUH TBJISIOTCS
OCHOBHBIM JIMAarHOCTUYECKUM IIapaMeTPOM IIPU UIeH-
TUUKALIUY [TaCMO JIbHA.

CIIOpBI B TETLJION BOJiE JIETKO
IIpOpPacTaioT, 00pasyst poraTko-
obpasHbIe CTPYKTYPHI (puc. 16a).
Tak’Ke MOXXHO BCTPETHUTD J1ehop-
MY pPOBaHHbIE CIIOPHI, KOTIa OfHA
13 HECKOJIbKUX KJIEeTOK CIIOPHI
paspacraeTcs, o0pasys CTPyK-
TYPYy HaIo06ue XJIaMUI0CIIOPBI
(puc. 16b).

Bo BpeM4 BeIXOLa U3 MUK-
HUJIBI TTUKHOCIIOPBI OKPYKEHbI
MacCJISIHUCTOM BA3KOM XKUIKO-
CTbIO, Y, YTOOBI OCBOOOIUTHCSA
0T Hee, cIlopaM HeobOXommMma

KaIleJIbHO-)XMIKad Bjlara B BUE  Puc. 12. MenaHKOHWaNbHbIN TUN

o

Fig. 11: a — dark tubercles (acervuls) on the mycelium (shown
by the arrow); b — colony of Septoria linicola; c - the reverse
side of the colony (reversum) (photos by the authors)

colony can proceed according to the type described by
N.M. Vasilevsky (1924) for S. ribis (Vasilevsky, 1924). In
this case, the hyphal glomerulus, formed by the plexus
of hyphae, grows, and its tissue, dissolving, is replaced
by spores. Or development according to the type de-
scribed by Harris (1935) for S. lycopersici (Harris, 1935)
is possible. In this case, the hyphal glomerulus trans-
forms into a closed pycnidial chamber, in which pyc-
nospores are laid and develop (symphogenous type of
development).

Fig. 12. Melanconial type of sporulation

noJuBa Uiu noxasd. C KarJigaMu  cnopoHoweHus Septoria linicola (poto aBTopoB)  of Septoria linicola (photos by the authors)

BOJ bl MMKHOCIOPHI IIOIIaLA0T
Ha 3J0pOBbIe pPacTeHUs JbHA,
ITPOPACTAIOT U 3apakatoT ux. [1o-
9TOMY pacnpocTpaHeHue 3a60-
JIEBaHMS B I10JIe HOCUT 0YaTrOBbIN
xapakTep. Ha Bo3zmyxe skccymaT
CO CIIOpaMU 3aCThIBaeT B BUJE
KareJb, CIIMPaJIEK WU YCUKOB
(puc. 17). BoImemBIIMHACS 3KCCY-
IaT u3aeT caabbiii PPyKTOBBIN
apoMar, KOTOPbIM IpUBJIEeKaeT
NUTAKIINXCSI UM HaCEeKOMBIX.
[Tocyie muTaHUSA Ha OOJBHOM
pacTeHUU HaceKoMbIe Iepele-
TAlOT Ha COCEJHUE 3/I0POBBIE
pacTeHusd U 3apa’kaioT UX IPU-

JUNIMKMHA BO BPEMS TTUTAHUSA  Puc. 13. CumcporeHHbivi Tun passutus  Fig. 13. Symphogenous type of pycnidia

criopaMu BO36ymuTes.

06 u36upaTebHOCTHU IIPO-
XOXKIEHUS )KU3HEHHOT'0 ITUKJIa
B 3aBHMCUMOCTHU OT BHEUIHUX YCJIOBUU FOBOPUT U He-
OOJIBIIION OIBIT, TPOBEJeHHBIN B paMKax UCCIeL0-
BaHUS. 32 BpeMs HaAOJI0JIeHUs 338 POCTOM KOJIOHUM

nukHKUAbI (hoTo aBTOpPOB)

development (photo by the authors)
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Puc. 14. NMukHocnopsbl, BbIxoasuue
13 NUKHUAbI (hoTo aBTOPOB)

Fig. 14. Pycnospores emerging

B TeyeHune 20 JHeH ObLJIO OTMEUYEHO, UTO KOJOHUU
He 00pa30BbIBAJIM ITMKHU, XOTS CIIOPOHOIIEHNE IIPYU
5TOM OBLIO OGMJIBHBIM, YTO CBUJIETEJIbCTBYET O JIO-
CTATOUYHOM JKM3HECIOCOOHOCTHM KOoJIoHUM. Kycouku
crebJiel TbHA OBV MHOKYJIMPOBAHBI CITOPaMU UCCJIIE-
JIyeMbIX 00Pa31i0B U TTIOMEIEHBI B Yallky [leTpu Ha co-
JlomoBhIi arap (puc. 18). Yke Ha 4-1 leHb Ha KyCOUKax
cTebJsiett 06pa3oBaICh XOPOIIO 3aMeTHbIE TUKHUbI
C KameJibKaMU BRIXOAAIINX cIiop (puc. 19), B To BpeMs
KakK Ha arapy30BaHHBIX Cpeax MUKHU/IBI OTCYTCTBO-
BaJIX B TeUeHUe IJNTEeJIbHOro BpeMeHu. O0pa3oBaHue
MUKHUJ, HapSaay ¢ APyruMu hakTopaMu IO TBEPXK/a-
€T, UTO HCCJieJlyeMble M30JIAThl OTHOCITCS K MeHee
arpeccuBHOU (U3M0I0TIUecKon hopMe «A», IIUPOKO
pacnpocTpaHeHHOH B MUpe, M B YaCTHOCTHU B Poccumu.

Kaxk y’xe yka3bIBaJOCh BBIIIE, CyMUaTas CTaIus
pasBuTusg rpuba oTMedaeTcs peaKo. B KOoHIle JeT-
He-0CeHHero eproa Ha 60JIbHBIX PACTEHUIX BMECTE
C MUKHUZAAMU 06Pa3yI0TCs IICEBIOTEINY C aCKOCIIOPa-
MU B CyMKaX. B oTJin4me 0T MOJIyIIPO3PavHbIX, TIOTPY-
JKEHHBIX B CYyOCTPAT MUKHU/I, TICEBIOTEIIUY HAXOST-
Cs1 Ha TIOBEPXHOCTU U UMEIT 60jiee TEMHBIH, TOUYTHU
YepHBIN 1IBeT (puc. 3). BecHOMH, Ipu 6J1arompUsaTHBIX
YCJIOBUSX, aCKOCIIOPHI BBIXOJAT M3 IICEBIOTEIMEB
¥ BMECTE C BBINENIINMY U3 IIePe3UMOBABIINX ITUK-
HUJ IUKHOCIOPaMM 3apa’kaloT B3OIIEAIINE PACTe-
Hus JbHa. [Ipy ucciaemoBaHNy repbapHbIX 06pas3IioB
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Puc. 15. Cnopsl Septoria linicola (hoTo aBTOpPOB)

from the pycnidia (photos by the authors)

Figure 13 shows the development of a pycnidia
from inception to maturity on several pycnidia at dif-
ferent stages of maturation. The pycnidia of S. linico-
la are thin-walled, rounded spore receptacles, colored
dark brown. Translucent at first, pycnidia darken with
time and increase in size (Fig. 13). The size of pycnidia
varies from 60 to 125 microns in diameter.

As the spores mature, the pressure inside the
pycnidial chamber increases, and when they are ful-
ly mature, the spores are ejected outward in a directed
flow through the hole formed in the pycnidia (Fig. 14).

Spores of S. linicola, despite the different sources of
their formation — from single conidiophores to pycnidia —
have the same morphological characteristics, within the
margin of error, which facilitates the identification of
the pathogen. These are colorless, rod-shaped, straight
or slightly curved spores, with rounded ends, with one
to three well-defined septa. In our study, the spore size
was 16.8-28 (40) x 1.8—-3.1 um (Fig. 15). Morphological
characteristics of conidia are the main diagnostic pa-
rameter in the identification of pasmo disease of flax.

Spores germinate easily in warm water, forming
slingshot structures (Fig. 16a). Deformed spores can
also be seen, where one of several spore cells grows
into a chlamydospore-like structure (Fig. 16b).

During the exit from the pycnidia, the pycno-
spores are surrounded by an oily viscous liquid, and in

f#

5

i I

Fig. 15. Spores of Septoria linicola (photos by the authors)
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Puc. 16: a — npopacTatoLwme cnopbl Septoria linicola;

b — neopmupoBaHHbie cnopbl Septoria linicola (hoTo aBTOPOB)

Puc. 17. Cnupanu v ycukun

3apakeHHBIX cTebJiell IbHA HaM yIajoch BbIIENUTD
1 HaGJII0IATh BRIMIEIINE U3 IICEBAOTEINERB ACKOCIIO-
pBI. OTO 6BIIM OecliBETHBIE, IIPSIMble UJIU HEMHOTO
W30THYTHIE CIIOPHI, C OJTHOM TTOIEPEUHON ITEPETOPO/I-
KOU 1 HECKOJIbKUMHY KaIJIIMU MacJjia B KaXKIOH KJIeT-
Ke. PasMmepsl cnop coctaBuau 12-18 x 3-4,7 MKM.
PasMephsl IceBAOTellMeB Ha repbapHbIX obpas-
1ax — npuMmepHo 130 MkM B mmametpe (puc. 21 a, b).

Puc. 18. UHokynupoBaHHble  Fig. 18. Inoculated
KYCOYKM cTebnen nbHa pieces of flax stems
Ha CoMI0f,0BOM arape on malt agar

(choTo aBTOPOB) (photo by the authors)

Fig. 17. Spirals and antennae of the sporoid
cnopoupanbHoi Maccel (hoTto aBTopoB)  mass (photos by the authors)

Fig. 16: a — germinating spores of Septoria linicola;
b — deformed spores of Septoria linicola (photos by the authors)

order to get rid of it, the spores
need drop-liquid moisture in the
form of irrigation or rain. With
drops of water, pycnospores
fall on healthy flax plants, ger-
minate and infect them. There-
fore, the spread of the disease in
the field is focal. In the air, the
exudate with spores solidifies
in the form of drops, spirals or
antennae (Fig. 17). The released
exudate emits a faint fruity odor
that attracts insects that feed on
it. After feeding on a diseased
plant, insects fly to neighboring
healthy plants and infect them
with spores of the pathogen adhering during feeding.

The selectivity of the life cycle, depending on ex-
ternal conditions, is also evidenced by a little experi-
ence conducted in the framework of the study. During
the observation of the growth of colonies for 20 days,
it was noted that the colonies did not form pycnidia,
although sporulation was abundant, which indicates
sufficient viability of the colony. Pieces of flax stems
were inoculated with spores of the studied samples
and placed in Petri dishes on malt agar (Fig. 18). Al-
ready on the 4™ day, clearly visible pycnidia with drop-
lets of emerging spores formed on the pieces of stems
(Fig. 19), while pycnidia were absent on agar media for
along time. The formation of pycnidia, along with other
factors, confirms that the studied isolates belong to the
less aggressive physiological form “A”, which is wide-
spread in the world and, in particular, in Russia.

As noted above, the ascigerous stage of develop-
ment of the fungus is rarely observed. At the end of
the summer-autumn period, pseudothecia with as-
cospores in bags are formed on diseased plants along
with pycnidia. Unlike translucent pycnidia immersed
in the substrate, pseudothecia are located on the sur-
face and have a darker, almost black color (Fig. 3). In
spring, under favorable conditions, ascospores emerge
from pseudothecia and, together with pycnospores
that have emerged from overwintered pycnidia, infect
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Fig. 19. Pycnidia formed on infected (in vitro)
plant material of flax (left) with conidial
exudate (right) (photos by the authors)

Puc. 19. ChopmupoBaslumecs Ha UHULUPOBAHHOM (in vitro)
pacTuTeNbHOM MaTepuarne fibHa NUKHUAbI (CNneBa)

C KOHMAManbHbIM 3KkccypaToMm (cnpasa) (oTo aBTOPOB)

Puc. 20. MukHWAbI Ha 28-0HEBHON KyNbType
Septoria linicola (2%-1 KrA) (choTo aBTOpOB)

B cuity TOTO, YTO CyMUaTas CTaLus Pa3BUTHUsS ITaTOTeHa
(ukcupyetcsa kpaiiHe pefKo, MOPHOJOTUUECKUE Xa-
PaKTEPUCTUKY ACKOCTIOP B IMATHOCTHUKE 3a60JI€BaHUS
MIPaKTUYECKH He UCIIONb3YIOTCS.

3AKJ/IIOYEHUE

[IpoBeleHHbIe KCCIENOBAHUA IIOATBEPIUIN BO3-
MOYXHOCTb TOUHOU uuaeHTuuKanuu S. linicola 6uo-
JIOTUUYECKUM METOJIOM IIyTeM aHaJii3a e€ro KyJbTy-
PaJIbHO-MOP(OJOrnUecKux XxapakTepUCcTuK. KpaTko
OCHOBHbIE MOMEHTHI UAEHTUGUKAIIUY BO3OYIUTEIS

B o

Puc. 21: a — ncespoTteunii
Mycosphaerella linicola; b — ackocnopbl
Mycosphaerella linicola (choTo aBTOPOB)

.

Fig. 20. Pycnidia on a 28-day culture of Septoria linicola
(2% PDA) (photos by the authors)

emerging flax plants. When studying herbarium sam-
ples of infected flax stems, we were able to isolate and
observe ascospores emerging from pseudothecia. They
were colorless, straight or slightly curved spores, with
one transverse septum and a few drops of oil in each
cell. The spore sizes were 12—-18 x 3—-4.7 um. The di-
mensions of pseudothecia on herbarium specimens are
approximately 130 um in diameter (Fig. 21 a, b). Due to
the fact that the ascigerous stage of pathogen develop-
ment is recorded extremely rarely, the morphological
characteristics of ascospores are practically not used in
the diagnosis of the disease.

e R
s CONCLUSION
The conducted studies confirmed
2= ‘ the possibility of accurate identi-
' fication of S. linicola by biological
0 = method by analyzing its cultural
& R4 ‘: and morphological characters.

¥ J Briefly, the main points of patho-
gen identification by this method
can be characterized as follows:
1. Pure cultures of S. linicola
have characteristic features and

Fig. 21: a — Mycosphaerella linicola
pseudothecium; b — Mycosphaerella linicola
ascospores (photos by the authors)
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3TUM METOJIOM MOXKHO 0XapaKTePHU30BaTh CIEAYIOIINM
obpasom:

1. YucTble KynbTypshl S. linicola 1MelOT XapakTep-
Hble 0COOEHHOCTY U OTJIMYAITCSH CBOUM BHEIIHUM
BUJIOM U IMHAMUKOU POCTa OT KYJIbTYP APYTUX BO3-
OymuTesield, KOTOpble MOXXHO BCTPETUTDb Ha ceMeHax
Y PaCTEeHUSIX JIbHA.

2. OTINYUTENIbHOY OCOGEHHOCTDhIO PAa3BUTHUSI
3TOro rpuba IBJISETCS COBOKYITHOCTh HECKOJIBKUX TH-
TI0OB CIIOPOHOIIEHUS — OT CBOOOAHBIX KOHUAVMEHOCIIEB
10 OTKPBITBIX U B Pa3HOU CTEINEHU 3aKPBITHIX JIOXK,
MTPOU3BOAAIINX KOHULVY, BKJIFOUAst MEJTaHKOHUATb-
HbIE JIOKA U MUKHUIBI. B 3peJIbIX KOJIOHUSX STU TUIIHI
CIIOPOHOUIEHNS, B PA3JIMUHBIX COUETAHUIX, MOTYT
MIPUCYTCTBOBATb OLTHOBPEMEHHO, 06pasysi CMeNIaHHbI
THII CIIOPOHOIIEHUS.

3. BHe 3aBUCUMMOCTU OT THUIIA CIIOPOHOLIEHUS KO-
Huauu S. linicola MeIOT OJIMHAKOBbIE ITapaMeTPhI 1 OT-
JINYAIOTCS 110 CBOUM XapaKTEPUCTUKAM OT CIIOP JIPY-
TUX BO30yAUTENeH, TOpaXkaloIuX PaCTeHN JIbHA.

4. EpUHUYHbIE KOHUAUU, TI0 KOTOPBIM MOXKHO
uneHTU(UIMPOBATh BO3OYIUTENS, TIOSBIISIIOTCS YXKe
Ha 3-U leHb pa3BUTUA KoJIoHUU. Ha 5-# meHb, Korjaa
TIOSIBJIIETCS TEMHBIN MULIEJINY 1 06pa3yl0TCs MeJlaH-
KOHUAJIbHBIE JIOXKA, MHTEHCUBHOCTD CIIOPO06Gpa3oBa-
HUS 3aMETHO YBEJINUNBAETCH.

5. Pa3BUTUE KOJIOHWU MOXXET MPOTEKATh He-
ONHO3HAYHO. [ITMKHUBI HA arapu30BaHHBIX cpefax
MOTYT 06pa30BbIBATHCS B PA3JIMUHbIE CPOKHU — OT 10
1o 30 mHel pa3BUTHS KoJloHUY (puc. 20), a MOTYT He 06-
Pa3oBBIBAaTHCS BOBCE. HO CITOPBI KaK AMAarHOCTUYECKU
MaTepuaJ 6yIyT IPUCYTCTBOBATH B JIIDGOM cirydae.

[Ipu KyJbTypasibHO-MOP(OJIOTUUECKOM HCCIIE-
IOBaHUM Pas3BuUTHUA S. linicola Ha pa3IMYHBIX [TUTA-
TEJIbHBIX CPe/laX HaWJIy4lllne Pe3yJabTaThl B ITOJIyve-
HUY HEOOXONMMBIX LUAaTHOCTUYECKUX IIPU3HAKOB
IOKa3aJiu TaKue CPefbl, KaK COJIOJIOBO-IPOXKIKEBOH
arap u 2%-1 KT'A.

HecoMHEHHBIM ILJII0COM 6MOJIOTMUECKOT'0 METO/A
SIBJISIETCS TO, YTO OH ITO3BOJISIET OXBATUTh U YBUJIETH
BCIO LIMPOTY HI0AHCOB, KOTOPbIe OBIBAIOT HEJOCTYTI-
HBI TIPY UCII0JIb30BAHUY JIPYTUX METOHOB. Harpumep,
ornpenesieHre GU3NOJIOTUUECKON (HOPMBI U30JIATA,
oIpesiesieHre XU3HECIIOCOOHOCTHU KOJIOHUU U CTa-
vy ee pa3BuUTUs. CJI0XKHOCTb METO/IA 3aKJII0UAETCS
B HEOOXOAMMOCTY HAJIMUUS OTIbITA PABGOTHI C JaHHBIM
00BEKTOM U 3HAHUS €ro 6MOJOTUYECKUX OCOOEHHO-
cTell. B mepBy0 oYepezb 5TO CBSI3aHO C HEOIHO3HAY-
HOCTBIO TIPOXOXKIEHUS ITUKJIa PA3BUTUS BO3OYAUTENS
Y He COBCEM OOBIUHBIMU JJI MUKHUAUATBHBIX TPUGOB
TUIIAaMU CITOPOHOIIEHYS. CIIOXKHOCTD BOZHUKAET TaK)Ke
IIPY TIOJIyYEHU Y U3 PACTUTEIBHOTO MaTepuasia YuCTon
KYJIbTYPbI BO3OYAUTENS, TaK KaK, UMesI HU3KUE TEMITbI
pocTa, KosoHud S. linicola erko 3abuBaeTcs IPyTUMU,
OBICTPOPACTYILUMY BULAMU.

[TpuMeHss 3TOT METO/] B HallleM UCCJIelOBaHUMY,
MBI ITOJTYYMJIX BO3MOXKHOCTD 60JI€€ HATJISILHO U3YUUTh
¥ TIPOJIEMOHCTPUPOBATh HEKOTOPBIE ACIEKTHI 610-
Jioruu ¥ MOpGOJIOTUY JaHHOTO OpraHu3Ma, Ha Hall
B3TJISI]], HEJIOCTATOYHO TIPE/ICTaBJI€HHBIE U OCBEIIEH-
HbIE B IPYTUX MCTOYHUKAX.

Baaz2odaprocms. 3a comeiicTBre B paboTe BhI-
paXkaeM MCKPEHHII 6JarolapHOCTb COTPYLHUKAM
dI'BY « BHMUKP»: KongpaTtbeBy Makcumy OJieroBuyy,
[ToranuHo# Cobe OnerosHe, lIBeTKoBOM 0nuu Bia-
IUCJIaBOBHE.

differ in their appearance and growth dynamics from
cultures of other pathogens that can be found on flax
seeds and plants.

2. A distinctive feature of the development of this
fungus is the combination of several types of sporulation —
from free conidiophores to open and to varying degrees
closed lodges that produce conidia, including melanco-
nial lodges and pycnidia. In mature colonies, these types
of sporulation, in various combinations, can be present
simultaneously, forming a mixed type of sporulation.

3. Regardless of the type of sporulation, S. linicola
conidia have the same parameters and differ in their
characteristics from spores of other pathogens that in-
fect flax plants.

4. Single conidia, by which the pathogen can be
identified, appear already on the 3™ day of colony de-
velopment. On the 5™ day, when dark mycelium ap-
pears and melanconial lodges are formed, the intensi-
ty of sporulation increases sharply.

5. The development of a colony can be ambiguous.
Pycnidia on agar media can form at different times,
from 10 to 30 days of colony development (Fig. 20), or
they may not form at all. But disputes as diagnostic ma-
terial will be present in any case.

In a cultural and morphological study of the de-
velopment of S. linicola on various nutrient media, the
best results in obtaining the necessary diagnostic cha-
racters were shown by such media as malt-yeast agar
and 2% PDA.

The undisputable advantage of the biological
method is that it allows you to capture and see the full
range of nuances that are not available when using
other methods. For example, determining the physio-
logical form of the isolate, determining the viability of
the colony and the stage of its development. The com-
plexity of the method lies in the need for experience
with this object and knowledge of its biological cha-
racteristics. First of all, this is due to the ambiguity of
the development cycle of the pathogen and the types
of sporulation that are not quite common for pycnidial
fungi. Difficulty also arises when obtaining a pure cul-
ture of the pathogen from plant material, since, having
a low growth rate, the colony of S. linicola is easily con-
taminated with other, fast-growing species.

By applying this method in our study, we were able
to more clearly study and demonstrate some aspects of
the biology and morphology of this organism, which, in
our opinion, are insufficiently presented and covered
in other sources.
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