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AHHOTAIIUA

B cTaTbhe mpezcTaBieHa nHGOPMAaIUa 0 BO3OyAUTETE
cyXoBepIIUHHOCTY siceHs Chalara fraxinea T. Kowalski
(treneomopda Hymenoscyphus fraxineus (T. Kowalski)
Baral, Queloz & Hosoya 2014). JlaHHOe 3aboJjieBaHUe
MIPENCTABJSET CEPbE3HYI0 Yrpo3y [IJis JIECHOTO XO-
39¥CTBA U GMOJIOTUYECKOro pasHoobpasusi. OTme-
YeHO, UTO BO36yauTeNb PoJioM M3 BocTouHOU A3uy,
TZie OH TIOPaXkaeT MEeCTHbIe BUJBI SCEHS KaK DHIO-
¢ut. OgHAKO TIPW UHTPOAYKIIWM Ha EBpomelcKuii
KOHTUHEHT IIPUBOIAMI K Tubenu o 90% siceEHEeBBIX
HacaxaeHWi. Ha OCHOBe aHau3a JIUTEPATYPHBIX
IAaHHBIX M COOCTBEHHBIX HAOJIOJEHUU ITPUBEIEHBI
CBeIeHNUS O TeorpadMyecKOM pPacHpOCTpaHEHUU
naroreHa (32 cTpaHbl EBPOMBI U TPU CTPaHbl A3UN),
Kpyre pacTeHui-x03s€eB (12 BULOB SICEHS U BUABI Ce-
MerictBa Oleaceae), GMOJIOTMUYECKUX OCOOEHHOCTIX
(KM3HEHHBIN IIUKJ C aHaMOP(}HOU u TeJeoMOphHON
CTaAWsAMM), YCJIOBUAX (HOPMUPOBAHUS AaIlOTEIUEB
¥ aCKOCIIOP, ITyTSAX pacrpocTpaHenus. CUCTEMATU3U-
POBaHbBI OCHOBHbBIE CUMIITOMEI ITIOPAKEHUS, & TaKXe
KYJIbTypajibHO-MODP(OJIOTUYECKUE TIPUBHAKYU TEJIEO0-
Mopdbl ¥ aHaMOp(dBI TaToreHa. B craTbe MpezncTas-
JIEHBI aBTOPCKUE UJLTIOCTPAIINH.

Knrouesvte cnosa: Chalara fraxinea, Hymenoscyphus
fraxineus, Fraxinus excelsior, CyXOBEepIUIUHHOCTb SICEHH,
WHBA3WBHBIN BUJI, KYJIbTYPaJIbHO-MOPGHOJIOTUYECKIE
MIPU3HAKY, )KU3HEHHBIN ITUKJIL.
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ABSTRACT

The article provides information on the agent of ash
dieback Chalara fraxinea T. Kowalski (teleomorph Hy-
menoscyphus fraxineus (T. Kowalski) Baral, Queloz & Ho-
soya 2014). This disease poses a serious threat to for-
estry and biodiversity. It is noted that the pathogen is
native to East Asia, where it affects native ash species
as an endophyte. However, when introduced to the Eu-
ropean continent, it led to the death of up to 90% of
ash stands. Based on an analysis of literary data and
our own observations, information is provided on the
geographic distribution of the pathogen (32 European
countries and three Asian countries), the range of host
plants (12 ash species and species of the Oleaceae
family), biological characters (life cycle with anamor-
phic and teleomorphic stages), the conditions for the
formation of apothecia and ascospores, and pathways.
The main damage symptoms, as well as the cultural
and morphological characters of the pathogen’s teleo-
morphs and anamorphs, are systematized. The article
includes the author’s illustrations.

Key words: Chalara fraxinea, Hymenoscyphus
fraxineus, Fraxinus excelsior, ash dieback, invasive
species, cultural and morphological characters, life
cycle.
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BBEJEHUE

030yAUTENb CyXOBEPUTUHHOCTH SICEHS
Chalara fraxinea T. Kowalski sBisieTcs
WHBAa3UBHBIM I'PUOHBIM (PUTOIIATOTE-
HOM, POIAUHOM KOTOPOTO CUMTAETCS
Bocrounas Asus. ECTeCTBEHHBIN ape-
an — KHIP, Pecitybsivka Kopes, Smo-
Husg. B BocTouHOM A3um ImopakaeT
MECTHBIN BUJ, ICEHS, TAaKOH KaK sICEeHb
MaHbWKYPCKUH (Fraxinus mandshurica), HO He BbI3bIBAET
ero rubenu, BeicTyIIas B postu sHgoduTa (https:/www.
forestresearch). C 3aBo3om B BocTouHyto EBpory Bup,
pAacIIpOCTPaHUJICS ITPAKTUYECKU 10 BCEMY KOHTUHEH-
Ty. BriepBbie o6Hapy»keH B [Tosbie (T. Kowalski, 2006).
I[Ipy MHPUIIMPOBAHUU SCEHS OOGBIKHOBEHHOTO
(Fraxinus excelsior) u IpyTUX €BPOMNENCKUX BUIOB,
He UMEINIUX UMMYHUTETA K IaTOTEeHY, T'PU6 BHI3bIBAET
MaCCOBO€ yChIXaHue KPOHBI U rubestb 10 90% JlepeBbeB
B ITOMYISAITASX.
duTonaToreH Chalara fraxinea BHeceH B ELVHBIN
TepedyeHb KapaHTHWHHBIX OGBEKTOB EBpPasmiiCKOro
9KOHOMMUECKOIO CO03a, B CIUCOK [ «KapaHTUHHBbIE
BpeAHbIE OPraHW3Mbl, OTCYTCTBYIOIE HA TEPPUTO-
puu EBpasmiiCKOro SKOHOMUYECKOTO COI03a».

MATEPUWAJIbBI U METO/IbI

B cTaThe mpuBeseHbl JaHHBIE O GMOJIOTUYECKUX OCO-
OGEHHOCTSIX, BDEJOHOCHOCTU U (DUTOCAHUTAPHOM CTaTy-
ce Bo30youTes, a TAakXKe O Iy TSIX ero pacIpoCcTpaHeHUs
Y OCHOBHOM KpyTe PacTeHUI-X03sieB. OMMCAHbI CUM-
IITOMBI TIOPA)KEHUS SICEHEBBIX HACAKIEHUHN, a TaKXKe
KyIbTYpaJIbHO-MOP(OJIornuecKyie TPU3HaKY IIaTOreHa
Ha ripuMepe usoisara ®I'bY «BHUKVKP» N2 HF 78-01-25.
B paboTe NMpuMeEHSIUCh METOABI BbIJEJIEHUS IaTOre-
Ha Ha NUTaTeJIbHYI0 cpeny (2%-# KI'A) ' MUKPOCKO-
muu (Mukpockon Olympus BX43A c yBenwmdyeHueM
x100-400). CHUMKY MaKpPOCKOITUY GBbLIY BBITTOJHEHBI
c ucnoJyib3oBaHUeM OmHOKyIsApa Olympus SZX-ZB16.
CTaThg WJUIIOCTPUPOBAaHA OPUTMHANBHBIMU (hOTOTpa-
UMY aBTOPOB.

Teorpacduyeckoe pacnpocTpaHeHHEe

EBpoma: ABctpus, benapycse, benbrus, bocuusa u
T'eprieroBuHa, Benukobpurtanus, BeHrpus, ['epmanus,
Hanus, Upnasguda, Uctianud, Utanus, JlatBud, JIUTBa,
JlrokceM6ypr, Hunmepnauabl, HopBerus, [Tosbia, Pymbl-
Hud, Cepbus, CioBakus, CioBeHus, Typiiys, YKpaunHa,
dunnauaud, Ppannus, Xopsatusd, YepHoropus, Yel-
ckas Pecrrybmuka, [lIBetiiapus, [IIBe1ust, SCTOHUS.

Azus: KHIIP, Pecriy6iuka Kopes, Sinonus (https://
gd.eppo).

PacTteHusa-xo3geBa

OCHOBHBIMK  pPACTEHUSMU-X03I€BaMU  IBJIS-
I0TCS sCeHb OOBIKHOBEHHBIN (Fraxinus excelsior),
sgceHb amepukaHckubi (Fraxinus americana), $iC€Hb
y3KONMUCTHBIN (Fraxinus angustifolia), sceHb ByHre
(Fraxinus bungeana), sicEHb HOCONUCTHBbIN (Fraxinus
chinensis subsp. rhynchophylia), sceHb MUPOKOJIUCTHBIN
(Fraxinus latifolia), siceHb MaHBWKYpPCKUM (Fraxinus
mandshurica), sscedb YepHbii (Fraxinus nigra), iceHb Oe-
JIeI¥ (Fraxinus ornus), SC€Hb ITIeHCUIbBaHCKu (Fraxinus
pennsylvanica), scenb cunuy (Fraxinus quadrangulata),
sicenb cormuiickuil (Fraxinus sogdiana). KpoMe BUIIOB
pozna Fraxinus, TaTOTE€H CITOCOOEH MOPaXkaTh U JPYTUX
npencraBuTeneir cemerictBa Oleaceae: (QUIIUPERO

INTRODUCTION

herry (Prunus cerasus L.) is a valuable stone

fruit crop and is of high economic impor-

tance both in the fresh produce market and

in the processing industry, where its fruits

are widely used to produce jams, juices, and
frozen products. However, the development of sus-
tainable and highly productive cherry production is
largely limited by the impact of a complex of fungal
diseases (Kulikov et al., 2014).

The most dangerous, economically significant
diseases that cause significant damage to cherry plan-
tations are moniliosis, leaf blight of cherry and shoot
blight of cherry (Hrusti¢ et al., 2015; Andersen et al.,
2018; Farooq, 2023).

MATERIALS AND METHODS

This article presents data on the biological charac-
ters, harmfulness, and phytosanitary status of the
pathogen, as well as its pathways and primary host
range. Ash tree damage symptoms, as well as the cul-
tural and morphological characters of the pathogen
are described using isolate No. HF 78-01-25 from
the All-Russian Research Institute of Plant Protection
(VNIIKR) as an example.

The study utilized pathogen isolation methods
(2% KGA) and microscopy (Olympus BX43A micro-
scope with 100-400x magnification). Macroscopic
images were taken using an Olympus SZX-ZB16 bin-
ocular microscope. The article is illustrated with the
authors’ original photos.

Geographic distribution

Europe: Austria, Belarus, Belgium, Bosnia and
Herzegovina, Great Britain, Hungary, Germany, Den-
mark, Ireland, Spain, Italy, Latvia, Lithuania, Lux-
embourg, Netherlands, Norway, Poland, Romania,
Serbia, Slovakia, Slovenia, Turkey, Ukraine, Finland,
France, Croatia, Montenegro, Czech Republic, Switzer-
land, Sweden, Estonia.

Asia: DPRK, Republic of Korea, Japan (https://
gd.eppo).

Host plants

The main host plants include Fraxinus excelsi-
or, Fraxinus americana, Fraxinus angustifolia, Fraxinus
bungeana, Fraxinus chinensis subsp. Rhynchophylla,
Fraxinus latifolia, Fraxinus mandshurica, Fraxinus nigra,
Fraxinus ornus, Fraxinus pennsylvanica, Fraxinus quad-
rangulata, Fraxinus sogdiana. Apart from the species of
the genus Fraxinus, the pathogen can affect other rep-
resentatives of the family Oleaceae: Phillyrea angustifo-
lia and Phillyrea latifolia (https://gd.eppo).

Harmfulness

The first reports of widespread ash tree mortal-
ity in Europe appeared in Poland in the early 1990s.
Initially, the etiology of the disease was erroneously
attributed to abiotic factors or the colonization of trees
by pathogenic basidiomycetes of the genus Armillaria.
In 2006, the fungus was described as a new species,
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yakonucTHyIo (Phillyrea angustifolia) i GuIIMpero miu-
poxosiucTHyI0 (Phillyrea latifolia) (https://gd.eppo).

BpesoHOCHOCTH

ITepBbie COOBIIEHMSI O MAaCCOBOM rMbeIN ICEHEBBIX
HacaxJeHU# B EBpoIle MOSBUINCE B Havasie 1990-X IT.
B [losbiie. TlepBOHAYAJIBHO 3THOJIOTHIO 3a060JI€BaHUS
OIIMOOYHO CBI3BIBAJIY C BO3IEUCTBUEM abHOTUUYECKUX
(aKTOPOB WJIM KOJOHHU3AIIMEel IePeBbeB IaTOTeHHbI-
MU GasupmomuiieTaMu poga Armillaria. B 2006 1. rpu6
OBLI omrcaH Kak HOBBIM BUJ Chalara fraxinea ToMacoM
KoBajibcky 1o o6pasiiaM, OTOGPaHHBIM C IOPaKEH-
HbIX siceHel B [Tombire (Kowalski T., 2006). [Tocye mep-
BBIX ouaroB B lleHTpayibHOU EBporie 60je3Hb B 2000-X
u 2010-X IT. GBICTPO pacIpOCTpPaHUIACh, OXBATUB 00-
mMpHBIEe TeppuTopuy CKaHAMHABCKOTO ITOJIyOCTPOBA,
[Tpubantuky, 3anaaHoin 1 I0)xHoM EBPOIIHL.

CorylacHO 00OOIIEHHBIM HAaHHBIM B EBporme, 1mo-
Kasarenu TUOeNM JepeBbeB sCEHS AOCTUTAlT 85%
B IIUTOMHUKAX, 82% B €CTECTBEHHBIX IPEBOCTOSIX 11 OKO-
0 70% B secHbix MaccuBax (Coker T.L.R et al., 2019).
[To olleHKAM WHCCIefoBaTeEd, COBOKYITHBIM B3KOHO-
MWYECKUH yIIep6 OT BO3OYIAUTENS CYyXOBEPIIUHHOCTH
SICeHsT B BeJIMKOGPUTAHUY B JOJITOCPOYHOM ITEPCIIeK-
THBE COCTABUT MopsAAkKa 14,8 Mapz, GyHTOB CTEPJIIMHTOB
(Hill L. et al., 2019). B ITonbiie u JJaHUK IIPOMBIIIIEH-
HOe BBIpAIl[BaHUE SICEHS YTPATUJIO KOMMEPUYECKYIO
11eJ1ec006pa3HoCTh. [IpsaMble (DMHAHCOBBIE TTOTEPU OT
JIMKBUZAIIMY TOCYJAPCTBEHHbBIX Y YaCTHBIX ITUTOMHU-
KOB, UCUHCJIIEMbIe MIJLIMOHAMY €BPO, IPUBEJIHU K (hak-
TUYECKOMY MCUE3HOBEHUIO JAHHOT'O CEKTOpa JIECHOTO
xo3samcTBa (Stockeland J. et al., 2017). IlapajienbHO
¢ 9TuM BO PpaHIINY IOPAKEHNE JEPEBLER SCEHS CHU-
JKaeT pPeHTabesJbHOCTh HacaxieHuit Ha 30-50% 3a
ofvH 060poT pybku. KitoueBbIM (haKTOPOM 3KOHOMU-
YeCKUX TIOTEPb BBICTYIIAET YXy[IIeHVEe KadyecTBa Jie-
coMaTepuraJioB: 13-3a 60JIe3HU BBICOKOKAYECTBEHHBIM
MeOeJIbHBIN KPSK IIEPEXOIUT B KATETOPUI0 HU3KOCOPT-
HOT'0 TOILUIMBHOTO ChIpbs (IpoB) (Petucco,C. et al., 2019).

BuoJiornuecKkne 0CO6eHHOCTH
BO30yauTENA

JKU3HEHHBIN [UKJ BO3GYAUTENS CYXOBEPIIWH-
HOCTM SICEHS TIPeICTaBJISIET COBO0M CIIOXKHBIH ITPOIIECC,
BKJIFOUAIOIINY Gecrioyio cTaauio — anamopdy Chalara
fraxinea, a Tak)Xe IIOJIOBYIO CTafiuii0 — TejeoMopdy
Hymenoscyphus fraxineus. TemeoMopgHas CTaus 1aTo-
reHa xapakTepusyercsa (HOPMUPOBAHUEM B JIMCTOBOM
TIOACTUJIKE GeJIbIX WMJIM KPEMOBBIX allOTELVEB, pas-
BUBAIOIIUXCSI Ha YepeNIKaX JIMCThEB ITPEABIAYIIETO
roga. C WIOHSA TI0 OKTSIOPH AIllOTEUU IIPOAYIUPYIOT
ackocnopsI (Gross A. et al., 2012). Cpoku hopmupoBa-
HUS alloTeIleB BapbUPYIOT B 3aBUCUMOCTH OT KJIUMa-
TUYECKUX YCIIOBUYM PETHMOHOB: eciy B 60Jiee CEBEPHBIX
LUIMPOTax X Pa3BUTHE IIPUXOAUTCS HA KOHELL UI0JIS —
aBryCT, TO B 60Jiee FOXKHBIX aKTUBHOE Pa3BUTUE U 06-
pasoBaHUe aIlOTEIMEeB OTMEYaeTCs yKe B MioHe. I10-
BBIILIEHHAS BJIAQXXHOCTb Y HAJINYYWE JIECHON TTOJICTUIIKYI
(hopMUpYIOT ONITYMAaJIbHBIN MUKPOKJIUMAT JIJIST CO3PE-
BaHMS allOTEIVEB HA OIMTABUIMX paxucax JUCTheB. Co-
YyeTaHUe YMEPEHHO TeIioi morozsl (mopsaka 20 °C)
¥ BBICOKOH BJIQXKHOCTHU CITOCOGCTBYET aKTUBHOMY CITO-
POHOIIIEHNUT0, 06ecIieunBasi IIEPEHOC aCKOCIIOP BETPOM
Ha 60JIbIIKEe paccTOSHUS. B yacTHOCTH, BO ®paHIINU
3a(hMKCUPOBAHBI CIyYay PACIPOCTPAHEHUS aCKOCIIOD
Ha 50-100 k™M (Grosdidier M. et al., 2018).

Chalara fraxinea, by Tomasz Kowalski from samples
collected from affected ash trees in Poland (Kowalski,
T., 2006). After initial outbreaks in Central Europe, the
disease rapidly spread in the 2000s and 2010s, cover-
ing vast areas of the Scandinavian Peninsula, the Bal-
tic States, and Western and Southern Europe.

According to the generally accepted data in Eu-
rope, mortality rates for ash trees reach 85% in nurs-
eries, 82% in natural stands, and approximately 70%
in woodlands (Coker, T.L.R., et al., 2019). Researchers
estimate that the total long-term economic impact of
ash dieback in the UK will be approximately £14.8
billion (Hill L., et al., 2019). In Poland and Denmark,
industrial ash cultivation has become commercially
unviable. Direct financial losses from the closure of
public and private nurseries, amounting to millions of
euros, led to the virtual disappearance of this forest-
ry sector (Stockeland, J., et al., 2017). Meanwhile, in
France, ash dieback reduces the profitability of stands
by 30-50% per felling cycle. A key factor in economic
losses is the deterioration of timber quality: due to the
disease, high-quality furniture logs are relegated to
the category of low-grade fuel wood (firewood) (Petuc-
co, C, etal.,, 2019).

Biological characters of the pathogen

The life cycle of the ash dieback pathogen is a
complex process that includes an asexual stage, the
anamorph Chalara fraxinea — and the sexual stage —
teleomorph Hymenoscyphus fraxineus. The pathogen’s
teleomorphic stage is characterized by the formation
of white or cream-colored apothecia in the leaf litter,
developing on the leaf petioles from the previous year.
From June to October, the apothecia produce asco-
spores (Gross A., et al., 2012). The timing of apothe-
cia formation varies depending on regional climatic
conditions: while in more northern latitudes their
development occurs in late July or August, in more
southern latitudes, active development and formation
of apothecia is observed as early as June. High humid-
ity and the presence of forest litter create an optimal
microclimate for apothecia maturation on fallen leaf
rachis. The combination of moderately warm weath-
er (around 20°C) and high humidity promotes active
sporulation, ensuring the wind transport of asco-
spores over long distances. For example, cases of as-
cospore dispersal over 50-100 km have been record-
ed in France (Grosdidier M., et al., 2018).

Primary infection occurs through the leaf blade:
upon landing on the leaf surface, the ascospore germi-
nates and forms an appressorium, allowing the patho-
gen to penetrate the mesophyll tissue. Subsequently,
the pathogen migrates from the leaf blade to the ra-
chis, and then infects the branch tissues. The anamor-
phic stage of C. fraxinea plays an equally important
role. When the fungus penetrates plant shoot tissue, it
causes elongated necrotic lesions — brown-black can-
kers that penetrate deep into the xylem—which sub-
sequently cause blockage of the vascular vessels and
the death of the entire crown above the infection site.
The overwintering stage of the pathogen manifests as
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[TepBUYHOE 3apa’keHUE IPOUCXOAUT Uepes JINCTO-
BYIO IJIACTYHY: [IPY TTOTIAIJaHNY Ha [IOBEPXHOCTD JIMCTA
ackocriopa IpopacTaeT ¥ (HOPMUPYET allpPeCcCOpUii,
obecrieunBamIINY ITPOHUKHOBEHNE TIaTOTeHa B TKaHU
Me3zodwia. B anbHelieM maToreH MUTpUpyeT U3 JIN-
CTOBOM TIJIACTUHKM B PAaXUC, a 3aTEM IOPa’KaeT TKaH!
BeTBel. He MeHee BaXKHYIO POJIb UrpaeT aHamopdHas
cragus C. fraxinea. Tlomaganve rpuba B TKaHU IT0Ge-
TOB PaCTEHU MPUBOIUT K 06PA30BAHUIO0 BBHITTHYTHIX
HEKPOTUYECKUX YYACTKOB — $I3B KOPUYHEBO-UEPHO-
ro I[BeTa, MPOHUKAIIINX BLJYyOb JO KCUJIEMBI, — UTO
B JJaJIbHEHNIIIEM BbI3BIBAET 3aKyTIOPKY ITPOBOASIIUX CO-
CyIoB ¥ TubeNib BCeM YacCTU KPOHBI, PACIIOJIOKEHHOM
BBIIIIE MECTA 3apakeHurs. 3UMYIOIAs CTaIUs TTaTOTeHa
JIOKAJII3YETCS B BUJIE CKIEPOITUATbHBIX TIJIACTUHOK Ha
OTIABIIMX PAXUCAX JIMCThEB, 4 TAKXKE B BUJIE MUIIETUI
B IpeBecuHe. C HACTYIJIEHEM JIETHETO TIEPHO/a Ha pa-
xucax GOpPMUPYIOTCS aTlOTEIINH, YTO 3aBEPIIAET TOIUY-
HBIM ITUKJ pasBuTus rpuda (Long F. et al., 2025).

CnocoGbl pacripocTpaHeHUs

Ilytu pacrnipoctpanenus C. fraxinea HOCSAT KOM-
TUIEKCHBIN XapaKTep Y BKJIIOYAIOT KaK €CTECTBEHHBIE
(TTlepeHOoC acKOCTIOP BO3AYNIHBIMY MacCaMu), TaK U aH-
TPOTIOTEHHbBIE BEKTOPHI. K ITOCIEIHUM OTHOCUTCS HC-
TIOJIb30BaHME W Peain3alys 3apaKeHHOIO I10Cafoy-
Horo Marepuasa (Hill L. et al., 2019), TpaHCIIOPTUPOBKA

sclerotial plates on fallen leaf rachis and as mycelium
in the wood. With the onset of summer, apothecia form
on the rachis, completing the fungal cycle (Long, F.,
etal., 2025).

Pathways

The spread of C. fraxinea is complex and includes
both natural vectors — airborne ascospores — and an-
thropogenic vectors. The latter include the use and
sale of infected planting material (Hill, L., et al., 2019),
the transportation of wood raw materials and logging
debris (Kowalski, T., 2006), and the spread of infection
by vehicles and people.

Symptoms

Leaf damage. Initial symptoms appear as small
necrotic spots on the leaf blades. As the infection pro-
gresses, affected leaves wilt prematurely, turning dark
brown or black, and drying out. A characteristic fea-
ture is the prolonged persistence of dead foliage in the
crown: it does not fall off during the growing season
(see Fig. 1).

Branches damage. The pathogen causes elon-
gated necrotic areas on the bark of shoots and
branches. These necroses often have a distinctive
diamond-shaped appearance and a characteristic
brownish-orange color (see Fig. 2).

Puc. 1. CuMnTOMbI CyxoBepLIMHHOCTY siceHs C. fraxinea Ha nucTBe: A — nopakeHne nobera ¢ IMCTbAMY;
B — coxpaHeHue norubwero nobera (¢poto J1. B. 3aiiLeBoin)
Fig. 1. Ash dieback C. fraxinea on leaves: A - infected shoot with leaves;
B — preserving dead branch (photos by L.V. Zaitseva)
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JIIPEBECHOTO ChIPhS U MOPYOOUHBIX OcTaTKOB (Kowalski
T., 2006), a Takxe epeHoc WHPEKIUKU TPAHCIIOPTOM
U JTIOIBMU.

CHUMIOITOMBI

[TopaxeHue JUCTbeB. [lepBUYHBIE IIPU3HAKU
60Jie3HU TIPOSBIISIIOTCS B BUZE MEJKUX HEKPOTHUYE-
CKUX TIATEH Ha JIUCTOBBIX IJIAaCTUHAaX. B mpoliecce
pas3BuTUS MHOEKIIUY ITOPa’KeHHbBIE JINCThI TIPEXIe-
BPEeMEeHHO yBAaloT, TPUOoOpeTaT TEMHO-6YPYI0 UIn
YepHYI0 OKPAaCKY U BBICHIXAIOT. XapaKTepHO! ocobeH-
HOCTBIO SBJISIETCS OJIUTEJIbHOE COXpaHeHWe IOorub-
el JIMCTBBI B KPOHE: OHA HE OIaflaeT B TeUEHUE Be-
reTaoHHOTO mepuoga (cM. puc. 1).

IMopa:keHue BeTBeil. IlaToreH BBISHIBAET BbI-
TSHYyTble HEKPOTUYECKVEe yYacTKU Ha KOpe I06Geron
U BeTBel. ITU HEKPO3bl YaCTO UMEIOT ClIeu(IIecKyo
poM6GoBUIHYIO (hOpMy U XapaKTepHYI0 KOPUUHEBATO-
OpaHIXeBYI0 OKpackKy (CM. puc. 2).

Puc. 2. CumnToMbI cyxoBepLINHHOCTY siceHs C. fraxinea Ha BeTKax: A — Mopa)keHne BeTKU ICeHS;
B - pom6oBupgHble HeKpo3bl Ha BeTKax (oTo A. B. KaMueHkoBa)

Fig. 2. Ash dieback C. fraxinea on branches: A — ash tree branch damage;

B - diamond-shaped necrosis on branches (photo by Kamchenkov A.V.)

IMopaskeHHe MpPoOBOAAIIEi crucTeMbl. HEKPO3bI
He OTPaHMYMBAIOTCSI KOPOM, a aKTMBHO PacIpocTpa-
HSIOTCSI Ha SJIEMEHTHI KCuieMbl. Ha II0BepXHOCTU
JIpeBECUHbI HABJII0IaI0TCS BHITSHYThIE POMOOBUIHBIE
HeKpoTuueckue mgTHa (cM. puc. 3). LIeHTp Takoro
ydacTKa 00BIYHO COBITaIAET C MECTOM MIPUKPEILIEHUS
Yepelrka JIMCTa WJIYM OCHOBaHMS GOKOBOTO IT0Gera,
Yyepes3 KOTOPBIE MTATOTeH MMPOHUK BHYTPbh. 30HA IOpa-
JKEHUS UMEeeT YETKYI0, YacTO TEMHYI0 KaiiMy, KoTopas
OTIeJIeHa OT 37J0POBOM CBETJION IPEBECUHBI.

Ha momepedyHoM cpese BETKM HaOI0IAaeTCsa Xa-
pakTepHasi V-o6pasHO-KpyroBas 30HA MOPa’KeHU,
OKpallleHHasl B TEMHO-CEPbIN, KOPUYHEBBIN MU Yep-
HBIY 11BeT. Hekpo3 TKaHel rpu 3apakeHuu C. fraxinea
XapaKTepusyeTcs TIy0OKMM MPOHUKHOBEHUEM: IIa-
TOTeH IIPeO/ioJieBaeT KaMOMaIbHbBIM CJIOM ¥ aKTUBHO
pacrmpocTpaHsieTcs Briy6b JpPEeBECUHBI, YaCTO JAOCTH-
ras lieHTpaJbHON yacTu nobera (CM. puc. 4).

Conduction system damage. Necrosis is not
limited to the bark but actively spreads to xylem ele-
ments. Elongated, diamond-shaped necrotic spots are
observed on the wood surface (see Fig. 3). The center
of such a spot usually coincides with the attachment of
the leaf petiole or the base of the lateral shoot through
which the pathogen entered. The affected area has
a distinct, often dark, border that is separated from
healthy, light-colored wood.

A cross-section of a branch reveals a characteris-
tic V-shaped, circularlesion, colored dark gray, brown,
or black. Tissue necrosis during C. fraxinea infection is
characterized by deep penetration: the pathogen pen-
etrates the cambium layer and actively spreads deep-
er into the wood, often reaching the central part of the
shoot (see Fig. 4).

Crown damage. As a result of long-term branch
damage, progressive crown thinning occurs. The tree
apex loses its leaves prematurely, dries up, and dies,
giving ash trees a typical
“dead-top” appearance
(see Fig. 5).

In the later stages,
the tree often responds
to stress by forming nu-
merous epicormic shoots
from dormant buds on the
trunk, which is an attempt
to compensate for the lost
leaf mass (see Fig. 6).

Cultural and
morphological
characters
Teleomorph: Hymenos-
cyphus fraxineus
Apothecia are typically
cup-shaped, solitary or
numerous, and crowded.
Coloration ranges from
white to cream; the hyme-
nium is smooth and light.
The disc diameter is ap-
proximately 1.2-3.5 mm);
the stalk is thin, 1.25-4
mm long, and the disc
margin is smooth and not
ciliated (see Fig. 7).

Asci are 8-spore-bearing, cylindrical to weakly
clavate, and measure approximately 90-115 x 8-11 pym
(see Fig. 8).

Ascospores are hyaline, smooth, usually
without septa when ejected (may later become 1-sep-
tate), cylindrical to slightly allantoid, straight or slight-
ly curved, with small oil droplets, 12.5-14.2 x 2.5-3.1
pm in size; in the asci they are arranged mainly biseri-
ally (in places uniserially).

Paraphyses filiform, 1.5-2.5 um thick, slight-
ly thickened at the apex to 3-5 pm, with vacuolar bod-
ies; protruding slightly above the asci by 5-15 pm.
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Puc. 3. NopaxeHue gpeBecuHbl C. fraxinea (choTo J1. B. 3alinesoit)

Fig. 3. Wood damage by C. fraxinea (photos by L.V. Zaitseva)

IIopa:xeHue KpOHBI. B pesyibTaTe MHOI'OJET-
HEro IOpakeHUsI BeTBeM HabJII0ZaeTcs MpPOrpeccu-
pylolliee U3peXxXnBaHUe KPOHBI. BepxylneuHas 4acTb
JlepeBa IIPEXJIEBPEMEHHO TepSeT JIUCTBY, 3aChIXaeT
U OTMUPAET, YTO MPULAET SICEHSIM TUIHUUHBIN «CYXO0-
BEPIIMHHBIN» BUJ, (CM. PUC. 5).

Ha mo3gHuX CTafusx AEPeBO YacTO pPearupyer
Ha cTpecc 06pa3oBaHUEM MHOTOUYMCIEHHBIX SMUKOP-
MUWYECKUX ITOOETOB U3 CISANIUX TOYEK Ha CTBOJIE, UTO
SIBJISIETCS TIOTIBITKOM KOMIIEHCUPOBATh YTPAaYeHHYIO
JINCTOBYIO Maccy (CM. puc. 6).

KynbTypajibHO-MOP(}OJI0rnYecKre NPU3HaAKI
Teneomopda: Hymenoscyphus fraxineus

ArioTelly TUOWYHO YallleBUJHBbIE, OMUHOY-
Hble WJIM MHOTOYMCJIEHHBIE, CKydeHHble. OKpacka —
oT 6eJIoil M0 KPeMOBOM; TUMEHUH TJIaKNi, CBETIIbIN.
JviameTp gucka npuMepHo 1,2—-3,5 MM; HO’KKa TOHKad,
1,25-4 MM OJIMHOM, Kpal A¥CKA POBHLIN, HE PECHUT-
YyaThli (CM. puc. 7).

Acku 8-CIIOpPOBEIE, OT LMJINHIPUUECKUX 0 CJia-
60 GynaBOBUAHBIX, pa3Mepbl KOTOPBIX IIPUMEPHO
90-115 x 8-11 MkM (cM. puc. 8).

ACKOCIIOpBI THAJIMHOBBIE, TJIAJKUE, OOBIYHO 6e3
TIEPEropofioK IIPU BBIGpPAcCHIBAaHWU (TI0O3[HEE MOTYT
CTaHOBUTHCS 1-CEMT.), IMINHAPUYECKUE IO CJIET-
Ka aJUIQaHTOULHBIX, NPsSAMble WU UyTh WN30THYTHIE,
C MeJKMMU KaIlJIIMU Macia, padmepom 12,5-14,2 x
2,5-3,1 MKM; B acCKaX pacIiojioyKeHbI B OCHOBHOM b6uice-
puanbHO (MECTaMU YHUCEPUAJIBHO).

[Napadu3sel HUTEBUAHEBIE, 1,5-2,5 MKM B TOIUIUHY,
Ha BepLINHE CJIerKa YTOJIEeHE] 10 3—5 MKM, C BaKyo-
JIPHBIMU TeJlaMU; YyTh BBICTYIIAIOT HAaJ, ackaMu
Ha 5-15 MKM.

Anamopda: Chalara fraxinea

Komonusa Ha 2%-M KapTo(deabHO-TJIIOKO3HOM arape,
MeJJIEHHO pacTylas, IUIOTHas, cjaabo OIylIeHHas,
CHEPOBHBIM KpaeM. CpeHss ckopocTh pocTa 0,7 MM/CyT
(cM. puc. 9).

LIBeT KOJIOHWM HEOMHOPOIHBIM, OT 6ejoBaToO-
6e)XeBOT0 [0 KPEMOBOI'O C OPaH)KeBO-KOPUYHEBLIMU
y4JacTKaMUy MULIeNINS.

Puc. 4. MpoponbHbIN cpe3 BETKU ACEHS C HEKPO30M TKaHew
ApesecuHbl (choTo J1. B. 3aliLeBoit)

Fig. 4. Longitudinal section of an ash branch with wood
tissue necrosis (photo by L.V. Zaitseva)

Puc. 5. CUMNTOMbI yCbIXaHUS BEpXYLUEK AceHeMn
06bIKHOBEHHbIX (¢hoTo J1. B. 3anueBoin)

Fig. 5. Crown dieback symptoms of common ash trees
(photo by L.V. Zaitseva)

dutocaHutapusi. KapaHtux pactenuin 40



ONATHOCTUKA  DIAGNOSTICS

Puc. 6. MHOrouncneHHble anMkopMuueckue noberu siceHs
(choTo J1. B. 3anueBoin)

Fig. 6. Numerous epicormic shoots of ash

(photo by L.V. Zaitseva)

I'ndbl MUlleIrs TUAJUHOBBIE, TOHKOCTEHHBIE,
CeITUpPOBaHHbIE, 2—4 MKM B fuaMeTpe. duaaumb! xa-
paKkTepHO OYTBUIEBUIHLIE, KOPOTKWE, T'MaJINHOBBIE;
Hepenko Guanuabl GOpMUPYIOTCS HETTOCPEANCTBEHHO
Ha BereTaTUBHBIX r'M(ax (MHTErPUPOBAHHbIE KOHUI Y-
oreHHbIe KJIeTKH) (cM. puc. 10, A).

KoHuauu ruajuHoOBbIE, TJIafKKe, OLHOKJIETOY-
Hble (acemTHpOBaHHbIE), HUJIMHApPHUUYECKUe, (HopMuU-
PYIOTCA SHIOTEHHO, pasMepoM 3,5-5,2 x 1-2 MKM;
MOTyT 06Pa30BBLIBATh CKOIIJIEHUST Ha BeplInHax dua-
Jaug (cMm. puc. 10, B).

Puc. 9. YeTbipexHepenbHas kynbtypa C. fraxinea Ha 2%-M
KTA, usonat ®rey «BHUUKP» N2 HF 78-01-25

(cpoTo J1. B. 3anueBon)

Fig. 9. 4-week culture of C. fraxinea on 2% PDA, isolate of
FGBU “VNIIKR” No. HF 78-01-25 (photo by L.V. Zaitseva)

Puc. 7. Anoteuuu Ha yepeluke, 6UHOKynsap

Olympus SZX-ZB16 (choTo J1. B. 3aiiueBoir)

Fig. 7. Apothecia on the petiole,

Olympus SZX-ZB16 binocular (photo by L.V. Zaitseva)

Puc. 8. Ack un ackocnopbl H. fraxineus, Mukpockon Olympus
BX43A (choTo A. B. KamueHKoBa)

Fig. 8. Ascus and ascospores of H. fraxineus, Olympus
BX43A microscope (photos by A.V. Kamchenkov)

Anamorph: Chalara fraxinea

Colony on 2% potato dextrose agar, slow-grow-
ing, dense, slightly pubescent, with an uneven edge.
Average growth rate 0.7 mm/day (see Fig. 9).

The colony color is uneven, from whitish-beige to
cream with orange-brown areas of mycelium.

Mycelial hyphae are hyaline, thin-walled, septate,
2-4 pm in diameter. Phialides are characteristical-
ly bottle-shaped, short, and hyaline; phialides often
form directly on vegetative hyphae (integrated conid-
iogenous cells) (see Fig. 10, A).

Conidia are hyaline, smooth, unicellular (asep-
tate), cylindrical, formed endogenously, 3.5-5.2 x 1-2
um in size; they can form clusters at the tips of phial-
ides (see Fig. 10, B).

Control measures

The effectiveness of control measures to pro-
tect ash stands from C. fraxinea is complicated by the
pathogen’s biological characters. To date, no chemical
or biological methods have been developed to pro-
tect against the disease. Therefore, the primary mea-
sures to control the pathogen are limited to sanitary
and preventive measures and the creation of resilient
tree populations through selective breeding. Priority
sanitary and preventive measures include leaf litter
removal, sanitary pruning, monitoring of ash stands,
using healthy planting material, and pre-planting di-
agnostics.
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Puc. 10. Mopconoruueckue npusHaku C. fraxinea: A — 6yTbineBupHble hruanuapbl v aHA0KOHUAUN KynbTypbl C. fraxinea,
2%-1 KIA, mukpockon Olympus BX43A; B — ckonieH1s 3SHAOKOHUANI Ha BeplumHax huanug, mukpockon Olympus BX43A

(choTo J1. B. 3aliueBoit)

Fig. 10. Morphological characters of C. fraxinea: A — bottle-shaped phialides and endoconidia of the C. fraxinea culture,
2%-11 PDA, Olympus BX43A microscope; B — clusters of endoconidia at the tips of phialides, Olympus BX43A microscope

(photos by L.V. Zaitseva)

Mepbl 60pb6bI

IDDHEKTUBHOCTh MeP MO 3alUTE SICEHEBBIX Ha-
caxxgeHuit ot C. fraxinea ocJIOXHsIETCS OUOJOTHYe-
CKMMU 0COGEHHOCTSMU BO36ymuTesis. Ha ceromsI-
HUH JeHb XUMUYECKUX MY OMOJIOTHUYECKUX METOIOB
3alIUThl OT 3aboJieBaHUs He paspaboTaHo. B cBs3u
C 5TUM OCHOBHbBIE MepPbl 60PBHObBI C TATOTEHOM CBOMAT-
¢Sl K CAHUTApPHO-IPODUIaKTUUECKUM MEPOIPUATUSIM
¥ CO3JaHUI0 YCTOMYMBBIX IOMYJISIIUNA EPEBbEB I10-
CPenCcTBOM cejieKIuu. KOoMIIIeKC MNepBOoOYepemIHbIX
CAaHUTAPHO-ITPOGUIAKTUYECKUX MeP BKJIIOUAET B cebs
yOOPKY JIMCTOBOTO OTajia, CAHUTAPHYI 0OpPEe3Ky, MO-
HUTOPHUHT SICEHEBBIX HACAKAEHWM, HCIIOJIb30BaHUeE
37I0POBOTO TIOCAZI0OYHOI'O0 MaTepuasia, AUArHOCTUKY
I0CaI0YHOr0 MaTepuaJa repe ocaaKou.
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