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

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

JKaBUMHHBIE TPUOLI — IIUPOKO W3-
BECTHBIE PACTUTEJbHbIE I1aToTe-
HbI, BbI3bIBAIOIIME HA TPABTHUCTHIX
Y JIPEBECHBIX DPACTEHUSIX DPasHO-
06pasHble CHUMIITOMBI TTOPAKEHUS.
Yarie BCero 3TO MATHUCTOCTY Ha JINCThSIX MU IPYTUX
opraHax pacTeHMH, Ha KOTOPBLIX BITOCIEICTBUM 06pa-
3YIOTCS SIPKO-OPAHYKEBBIE, JKEJIThIe TTYCTYJIbI — CIIOPO-
HOIIeHUst TPpuba, MOX0XKIe Ha PXKaBUMHY. TakKke MOTyT
pasBuBaThCA U 6osee rmyboKre NHQEKIINU PACTUTENb-
HBIX TKaHEeW, HarTpuMep MapeHXUMbI KOPbI. Takasg WH-
(hexIusa TPUBOIUT K TUMEPTPODUU U TUIEPIIA3UY
TKaHeH! BCJIeCTBYE paspacTaHud U YBEIUYEeHUs 06b-
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ust fungi are well-known plant pathogens
that cause a variety of symptoms damaging
herbaceous and woody plants. Usually, these
are spots on leaves or other parts of plant,
on which bright orange, yellow pustules ap-
pear subsequently — sporulation of the fungus looking
like rust. Deeper infections of plant tissues, such as cor-
tical parenchyma, may also develop. Such an infection
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eMa COCTaBNIFIONIMX UX KJIETOK. B pesynbTaTe Ha BET-
BSIX U CTBOJIAX 06PA3yIOTCS TaJIIIbI, Ty3bIPEBUAHBIE UITH
MEITKOBUIHbIE B3IYTHA, Ha TIOBEPXHOCTU KOTOPHIX 3a-
KJIQJIbIBAIOTCA S1TMHU. TaKe CUMIITOMBI BBI3BIBAIOT TaJl-
JIoobpasyonre pXKaBIMHLI poma Cronartium.

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

BMOJIOTUYECKUE OCOBEHHOCTHU

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

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

OT HayKu K npakTuke

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

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

BIOLOGICAL FEATURES

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

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

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

3AMEYAHUA I10 TAKCOHOMUU

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

UGRAl467282

UGA1241730 UGA2251007

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

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

photo by: USDA Forest Service;

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

COMMENTS ON TAXONOMY

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

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

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

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

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

(photo by: Andrew Khitsun, Tod Ramsfield,
https://gd.eppo.int)
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Puc. 3. lannbl ¢ auusmu (cnesa) u BepeteHoobpasHoe  Fig. 3. Galls with aecidia (left) and fusiform growth

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

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

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

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

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

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

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

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

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

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

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

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

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

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

https://www.invasive.org, hoTo: E.G. Kuhlman)

OT HayKu K npakTuke

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

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

DISTRIBUTION
AND RISK OF INTRODUCTION

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

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

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

Fig. 5. C. quercuum symptoms on pine

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

php?species=14677)

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

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

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

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

php?species=14677)

ol i

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

photo by: Alan Cressler)

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

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

NORTH AMERICAN RUSTS

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

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

PACIIPOCTPAHEHUE
1 OITACHOCTDb ITPOHUKHOBEHUA

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

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

CEBEPOAMEPUKAHCKHUE COCHOBBIE
PKABUYNMHBI

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

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

OT HayKu K npakTuke

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

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

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

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

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

Fig. 7. C. orientale gall,

(https://fr.dreamstime. (https://fr.dreamstime.
com/gall-rust-cronartium- com/gall-rust-cronartium-
quercuum-oriental-l-écorchure-  quercuum-oriental-I-
sphérique-rouille-orientale- écorchure-sphérique-
d-souvent-appelé-pin-chéne- rouille-orientale-d-souvent-
branche-image143665587) appelé-pin-chéne-branche-
image143665587)
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Puc. 8. MopaxkeHus, BbiaBaHHble C. ribicola
(https://en.wikipedia.org, hoTo: Marek Argent;

e

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

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

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

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

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

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

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

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

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

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

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

DIAGNOSTICS

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

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

OT HayKu K npakTuke

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

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

OT HayKu K npakTuke

UGA2251007

Fig. 9. Aecidial stage of C. coleosporioides

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

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

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

AUATHOCTUKA

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

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

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

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

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

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

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

3AKJ/IIOYEHUE

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

Pinus Alternate Hosts

C. occidentale Saxifragaceae

C.ribicola Ribes
Grossularia

Subgenus Scmgzgq'ﬂ:;“
Haploxylon Melampyrum
Castillgja

Siphonotegia

Asclepiadaceas
Cynanchum
Vincatoxicum

C.coleosporiode:
C. arizonicum

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

Gentianaceas
Genliana
Swertia

Paeoniaceae
Pagoni

C. delawayi aoone

C.quercuum, C. fusiforme Fagaceae

C. conigenum Quercus

Diploxylon C. strobilinum Castanea

Subgenus

. Myricaceae
C. comptoniae Compionia

Myrica

C. comandrae, F. betheli

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

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

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

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

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

CONCLUSION

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

YOK 632.4.01/.08

O HEeKOoTOpPBIX BUAAX

rpu6OB B HACAXKIECHUAX

YepHUKH
O0OBIKHOBEHHOM

Ha TEPPUTOPUU
Pecnyoauku Kapeina
1 ApXaHTeJIbCKOM
ob6JiacTu

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

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

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

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

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

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

OT HayKu K npakTuke

SCIENTIFIC RESEARCH

UDC 632.4.01/.08

About some fungi
species in blueberry
plantations

in the Republic

of Karelia

and Arkhangelsk
Oblast

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

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

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

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

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

lueberry Vaccinium myrtillus 1.. distinguishes
itself by its importance among berry crops;
it contains many micronutrients, biologically
active substances, while the plant is resistant
to adverse environmental conditions. Blue-
berries are widely represented in different forest types
in the north of European Russia — bilberry spruce, pine
and birch forests, which are the most common in the
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