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Abstract. Common winter wheat is the main grain crop cultivated in the North Caucasus. Rust disease damage is
one of the factors limiting wheat productivity. There are three species of rust in the region: leaf (Puccinia triticina),
stem (P. graminis) and stripe rust (P. striiformis), and their significance varies from year to year. The most common
is leaf rust, but in the last decade the frequency of its epiphytotic development has significantly decreased. At the
same time, an increase in the harmfulness of stripe rust (P. striiformis) is noted. Stem rust in the region is mainly
absent or observed at the end of the wheat growing season to a weak degree. Only in some years with favorable
weather conditions its mass development is noted on susceptible cultivars. It is believed that the sources of infec-
tion with rust species in the North Caucasus are infested soft wheat crops, wild-growing cereals and exodemic
infection carried by air currents from adjacent territories. In the North Caucasus, forage and wild grasses are
affected by Puccinia species almost every year. Depending on weather conditions, the symptom expression is
noted from late September to December and then from late February to May-June. Potentially, an autumn infec-
tion on grasses can serve as a source for infection of winter soft wheat cultivars sown in October. The purpose of
these studies is to characterize the virulence of P. triticina, P. graminis, P. striiformis on wild cereals and to assess
the specialization of causative agents to winter wheat in the North Caucasus. Infectious material represented
by leaves with urediniopustules of leaf, stem and stripe rusts was collected from wild cereals (Poa spp., Bromus
spp.) in the Krasnodar Territory in October-November 2019. Uredinium material from P. triticina, P. striiformis, and
P. graminis was propagated and cloned. Monopustular Puccinia spp. isolates were used for virulence genetics
analysis. In experiments to study the specialization of rust species from wild-growing cereals on common wheat,
12 winter cultivars were used (Grom, Tanya, Yuka, Tabor, Bezostaya 100, Yubileynaya 100, Vekha, Vassa, Alekseich,
Stan, Gurt, Bagrat). These cultivars are widely cultivated in the North Caucasus region and are characterized by
varying degrees of resistance to rust. Additionally, wheat material was inoculated with Krasnodar populations of
P triticina, P. striiformis, P. graminis from common wheat. In the virulence analysis of P. triticina on cereal grasses,
four phenotypes (races) were identified: MCTKH (30 %), TCTTR (30 %), TNTTR (25 %), MHTKH (15 %), and five
were identified in P. graminis (RKMTF (60 %), TKTTF, RKLTF, QKLTF, LHLPF (10 % each). Among P. striiformis iso-
lates, three phenotypes were identified using the International and European sets of differentiating cultivars —
111E231 (88 %), 111E247 (6 %) and 78E199 (6 %). Using isogenic Avocet lines, 3 races were also identified, which
differed among themselves in virulence to the Yr1, Yr11, Yr18 genes (with the prevalence of virulent ones (94 %)).
Composite urediniums’ samples (a mixture of all identified races) of grass rust of each species were used to in-
oculate winter wheat cultivars. The most common winter wheat cultivars (75 %) were characterized by a resistant
response when infected with P. graminis populations from common wheat and cereal grasses. All these cultivars
were developed using donors of the rye translocation 1BL.1RS, in which the Lr26, Sr31, and Yr9 genes are loca-
lized. The number of winter wheat cultivars resistant to leaf rust in the seedling phase was lower (58 %). At the
same time, all the studied cultivars in the seedling phase were susceptible to P, striiformis to varying degrees. The
virulence analysis of the leaf, stem and stripe rust populations did not reveal significant differences in the viru-
lence of the pathogens between wild-growing cereals and soft wheat. Urediniomaterial of all studied rust species
successfully infested soft wheat cultivars. The results obtained indicate that grasses are rust infection reservoirs
for common wheat crops in the North Caucasus.
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AnHoTauuma. O3uman MArkas nweHnLya — OCHOBHaA 3epHOBaA KynbTypa, Bo3aenbiBaeMan Ha CeBepHom KaBkase.
MopaxeHne pKaBUMHHBIMU BONE3HAMYN — OLUH 13 GaKTOPOB, IMMUTUPYIOLIMX YPOXKANHOCTb NeHnLbl. B pernoHe
OTMeYaloTCA TpU BuAa pxaBuuHbl: 6ypas (Puccinia triticina), ctebnesas (P. graminis) n xentas (P, striiformis), 3Haun-
MOCTb KOTOPbIX BapbupyeT no ropgam. Hanbonee pacnpoctpaHeHa 6ypas p»aBunHa, HO B MOCNeAHee fecATuneTne
yacToTa ee 3NUPUTOTUNHOTO PA3BUTUA CYLLECTBEHHO CHM3MMACh. [pU 3TOM BO3pacTaeT BPeAOHOCHOCTb XenTow
pkaBumHbl (P. striiformis). CrebneBan pxaBuviHa B PervoHe npemmMyLecTBEHHO OTCYTCTBYeT unu Habniopaerca B
cnaboii cTeneHy B KOHLE Beretayun niieHuubl. B otaenbHble rogbl ¢ 61aronpuAaTHBIMU MOFOAHBIMI YCIOBUAMM
HabnofaeTca ee MacCcoBOE Pa3BUTME HA BOCNPUMMUYMBbLIX copTax. CunTaeTcs, UTo NCTOUHUKAMM MHPEKLMN BUAOB
p*aBunHbl Ha CeBepHOoM KaBKase ciy»kaT 3apaXkeHHble MOCeBbl MArKOM NLIEeHNLbI, ANKOPacTyLMe 31aKkn U 3K30-
LeMUYyHaa nHobekuya, 3aHoCMMasn BO3YLIHbIMU NMOTOKaMK C conpenenbHbix Tepputopuii. Ha CeBepHom KaBkase
nNpakTUYeCcKn eXerofHo BCTPeYaeTCsa MopaxeHre KOPMOBbIX 1 AMKOPaCTYLUMX 311aKoBbIX TpaB Bugamu Puccinia.
B 3aBMCMOCTV OT NOTOAHbIX YCIOBWI NPOSBIEHVE CUMMTOMOB OTMEUYaEeTCs C KOHLA CEHTAOPA [0 AeKabps 1 3aTeM
C KoHUa dpeBpansa Ao Masa-nioHA. MoTeHUManbHO OCceHHAA NHbEKLMA Ha TpaBax MOXET CNYKWNTb UCTOUYHUKOM LA
3apakeHVisi COPTOB 03MMOI MATKOW MLLEHNLbI, BbICEBaeMblX B OKTAGpPe. Lienb HacToAwwmx nccnefoBaHnn — oxapak-
Tepu3oBaTb BUPYNEHTHOCTb P. triticina, P. graminis, P. striiformis Ha OVKNX 3NaKax U OLEeHNUTb X CleLmanm3anmnio K
03UMON MATKON nweHue Ha CeBepHom KaBkase. MIHGeKLMOHHDBIM MaTepran, NpeacTaBAeHHbIN NNCTbAMY C ype-
LVHVONYCTynamm 6ypoi, CTe6IEBOI 1 XKENTOW PKaBUMHbI, Gbl1 cobpaH B KpacHOAApCKOM Kpae Ha AMKOPaCcTyLmX
3nakax (Poa spp., Bromus spp.) B oktAbpe-Hoa6pe 2019 1. B nabopaTopHbIX ycnoBrax ypeanHnomatepuan P, triticina,
P, striiformis vi P. graminis 6bin pa3aMHOXeH 1 KNOoHMpoBaH. MOHOMNYCTy bHbIe U30MATbI BUAOB Puccinia ncnonb3osa-
NN ANA aHann3a BUPYNEHTHOCTU. B akcnepumeHTax no nsyyeHuto cneymanvsaumnm BUAOB PXKaBUVHbI C ANKOPACTY-
LMX 3/1aKOB Ha MATKON MiueHunLe 3agencTBoBanu 12 o3umbix copToB: pom, TaHs, tOka, Tabop, besocTtas 100, KO6u-
nenHana 100, Bexa, Bacca, Anekceny, CraH, l'ypT, barpat. 3T copTa Wnpoko Bo3genbiBatoTca B CeBepo-KaBKasckom
pervioHe 1 xapakTepu3syroTcA Pa3HON CTeMNeHbIO YCTONYMBOCTY K pXaBUMHaM. [JononHUTENbHO MaTepma NiueHnLbl
VHOKY/IMPOBanu KpacHoAapcKkumu nonynauuamm P, triticina, P. striiformis, P. graminis ¢ MArkoi nwenuubl. B aHanunze
BUPYNEHTHOCTW P. triticina Ha 3NnakoBbIX TPaBax BblABUAN YeTblipe peHoTuna (pacbl): MCTKH (30 %), TCTTR (30 %),
THTTR (25 %), MHTKH (15 %), a P. graminis — natb ¢eHoTnos: RKMTF (60 %), TKTTF, RKLTF, QKLTF, LHLPF (no 10 %).
Cpepu nsonatos P. striiformis c npumeHeHMeM MeXyHapOoAHOro 1 eBPOrenckoro Habopos copTos-anddepeHLmna-
TOpoB onpeaeneHbl Tpu deHoTuna: 111E231 (88 %), 111E247 (6 %) n 78E199 (6 %). C Mcnonb3oBaHMEM U30TreHHbIX
NuHUIN Avocet Takxe NAEHTUOULMPOBaHbI TPU Pachl, KOTOPbIe pPasfnyanncb Mexay cobol Mo BUPYNEHTHOCTU K
reHam Yr1, Yr11, Yr18 (c BOMMHNpPOBaHUEM BUPYNeHTHbIX (94 %)). COopHble ypeanHMoobpasLbl (CMecb BCex UAeH-
TUGMLMPOBAHHBIX Pac) KaXKAOoro BAA PKaBUMHbI CO 3/71aKOBbIX TPaB Obln 3a4eCTBOBaHbI A1A MHOKYNALMMN COp-
TOB O3MIMOW MLUEHUNLbl. BONbLMHCTBO COPTOB 03UMON MATKON MLeHuLbl (75 %) XapakTepu3oBanucb yCTONYNBON
peakuuen Npy 3apaxeHnn nonynauuamn P. graminis ¢ MArKow NieHnLbl 1 3/1aKoBbIX TpaB. Bce 3T copTa co3paHbl
C yyacTmemM fOHOPOB pKaHoW TpaHcnoKaumm 1BL.1RS, B KoTopow nokanunsoBaHbl reHbl Lr26, Sr31 n Yr9. Yucno cop-
TOB O3UMO MLWEHULIbI, yCTONUYMBbIX B pa3e MPOPOCTKOB K Bypoli pkaBurHe, 6b110 Hxe (58 %). Mpwr 3Tom Bce n3y-
YeHHble copTa B pa3e NpOpPOCTKOB B Pa3HON CTemneHn Obiv BOCNPUMMUUBSI K P. striiformis. lMpoBeaeHHbIN aHanm3
BUPYNEHTHOCTMW Nonynaunii Bo3byautenein 6ypoir, ctebneBoii 1 »KenTol pKaBUMHbI He BbIABUSI CyLLECTBEHHbIX pa3-
NIMYMIA B BUPYNEHTHOCTM NaToreHa Ha AMKOPacTYLLMX 3/1aKOBbIX TPaBax v MArKOW MiueHule. YpeanHuomatepman
BCEX M3YYEHHbIX BUAOB PXKaBUMHbI YCMELIHO 3apaXkan copTa MArKOW nieHuLbl. [lonyyeHHble pe3ynbTaTbl yKasblBa-
10T Ha TO, YTO 3/1aKOBble TPaBbl ABNAIOTCA pe3epBaTopamu UHGEKLUM PXKaBUMH ANA MOCEBOB MATKOW MLIEHULIbI HA
CeBepHom KaBkase.

KnioueBble cnoBa: Puccinia triticina; P. graminis; P. striiformis; BUpyneHTHOCTb; YCTOMYMBOCTD; Triticum aestivum;
Lr-reHbl; Sr-reHbl; Yr-reHbi.

Introduction

Common winter wheat is the main grain crop cultivated in
the North Caucasus. Its sown area in this region is more than
7 million hectares (ha), including 1.5 million ha in the Kras-
nodar Territory, 3 million ha —in the Rostov region, 2.5 mil-
lion ha ones in the Stavropol Territory and other repub-
lics. Leaf disease is one of the factors limiting wheat yield.

Leaf rust is the most common wheat disease in the North
Caucasus (caused by Puccinia triticina Erikss.). In the last
decade, the frequency of its epiphytotic development has
significantly decreased compared to the period before 2005.
This is due to the gradual increase in the genetic diversity
of handled cultivars, timely cultivar change and the lack of
a leader cultivar in production.
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Wild cereal grasses (Poa spp., Bromus spp.) with rust species infection (Krasnodar Territory, November 2019).

At the same time, an increase in the importance of stripe
rust (P. striiformis West.) is noted in the region, which is
associated with climate change (long warm autumn, mild
winters, lack of soil freezing, prolonged cool springs)
(Ablova et al., 2012). Stripe rust is more harmful than leaf
rust and can reduce the yield by up to 30 % (Sanin, 2012).

Stem rust (P. graminis Pers. f. sp. tritici Erikss. & E.) is
mainly absent in the region or observed at the end of the
wheat growing season to a weak degree. Only in some years
with favorable weather conditions its mass development was
noted on susceptible cultivars. This is due to wide cultivation
in the region of winter wheat cultivars with the S731 gene,
which to this day remains highly effective in protecting
against stem rust in Russia. In addition, in the breeding
process, the growing season duration of modern cultivars
is significantly reduced, which contributes to their escape
from the disease (Ablova et al., 2012).

It is believed that the sources of rust species infection in
the North Caucasus are the infected crops of soft wheat, wild
cereals and exodemic infection carried by air currents from
adjacent territories. Winter wheat is sown in September-
October. Harvesting takes place from the second half of June
to the end of July. Accordingly, rust pathogens uredinio-
infection on winter wheat can persist from October to June.
Forage and wild-growing grasses (Bromus, Poa, Festuca,
Agropyron, Elimus, Aegilops, Hordeum, Agrostis spp.) can
serve as additional infection reservators. Transboundary
transfer of rust pathogens urediniospores to the territory of
the North Caucasus is possible from Turkey, Iraq, and Iran
(Sanin, 2012). According to L.K. Anpilogova et al. (1995), in
the North Caucasus, in the epiphytotic years, the infection of
wheat stripe rust pathogen appears due to its migration from
the Transcaucasia territory to Dagestan, Ossetia, Ingushetia,
Kabardino-Balkaria, the foothills and the adjacent steppe of
Stavropol and Krasnodar regions.

In the North Caucasus, forage and wild-growing cereal
grasses are annually affected by Puccinia species (see the
Figure). Depending on weather conditions, the symptom
expression is observed from late September up to December

640

and then from late February up to May-June. Potentially, an
autumn infection on grasses can serve as a source for infec-
tion of common winter wheat cultivars sown in October.

The purpose of these studies is to characterize the viru-
lence of P. triticina, P. graminis, P. striiformis on wild cereals
and to assess the specialization of causative agents to winter
wheat in the North Caucasus.

Materials and methods

Infectious material, represented by leaves with uredinio-
pustules of leaf, stem and stripe rust, was collected on wild
cereal grasses (Poa spp., Bromus spp.) in the Krasnodar
Territory in October-November 2019 (see the Figure). The
analysis used 18 uredinium samples. The infectious material
was dominated by P, triticina and. P. striiformis. P. graminis
pustules were of limited abundance. A total of 20 monopus-
tular isolates of P. triticina, 16 of P. striiformis, and 10 of
P. graminis were studied.

Infectious material reproducing and obtaining mono-
pustular isolates of Puccinia sp. The universally suscep-
tible Michigan Amber winter wheat cultivar was used to
propagate an inoculum of rust species and obtain monopus-
tular isolates. Under laboratory conditions, the uredinium
material of P, triticina and P. graminis was propagated and
cloned using the method of leaf segments placed in a benzi-
midazole solution (0.004 %) (Mikhailova et al., 1998). The
urediniospores of each monopustular isolate were micro-
scopically investigated to confirm the Puccinia species and
prevent contamination.

Since the viability of P. striiformis urediniospores in the
herbarium material is short, the populations were “reani-
mated” on leaf segments (Mikhailova et al., 1998). For this
purpose, the leaves of herbs with urediniopustules were
cut into pieces of 5-8 cm and placed in Petri dishes, on the
bottom of which two slides were placed. The ends of the
leaf segments were covered with cotton wool soaked in a
solution of benzimidazole (0.004 %), the Petri dishes were
closed and placed in a refrigerator (temperature 3—5° C) for
2-4 days. Such a technique made it possible to stimulate the
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resumption of pathogen sporulation. Subsequent propagation
of the pathogen was carried out on 10-12-day old wheat
plants grown in vessels with soil using the microchamber
method. For this purpose, the pieces of leaves with uredinio-
pustules were applied to the leaves and fixed with cling film.
Vessels with plants were sprayed with water, covered with
plastic wrap frames, and placed into a dark chamber at
10° C for 18-20 h. Then, frames and microchambers with
infectious material were removed. Plants were transferred
to a Versatile Environmental Test Chamber MLR-352H
(SANYO Electric Co., Ltd.), where they were incubated in
the light (10,000-20,000 Ix) at 16° C for 16 h and then in
the dark at 10° C for 8 h (70 % humidity). The symptoms
expression was observed 12—18 days after infesting.

Merck vacuum pump (Millipore) (220 V/50 Hz) with spe-
cial nozzles (1 clone/1 nozzle) was used to collect spores of
monopustular rust isolates.

Virulence analysis. The virulence analysis of the popu-
lations was carried out using 10—12-day old plants from
differentiating lines grown in vessels with soil (1 set/1 mono-
pustular isolate). Plants were sprayed with a spore suspen-
sion in a specialized liquid NOVEC 7100, covered with a
polyethylene frame to produce a humid chamber and kept
in the dark at 20-23° C for leaf and stem rust, at 10° C for
stripe rust. After 12 h, the polyethylene was removed and
special perforated insulators were pulled over the frames to
prevent contamination. Sets of differentiating lines infected
by P triticina and P. graminis were incubated in a light
installation at 20-23° C (photoperiod was 16 h/daytime (il-
lumination 10,000—15,000 1x)/8 h/nighttime), those infected
by P. striiformis — in the climatic chamber according to the
parameters described above.

To study the virulence of the leaf rust causative agent
isolates, were used the Thatcher (Tc) lines with genes L7/,
Lr2a, Lr2c, Lr3a, Lr3bg, Lr3ka, Lr9, Lrll, Lri4a, Lri4b,
Lri5, Lri6,Lrl7a, Lri8, Lr19, Lr20, Lr24, Lr26 and Lr30,
to study the virulence of the stem rust causative agent iso-
lates — the Marquis (Mq) lines with genes Sr5, Sr6, Sr7b,
Sr8a, Sr9a, Sr9b, Sr9g, Sr9e, Sr9d, Sr10, Sril, Sri7, Sr21,
Sr24, Sr30, Sr31, Sr36, Sr38, SrTmp and SrMcN.

The analysis of the stripe rust pathogen was carried out
using International (Chinese 166 (Yrl), Lee (Yr7, Yr+),
Heines Kolben (Yr2+Yr6), Vilmorin 23 (Yr3), Moro (Y710,
YrMor), Strubes Dickkopf (YrSD, Yr+), Suwon 92/Omar
(YrSu, Yr+) and European (Hybrid 46 (Y74, Yr+), Reichers-
berg 42 (Yr7, Yr+), Heines Peko (Y76, Yr+), Nord Desprez
(Yr3, YrND, Yr+), Compair (Y78, Yr19), Carstens V (Y732,
Yr+), Spaldings Prolific (Y»SP, Yr+), Heines VII (Y72, Yr+))
sets of differentiating cultivars, as well as the Avocet (Ac)
lines with genes Yr1, Yr5, Yr6, Yr7, Yr8, Yr9, Yri0, Yril,
Yri2, Yrl5, Yri7, Yri8, Yr24, Yr26, YrSk(27), YrAR, YrSp.
Seed material of cultivars and differentiating lines was kindly
provided by A.S. Rsaliev (Research Institute of Biological
Security Problems, Kazakhstan).

To designate the races of leaf and stem rust, the North
American letter abbreviation was used, according to which
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the lines were combined into groups (4 lines each) (Long,
Kolmer, 1989). The set of lines for stem rust included the
lines with genes: Sr5, Sr21, Sr9e, Sr7b (group 1); Sril,
S6, Sr8a, Sr9g (group 2); Sr36, Sr9b, Sr30, Sri7 (group
3); Sr9a, Sr9d, Sri0, SrTmp (group 4); Sr24, Sr31, Sr38,
SrMcN (group 5) (Skolotneva et al., 2020); for leaf rust —
Lrl, Lr2a, Lr2c, Lr3 (group 1); Lr9, Lri6, Lr24, Lr26
(group 2); Lr3ka, Lril, Lr17, Lr30 (group 3); Lr2b, Lr3bg,
Lrid4a, Lri4b (group 4); Lri5, Lri8, Lr19, Lr20 (group 5)
(Gultyaeva et al., 2020).

Determination of the stripe rust pathogen races was car-
ried out using International and European differential sets.
Decimal nomenclature was used for designation. It is based
on a binary designation system for infection types (resistant
type of reaction (R) is designated as 0, susceptible (S) as 1)
and a decimal designation system for each cultivar (the first
differentiating cultivar is 20, the second one is 2!, the third
one is 22, etc.). Due to the fact that two sets of differentiat-
ing cultivars, International and European, were used, when
naming a race, first the number according to the International
set was written, then the number according to the European
one with the prefix E (for example, 1E3) (Gultyaeva, Shay-
dayuk, 2020).

Immunological studies of winter wheat cultivars in
laboratory and field conditions. Krasnodar P. triticina,
P. graminis and P. striiformis populations originating from
cereal grasses and soft wheat were used for inoculation of
the twelve cultivars of common winter wheat: Grom, Tanya,
Yuka, Tabor, Bezostaya 100, Yubileynaya 100, Vekha, Vassa,
Alekseich, Stan, Gurt, Bagrat. These cultivars are widely
cultivated in the North Caucasus region and are characte-
rized by varying degrees of resistance to rust.

Under laboratory conditions, the plants were grown in
plastic containers (5-8 grains of each cultivar). At the first
leaf phase (10—12-day plants), they were sprayed with each
rust species spore suspension in NOVEC 7100. The incu-
bation of infected plants was carried out according to the
parameters described above.

The reaction type of differentiating lines and wheat
cultivars on leaf rust infection was assessed at 8—10 days
according to the E.B. Mains and H.S. Jackson scale (1926),
on stem rust infection — at 10—12 days according to the scale
of E.C. Stakman et al. (1962), on stripe rust infection — at
16—18 days on the scale of G. Gassner and W. Straib (1928).
Plants with scores 0, 1, 2 were classified as resistant, with
scores 3, 4, X — as susceptible.

To produce artificial infectious backgrounds in the field
conditions of the National Grain Center (Krasnodar Ter-
ritory), the following methods were used: the plants were
inoculated by spraying with an aqueous spore suspension
with Tween 80 adhesive, and a wet chamber was made
using plastic bags (for the leaf and stripe rusts). Plants were
infected with stem rust using a syringe. The consumption
rate or infectious load was 10 mg/m? of spores for the leaf
rust pathogens, 20 mg/m? for the stem and stripe rusts. For
successful infestation of leaf rust, the temperature should be
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at least 15° C, infestation of stem rust — 18° C, infestation of
stripe rust — 10° C. Plants were infected with stripe rust in
the booting phase, with leaf and stem rust — in the booting
and then in the earing phase.

Resistance to rust species was determined by qualitative
(reaction type) and quantitative indicators (damage inten-
sity). The reaction type to leaf rust was determined on the
E.B. Mains and H.S. Jackson scale (1926), to yellow (stripe)
rust — on the G. Gassner and W. Straib scale (1928), to stem
rust on the scale of E.C. Stakman et al. (1962). The plants’
damage was visually determined: leaf rust infection on
flag and pre-flag leaves, stripe rust infection on three upper
leaves, stem rust infection on two upper internodes, sheaths
of flag and pre-flag leaves. The damage intensity by leafand
stem rusts was determined according to the Peterson scale,
and by stripe rust — the modified Cobb scale (McIntosh et al.,
1995). Damage intensity registration by rust types was car-
ried out in the period from earing up to milky-wax ripeness.

Results and discussion

The urediniospores of P. triticina, P. graminis, and P. strii-
formis from wild cereals successfully infected the univer-
sally susceptible winter wheat cultivar Michigan Amber,
which made it possible to carry out population genetic
studies of pathogens and immunological studies of wheat
cultivars. In the analysis of P. triticina virulence, 20 mono-
pustular isolates were studied and four races (phenotypes)
were identified: MCTKH (30 %), TCTTR (30 %), TNTTR
(25 %), MHTKH (15 %). All isolates were avirulent to the
Thatcher lines with genes Lr9, Lr19, Lr24 and virulent to
Lrl, Lr3a, Lr3bg, Lr3ka, Lril, Lri4a, Lri4b, Lri7a, Lrl8,
Lr20, Lr26, Lr30. Frequencies variation was observed on
the lines TcLr2a, TcLr2b, TcLr2c, TcLrl5 (55 % virulence)
and TcLri16 (40 %).

When analyzing the P. graminis population, a higher
phenotypic diversity was observed. Five races (RKMTF
(60 %), TKTTF, RKLTF, QKLTF, LHLPF (10 % each))
were identified among the 10 monopustular isolates studied.
All isolates were avirulent to the Marquis lines with genes
Sr9e, Srll, Sr24, Sr30, Sr31 and virulent to genes Sr3, Sr6,
Sr9a, Sr9¢g, Sri10, Sr36, Sr38, SrTmp, SrMcN. Variability in
reaction types was observed on the lines Sr7b, Sr8a, Sr9b,
Sr9e, Sr9d, Sri7, Sr21.

Virulence to stripe rust was studied using 16 monopus-
tular isolates. All isolates were avirulent to the Moro, Nord
Desprez, Compair differentiating cultivars and the Avocet
lines with genes Yr5, YrS8, Yri0, Yri2, YrlS5, Yri7, Yr24,
Yr26 and virulent to the cultivars Lee, Heines Kolben, Vil-
morin 23, Hybrid 46, Reichersberg 42, Suwon 92/Omar,
Heines Peko, Spaldings Prolific, Heines VII as well as
to the lines with genes Yr6, Yri10, YrSk(27), YrAR, YrSp.
Virulence variations were noted for cultivars Chinese 166,
Strubes Dickkopf, Carstens V and the lines AcYrl, AcYril
and AcYrl§. According to the International and European
sets of differentiating cultivars, P. srtriiformis isolates were
represented by the races 111E231 (88 %), 111E247 (6 %),
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and 78E199 (6 %). In the virulence analysis using the Avocet
lines, three phenotypes were identified, differing from each
other in virulence to Yr/, Yril, Yri8 (with the prevalence
of virulent ones (94 %)).

Combined populations of each rust species from cereal
grasses were used to infect winter wheat cultivars widely
cultivated in the region (Table 1). The inoculum included
isolates of all races of the pathogen identified in the viru-
lence assay. Additionally, the studied cultivars were infected
with Krasnodar populations of P. triticina, P. striiformis,
P. graminis from soft wheat. The P. triticina population was
avirulent to the Thatcher lines with L7 genes: 9, 16, 19, 24
and virulent to Lr genes: 1, 2a, 2b, 2¢, 3a, 3bg, 3ka, 10, 14a,
14b, 15, 17, 18, 20, 26, 30; P. striiformis population was
avirulent to Yr genes: 5, 10, 15, 17, 24, 26 and virulent to
Yrgenes: 1,3,4,6,7,8,9, 18, 32, Sp; P. graminis popula-
tion was avirulent to Sr genes: 24, 30, 31, and virulent to
Sr genes: 5, 6, 7b, 8a, 9a, 9¢, 9d, 10, 21, 36, 38, McN, Tmp.

Most cultivars of winter soft wheat (75 %) were characte-
rized by a resistant reaction when infected with P. graminis
populations from soft wheat and cereal grasses (see Table 1).
Many of them have the 1BL.1RS rye translocation, in which
the Lr26, Sr31, and Yr9 genes are localized. Despite the fact
that the efficiency of the Sr3/ gene has been overcome in a
number of countries in the world, the virulence to this gene
in the North Caucasus region has not yet been identified.
At the same time, the rapid range expansion of the races of
Ug99 group, virulent to Sr3/, and their detection in terri-
tories close to the North Caucasus of Russia (for example,
Iran) presupposes continuous monitoring of this pathogen
populations and improving genetic protection (Nazari et
al., 2009).

The number of winter wheat cultivars resistant to leaf
rust in the seedling phase was lower (58 %). These included
cultivars Tabor, Alekseich, Tanya, Gurt, Yuka, Stan, Bagrat.
Cultivars Bezostaya 100 and Vekha were moderately resis-
tant (score 2-2%) to the population of the pathogen from
common wheat, but susceptible to the population from cereal
grasses. The Lr26 gene of these cultivars has long lost its
effectiveness in Russia. At the same time, pyramiding of this
gene with other genes is effective (Sibikeev et al., 2011).
The cultivars Grom, Yubileynaya 100 and Vassa belonged
to the group susceptible to leaf rust.

All studied cultivars showed various degrees of suscep-
tibility to P. striiformis populations from cereal grasses and
common wheat (scores 2-3, 3, 3—4). This indicates that
genes Y79 and Yr/8, which are widely represented in winter
wheat cultivars handled in the North Caucasus, are not ef-
fective in protecting against stripe rust in the seedling and
tillering phases. Accordingly, such cultivars can accumulate
aerogenic infection from cereal grasses and under favorable
weather conditions contribute to its appearrance and mass
development.

These researches revealed a high diversity in the studied
isolates of Puccinia species. The races ratio analysis of the
rust species on cereal grasses and on wheat crops was of
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Table 1. Resistance of common wheat cultivars to rusts at the seedling stage
Cultivar Resistance genes Reaction type onto Puccinia populations samples, score
Pgmm ,ms ................................. P mt,cm a .................................. P sm,fo,m,s .............................
Common .......... C er .é .e.] .I ............... C Ommon .......... C ere ; .I ............... C Ommon .......... C ere .E.].I .............
wheat grasses wheat grasses wheat grasses
. G ro m ............................. L , 1 ............................................... 3 _4 ................... 3_4 ................... 3 _4 ................... 3 _4 ................... 3 ....................... 3 _4 .................

Tabor 3_ ...................... 3_4 ................... 2 ....................... 0 _1 .................... 3_4 ................... 3 ......................

. Yub, |eynaya . 100 ........... L ,34/5,5 7/ Y,,g ........................... 3 ....................... 3 _4 ................... 3 _4 ................... 3 _4 ................... 3 ....................... 3 _4 .................

. Vas Sa ............................. L ,26/5r3 , /Yr9 ............................. 1 _2 ................... 0 _ 1_2 ............... 3 _4 ................... 3 ........................ 3 _4 ................... 3 _4 .................

A|ekselch ....................... 1 _2 ................... 1_2 ................... 0 _1 .................... 0 _1 .................... 3 ....................... 3 ......................

. Ta nya ............................. L ,26/5,3 ’ /Y,9 ............................. 1 _2 ................... 1_2 ................... 1 ........................ 0 _1 .................... 3 ....................... 3 ......................
Lr34/Sr57/Yr18

. G urt ............................... L , 1 + eré /5,3 ,/Yrg .................... 1 _2 ................... 0 ....................... O _1 .................... 0 _2 ................... 3_4 ................... 3 ......................

YUka 0_1 .................... 1_2 ................... 2 ....................... 1 _2 ................... 3 ....................... 3 _4 .................

. Bezo Staya1 OO ............... L ,26/5,3 ’ /Y,9 ............................. 0 ....................... 0 ....................... 2 ....................... 2 +_3_ ............... 2 _3 ................... 3 ......................
Lr34/Sr57/Yr18

. Vekha ............................ L , m + L,26 /SB 1/Yr9 .................. 1 _2 ................... 1_2 ................... 2 _2+ ................. 3 _4 ................... 3 ....................... 3 ......................

Stan ................................ 1 _2 ................... 1 ........................ 0 ....................... 0 _1 .................... 3 ....................... 3 ......................

. Bagrat ............................ L ” + er +L,26/5 ,3 ’/ Y,9 .......... 0 ....................... 0 ....................... 0 ....................... 0 _1 .................... 2 _3 ................... 3 s

considerable interest. The P. triticina races identified on
cereal grasses in these researches (MCTKH, MHTKH,
TCTTR, THTTR) are regularly noted in analyses of North
Caucasian and other Russian populations (Kolmer et al.,
1915; Gultyaeva et al., 2020). In 2019, the P. srtriiformis
111E247 race dominated Krasnodar and Leningrad pathogen
populations on soft wheat, and the 78E199 race dominated
the Novosibirsk population (Gultyaeva, Shaidayuk, 2020).
The P. graminis races RKMTF, TKTTF, RKLTF, QKLTF,
LHLPF are similar in virulence to those identified on com-
mon wheat in samples of North Caucasian and European
populations of this pathogen (Skolotneva et al., 2013; Sinyak
et al., 2014).

Our obtained results are consistent with the data pre-
sented in the literature (Budarina, 1955; Borisenko, 1970;
Lesovoy, Tereshchenko, 1972; Krayeva, Matviyenko, 1974;
Paichadze, Yaremenko, 1974; Berlyand-Kozhevnikov et
al., 1978; Popov, 1979; Hovmeller et al., 2011; Cheng et
al., 2016). In the 1969—-1972 research of P. striiformis ure-
dinium samples collected on a wide set of wild cereals in
the North Caucasus, the 20, 31, 19, 9, etc. races were iden-
tified, which are also highly specialized to common wheat
(Krayeva, Matviyenko, 1974). The analysis of stripe rust
inoculum collected from five cereal grass species (creeping
wheatgrass, fibrous regneria, siberian wild rye, cock’s-foot
grass, redtop) in 1973 in the Altai Territory revealed that
isolates from siberian wild rye, fibrous regneria and creep-
ing wheatgrass perform virulence to soft wheat (Popov,
1979). Among the specimens of P. striiformis collected on
wild cereals in 1968—1972 in the vast territory of Georgia,

eight revealed races 20, 31, 40, 19, 42A2, 25, 13, 20A2
are also specialized for soft wheat (Paichadze, Yaremenko,
1974).

A high genetic diversity of stripe rust isolates in terms of
virulence on wild-growing cereals has also been shown in
other countries (Hovmeller et al., 2011; Cheng et al., 2016).
This is due to the balanced genetic diversity of hosts and
their parasites in natural biocenoses. For example, among
the isolates of P. striiformis obtained from 11 species of
wild-growing cereals in the USA, isolates that are virulent to
common wheat (f. sp. tritici), barley (f. sp. hordei), both of
these species, rye, triticale and other cereals were identified.

Similar results were obtained when studying the causative
agent of stem rust in 2000-2009 in the Central region of
Russia (Skolotneva et al., 2013). A high similarity in the
composition of the pathogen populations on soft wheat and
wild cereals was determined. Analysis of the long-term
dynamics of the main P. graminis races showed that the
phenotypes that dominate on common wheat and other
cultivated cereals in some years do not completely disap-
pear in unfavorable seasons, but remain on wild cereals
(Skolotneva et al., 2013).

According to V.M. Berlyand-Kozhevnikov et al. (1978),
the main (maternal) population of the leaf rust pathogen in
southern Dagestan is a set of pathogen clones that parasitize
on wheatgrass and other perennial wild cereals throughout
the year. In early spring, and sometimes in autumn, the
disease also appears on various annual cereals. The spread
of the pathogen population from perennial cereals to wheat
crops begins with the development of clones that can para-
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Table 2. Immunological characteristic
of common wheat cultivars in Krasnodar region
under artificial infection conditions (2018-2020)

Cultivar Rust diseases damage intensity, %

and reaction type, score

‘Pgraminis  Puiticina P striformis
Grom .............................. 675 ................... 795 ................... 305 ..................
Tabor .............................. 605 ................... 20M5 ................ 4OMS ...............
YUbI | eyn aya 1 00 ........... 805 ................... 3OMS ................ 605 ..................
VassamR ................... 1OMR ............... 3OMS ...............
A|ekselch10MR ............... 1R1R ....................
Tanya .............................. 30MR ............... 32M5 ................ 30 MS ...............
Gurt ................................ 40MS ................ 605 ................... 3OMS ...............
YUka ............................... 30MS ................ 685 ................... 40 MS ...............
BezostayamomMR ............... 1R10R ..................
Vekha]OR ................... ZOMS ................ 20MR ..............
BagrathR ............... 10MR ............... ZOMR ..............
Staan ................... mMR ............... 4OMS ...............

Note. Reaction type: R - 1 score, MR - 2 scores, MS — heterogeneous reaction
type X (2-3), S - 3-4 scores.

sitize on the corresponding host plants. This hypothesis was
confirmed by studying the specialization of the leaf rust
pathogen in Ukraine forest-steppe conditions in the 1970s
(Lesovoy, Tereshchenko, 1972). The isolates of the fungus
collected from cereal grasses successfully infested common
wheat cultivars and were represented by five races, among
which the race 77 dominated. Its frequency in rust samples
from Elitrigia repens, Bromus tectorum, Festuca pratensis,
Poa angutifolia reached 100 %. Other races were found
singularly: the race 6 was revealed in P. trivialis samples,
the race 4 was revealed in A. imbricatum, the races 130
and 144 were revealed in B. mollis. The fungus population
on common wheat had these races in unsignificant numbers.
N.A. Budarina (1955) showed that Ae. cylindrica, cheat
grass (B. tectotium) and narrow-ear wheatgrass (4g. crista-
tum var. imbricatum) can serve as leaf rust reservators in
the Crimea. Leaf rust infection obtained from these species
successfully infected wheat. A.N. Borisenko (1970), when
studying P, triticina populations on wild cereals in Kazakh-
stan, Kyrgyzstan, and Western Siberia, identified 10 races on
them, and all these races were recorded on common wheat.

Most species of wild-growing cereals are perennials, so
rust pathogens can persist in the form of urediniopustules or
urediniomycelium for a long period. During the 2019-2020
growing season in the Krasnodar Territory, an air tempera-
ture excess over the long-term average values was noted in
every month, except April and May. The winter wheat grow-
ing season practically did not stop both in autumn and winter.
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Despite the fact that in the fall of 2019 in the central and
southern foothill zone of the Krasnodar Territory, the foothill
zone of the Stavropol Territory, powerful infectious potential
of rust pathogens with a dominance of stripe rust was formed
on wild and weed cereals, in autumn and winter surveys
of breeding and industrial crops of winter wheat no stripe
rust symptoms were detected. This is due to insufficiently
favorable weather conditions for the wheat infection. Due
to the acute limit of moisture supply in spring, low relative
humidity, as well as windy weather, the spread and develop-
ment of phytopathogens on cereal grasses stopped. At the
same time, in the 2020 fall, like in 2019, the appearance of
rust on wild and forage cereal grasses was noted again, but
much less developed than in 2019. This confirms the stabi-
lity in the preservation of uredinioinfection of rust species
in natural biocenoses as well as the potential contamination
of grain crops under favorable weather conditions.

Winter wheat cultivars used in these studies to assess the
specialization of rust pathogens are leading in the North Cau-
casus in terms of sown area. As an example, Tanya cultivar
occupies 18 % of the total area under winter wheat in the
Krasnodar Territory and has been cultivated in production
for more than 15 years; Grom occupies 15 %, Alekseich —
9.5 %, Yuka — 9 % of the winter wheat total sowing area.
These cultivars are characterized by different levels of rust
resistance when artificially infested in the field. The culti-
vars Alekseich and Bezostaya 100 have group resistance to
three rust species. They have been approved for handling
in production since 2017. The Tanya is characterized by
high field resistance to Puccinia spp. The cultivars Bagrat,
Vekha, Vassa, Stan, Tabor, Yubileynaya 100 are classified
as moderately resistant to leaf rust. The intensity of their
damage varies from 10 up to 40 % with moderately resistant
and moderately susceptible reaction types. The Grom is a
rust susceptible cultivar. The cultivars with Sr3/ in their
haplotype are resistant to stem rust: Vassa, Vekha, Bagrat,
Stan — the degree of their damage does not exceed 10 % with
resistant and moderately resistant reaction types. In cultivars
Gurt and Yuka with similar genetic material, the damage
intensity is 30 and 40 %, respectively, with a moderately
susceptible reaction type. The Tabor and Yubileynaya 100
show susceptibility to stem rust. The Vekha and Bagrat
cultivars have moderate resistance to stripe rust. The ave-
rage rust incidence on these cultivars at the infectious site
of the National Center of Grain during artificial 2018-2020
infection is presented in Table 2.

There were no significant differences in the infection of the
studied cultivars by leaf and stripe rust against an artificial
infectious background in 2018-2020 compared with the
previously presented characteristic (Bespalova et al., 2020).
For most cultivars, the results of field assessments correlated
with those obtained in the seedling phase.

Immunological studies of winter common wheat cultivars
show that despite comparatively similar haplotypes for
resistance genes to rust species, the immune activity and
its duration are diverse even with the “antimonopoly” law,
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which effectively works in the North Caucasus agrophyto-
cenoses. This is due to the growing season duration, the
period of “attacking”, as well as the infectious load during
the critical phases of the host plant ontogenesis for infesting.
For stable protection of wheat plants against Puccinia spp.
it is necessary to use genes that determine various mecha-
nisms of resistance.

Conclusion

The analysis of the racial composition and virulence of
the pathogens’ populations of leaf, stem and stripe rust
indicates that in the conditions of Russian North Caucasus
wild cereals are reservators of rust species and, under favor-
able weather conditions, can serve as a source of infection
for common wheat crops and other cultivated cereals. The
high diversity of the racial composition of the pathogen
in natural cenoses and the wide specialization of Puccinia
isolates imply the continuous evolution of the pathogen due
to the emergence of new mutations in virulence and somatic
hybridization, which should be considered in breeding for
cereals resistance to rust.
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