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GENETIC VARIABILITY OF PERSPECTIVE BTREEDING MATERIAL
OF SPRING BREAD WHEAT FOR RESISTANCE
TO LEAF RUST IN RUSSIA AND KAZAKHSTAN

Abstract. Leaf rust, caused by Puccinia triticina Erikss., is one of the major diseases of wheat in Russia and
Kazakhstan. The resistance and genetic diversity of 61 spring wheat genotypes from Russia and 50 ones from
Kazakhstan were studied. Field evaluation of Kazakhstani wheat material allowed to select 27 lines as resistant and
8 lines as moderate resistant to leaf rust. Molecular screening revealed 29 wheat lines characterized by the presence
of Lr genes. As a result of phytopathological and molecular screening of Kazakhstani material, carriers of 2, 3, and
4 Lr genes were selected. The 92 % of Chelyabinsk’ lines were characterized by high level of resistance to leaf rust
both at the adult and seedling stages. Using molecular markers Lr24, Lr9, Lr19, LrSp, Lrl, Lr3, Lr10, Lr26, Lr21 and
Lr34 genes separately or in different combinations has been revealed in Russian wheat lines. In the field conditions
of the Southern Urals, isogenic lines with genes Lr24, Lr25, Lr26, Lr28, Lr45, Lr47, Lr49, Lr51 and Lr57 showed
high resistance, and in lines with the genes Lrl7, Lr23, Lr29 and Lr64 moderate resistance was observed. At the
seedling stage all single pustule isolates were avirulent to Tc-lines with Lr16, Lr19, Lr24, Lr28 and Lr29 genes. In
Kazakhstan virulence of P. triticina population collected in South-East and North-Kazakh regions was studied.
Against the Almaty population Lr9, Lr19, Lr24, Lr25 and Lr28 genes with high efficacy, and gene Lr45 with
moderate efficacy were identified. All of the lines with the rest Lr genes were susceptible to the pathogen. The
isogenic lines with genes Lr19, Lr24, Lr25, Lr28, Lr36 and Lr45 were characterized by high efficacy to the Kostanai
P. triticina population. Virulence studies of P. triticina showed a similarity of pathogen structure on the Southern
Urals of Russia and Northern Kazakhstan.

Key words: wheat, leaf rust, Lr genes, molecular markers, isolates, virulence.

Introduction. Leaf rust, caused by Puccinia triticina Erikss., is one of the major diseases of wheat in
Russia and Kazakhstan. Its harmfulness varies by year and region. The yield loss of genotypes may
achieve 30-60 % depending on the environment and severity of infection [1]. The use of genetically
resistant cultivars is considered to be the most effective, economic and environmentally safe method for
disease control. The region of Central Asia is one of the world's most important producers of wheat,
encompassing a production are of more than 15 million ha [2, 3]. Winter wheat cultivars are grown in the
southern regions of the country, and spring wheats - in the Northern, Western and Eastern regions.
Developing high yielding and leaf rust, stripe rust and stem rust resistant cultivars is an important
objective of winter and spring wheat (Triticum aestivum L.) improvement programs in Central and West
Asia [4-8]. Production of wheat in Kazakhstan is being constrained also by leaf spotting diseases,
including tan spot, caused by Pyrenophora tritici-repentis [9-13] and common bunt, caused by Tiletia
caries [14]. In the West Siberian and Ural regions of the Russian Federation, bordering Northern
Kazakhstan, spring soft wheat (Triticum aestivum) is the leading grain crop. The development of resistant
varieties, including leaf rust, is a priority in the breeding of this crop in Russia [15]. It was shown that
there is one common population of P. triticina in the Urals and Western Siberia of Russia and Kazakhstan
[16-18]. This should be taken into account when developing and locating cultivars with Lr genes in this
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vast territory. For successful control of leaf rust in a single epidemiological zone, information on the
genetic diversity of promising new wheat material and monitoring of the virulence of pathogen
populations in these areas needed. The present study aims to study the genetic diversity of leaf rust
resistance sources in advanced spring bread wheat lines developed in Russia and Kazakhstan. The aim of
this study was 1) to screen advanced wheat breeding lines for resistance to leaf rust, 2) to determine of
Lr-genes by molecular markers and 3) to compare effectiveness of Lr-genes at the seedling and adult plant
stages in Kazakhstan and Russian Southern Ural.

M aterials and methods. The study of resistance to leaf rust carried out in laboratory conditions at
the seedling stage and in the field at the adult plant stage. Russian material included 61 advanced spring
bread wheat lines, developed with the participation of donors carrying genetic material from Aegilops
speltoides, Ae. tauschii, Agropyron elongatum, Ag. intermedium, and Secale cereale. This material
developed in Chelyabinsk Research Institute of Agriculture (CARI). In addition, 40 isogenic wheat lines
with Lr genes were included in field trials. All wheat tested in the field in 2019 in CARI under natural
disease infection. The study of field resistance of 50 Kazakhstani wheat advanced spring wheat lines,
developed in Scientific-Production Center of Grain Farming named after Barayev carried out during the
2018-2019 cropping seasons at the experimental station in v. Almalybak, Almaty region. Field leaf rust
resistance of entries evaluated using the modified Cobb scale [19].

To assess the seedling resistance of the studied material in Kazakhstan the method of detached leaf
segments preserved in water - benzimidazole solution was used (40 mg/L); virulence studies was
performed using detached leaf method [20]. For inoculation, the combined Almaty and Kostanai
populations P. triticina collected in 2019 were used. Before use, these populations were characterized by
virulence. In Russia 10-days-old seedling were used for inoculation by urediniospores of each isolate
P. triticina. To study leaf rust resistance, four test clones marked with virulence for the Lr9, Lr19, and
Lr26 genes, and the combined Chelyabinsk and Krasnodar populations were used. The virulence profile of
this infectious material presented in table 1. Seedlings for their infection types to leaf rust according to
Mains & Jackson (1926) were assessed [21].

Tablel - Characterization of the virulence of Russian clones and populations of Puccinia triticina

Populations and Origin Virulence Avirulence
isolates to Thatcher lines with Lr genes
y Chelyabinsk reg., 1,23, 2b, 2c, 3a, 3hg, 3ka, 9, 10, 11, 14a, 14b, 15,
Test-clon 1(K9) 2017 16,17, 18, 20, 30 19, 23, 24, 26, 28, 29, 44
Test-clon 2 1, 23, 2b, 2c, 3a, 3hg, 3ka,10, 14a, 14b, 15, 17, 18, 9, 11, 16, 23, 24, 26, 28,
(K19) Tambov reg., 2016 19, 20, 30, 44 29
Test-clon 3 1, 23, 2b, 2c, 33, 3bg, 3ka, 10, 11, 14a, 14b, 15, 17,
(K26) Krasnodar reg., 2017 18,20, 23. 26, 30, 44 9, 16, 19, 24, 28, 29
1,2b, 2c, 3a, 3bg, 3ka, 10, 11, 144, 14b, 16, 17,18, 9, 2a, 15, 19, 20, 24, 28,
P_Kr Krasnodar reg., 2018 2326, 30, 44 29
P_Chel Krasnodar reg,, 2018 2% 20, 2¢, 3a, 3bg, 3ka 9, 10, 11, 143, 140, 15, 19 53 o4 26 28 29, a4

16, 17, 18, 20, 30

In Russia 10-day-old seedling were used for inoculation. Urediniospores of each isolate were
inoculated on a differential host series consisting of 20 wheat single-gene near-isogenic lines known to
possess resistance genes (Lr) 1, 2a, 2c, 3, 3bg, 3ka, 9, 10, 11,14a,14b, 15, 16, 17, 18, 19, 20, 24, 26, 28,
29, and 30 in a Thatcher genetic background. Additionally, lines with the Lr28, Lr29, Lr44, and TcLr47
genes were included in the virulence analysis. To characterize the virulence of Kazakhstan populations,
32 Thatcher isogenic lines with the Lr genes were used.

DNA was extracted according to Dorokhov and Kloke (1997) [22]. The presence of molecular
markers to resistance genes Lrl (WRO003), Lr3 (Xmwg798), Lr9 (SCS5), Lr10 (Fi.2245/Lr10-6/r2),
Lr19/Sr25 (SCS265), Lr20/Sr15 (STS638), Lr21 (Lr21F/R), Lr24/Sr24 (Sr24#12), Lr26/Sr31/Yr9/Pm8
(SCM9), Lr28(SCS421570), Lr29(Lr29F24), Lr34/Sr57/Yr18 (csLV34), Lr37/Sr38/Yrl7 (Ventriup/LN2),
Lr41(GDM35), Lr47(PS10), Lr66(LrSp) (S13), Lr28 (Wmc 313), Lr68 (csGS), Lr19/Sr25 (PSY-E1),
Lr35/Sr39 (Sr39#50), Lr37/Yr17/Sr38 (Ventriup/LN), Lr39 (Xgwm 210) was determined. The
amplification products were separated on 2%-agarose gels. Gels were visualized on Gel Documentation
System (Gel Doc XR+, BIO-RAD, Hercules, USA) for documentation of allele types in cultivars.
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Table 2 - Phytopathological evaluation and molecular screening
of advanced lines of wheat to leaf rust in Kazakhstan

. . Lr28 = Lr19/ Lr35/ Lr37/Yr17/ Lr39

N%Te F'et'g |%\$|H;asttlon 20 Sr25 Sr39 Sr38 18

genotype 1-record  2-record 3-record oP < b 20 202bp. oP
304/14 0 0 0 + - - + - -
3bBU12 0 0 0 - - + - + -
39/14 0 0 0 - - + - - -
64/15 0 0 0 + + + - - -
297/13 10MS 10MS 30MS - - - - -
385/12 0 0 0 + - - + + +
29/13 0 10MR 20MS - - - - - -
125/14 0 0 10MS + - - + - -
319/14 0 0 5MR + - - + + -
189/14 0 0 10MS + - - - - -
206/14 20MS 20MS 40MS - - - - - -
89/14 0 0 10MS - - - + + -
129/12 0 0 0 - - - + + +
348/13 10MS 20MS 20S - - - - - -
42/14 0 10MS 30MS - - - - - -
386/13 0 0 10MS - - - + + -
398/13 0 0 10MS - - - + + -
314 0 0 0 - + - - + +
182/14 0 0 10MS - - - - - +
362/13 0 0 10MR - - - + - +
221/14 0 0 0 + - - - + +
221/14 0 0 0 + - - - - +
162/14 0 0 0 - - + - - -
56/14 20MS 20MS 40MS - - - - - -
268/13 0 0 30S - - - - - -
320/12 0 0 20MS - - - - - -
89/13 20MS 30MS 50MS - - - - - -
339/13 0 0 0 - + - - - +
186/14 5MR 10MS 20MS - - - - - -
25/13 0 0 0 - + + - - +
100-11-17 0 0 5MR - - - - - +
94-11-19 0 0 0 - - - - -
365-12-1 0 0 5MR - - - - - -
399-12-3 0 0 0 - - - + - -
399-12-7 0 0 0 - - - - - -
116-10-4 0 0 0 - - - + - +
211-10-10 0 0 0 - - - + - +
211-10-12 0 0 0 - - - + - -
239-10-15 0 0 0 - - - - - -
239-10-17 0 0 0 - - - - + +
239-10-18 0 0 0 - - - - - +
66- 10-6 0 0 10MR - - - - - -
66- 10-12 0 0 0 - - - - -
56-10-13 0 0 5MR - - - - + +
56-10-15 0 0 0 - - - - - -
366-13-5 0 0 0 - - - + + +

151-13-6 0 0 10MR - - - - -

149-12-15 0 0 0 - - - - - -
353-12-22 0 0 10MR - - - - - -
206-11-3 0 0 0 - - - - - -
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Results. As a result of the field evaluation of leaf rust resistance in 50 Kazakhstani spring wheat
advanced lines the group of immune samples included 27 wheat lines in which no symptoms of P. triticina
disease were detected (table 2). A moderately resistant reaction (MR) was observed in 8 wheat lines
(319/14, 362/13, 100-11-17, 365-12-1, 66-10-6, 56-10-13, 151-13-6 and 353-12-22).

Molecular identification of carriers of Lr genes in wheat advanced lines was carried out. It was found
that 29 wheat lines contain Lr genes (table 2). Twelve lines had 2 Lr genes. The lines 304/14 and 125/14
contains Lr28 and Lr35/Sr39 genes; the line 351/12 - Lr19 and Lr37/Yr17/Sr38 genes; the lines 89/14 and
386/13 - Lr35/Sr39, Lr37/Yr17/Sr38 genes; the lines 362/13, 116-10-4 and 211-10-10 - Lr35/Sr39 and
Lr39 genes; line 221/14 - Lr28 and Lr39 genes; the line 339/13 - Lr68 and Lr39 genes; the lines 239-10-
17 and 56-10-13 - Lr37/Yr17/Sr38 and Lr39 genes. In 7 wheat lines, 3 Lr genes were detected: the line
64/15 contains Lr28, Lr68, and Lr19/Sr25 genes; the line 319/14 - Lr28, Lr35/Sr39 and Lr37/Yr17/Sr38
genes; the line 129/12 - Lr35/Sr39, Lr37/Yr17/Sr38 and Lr39 genes; the line 3/14 - Lr68, Lr37/Yrl7/Sr3
and Lr39 genes; line 221/14 - Lr28, Lr37/Yr17/Sr38, Lr39 genes; the line 25/13 - Lr68, Lr19/Sr25 and
Lr39 genes; the line 366-13-5 - Lr35/Sr39, Lr37/Yrl7/Sr38 and Lr39 genes. Wheat line 385/12
characterized by the presence of 4 Lr genes (Lr28, Lr35/Sr39, Lr37/Yr17/Sr38 and Lr39). As a result of
phytopathological and molecular screening of Kazakhstani advanced lines, carriers of 2, 3, and 4 Lr genes
of leaf rust resistance were selected.

In the field ofthe Chelyabinsk region, almost all the studied material was characterized by high level of
resistance to rust leaf. Disease severity for other Thatcher isogenic lines varied from 10% to 70% (table 3).

Table 3- Diseases severity and reaction type to leaf rust
of isogenic Thatcher (Tc) lines with Lr genes on the Russian Southern Ural in 2019

Tc-line with Disease severity (%)  Tc-line with Disease severity (%) Tc-line with Disease severity (%)

gene Lr and reaction type gene Lr and reaction type gene Lr and reaction type
1 0S 15 15S R 5S
2a 5S 16 208 3 S
2b 10S 17 1S 34 5S
2c 0S 18 208 37 S
3a 60 S 19 70S 38 208
3ka 50S 20 80S 45 0
3hbg %0S 21 2058 47 0
9 0S 22a 1S 48 58
10 5S 23 1S 49
n 70S 24 0 51
12 10S 25 0 53
13 10S 28 0 57 0
14a 40 S 29 1S 64 IMR
14b 5S

A resistant type of reaction to leaf rust was observed in 92 % of advanced lines. The lines Lut. 26720,
Lut. 26721 and Eritr. 26759 lines were susceptible to all clones and populations of P. triticina. The line
Lut. 26534 showed a MR reaction when inoculated with a clone virulent to Lr19 and S reaction to all other
clones and populations of P. triticina. The line of Eritr. 26775 was susceptible to a clone virulent to Lr26
and to the pathogen population from Chelyabinsk. The line Ferr. 26635 was struck by all clones and
populations avirulent to Lr9 and had a S reaction when infected with a virulent clone (K9) and the
Chelyabinsk population, also virulent to Lr9, which suggests that it has this gene. All of the above lines
have the adult plant resistance genes, or genes that have lost effectiveness, which individually are not
effective, but with certain combinations can provide expression of resistance in the field.

Alien translocation from Ag. elongatum with highly effective seedling resistance genes to leaf (Lr24)
and stem (Sr24) rust was detected in 7 breeding lines/ The genes Lr19 and Sr25 in the line Lut. 26706
were found. Translocation from Ae. speltoides (LrSp) was highly efficient for leaf and moderately
effective for stem rust in 23 lines. Translocation from Ae. umbellulata (Lr9) was detected in 9 wheat lines.
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Translocation from S. sereale (Lr26, Sr31) was identified in 6 lines. Translocation from Ae. tauschii with
the APR genes Lr21 and Lr34 was identified in 10 lines. The LrSp gene is highly effective against leaf rust
in the South Urals, although the Lr9 and Lr26 genes have lost their effectiveness. We have shown for the
first time that in order to extend the useful life of these genes, their effective combination is of great
importance. This is due to the fact that there are no isolates in the pathogen population that are
simultaneously virulent to these two foreign genes [23]. Confirmation of this is a high level of field
resistance of all lines with the Lr26 + Lr9 genes and the susceptibility of the line Ferr. 26635 and also the
isogenic TcLr9 line. Cultivars with the Lr26 gene susceptible in the Southern Urals, but the line Erit.
26762 with Lr26, had a high level of resistance in the field and laboratory conditions. The Lr26 gene
cannot ensure its resistance to leaf rust. This fact suggests the presence of additional gene (s) in this wheat
line. Atthe lines Lut. 26729 and Lut. 26721 identified ineffective Lr3 gene. At the line Eritr. 26759 - Lrl
and Lr10; at the lines Eritr. 26760, Eritr. 26775 - Lrl10; at the line Lut. 26765 - Lr3 and Lr26 genes
identified. The study the virulence ofthe South Ural P. triticina population showed that all isolates studied
were avirulent to Tc-lines with gene Lr16, Lr19, Lr24, Lr28 and Lr29 and virulent to Lrl, Lr3a, Lr3bg,
Lr3ka, Lrl4a, Lrl4b, Lr17 and Lr18. Virulence frequencies to other TcLr-line varied 10 to 30%.

In Kazakhstan virulence of P. triticina population collected in Almaty (South-East) and North-
Kazakh (North) region of Kazakhstan was studied. Against the Almaty population genes Lr9, Lr19, Lr24,
Lr25 and Lr28 with high efficacy (reaction type 0, 1and ;), and gene Lr45 with moderate efficacy were
identified. Tc-lines with genes Lr17 and Lr18 had a moderate susceptible type reaction X, and all the rest
of the lines were susceptible to the pathogen. The Kostanai population differed in virulence from the
Almaty population. The lines with genes Lr19, Lr24, Lr25, Lr28, Lr36 and Lr45 were characterized by
high efficacy in relation to the Kostanai population. Tc-lines with Lr23, Lr29 and Lr32 genes had a
moderate susceptible type reaction X, and all other lines were highly susceptible to P. triticina (type 3-4).

Thus, different efficacy of the Lr9 and Lr36 genes with respect to the south and north Kazakhstan
populations of P. triticina were revealed. Russian populations from Chelyabinsk were close in virulence to
North Kazakhstan P. triticina populations.

Discussion. As a result of the studies, seedling and adult plant resistance to leaf rust in advanced
spring bread wheat lines and their diversity in Lr genes were characterized. A study of the diversity of
Russian lines revealed effective Lr genes (Lr24, LrSp) individually and in combination with ineffective Lr
genes; an effective combination of the Lr9 + Lr26 genes has been revealed. The Lr9 and Lr26 genes
separately in the South Urals lost their effectiveness.

Identified earlier in the Chelyabinsk advanced lines with Lr24 and Lr21 genes were not found in
commercial wheat cultivars. In Russia cultivars French (Kanyuk) and German (KVS Akvilon) cultivars
with Lr24 and Lr21 genes and in Kazakhstan Aina cultivar with the Lr24 gene are recommended for
industrial cultivation [24]. The cultivation of varieties with the Lr24 gene shows different duration of its
resistance: from 5 years to 20 years [25]. The Lr9 and Lr19 genes identified in the lines from Chelyabinsk
belong to the group widely distributed in Russian cultivars [24, 26]. A positive example is the combination
ofthe Lr19 (or Lr9) genes with the ineffective Lr26 gene or with Lr37 APR gene [26, 15]. Most Russian
and Kazakhstani isolates of P. triticina, are virulentto Tc-lines with the Lr9 orLr19, Lr1, Lr3, and Lr10
genes [15, 24]. The Lr21 gene detected in a number of lines is new for Russian and Kazakhstan wheat
cultivars and belongs to the partially effective group.

It was found that 29 Kazakh wheat lines contain Lr genes for leaf rust resistance. As a result of
phytopathological evaluation and molecular screening of Kazakhstani advanced breeding material, carriers
of 2, 3, and 4 Lr genes of leaf rust resistance were selected. An earlier study leaf rust resistance in
Kazakhstan, allowed to rank the spring wheat cultivars by level of seedling resistance. It was shown that
the North Kazakhstan population of P. triticina was characterized by high virulence: 97 % were
susceptible and only 4 % were resistant to the pathogen. The latter include cultivars Aktobe 39, Astana
and Albidum 31 [27]. Among the 30 wheat entries, the genes Lrl0 and Lr37 in three (L-1090,
Krasnovodapadskaya 210 and Madsen) and Lr19 and Lr68 in cultivars (Pallada and Yegemen) were found
[5]. The most valuable donor of leaf rust resistance was the line Almaly/Obriy with three identified Lr
genes (Lr34/Yr18, Lr37/Sr38/Yrl7 and Lr68) [28].

A population analysis of the virulence of leaf rust P. triticina of wheat indicated a similarity of their
structure in the Southern Urals of Russia and Northern Kazakhstan. The information obtained should be
taken into account when locating genetically protected cultivars in these regions. The study and
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development of new cultivars should be carried out taking into account their resistance not only to local
pathogen populations prevailing in a particular region, but also to those races that may appear in the
population due to possible airborne drift from neighboring regions.

Conclusion. For successful control of leaf rust in a single epidemiological zone (Urals and Western
Siberia of Russia, Kazakhstan), the genetic diversity of promising new breeding wheat material and
monitoring of the virulence of pathogen populations in these areas was carried out. As a result of this
study the genetic diversity of leaf rust resistance sources in advanced spring bread wheat lines developed
in Russia and Kazakhstan was revealed. A population analysis of the virulence of leaf rust P. triticina of
wheat indicated a similarity oftheir structure in the Southern Urals of Russia and Northern Kazakhstan.
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AY MpeceraiK eamaak Kopray rbiibIMiU-3epTTeY MHCTUTYThI, CaHkT-IMeTepbypr, Peceit;
BaMIXrep 6U0NoruAchl XsHe 6MOTEXHONMOMMACKI MHCTUTYTLI, AfiMaTbl, KasaxcraH;
3Kasak MTTbLY, arpap/bLy, yHuBepcuTeT, AnMaTbl, KasaxcraH;

AYensabuHCK ayblnwapyallbi/ibIK MbiAbIMA-3epTTeY MHCTUTYThI, TuMMpsA3eBcK, Peceld;
5on-®apabu aTbiHAarbl Kasak ¥nTTbly, YHuBepcuTeT, AnMatbl, KazaxctaH

PECEI MEH LIASALICTAHJA LIOLbIP TATLA TO3LM/ALM1 BOMbIHLLA
XA3IbLLL XX¥MCALL BUAANABIH MEPCMNEKTUBTL CENEKLIMANBLL,
MATEPUANAAPBIHbLL TEHETUKAbLLL ANTYAH TYPAINITI

AHHOTaumsa. KoHblp TaT Ko3gpblpyLbichl Puccinia triticina Erikss - KasakctaH MeH Peceiigen 6upaiigbiy
Hen3n aypynapbiHbIl 6ipi. OHbIL, 3UAHABINBLITLI XbIT MEH 6UAali eapweTw aliMakka GainaHbiCTbl e3repegi. OpTa
MeH WMH(EKUMSAHBIL, TapanyblHa 6alifaHbiCTbl reHOTUNTEPALLY, eHIMAINIMIHIH WhirbiHbl 30-60 %-ra >eTyi JMyMKLLL
eHeTUKaNbIK Te3iMAi copTTapAbl KonjaHy - aypymeH KYPpecigiH eH 3(h(eKTUBTY YHeMAi >K3HEe 3KOMOrnsnbiK
XarblHaH Kaywias Tacifli. KOHbIp TatneH HaTWKeNi Kypecy YLLiH YensabuHCK aybliwapyallblibiK TbibIMA-3epTTeY
WHCTUTYTbIHbIH 61 >ka3ablk 6upail reHoTMnTepi MeH bapaeB aTbiHAarbl ayblilapyallbiibiK FbiibIMU-eHAIPICTIK
OpTa/IbIrbIHbIH 50 FeHOTUNIHIH reHeTUKabIK alyaH TYpAiniri MeH TesimMainiri eki enge e 3eptrengr KasakcraHga
(hMTONATONOMMSAMBIK CKPUHUHI Hen3wae Aana >kaFgaibiHga 6ugali nepcrnekTVBTI SIMHWSMAapPbIHAH KOHbIP TaTka
27 Te3imMii NIMHMA MeH 8 opTalla TesiMAi NMHMA ipikTenin anbiHAbl. KasakcTaHAblK NepcrnekTUBTI IMHUANApAbIH
MONEKYNafblK CKPUHWMHTI KOHbIP TaTka Te3iMainik Lr reHaepi 6ap 29 6ugali MMHUACKHIH aHbiKTayFa MYMKIHAIK 6epgi.
Ew Tesimginik Lr reHgepi 6ap 12 nuHus aHbikTanbiHgbl: 304/14 xaHe 125/14 nuHusnapbiHga Lr28 6eH Lr35/Sr39
resgepy 351/12 nuHusAcbiHOA - Lrl9 >kaHe Lr37/Yrl7/Sr38; 89/14 >aHe 386/13 nuHuanapbiHga - Lr35/Sr39,
Lr37/Yr17/Sr38; 362/13, 116-10-4 »x3He 211-10-10 nuHuANapbiHAa - Lr35/Sr39 6eH Lr39; 221/14 nnHuACbIHAA -
Lr28, Lr39; 339/13 nuHuAcbIHAA - Lr68, Lr39; 239-10-17 meH 56-10-13 nuHuanapbiHga - Lr37/Yr17/Sr38, Lr39
reHaepi naeHTnduKaumsnadgbl. Yw Lr reHgepi 6ap 6uaaingeiH 7 TMHUACHI aHblkTangbl: 64/15 nuHuacbiHga - Lr28,
Lr68 »3He Lr19/Sr25; 319/14 nuHuscbiHaa - Lr28, Lr35/Sr39, Lr37/Yrl7/Sr38; 129/12 nuHmacbiHAa - Lr35/Sr39,
Lr37/Yrl7/Sr38 »x3He Lr39; 3/14 - Lr68, Lr37/Yrl7/Sr3 »xaHe Lr39; 221/14 nuHusacbiHaa - Lr28, Lr37/Yrl7/Sr38,
Lr39; 25/13 nuaHusAcbiHAa - Lr68, Lr19/Sr25 xaHe Lr39; 366-13-5 nnHusacbiHga -Lr35/Sr39, Lr37/Yrl7/Sr38 »aHe
Lr39 reHgepi naeHTuukaumanaHabl. 4 Lr rengepi 6ap 6ugaingbiH 385/12 nnHuscHl naeHTU(MKaumanaHasl: Lr28,
Lr35/Sr39, Lr37/Yrl7/Sr38 >aHe Lr39. bugaigblH KasakCTaHAblK MEPCMeKTMB™ cenekums maTtepuangapbiHbIH
MOJIEKYNTA/IbIK  CKPUHMHIN MeH (hUTONaTonornsanblk 6GaFanaybl H3TWXKeaHLe KOHbIp TaTka 2, 3, 4 Tesimginik
Lr reHgepi 6ap TacbiMangayLublnap TaH4abIn anbiHabl. 3epTTenreH YenabHCKIHIH cenekumanbik matepuaniapbiHbIH
92 % nuHUANapbl eCIMAIKTIH eCLUH XX3He epecek caTbICbIHAA Aa KOHbIP TaTKa XOoFapbl Te3iMAINIriMeH epekLueneHsi.
Monekynanblk MapKepnepai KongaHbin, 6uaaingbiH peceiinik nMHuanapbiHad Lr24, Lr9, Lrl9, LrSp, Lrl, Lr3, Lr10,
Lr26, Lr21 xs3He Lr34 reHgepi xeke Hemece 3pTYp/i KOMOMHaUManapaa aHbIKTabIHAbI.

OHTYCTiK OpangpblH gananblk xarganbiHga Lr24, Lr25, Lr26, Lr28, Lrd5, Lr47, Lr49, Lr51, Lr57 (3akeiMzany
feHrew 0) reHaepi 6ap nsoreHai NMHUANAP >oFapbl Te3iMAiNIK TaHbITTbl, an Lrl7, Lr23, Lr29 xaHe Lr64 reHgepi
6ap nMHUANapga opTawa TesiMainik Galikangbl (3akbivgany feHreiii 5 %”a Kem). BCKiH caTbiCbiHAa 6apbiK
MOHONYCTYNaNbIK U30ATTap Lrl6, Lrl9, Lr24, Lr28 »xaHe Lr29 reHgepi 6ap Tc nvHusnapFa aBupyneTTi 60/4b!.
KasakcTaHHbIH AnMatbl (OHTYCTiK-LWbIFbIC) X3He ConTYCrik KasakcTaH (conTYCTIK) 06/bICTapbliHaH MHaNraH
P. triticina nNONynAUMACHIHBIH BUPYNEHTTINIM 3epTTengi. ANMaTbUIbIK MOMYNAUMS KO3AbIPYLUbICbIHA YKOFapbl
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agpekTmen (peakumst TUT 0, 1 >xaHe;) Lr9, Lrl9, Lr24, Lr25 >a3He Lr28 reHaepi MeH opTawia 3gexkTvsn
Lrd5 reHfepi vaeHTU(UKauuanaHabl. KanraH Lr reHgepi 6ap 6apniblk nvHUANAp natoreHre TesiMci3 60/4bl.
Lr19, Lr24, Lr25, Lr28, Lr36 x3He Lr45 reHpepi 6ap n3oreHAi MHMsIap KoctaHainblk P. triticina nonynaymacbiHa
Xorapbl  3(PPeKTUBTILNMEH epeKweneHai. bugadgbiH P, triticina  KOHbIp  TaTblHbIH  BMPY/EHTTIAITIHIH
nonynauusnbik aHanmsi Peceigu, OHTYCTik Opan meH KasakcTaHHbiH ConTYCTiriHAeri onapfbiH Kyp/bIMbIHbIH
YKCACTbITbIH KepCeTTi. AJIbIHFaH M3niMeTTep OCbl aliMakTa reHeTUKaNblK KOprairaH copTTapibl OpHanacTbipyda
ecKepinyi KaxeT. XXaHa copTTapbl LWbirapy MeH 3epTTey KesiHae 6enrini 6ip aiMakTa Tek XKeprLuKn NaToreHHiH
nonynAUMACkIHA Te3IMAINITIH ecenke ayMeH raHa Xyprisinmeyi Kepek, COHbIMEH KaTap afpLuLlliec aimakTapaaH aya
apKbl/bl Tapasybl MYMKIH nonynauuanapra Te3iMainirid ge eckepy Kaxer.
TywH ce3gep: 6uaali, KOHbIP TaT, Lr reHaepa MoneKynanblk Mapkepnep, U3onaTTap, BUPYNEeHTTINIK.

E. N. F'ynbTaeBal A. M. Koxmetosa23 E. P. L peiigep4 E. /1. Laligatokl,
M. H. ATnwosa2 A. K. Madenova2 A. Manbiwesab, K. FanbiM6ek2

BCEPOCCMICKMIA HayYHO-UCCNEA0BATENbCKUI MHCTUTYT 3almThl pacTeHuid, CaHkT-MNeTepbypr, Poccus;
MHCTUTYT GUONOTUM N BUOTEXHOMOTUM PacTeHWid, AnvaTbl, KasaxcTaH;
Kazaxckuii HaUMOHa/IbHBIW arpapHblii yHMBepcuTeT, Anvathbl, KasaxcTaH;
AYensabUHCKNIA HayYHO-UCCe0BaTETbCKUIA MHCTUTYT CEMbCKOMO X034ACTBa, TUMMPSA3EBCKUiA, Poccus;
FKazaxCKumil HaLMOHaNbHBIV YHUBEPCUTET MMeHN anb-Papabu, Anmvartsl, KasaxcTtaH

FEHETUYECKOE PA3BHOOBPASVE MNMEPCMEKTVBHOIO CENEKUMOHHOIO MATEPUATIA
APOBOUN MAIKOU MWEHNL LI MO YCTOUYNBOCTN K BYPOU PXXABUNHE
BPOCCUN N KASAXCTAHE

AHHOTauua. bypaa pxaBumHa, B030yauTtens Puccinia ftriticina Erikss., sBnseTcqd OLHWM W3 OCHOBHbIX
3abonesaHnin nweHuubl B Poccun 1 KasaxctaHe. Ero BpegHOCTb BapbupyeT B 3aBWCHMOCTW OT rofa U pervmoHa
BO3/e/1bIBaHMA MLLeHWLbI. [1oTeps ypoxKaliHOCTW reHOTUNoB MOXeT focturatb 30-60% B 3aBMCUMOCTU OT Cpefbl U
TSOKECTU MHGeKUMn. Icnonb30BaHNE TEHETMYECKM YCTOMYMBBLIX COPTOB CUMTaeTcAd Hambonee 3(heKTUBHLIM,
9KOHOMMWYHBIM U 3KONOrMYeckn 6e30macHbIM MeTOLOM 6GopbObl C 6onesHaMK. 15 ycrnewHon 6opbbbl ¢ Bypoi
pXXaBUMHOW B 06enx CTpaHax 6blia M3ydeHa YCTOMYMBOCTb U FEHETUYeCKoe pasHoobpasue 61 reHoTuna sSipoBOM
nweHnLbl YenabuHCKOro Hay4HO-MCC/ef0BaTeNbCKOr0 MHCTUTYTA CeNbCKOro Xo3siicTea U 50 reHoTMnos HayuHo-
MPOM3BOACTBEHHOIO LieHTPa 3epHOBOr0 X03AicTBa MMeHW bapaeBa. B Ka3axcTaHe Ha OCHOBe (PMTONATONOMMYECKOrO
CKPUMHWHIA B MOMEBbIX YCMOBUAX MEPCMEKTUBHBLIX SIMHWIA CEMEKLMU MLIEHULbI 0TO6PaHO 27 YCTOWUMBLIX AUHWIA
MWeHNLbl M 8 YMEPEHHO YCTOWUMBBLIX NWHWIA K Oypoli pxaBuuHe. MONeKynsapHbIA CKPUHWUHI Ka3axXCTaHCKUX
NePCreKTUBHbLIX MMHUI NO3BOMMA BbISBATD 29 JIMHWIA MLUEHULbI, XapaKTepu3YHLWMXCA HanuyveMm Lr reHoB
YCTOMYMBOCTM K 6Ypoil pxaBumHe. Y 12 NIMHWIA BbISBNEHO MO 2 Lr reHa ycToMumBOCTW: Y nuHWin 304/14 n
125/14 waeHTUdMUMpoBaHbl reHbl Lr28 n Lr35/Sr39; y nuHum 351/12 - Lrl9 v Lr37/Yr17/Sr38; y nuHuin 89/14 un
386/13 - Lr35/Sr39, Lr37/Yrl7/Sr38; y nuHuwii 362/13, 116-10-4 n 211-10-10 - Lr35/Sr39 n Lr39; y AuHUM
221/14 - Lr28, Lr39; y nuHum 339/13 - Lr68, Lr39; y nmuHuin 239-10-17 n 56-10-13 - Lr37/Yrl7/Sr38, Lr39. B
7 NIMHWAX MLUEHWLbI BbISBMEHO No 3 Lr reHa: y nmHumM 64/15 - Lr28, Lr68 v Lr19/Sr25; y nnHum 319/14 - Lr28,
Lr35/Sr39, Lr37/Yrl7/Sr38; y nuHumM 129/12 - Lr35/Sr39, Lr37/Yrl7/Sr38 u Lr39; y nuHum 3/14 - Lr68,
Lr37/Yr17/Sr3 v Lr39; y nnHun 221/14 - Lr28, Lr37/Yr17/Sr38, Lr39; y nuHumM 25/13 - Lr68, Lr19/Sr25 n Lr39);
y nnHun 366-13-5 -Lr35/Sr39, Lr37/Yrl7/Sr38 n Lr39. VgeHTudmumposaHa NUHWUA nweHuubl 385/12 ¢ 4-m4
Lr reHamu: Lr28, Lr35/Sr39, Lr37/Yr17/Sr38 nLr39. B pesynbTate (pUTONATONOMMYECKOI OLIEHKU 1 MOMIEKYIIPHOMO
CKPUHUWHIa NepCrneKTUBHOIO Ka3axCTaHCKOro CefeKLMOHHOro mMaTtepuana niweHunLbl 6biamn 0To6paHbl HOCUTeNN 2-X,
3-X 1 4-X Lr reHOB YCTONUYMBOCTU K Bypoii pXkaBuMHe. 3 M3y4yeHHOro 4ensibuHCKOro CenekuMoHHOro Marepuana
92% NMHUIA XapaKTepU30Ba/IMCb BbICOKUM YPOBHEM YCTOMUMBOCTM K SIMCTOBOI PXKaBUMHE KaK Ha CTafum B3pOCnoro
pacTeHus, Tak W Ha CTaguu MPOPOCTKOB. B POCCMICKMX NMHUAX MLIEHWULbl C UCMOb30BAHWEM MOMEKYIAPHbBIX
MapKepoB BbInin BbIBMEHbI TeHbl Lr24, Lr9, Lrl9, LrSp, Lrl, Lr3, Lrl0, Lr26, Lr21 v Lr34 no oTAeNbHOCTU UMK B
pasnyHbIX KOM6MHaUMAX. B noneBbix ycnoBusx HOXHOro Ypana BbICOKYH YCTONYMBOCTb MPOSBUAMN U30TEHHbIE
NNHWKN C reHamu Lr24, Lr25, Lr26, Lr28, Lr45, Lr47, Lrd9, Lr51, Lr57 (cTeneHb nopaxeHus 0), a B MHUAX C
reHamu Lrl7, Lr23, Lr29 n Lr64 Habnofany yMepeHHY yCTOMYMBOCTb (CTereHb nopaxeHus MeHee 5%). Ha
CTafim NPOPOCTKOB BCE MOHOMYCTY/bHble U30/1ATbl OblN aBUPYNEHTHbI K TC-MMHWAM ¢ reHamu Lrl6, Lr19, Lr24,
Lr28 u Lr29. B KasaxcTaHe M3ydeHa BMPYMEHTHOCTb nomynsuuu P. triticina, cobpaHHOR B AnmaTtuHckoi (HOro-
BocTtok) n CeBepo-kasaxctaHckoi (Cesep) obnactax KasaxcraHa. VigeHTUULMPOBaHbI BbICOKOI((EKTVBHBIE (TVN
peakuuu 0, 1u1;) NPOTUB aIMaTUHCKOM NOMyNALMKU BO3OYAMTENs reHbl Lr9, Lrl9, Lr24, Lr25 1 Lr28, a Takke reH
Lr45, XapaKTepu30BaBLUMIACA yMepeHHOW 3((eKTMBHOCTbIO. Bce MHWMKM ¢ ocTanbHbiMM Lr reHamu 6biu
BOCMPUMMYKBBI K NATOreHy. 30reHHble NMHUK ¢ reHamu Lrl9, Lr24, Lr25, Lr28, Lr36 u Lr45 xapakTepn3oBaivch

66


https://www.kaznu.kz/ru

ISSN 1991-3494 3. 2020

BbICOKOW 3(h(PEKTMBHOCTLIO MO OTHOLUEHWIO K KOCTaHaickol nonynsuun P. triticina. MonynsaumoHHbIA aHams
BUPY/NEHTHOCTM OYpoii pXaBuMHbI MLleHMUbl P. triticina nokasan CXOACTBO WX CTPYKTypbl Ha HOxHOM Ypane
Poccum 1 B CeBepHoM KasaxcTaHe. MonyyeHHas MH(oOpMaLms fOMKHA YUUTLIBATLCA NPY Pa3MELLEHUN TEHETUYECKM
3aLLMLLEHHBIX COPTOB B 3TUX PervoHax. V3yyeHue u paspaboTka HOBbIX COPTOB AO/MKHbI MPOBOANUTLCA C YUETOM MX
YCTONUYMBOCTY He TObKO K MECTHbIM NOMYNALMAM NaToreHoB, Npeo6afjalolimM B KOHKPETHOM PErvioHe, HO U K TeM
pacam, KOTopble MOTYT MOSIBUTLCS B MOMNY/ALMM N3-33 BO3MOXHOIO MepeHoca No BO3AYXY 13 COCEAHMX PErMOHOB.
KntoueBble cnoBa: nweHuua, 6ypas pxxaBumHa, Lr reHbl, MONEKYNspHble MapKepbl, U305Tbl, BUPY/EHTHOCTb
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