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CLASSIFICATION OF WHEAT YELLOW RUST POPULATIONS
IN THE CONDITIONS OF KAZAKHSTAN
(Puccinia striiformis West. f. sp. tritici Erikss. et Henn.)

Abstract. One of the most dangerous fungal diseases of cereals is the wheat yellow rust that causes Puccinias-
triiformis West. f. sp. triticiErikss. et Henn. The yellow rust significantly reduces the yield and lowers grain quality.
The occurrence of disease in autumn and its wintering during the vegetation period in favorable climatic conditions
in the autumn wheat field leads to a 100 percent loss of crop. An important element in the integrated protection of
wheat crops from rust disease is a variety. Success in selection of disease resistance depends on the population
structure of pathogens, which differ from soil-climatic zones and biotic, abiotic factors. The article presents the
results of yellow rust study in the South and South-Eastern Kazakhstan. The determined pathotypes are classified
into three groups: high, middle and low (minimal) virulence. High virulence patterns of HeinesKolben, Lee Chinese
166, Heines VII and Reichersberg 4 were virulent to classifiers up to 100 percent.

Key words: wheat, resistance, pathotype, classifier varieties, yellow rust, epiphytotia, virulence.

Introduction. The use of genetically uniform, inefficient resistance genes in production will increase
natural selection in agro-economic system and will result in new patterns, leading to the mutation of pa-
thogenic populations and incidence of new virulent pathotypes [1]. The virulent gene, which is able to
defeat the resistant gene will appear and spread widely. Finally, the resistant variety is defeated by the new
race of pathotypes. With emergence of a new pathotype (race), a variety of monogenic resistance demon-
strates complete non resistance against pathotypes. As a result, the disease can develop to the level of
epiphytotic in the sowing field [2, 3]. The loss of endangered varieties from emergence of new races was
shown in many studies. According to G.J. Green, T. Johnson, D.J. Samborski [4], the growth of new races
in the first resistant varieties is different in each region. This is also due to the specification of variety and
its prolonged use in production. In Mexico, Colombia and Kenya, the varieties lose their durability after
2-5 years due to the favorable condition of fungus rust disease development. The new resistant variety
filters pathogenic population by involving virulent race. Therefore, selection of wheat rust resistance is
one of the main factors that control the parasitic population changes in race structures.

According to phytopathologistsYahyaoui A, Wellinggs C.R., Torabi M., andKetata H. [5] the
population structure of yellow rust has continuously change as in host-plant. The wheat varieties grown in
Central and Western Asia were initially resistant to yellow rust populations. The use of varieties for
several years in production has led to occurrence of virulent forms as well as decrease of gene resistance.
In 1980, the emergence of a virulent race to Yr9 resistant gene, and its rapid spread led to yellow rust
epiphytotics in wheat varieties in the regions from Western Asia to Pakistan.
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As M.R.J. Kamali and F.Afshari state [6], P. striiformis, which has overcome certain known
resistance genes, has been registered in many regions of the world. The Chamran variety, which was sown
in Iran for half a million hectares in 2003, lost its resistance after the emergence of a new 166E134A +
+ pathotype. In Turkey, the planting of the Gerek 79 variety that is resistant to disease in the area of
1 million hectares has resulted in severe pathogenic damage and 26.5% of product losses. In 2003,
Uzbekistan harvested 1,390,000 hectares of wheat, however it did not increase crop yields. The main
reason for it was the planting of Polovchanka (376.5 thousand hectares), Koshka (322.9 thousand
hectares), Knyazhna (53.2 thousand hectares) and Umanka (41.8 thousand hectares) varieties that were
sent to be planted in the main production, however they were quickly infected and caused a favorable
conditions for the pathogen development [7].

The purpose of the paper is to study population structure of wheat yellow rust (Pucciniastriiformis
West. F.sp. triticiEriks. Et Henn.)

The tasks are to determine pathotype structure of P. striiformis population and to make classification
of'its virulence properties.

History: An in-depth study of raw material taken by selection, replacement of inefficient ones with
efficient can help prevent progression of disease and prevent epiphytotic.

However, the problem of immunity can not be solved without deep study of systemic relationship
between the two organism that affect each other. The relationship between pathogen and host-plant can be
regarded as an evolutionary process that continuously develop. The ability of yellow rust to mutate leads
to emergence of new pathotypes that get used to the host-plant in population structure.

Research Materials and Methods. The local population of wheat yellow rust (Pucciniastriiformis
West. f-sp. triticiErikss. et Henn.) and single pathotypes (races) were used as epidemic material.

The main sources of epidemic material were obtained from the leaves of wheat, barley, triticale and
wild grains that were get during the phytosanitary monitoring in the Southern, South-Eastern regions of
Kazakhstan.

Identification of pathotypes in yellow rust population is based on the following main stages:
collecting of samples; increasing of uredospores in the collected yellow rust samples; separation and
multiplication of monopostic isolates; classification of isolates into pathotypes.

Identification of population structure of yellow rust was carried out in separate greenhouses. The
following eight European variety classifiers as Heines VII, Spaldings Prolific, Carstens V, Compair, Nord
Desprez, Heines Peko, Reichersberg 42, Hybrid 46 and Seven International classifiers like Suwon 92 x
Omar, StrubesDickkopf, Moro, Vilmorin 23, HeinesKolben, Lee, Chinese 166 have been used [8,9]. The
way of application of these varieties for studying yellow rust is shown in table 1.

Table 1 — The way of application of International and European Varieties’ Classification for studying yellow rust population

Decimal Binary International Classifier Varieties European Classifier Varieties
measure calculus (Resistant Genes) (Resistant Genes)

1 (=29 1 Chinese 166(Yr1) Hybrid 46 (Yr4+)

2(=2" 10 Lee (Y17, Y122, Y123) Reichersberg 42 (Yr7+)

4 (=2%) 100 HeinesKolben (Yr6) HeinesPeko (Yr6+)

8 (=2%) 1000 Vilmorin 23(Yr3V) NordDesprez (Yr3N, Yr3a)
16 (=2 10 000 Moro (Yr10, YrMor) Compair (Yr8, Yr18)

32 (225) 100 000 StrubesDickkopf (Yr2, YrSD) Carstens V (YTrCV)

64 (=2°) 1 000 000 Suwon 92xOmar (YrSU, YrPal-3) SpaldingsProlific(YrSP, Yr6)
128 (=27) 10 000 000 - Heines VII (Yr2, YrHVII)

Race numbering was based on the use of Hubbold's binary system [9]. The resistant species of
varieties were shown as R-type (Resistance) 0, and the S-type (Susceptable) 1 and their decimal measu-
rements. In definition of pathotype, first is shown the number in international collection, and second, the
indication of letter E, followed by the number in European collection [10].
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Research results. As a result of studying of yellow rust population collected from the Southern and
South-Eastern regions of Kazakhstan, 46 pathotypes of pathogens were determined. Vulnerability of
pathotypes for each classifier of colection was calculated. Chinese 166 varieties were exposed to 43 pato-
types. That is, the typical virulence of pathotypes to this variety was 92%. The Moro variety was infected
by only one pathotype (31E158), and the virulence of studied pathotypes to this variety was only 2%.

12 pathotypes (15E15 (31 / 1,5), 15E135, 15E159 (A-8 / 1,5), 15E191, 31E158, 47E143, 47E159,
15E159, 47E143, 15E199, 47E223, 71E191, 71E175, 79E143, 111E155) that showed 53,3-80,0%
virulence to 15 International and European classifier varieties were determined to be the most dangerous
yellow rust race.

Among the international classification of varieties Moro variety that has Yr10 and YrMor gene
demonstrated high resistance to all determined isolates, not including the 31E158 pathotype. It has been
found that the HeinesKolben variety among the European collection and the Yr6 Avocet variety
transformed into a non resistant form due to the loss of effectiveness of Yr6 gene in the structure of their
isogenic line. However, Spaldings Prolific variety that has Yr6 and YrSp genes demonstrated complete
immunity for all pathogens except for the pathotype 47E223 (table 2).

Table 2 — Wheat yellow rust of high virulence

Reactions of classifier varieties
International collection European collection

= G Q

< [=% 3= Q

=) S = N

Racecode 3 = - § ° o B ° 20

= S Q = NS = ~ > 521 S o) ©

N =] — %! [5) °

o [a) g v/ ° > an ©» = 2 L & <

s| & ¢g| 8 s s |£| 8| &2 8| 2|z

2| 25|55 5| 2|5 3| E|E|E|5) 52

G| |25z 3 |S |z |&| S|S|z|z| | =
15E15 (31/1,5) R R R S S S S R R R R S S S N
15E135 R R R S S S S N R R R R S S S
15E159 (a-8/1,5) R R R S S S N S R R S S S S S
15E191 R R R S S S N S R S S S S S S
31E158 R R S S S S S S R R S S S S R
47E143 R S R S S S S N R R R N S S N
47E159 R S R S S S S S R R S N S S N
47E223 R S R S S S S N S R S N S S N
71E175 S R R R S S N S R S R N S N N
71E191 S R R R S S N N R S S N S N N
79E143 S R R S S S N N R R R N S N N
111E155 S S R S S S S N R R S S R S N
Averagevirulence, % | 33,3 | 33,3 | 8,3 [83,3| 100,0 | 100,0 | 100,0| 100,0 | 8,3 | 25,0 | 58,3 |91,7| 91,7 |100,0| 91,7

Note: «R» — tolerance reaction; «S» — the reaction of intolerance.

Most virulent pathotypes include 12 patterns, including 31 / 11.5 and A-8 / 1.5 races stored on
collection models. These pathotypes showed virulence to Vilmorin 23, HeinesKolben, Lee, Chinese 166,
Compair, Nord Desprez, Heines Peko, Reichersberg 42, Hybrid 46, and Moro and Spaldings Prolific. Only
31E158 pathotype showed virulence to Moro variety, while 47E223 pathotype was virulent to Spaldings
Prolific variety. Studies pathotypes showed 100 percent virulence for HeinesKolben, Lee, Chinese 166,
Heines VII and Reichersberg 42 varieties.
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The analysis of results showed that Kazakhstani wheat yellow rust pathotypes virulent to resistant
gene of Yrl, Yr2, Yr3a, Yr3N, Yr3V, Yr4, Yr6, Yr7, Yr8, Yrl8, Yr22, Yr23. But most of the local
pathotypes failed to defeat Yr10, YrMor, YrSP genes (table 3).

Table 3 — Wheat yellow rust pathotypes with low and middle virulence

Reactions of classifier varieties

International collection European collection

Pathotype
(racecode)

0EO
1E136
2E156
4E144
5E136
6E145
7E3
TE8
7E21
TE47
7E63
7E135
7E148
7E151
7E153
7TE156
7E158
7E159
7E190
11E23
11E135
13E7
13E23 S R R R

Pathotype (racecode) Reactions of classifier varieties

lnrlinlthl it L L Ltttk tL tLyalm|talm| Y|y | = | Chinese 166

Sl |l x| ||| F|Llta|lva|wy| | = | Heines VII
w%zw%wxww%wxw%%wkﬁw%mw%SpaldingsProliﬁc

|| || || Ryl R | R || R ||| = ]| =] Carstens V

N IR | IR R || R || R |RR | R || R ||| R ]| = | ®]| Suwon 92xOmar
IR IR ||| R |R|R|R|R R ||| ||| ®|®|=|=| StrubesDickkopf

DI IR ||| R IR IR ||| R || ||| R || Moro

Ny yliv "I R |®|=]|=| Vilmorin 23

N | "Ll bl g kvl x| |ylta|ty|y || = |=| HeinesKolben
Sl unuunlnnlnnnyn g x|x|y|x|=| Lee

ulm| ||l nlannianlagnlalxm gl x| glx| Y| n| x| = Compair

D m|alalala gl ala|x|a|x|x|x|x]|Y%|%]|=]| NordDesprez
Nl un|lmlnlnlmgan g n|x|x|x|v|=|n|=|>| HeinesPeko

T alhlnuhaun|m|m alm|m alu|m D Kl ®|®| ®|=|=]|>| Reichersberg 42
nlnlnlulx vl vulalx|vlalvulalx|yvln|lx| % x| ]| > | Hybrid46

As a result of classification of the local population of wheat yellow rusts, they were classified as
pathotypes with low virulence (OEO, 7E3, 7E8, 11E23, 13E7, 13E23, 15ES5, 15E7 (N / 1,5), 15E13).

Stem rust is the most common and dangerous disease of wheat. Despite comprehensive studies of
stem rust, protection of wheat from this disease is still relevant. In order to determine resistance to stem
rust under field and laboratory conditions, phenologic, phytopathological were conducted on 90 varieties
of spring wheat varieties [11].

Conclusion. About 80 percent of the isolates that were identified during experiment showed high
virulence and 20 percent showed lower virulence to the classifier varieties. The studied wheat yellow rust
were classified into high, middle and lower virulence groups.Pathotypes with high and middle virulence to
the classifier varieties showed virulence to Moro (Y110, YrMor) variety and Spaldings Prolific (Y16,
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YrSp) variety. The average virulence rate was 2 percent for Suwon 92xOmar (YrSU, YrPal-3) variety, 23
percent for StrubesDickkopf (Yr2, SD) variety and 11 percent for Carstens V (YrCV) variety.
HeinesKolben, Lee, Chinese 166, Heines VII and Reichersberg 42 varieties have demonstrated the loss of
gene efficacy for 12 pathotype with high virulence.

1. K. Hlanauos, K. C. TuneybdaeBa, M. 7K. MaxambetoB, A. T. EpmexoaeBa, O. M. Typrenosa,
I'. M. Ucenraauesa, K. . Ucnamosa, I'. E. Hypmyxanosa, /I. X. Baiinpaxmanos, I'. ®. Carutosa

Silkway xanmsikapansik yaHuBepcuteTi, LIIsimkenT, KasakcraH,
M. OyesoB ateiaaarsl OHTyCTiK Kasakcran memiekertik yauBepeuteti, IlIsiMkenT, Kazakcran,
Kazak KpI3map MeMJIeKeTTiK yHuBepcuTeTi, Anmatsl, KazakcTas,
bl. AnTeiHCapHH aThIHAAFBI APKaJIbIK MEMJIEKETTIK MelaroruKablK HHCTUTYTBI, ApKajblk, Kasakcran,
K. Xy6anoB ateigarel AkTe0e eHIpIIiK MEMJIEKETTIK yHHBEepcHTeTi, AKTobe, KasakcraH,
Kazak 5koHOMMKa, Kap>Kbl )KOHE XaJIbIKApaJIbIK cay/ja yHuBepcureTi, Actana, Kazakcran

KA3AKCTAH )KAFIAMBIHIA BUJAM CAPBI TATBI
(Puccinia striiformis West. f. sp. tritici Erikss. et Henn.) IOIIYJIALUA KYPAMBIH KIKTEY

AHHOTanusA. ACTHIK JaKbUIIAPHIHBIH ©T¢ KCH TapayiaraH, eH 3USHIbI aypyJIapbelHbIH Oipi Puccinia striiformis
West. f. sp. tritici Erikss. et Henn. KO3IBIPFBIIIBI MIAKBIPATEIH CapBl TaT CaHBIPAyKYJIaK aypybl. Capbl Tat eriH Tyci-
MiH alTapiBIKTail TOMEHIETII, TOH camachH KeMiTeni. AypyaslH Ky3 Me3Tili Ke3iHae maima OOoJbII, BereTarrsuIbIK,
Ke3€eHJe KOJNAWIbl KIUMaT jKaraaiima Ky3mik Owmpmail ericriringe Kpictam mbeiFybl, 100 maipi3ra IeifiH eriH IIbIFbI-
HBIHBIH OOJyBIHA OKeneai. bumai ericTiriH Tar aypyblHaH HMHTETpAIMsJIaHFaH KOpFayJa MaHBI3IBI AJIEMEHT COPT
607pII TaOBUIIBL. AypyFa TO3IMIUTIK CETEKIFSICHIHIIA JKETICTIKTEepre JKeTyAe TOMBIPAK-KIMMATTHIK aifMaKTap >KoHE
OMOTHKANIBIK, a0MOTHKAIBIK (aKkTopyiap 9CepiHeH opTypili OONaThIH MAaTOTeHHIH MOMYJSIMSIBIK KypaMmblHA
OaiinaHbICTBl. Makanana OHTYCTIK XoHE OHTYCTIK-IIbIFbIc KazakcraH jkariaiiblHIa capbl TATThIH MOMYJISIIMOHHOTO
KYPaMbIH 3epPTTCy HOTIIKEIIEPI KOPCETUIreH. AHBIKTAIFaH MATOTUIITEP YIII TOMKA KIKTSJIIHICH: BUPYJICHTTLIIr )KOFa-
pBI, OpTaIllaa XoHe TOMEeH (MUHUMAIIABI) BUPYJIEHTTUIEp. Bupynenrriniri sxorapsl matotunrtep Heines Kolben, Lee
Chinese 166, Heines VII xxane Reichersberg 4 xixrerint coprrapra 100 naiisi3 (%) BUpYIEHTTI O0IABL.

Tyiiin ce3nep: Ounail, TO3IMALIIK, TATOTHUII, )KIKTETIII COPTTApP, Capbl TaT, STUPHUTOTHS, BUPYIEHTTLIIK.

1. K. Hlananos, K. C. Tuney6aesa, M. 7K. Maxamberos, A. T. EpmexbaeBa, O. M. Typrenosa,
I'. M. Ucenranuesa, K. . Ucnamoga, I'. E. Hypmyxanosa, /I. X. baiinpaxmanos, I'. ®. CarutoBa

Mexnynaponusiii yausepcuret Silkway, Lllsimkent, Kazaxcran,
IOxnHo0-Kazaxcranckuil rocytapcTBeHHBIH yHEBEpcHTeT M. M. Aya3oBa, [lIsimkenT, KazaxcraH,
Kazaxckuil rocyjapcTBEHHBIN )KEHCKUM Nle1arornueckuili yausepcurer, Anmarel, Kazaxcras,
ApKaNbIKCKUI TOCYIapCTBEHHBIN Me1arorHuecKuii UHCTUTYT UM. M. AnteiHcapuHa, Apkaiblk, Kazaxcras,
AxTroOMHCKHH pernoHansHbeIN yHuBepcuTeT uM. K. XKybanosa, Axto6e, Kazaxcras,
Ka3zaxckuil yHUBEpCUTET S5KOHOMHKH, (PUHAHCOB M MEXIYHApOIHOH Toprosiu, Acrana, Kasaxcran

JUOPEPEHIIUALIIAA HOMYJIANMOHHOIO COCTABA KEJITOM P2KABYUHBI NIITEHUIIBI
(Puccinia striiformis West. f. sp. tritici Erikss. et Henn.) B YCJIOBUAX KA3ZAXCTAHA

Annotanusi. OHIM K13 HanboJiee BPeJOHOCHBIX 3a00J1€BaHUI 36PHOBBIX KYJIBTYP SIBIISIETCS JKENTAask pXKaBUMHA,
BbI3bIBaeMast rpudomM PucciniastriiformisWest. f. sp. triticiErikss. etHenn. Ona cymecTBeHHO CHMKaeT ypoxkail 1 Ka-
4ecTBO CeMsH. [Ipy MosiBIeHN B OCEHHUH MEPHOJ, YCIEIIHOHN Mepe3nMOBKE M Pa3BUTHH BO BPEMS BETCTALIHOHHOTO
ce30Ha MOXKHO oxkuzaTth 100 % moTepro yposkast. BaxHeHIINM 371eMEHTOM WHTETPUPOBAHHON 3aIIUTHI MIICHUIBI OT
P’KaBUMHHBIX OOJE3HEW SBISIOTCS yCTOWYHBEIE cOpTa. JIisl yCIIEIIHOW CENEeKIMH pPacTeHUi Ha YCTOWYHBOCTH K
6osie3HsIM OOJBIIOE 3HAYCHUE MMEET 3HAHHE CTPYKTYPHI HOMYNIALHUNA MaTOreHOB, KOTOPAs 3aMETHO Pa3lNyacTCsl B
pa3HbIX MMOYBCHHO-KIMMATUYECKUX 30HAX M MOABEP)KCHAa M3MEHEHUIO BO BPEMEHH M MPOCTPAHCTBE MO BO3ACH-
CTBHUEM OMOTHYECKUX, a0MOTHYECKUX M aHTPOIOTeHHBIX (aKTOpPoB. B cTaThe mpencraBiaeHbl pe3yabTaThl H3yYEeHHs
MOoNyJIAIIMOHHOI'0 COCTaBa JKENTOM P’KaBYUHBI MIICHUIBI B YCJIOBUAX FOXKHOI'O U FOI'0-BOCTOKA Kasaxcrana. Boiss-
JICHHbIE MATOTHIIBI PA3/IeeHbl Ha TPU TPYIIBI BHICOKOBUPYJIEHTHbIE, CPEAHE U MaJI0 (MUHUMAJIBHO) BHPYJICHTHBIE.
BeicokoBupysnenTHeie natoturisl nposisuin 100% BupyneHTHOCTh K coptam auddepenunaropam Heines Kolben,
Lee Chinese 166, Heines VII u Reichersberg 42.

Ki1roueBble cj10Ba: IIIEHHIA, YyCTOWYNBOCTD, NATOTHUI, copTa AU PEepeHIaTop, KelTas pKaBunHa, SMHUPH-
TOTHS, BUPYJEHTHOCTb.
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