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Abstract

Septoria tritici (STB) blotch of wheat, caused by the ascomycete Zymoseptoria tritici (formerly
Mycosphaerella graminicola), is one of the most serious foliar diseases of wheat. In many temperate
wheat growers, STB is a devastating disease and yield losses can exceed 50% under favorable
conditions. In particular the augmented use of soil management practices that leave large amounts of
wheat stubble on the soil sur- face and global warming increases the chance of Septoria tritici blotch
epidemics to emerge more frequently including in developing countries. The purpose of the study is
to identify samples of wheat resistant to septoria blotch. The identification of STB-resistant spring
breadwheat germplasm, in combination with and without the APR stage, will serve as an important
resource in Septoria tritici (STB) resistance breeding efforts. According to the results of molecular
screening for resistance to septoria and evaluation of the plant biomass index, 11 promising wheat
lines were identified as carriers of the Stb 7 gene and high NDVI (Normalized difference vegetation
index). Identified promising lines of wheat are recommended to be used as donors in breeding
programs for resistance to septoria in the Almaty region.

Key words: wheat, septoria, resistance, promising lines, cultivar, phytopathological screening,
molecular screening, NDVI biomass index, STB

Introduction

Septoria tritici blight, caused by the ascomycete Zymoseptoria tritici (Desm.) Quaedvlieg &
Crous (anamorph: Septoria tritici, teleomorph: Mycosphaerella graminicola), is one of the most
economically important biotic factors limiting wheat production in some wheat-growing regions.
Septoria tritici spot can be severe under certain wheat growing conditions in developing countries,
particularly in northern and western Asia, northern Africa and parts of South America, including
Kazakhstan [1, 2]. Crop losses due to Septoria tritici blotch in disease-promoting climates can be as
high as 35-50% due to reduced photosynthetic area. In recent years, the increasing use of tillage
practices that leave large amounts of wheat stubble and debris on the soil surface has increased the
likelihood of Septoria blotch epidemics occurring under favorable climatic conditions and is therefore
expected to occur more frequently in the future in developing countries. In the Almaty region in recent
years, rust diseases have predominated, as well as leaf spot diseases (tan spot, septoria blight) [3-6].

In Kazakhstan, the period is 2000-2015. epiphytotic development of leaf rust separately or
together with septoria occurred 8 times; with their early manifestation and strong development, the
wheat yield is reduced to 20-30%. To prevent large grain losses, the crops are treated with fungicides,
which requires additional costs. As a result, not only the yield of spring wheat decreases, but also the
technological quality of the grain. In the southern and southeastern regions of Kazakhstan and the
Kyrgyz Republic, septoria blight is the most common disease of winter wheat. In years with wet (the
amount of precipitation in April and May is at least 75-100 mm) and cool spring (15-20°C) it develops
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to the level of epiphytotics. Septoria blight and yellow spot occur simultaneously on the same leaf

[7].

Due to global warming, rising costs of fungicide application and environmental degradation,
and the emergence and prevalence of fungicide-resistant/non-susceptible strains of the pathogen,
breeding for resistance provides one approach to control this disease. Inheritance of resistance to
Septoria tritici spot in wheat can be either qualitative, isolate-specific, depending on the underlying
genes, or quantitative, non-isolate-specific with polygenic inheritance. To date, 18 major resistance
genes (Stb 1-Stb 18) have been identified, along with many quantitative genes with minor effects [8].
For effective breeding work, constant monitoring of wheat blight, including septoria blight, is
necessary.

Materials and methods

The objects of research are commercial varieties and promising lines of winter wheat, cultivated
or being candidates for new varieties..

The experimental material was phenotyped during the growing seasons of 2022/2023 at the
Kazakh Research Institute of Agriculture and Plant Growing (KazNIIZiR), Almalybak village (N
43°14'333" E 076°41'657" B783) Almaty region. The experiments were performed in three replicates.
Individual plot size was 1 m2. Treatment and fertilizer management methods were consistent with
those often recommended for the area. Fertilizers were 60 and 30 kg/ha nitrogen and phosphorus
oxide, respectively. Test plants were planted in mid-September in all years, and the harvest was
harvested in mid-August. The irrigated foothill zone where KazNIIZiR is located is relatively well-
watered; the experimental materials were watered 3 times during their development at the rate of 600
m3/ha and cleared of weeds.

Weather conditions in 2022 were more favorable for the development of leaf rust than in 2023
(http://weatherarchive.ru). In May, the amount of precipitation exceeded the norm, which led to an
increase in environmental humidity and contributed to the effective infection of plants by Septoria
tritici spores.

Phytopathological screening in the field, the degree of damage by septoria is assessed as a
percentage of the leaf area occupied by yellow spot, according to the Saari and Prescott scale (1975)
[9], developed for septoria, modified from Kremneva O.Yu. (2007) [10]. This scale of intensity of
damage to wheat leaves uses the following gradations: 0% - very high resistance; 1-5% - high
stability; 6-20% - stability; 21-30% - susceptibility; 31-50% - moderate susceptibility; 51-80% — high
susceptibility; 81-100% - very high susceptibility. Methods for molecular screening of wheat STB
genes for leaf rust resistance. Genomic DNA extraction was carried out according to the method
proposed by Riede et al., 1996. DNA was isolated from 5-day-old wheat seedlings for each individual
sample based on the CTAB method [11]. The DNA concentration was determined using the
spectrophotometric method at a wavelength of 260 nm. The DNA concentration in the working
solution for PCR was adjusted to 20 ng/pl. The PCR reaction mixture (25 pl) contained 2.5 pl of
genomic DNA, 1 pl of each primer (1 pM/pl) (SigmaAldrich, USA), 2.5 pl of ANTP mixture (2.5
mM, dCTP, dGTP, dTTP and dATP) (ZAO Silex, Russia), 2.5 ul MgCI2 (25 mM), 0.2 ul Taq
polymerase (5 units per pl) (ZAO Silex, Russia), 2.5 pl 10X PCR buffer and 12.8 ul ddH20. PCR
amplification was carried out using a Mastercycler amplifier (Eppendorf, Germany). Amplification
products were separated in a 2% agarose gel in TBE buffer (45 mM Tris-borate, 1 mM EDTA, pH 8)
[12] with the addition of ethidium bromide. To determine the length of the amplification fragment, a
100-bp DNA marker (Fermentas, Lithuania) was used. The results were visualized using a gel
documentation system (Gel Doc XR+, BIO-RAD, Hercules, USA).

Results and their discussions

Phytopathological screening of wheat samples against a natural infectious background was
carried out. According to the results of studies during the growing season 2022/2023, no signs of
septoria were found in the studied samples. Typical phenotypic appearance of septoria is presented
in Figure 1.
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Figure 2 — Septoria tritici (STB) épot of wheat (Almaty region, Zhambyl district, 2022)

Based on the results of molecular screening, molecular screening was carried out to identify
carriers of septoria resistance genes. Based on the analysis of the international databases GrainGenes,
MASWheat, KOMUGI, a selection of molecular markers linked to septoria resistance genes was
made. When molecular screening of experimental wheat material for the presence of the Stb 7 gene
complex, the molecular marker WMC 313 was used. The Estanzuela Federal variety - Stb 7 was used
as a positive control.

During the molecular screening of experimental wheat material for the presence of the Stb 7
gene complex, the molecular marker WMC 313 was used. The Estanzuela Federal variety - Stb 7 was
used as a positive control. The SSR marker WMC 313 amplified a product of 197 bp from the R-
alleles of the Stb 7 resistance genes. ., while the S-allele did not form a PCR product. As a result of
PCR with the WMC 313 marker, in addition to the positive control, a DNA fragment of 197 bp in
size. was formed in 11 promising wheat lines. In the remaining six genotypes, such a fragment was
not found (Figure 2).
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Figure 2 — Identification of wheat Stb 7 carriers using the WMC 313 SSR marker.

Table 2 presents the name of the samples, the results of molecular screening, phytopathological
screening against a natural infectious background in the conditions of the Almaty region (KazNII1ZiR)
and an assessment of the NDVI biomass index. Genotypes 207, 209, 210, 214, 215, 216, 217, 218,
219, 221 and 223 are carriers of the Stb 7 gene.
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Table 2 — Results of studies on resistance to Septoria tritici (STB) in wheat.

Ne Name of samples Molecular Phytopatholog NDVI
screening ical screening, | biomass
b.p. R/S % index
assessme
nt

1 207- F1d.1049 d. 767 F5 (Naz x GF55) x Arap x Arap, 197 b.p. R 0 77
No. 43/No. 1107 23-ICARDA-IPBB-2013(Yr5)

2 208- F4(F141302/195.SILVERSTAR/4/338-K1- null S 0 72
1//ANB/ BUC/3/GS50A/5/TAM200/KAUZ x Name) x
Name, No. 40/No. 35 Moro(Yr10)

3 209- F4(F1m.134711141. NGDA146/4/YMH/ 197 b.p. R 0 81
TOB//MCD/3/LIRA/5/ F130L1.12/6/GALLYA-
ARAL1/7/TAM200/KAUZ) x Mereke, No. 70/No. 1103
19-ICARDA -IPBB-2013 (Yrl7)

4 210-282/SP-2-2012 F7 (Naz x GF66) x Ulugbek/No. 276 | 197 b.p. R 0 80
T.spelta (Japan-2013) (Yr5)

5 211-1677 d.1051 d.783. F5(Naz x Immun78) x Arap X null S 0 70
Arap/No. 290 Clement (W; Yr9+Yr2+?)

6 212-F6 (d.1030D620. F4 UlugbekhUr 4) x Mereke/No. null S 0 71
41 Bezostaya 1 (Yr18)

7 213-F4 (d.1008 (1.90 F3 (Ammansr (225) x 5353Super null S 0 72
kraws)) x Naz/Ne 1103 ICARDA-IPBB-2013 (Yrl7)

8 214-F4 (d.10511783. F5 Naz x Immun78) x Arap)x | 197 b.p. R 0 83
Arap/Ne 53 Mereke (Yr10)

9 215-F4 (d.1010 (1.93 F3(N 23 x Kupava)) x Mereke 197 b.p. R 0 78
/Ne293 Moro(W; Yr10)

10 216-1.1777 Daria x Ne1724 F11581 x (1.807 F4 (Naz x 197 b.p. R 0 77
Umanka) x Almaly) x Zymorodok, Ne78 x 11.42
Almaly/Ne29 Almaly

11 217-n.Cabuna x x.74 amnana/Ne57 [Mamnana 197 b.p. R 0 79

12 218-n1.1777 Daria x Ne72 Tungysh x 1.133 Daria/Ne68 197 b.p. R 0 80
Daria

13 219- 197 b.p. R 0 81
d.1286 d. 79 (ARDEAL/BOEMA//F135U2-1/5/
TX69A509-2//BBY 2/FOX/3/PKL70
/LIRA/4/YMH/TOB//MCD/3/LIRA)x Naz) x 1.367
Lapochkina 113/DO-4 DS (Sr46)/ Ne379 Pavon 76 (Sr2
Ug99 complex)

14 220-d.1300/1 93. AUS 4930.7/2*PASTOR/4/338-K1-1// null S 0 69
ANB/BUC/3/GS50A/5/TAM200/KAUZ x Ha3 x 1.367
1. Lapochkina 113/DO-4 DS (Sr46)/ Ne366 RL 6099
(1995) Dyck(Sr35 Ug99)

15 221-d. Ne23x Kupava x 1774 d.23-ICARDA-IPBB-2013 | 197 b.p. R 0 77

16 222-d. Ne23x Kupava x1774 d. 23-ICARDA-IPBB-2013 null S 0 71

17 223-d. Fs Ne20 x Ymanka x 1773 1.22-ICARDA-IPBB- 197 b.p. R 0 82
2013

18 ddH20 - - - -

19 Estanzuela Federal - Stb 7 197 b.p. R 0 77

The biomass index NDVI, Normalized Difference Vegetative Index was assessed. Based on the
results of assessing the NDVI biomass index, Table 2 presents the samples that were distributed
according to the NDVI value. 11 samples (57.89%) were identified with a high biomass index of
0.77-0.81, while 6 samples (31.57%) and promising lines were identified with an average NDVI value
of 0.69-0.72. It is worth noting that those promising lines in which the Stb 7 gene is identified are
represented by high biomass index values.

Conclusions

Based on the results of complex studies, including phytopathological screening of an adult
plant, molecular screening for resistance to septoria and assessment of the plant biomass index, 11
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promising wheat lines were identified as carriers of the Stb 7 gene and high NDV1 values. The results
of this study are of interest for the wheat breeding program for resistance to septoria in the Almaty
region.
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KY3IIK BUJJAH TEPMOILITA3SMACBIHIAFBI SEPTORIA TRITICI AYPYBIHA
TO3IMAIIK KO3AEPIH UWIEHTUOUKAIIUAJIAY

Anoamna

Ackomurer Zymoseptoria tritici (anmeiarer  Mycosphaerella graminicola) Ttyasipatein
ounaiaeie Septoria tritici (STB) makrapel OupaiiiplH €H KayinTi >KambIpaKThl aypyJiapblHbIH Oipi
0o TabbuTa L. KenTeren alimakrapia KOHbIpKald KiTuMaThiMeH Ounail ecipy STB xolkbeIH aypy
OO0JIBIT TaOBUTABI KOHE KOJAWIBI Kardaiinapaa erin mbeirblHbl 50% - gaH acysl MyMKiH. Atam
alfiTKaH[Ja, TONBIpaK OeTiH/e YIKEH KoesieMaeri Onnail cabaHnnapblH KalIbIpaThIH TOMBIPAKTH OacKapy
ONICTEpiH KeHEHTY koHe xahaHbIK KbUIbIHY Septoria tritici inaeTTepiHiH, COHbIH IIIH/IEC TaMyIbI
engepae okui maiiga 0oy MYMKIHZITIH apTTeipazabl. JKahaHIBIK JKBUIBIHYFa OaiJIaHBICTHI
GyHruuuMaTepAl KOJNJaHy KYHBIHBIH ©Cyl MEH KOopllaFaH OpTaHbIH HalllapiayblHa JKOHE
KO3JIBIPFBIINTHIH (QYHTULUAKE Te3IMIl/ce31MCI3 IITaMMIApbIHBIH Maiaa Ooylybl MEH TapailyblHa
OalaHbICThI, TO3IMIUIIKTI ©CIpy OChl aypyMEH KYpecyAlH Olp TOCUIIH YCBIHAJAbl. 3epTTEeyJiH
MakcaTbl — CENTOpPUO3Fa TO3IMJII OMIalAbIH MEpCIEeKTUBTI YATUIEpIH uaeHTUuKanusaiay. STB
TO31M/I1 Ky3/1K OMIalibIHBIH T'€pMOIIJIa3MachlH aHBIKTAY €pPeCceK CaTChIHAa TO3IMALIITIMEH OlpiieCKeH
coprrap STB Te3imMAlIIriH apTThIpyFa OarbITTanFaH Oarjapiiamarnapla MaHbI3/Ibl PEcCypc peTiHe
naiganansuiagsl. CenTopruosra TO3IMAUTIKKE apHAIFaH MOJIEKYJIABIK CKPUHHHT HOTHKECIH/IE JKOHE
eCiMJIiIK OMOMHACCACHIHBIH MHACKCIH Oaranay Sth 7 reHiHiH TachIMaIAayIIbIChl peTine xoHe NDVI
(Normalized difference vegetation index) kepceTkimTepiH ofapbl 11 mepcrekTHBTI Oumait
JUHUSUIAPBIH  aHBIKTAJbl. AHBIKTAIFaH MEPCHEKTUBTI Oujail JUHMSIIApbIH AJMaThl  OOJBICHI
JKarJablHIa CENTOPHUO3Fa TO3IMIUTIKKE OaFbITTalFaH CeNEKIMUIBIK Oaraapiamanapia JIOHOP
peTiHje naiaanaHy YChbIHbUIAIbL.

Kinm ce30ep: Ownaii, cenropwo3, TO3IMAUIIK, TMEPCHEKTUBAIBIK JHUHUIAP, COPT,
(bUTONATONIOTHSIIBIK CKPHHUHT, MOJICKYJIaNbIK ckpuHUHT, NDVI 6uomacca nnnekci, STB

M.T. Kymapoaesa, A.M. Koxmemoea, A.A. Manvuuesa, A.A. bonamoexosa, A.M. Koxmemoea
HUnemumym bBuonocuu u buomexnonocuu Pacmenuti, Anmamui, Kazaxcman
madina_kumar90@mail.ru*, gen_kalma@mail.ru, malysheva_angelina@list.ru,
ardashkal984@mail.ru, asia.k68@mail.ru)

WJIEHTUO®UKALIMA HCTOYHUKOB YCTOMUYNBOCTH K IATHUCTOCTH
SEPTORIA TRITICI B TEPMOILITA3ZME O3UMOM IMIIEHUALIBI

Annomauus

[Tatarcrocts Septoria tritici (STB) mieHuIsl, BeI3piBacMas ackoMuiieTom Zymoseptoria tritici
(panee Mycosphaerella graminicola), sBasiercs ogHON W3 HambOjee CEPbE3HBIX JIMCTBEHHBIX
Oosie3Hel muIeHUIbl. Bo MHOTMX perroHax BO3JENBIBAIONIUE MIIEHUIY C YMEPEHHBIM KIMMaTOM
STB sBnsiercs pa3pylIMTENbHBIM 3a00JI€BaHUEM, M HOTEPU ypoxkas MOryT npesbimiath 50% mpu
ONaronpuATHLIX YCJIOBUAX. B yacTHOCTH, Oosiee IMPOKOE HCIOJIb30BAaHUE METOJIOB YIIPaBIICHUS
MIOYBOM, IPU KOTOPBIX Ha MOBEPXHOCTU MOYBBI OCTAETCS OOJIBLIOE KOJIMYECTBO CTEPHHU MILIEHULIBI, U
ry100abHOE MOTEIUIEHUE YBEJIMYMBAIOT BEPOATHOCTh 0OJ€€ YacTOro BO3HUKHOBEHMS SMUIEMUN
nsTHECTOCTH Septoria tritici, B Tom urciie B pa3BuBaroIIuXcs crpaHax. L{ens ucciienoBaHus sBIseTcs
uACHTUUKAIMS 00pa3oB MIIEHUIbl YCTOMYMBBIX K cenTopro3y. MaeHTudukanus 3apoapimeBon
IUIa3Mbl IpOBOH XJIeOHOM mueHuIbl, ycToiunBoil k STB, B couetanun co cranueit APR u 6e3 Hee
MOCITYXKHUT BaXKHBIM PECYpCOM B YCHIIMSIX IO CEJICKIIMHU ycToiumBocTh K Septoria tritici STB. Ilo
pe3ysbTaTaM MOJIEKYJSIPHOIO CKPUHMHIAa Ha YCTOWYMBOCTh K CENTOPHO3y M OLEHKAa HHJIEKCa
O6romMHacchl pacTeHUH UASHTU(GUIMPOBAHBI 11 MepCTIeKTUBHBIX JIMHUHN MIIEHUIBI KaK HOCUTEN T'eHa
Stb 7 u Beicokum nokazarensimu NDVI (Normalized difference vegetation index, HopmanusoBanHsrit
BEreTalMOHHBIN HHAEKC). M neHTHguImpoBaHHbIEe IEPCIIEKTUBHBIC IMHUU MIIEHULBI PEKOMEHTYETCSI
HCIIOJIb30BaTh B KAYECTBE IOHOPOB B CEJIEKLIMOHHBIX TPOrpaMMax Ha yCTOMYHUBOCTD K CENNTOPUO3Y B
yCIOBUAX AJIMaTHHCKOM 00nacTu.

Kniouesvie cnoea:. mnuieHMna, CENnTOpUO3, YCTOMUMBOCTB, IEPCIEKTUBHBIE JIMHHUH, COPT,
(bUTONATONOrMYECKHI CKPUHUHT, MOJIEKYJISIPHBINA CKpUHUHT, HHAeKca 6nomaccsl NDVI, STB
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