CTPECCOYCTOWYMBOCTb PACTEHUIA BaBMNoBCKU XXypHan reHeTUKkn n cenekummn. 2021;25(7):723-731

OpurnHanbHoe nccnegosaHue / Original article DOI 10.18699/VJ21.082

Original Russian text www.bionet.nsc.ru/vogis/

Complex resistance of spring and winter bread wheat lines
to biotic and abiotic stresses

LE Lapochkina1 ®, N.R. Gainullin!, O.A. Baranova?, N.M. Kovalenko?, L.A. Marchenkoval, O.V. Pavloval, O.V. Mitroshina!

T Federal Research Center “Nemchinovka’, Novoivanovskoe, Moscow region, Russia
2 All-Russian Institute of Plant Protection, Pushkin, St. Petersburg, Russia
® inna-lapochkina@yandex.ru

Abstract. An original initial material of spring and winter bread wheat with group resistance to stem and leaf
rust was developed using new donors of resistance to stem rust: winter soft wheat GT 96/90 (Bulgaria) and ac-
cession 119/4-06rw with genetic material of the species Triticum migushovae and (Aegilops speltoides and Secale
cereale), respectively, a line of spring wheat 113/00i-4 obtained using the species Ae. triuncialis and T. kiharae,
as well as spring accession 145/00i with genetic material of the species Ae. speltoides resistant to leaf rust. The
transfer of effective Sr-genes to progeny was monitored using molecular markers. New lines underwent a field
assessment of resistance to leaf and stem rust in the epiphytotic development of diseases in the Central Region
of the Russian Federation, as well as in the North Caucasus and Western Siberia, and showed high resistance to
these pathogens. Fourteen genotypes of spring wheat with group resistance to these diseases and parental forms
that participated in the origin of the lines were evaluated for resistance to spot blotch (Cochliobolus sativus) and
tan spot (Pyrenophora tritici-repentis) using isolates from Kazakhstan and Omsk in laboratory conditions. A highly
resistant parental form of winter soft wheat from “Arsenal” collection 119/4-06rw (wheat-Ae. speltoides-rye hybrid
2n = 42) with group resistance to two spots, four medium-resistant genotypes to both isolates of tan spot from
Kazakhstan and Omsk populations of the pathogen, as well as genotypes resistant to the Omsk isolate of P. tritici-
repentis (parental form 113/00i-4 and lines 1-16i, 6-16i, 9-16i) were isolated. Among the lines of winter wheat,
four were identified with group resistance to spot blotch and tan spot. Additionally, the stress resistance of the
lines to NaCl salinization and prolonged flooding of seeds with water was evaluated at the early stages of onto-
genesis in laboratory conditions. Lines 33-16i, 37-16i, 32-16i and 9-16i showed a high ability to withstand excess
moisture. Lines 33-16i, 37-16i, 32-16i and 3-16i were characterized by high salt tolerance, exceeding the average of
49.7 %. Among the winter genotypes, lines were identified with increased resistance to hypoxia (37-19w, 32-19w,
16-19w, 90-19w) and with increased salt tolerance (20-19w, 9-19w, 37-19w, 90-19w), significantly exceeding the
standard cv. Moskovskaya 39. The listed lines are of interest as sources of resistance to anaerobic and salt stress,
as well as donors of resistance to a group of fungal diseases: leaf and stem rust and tan spot. We attribute the in-
creased level of resistance of the new initial material to the presence of alien translocations in the original parental
forms involved in the origin of the lines.
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AHHoTayumA. OpUrnHanbHbIN NCXOAHbIN MaTepran APOBOW U 03MMON MAFKOW MLUEHMULbI C FPYNNOBOW YCTONYNBO-
CTblo K CTe6neBON 1 Bypol pXKaBUMHAM CO3[aH C UCMONb30BAaHNEM HOBbIX JOHOPOB YCTONUYMBOCTM K CTebneBoi
paBUMHE — 031MON MArKon nweHuubl GT 96/90 (bonrapua) n nuHuK 119/4-06rw € reHeTUYECKUM MaTepuanom
cooTBeTCTBEHHO BUAoB Triticum migushovae wn (Aegilops speltoides n Secale cereale), nuHUKM APOBOI MLIEHULIbI
113/00i-4, nony4yeHHON C ncnonb3oBaHnem BUAoB Ae. triuncialis n T. kiharae, a Takxxe ApoBoro o6pasua 145/00i
C reHeTMYeCKUM MaTepuranom Buga Ae. speltoides, yctonumsoro K Gypoii pxasunHe. Mepefady 3dPeKTUBHbIX
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Complex resistance of spring and winter
bread wheat lines to biotic and abiotic stresses

Sr-reHoOB MOTOMCTBY OTCAIEXMBaNN C MOMOLLbIO MOJIEKYNIAPHbIX MapKepoB. HoBble IMHUKN NPOLWAN NONEBYIO OLEH-
Ky YCTOMUMBOCTM K Bypoi 1 cTebneBor pxaBumHe npu 3nndUTOTUIAHOM pa3BuUTMM GonesHeli B LieHTpanbHoM
pernoHe Poccuiickon Mepepaumn, a Takxke Ha CeBepHom KaBkase 1 B 3anagHon Cubupwm 1 nokasanu BbICOKYO
YCTOMUMBOCTb K 3TVM NatoreHam. YeTbipHaZLaTb FEHOTUMOB C FPYMMNOBOI YCTOMYMBOCTbBIO K 3TVM 60€3HAM 1 po-
anTenbckme GopMmbl, MPUHMMABLLUME yYacTUe B MPOUCXOXKAEHUN NVHUI, B NaBOPaTOPHbLIX YCIIOBUAX OLEHUN Ha
YCTOMUMBOCTb K TeMHO-0ypoli (Cochliobolus sativus) v xxenTtol (Pyrenophora tritici-repentis) NATHUCTOCTAM C NpuMe-
HeHueM n3onAToB 13 KasaxcrtaHa n OmcKa. BbigeneHa BbicoKoycTonumnBasa poauTenibckasa Gopma 03MMO MATKON
nweHnLbl 13 Konnekunn «ApceHan», 119/4-06rw (NweHNYHO-3rMIONCHO-PXKaHOM rnbpua 2n = 42) ¢ rpynnoBo
YCTOMUMBOCTbIO K ABYM NATHUCTOCTAM 1 YeTblpe CpefHeyCTONYMBBIX reHOTMNa K 060UM 1301ATaM »KeNToN NATHU-
CTOCTN (M3 Ka3axCTaHCKOM 1 OMCKOW MONynALUMI NaToreHa), a Takke reHoTUMbl, yCTOMYMBbIE K OMCKOMY U30NATY
P, tritici-repentis (pogutenbckasa dopma 113/00i-4 n nuHum 1-16i, 6-16i, 9-16i). Cpean o6pa3LOB 03VMON NLIEHN-
Libl BbIENIEHO YeTblpe C rPYNMnoBOI YCTONYMBOCTbIO K TEMHO-OYPOI U »KenTol NATHUCTOCTAM. [JononHUTENbHO
OLleHEHa CTPECCOYCTOMYMBOCTb NIMHMI B TAOOPATOPHBIX YCIIOBUAX HA PaHHMX STarnax OHTOreHe3a K 3aconeHuio
NaCl n gnutenbHomy 3aTtonneHuio cemaH Bogon. JInHum 33-16i, 37-16i, 32-16i n 9-16i NPOABUNN BbICOKYIO CMO-
COBHOCTb MPOTUBOCTOATb U30ObITKY BNlarn. BbicCOKoOM ConeycTonumMBOCTbIO, MPEBbILLAIOLEN CPeAHNIA NoKasaTenb,
49.7 %, xapakTepusoBanucb nmHun 33-16i, 37-16i, 32-16i n 3-16i. Cpean 031MbIX FeHOTUMOB BblAeneHbl 06pasLbl
C NOBbILLEHHOW YCTOMUYMBOCTBIO K rmnokcmu, 37-19w, 32-19w, 16-19w, 90-19w, n coneyctonumeocTbio — 20-19w,
9-19w, 37-19w, 90-19w, OCTOBEPHO MpeBbILaloLMe CTaHAAPTHbIM cOpT MockoBcKas 39. 3T obpa3subl NpeacTas-
NAIT MHTEPEC Kak MCTOYHMKMN K aHa9POOHOMY 11 CONEBOMY CTPECCY, a TakKe Kak JOHOPbI YCTONUMBOCTU K rpynne
rprbHbIX 3a6oneBaHnin: Gypori 1 cTebn1eBON PXKaBUVHAM 1 KeNTOW MATHUCTOCTU IMCTbEB. MOBbILEHHDBIN YPOBEHb
YCTOMUYMBOCTU HOBOTFO MCXOAHOMO MaTepuasna Mbl CBA3bIBAEM C HaMYMEM YyKepOoAHbIX TPAHCIOKALNIA Y NCXOA-
HbIX POANTENBCKNX GOPM, yHaCTBOBABLUMX B MPOUCXOKAEHNN INHWIA.

KnioueBble cnoBa: MArkasa nweHunya; ctebnesasn n Oypas pkaBUmMHbl; TEMHO-Oypas 1 Kentaa NATHUCTOCTY; cone-

YCTONYMBOCTb; YCTOMUMNBOCTb K TMMOKCUN.

Introduction

The Non-Black Earth Region belongs to the zone of insecure
agriculture, which has always been full of abiotic and biotic
stress factors. Predominant fungal diseases are powdery mil-
dew, leaf rust, and in 2010 stem rust, which had not been
present for 27 years, returned to the fields. In recent years,
due to global warming, wheat crops are periodically affected
by leaf spots (spot blotch and tan spot) and septoria. The
harmfulness of these diseases is high and yield losses can
reach 40-50 % (Afanasenko et al., 2011; Mikhailova et al.,
2012; Kim, Volkova, 2020).

On the one hand, among abiotic stresses, frequent May
droughts that lead to crops getting thinned are observed, and,
on the other hand, excess moisture, flooding of crops during
snowmelt, snow mold damage are possible. Frequent heavy
rainfall during growing season leads to lodged crop. Despite
the significant success of breeders in creating highly produc-
tive varieties of spring and winter wheat for this zone, the
development of the varieties resistant to biotic and abiotic
environmental factors remains relevant, especially in recent
decades, when we’ve been facing real facts of climate change
leading to a change in the species spectrum of phytopathogenic
fungi and their racial composition (Lekomtseva et al., 2007,
2008; Zeleneva et al., 2021).

The main goal of our research was the development of
productive competitive spring and winter wheat lines resistant
to stem rust Puccinia graminis f. sp. tritici (Pgt) and other
dangerous pathogens (P. triticina, Blumeria graminis, Pyre-
nophora tritici-repentis, Cochliobolus sativus) and the identi-
fication of other economically valuable qualities and traits of
the obtained material. The strategy and tactics of developing
such an initial material were based on the previously created
“Arsenal” bread wheat collection (Lapochkina, 2005), repre-
sented by genotypes with supplemented Aegilops speltoides
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chromosomes and alien translocations Ae. speltoides, Ae. tri-
uncialis, Triticum kiharae and Secale cereale, as well as the
search for new sources of resistance to the Ug99 stem rust race.

Materials and methods

History of the development of wheat lines with increased
resistance to rust fungi began in 2010, when part of the
“Arsenal” collection (90 accessions), as well as accessions
from All-Russian Research Institute of Plant Genetic Re-
sources (VIR) (129 accessions) were evaluated at the Uni-
versity of Minnesota for resistance to stem rust of the Ug99
race at the seedling stage. Seven genotypes of bread wheat
with 2n = 42 and 2n = 44 from the “Arsenal” collection, as
well as several genotypes from the VIR collection that showed
resistance to this dangerous pathogen (type of reaction to the
penetration of the fungus 0;, 1, 2) were selected. For further
study and hybridization hexaploid accessions of known origin
and accessions with alien material were left: winter wheat-
Ae. speltoides-rye line 119/4-06rw (Ae. speltoides, S. cereale),
a line from Bulgaria GT 96/90 with genetic material of the
species Triticum migushchovae, winter wheat variety Don-
skaya polukarlikovaya (Ae. squrrossa) and a spring wheat ac-
cession 113/00i-4 with the genetic material of Ae. triuncialis
and T. kiharae species.

The assessment of economically valuable characteristics
in the field conditions of the Moscow region against the leaf
rust infectious background highlighted a high resistance to
the leaf rust population (0-5 % of severity) in all accessions.
Accessions 113/00i-4 (further in Tables — 113) and 119/4-06rw
(further — 119) were highly resistant to powdery mildew, and
accessions from VIR (cv. Donskaya polukarlikovaya) and the
GT 96/90 line) (further — D/p and 96) were susceptible to this
disease. However, they had other economically valuable traits:
precocity (early heading) and short stem. All accessions were
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productive enough not to cause concerns about a decrease in
productivity during hybridization.

The Sr genes were identified in the accessions using
molecular markers recommended for marker-assisted selec-
tion (MAS). Molecular markers to 11 Sr genes were used:
Xgwmb533 — Sr2 (Hayden et al., 2004); STS638 — Sr15 (Neu
etal., 2002); Wpt5343 —Sr17 (Crossa et al., 2007); Xbarc121,
Xcfa2123, Xcfa2019 — Sr22 (Khan et al., 2005; Yu et al.,
2010); Sr24#12, Sr24#50 — Sr24/Lr24 (Mago et al., 2005);
Scm9 — Sr31 (Weng et al., 2007); Xbarc55, Xstm773 — Sr32
(Somers et al., 2004; Dundas et al., 2007; Yu et al., 2009);
Xwmcd77, Xstm773-2 — Sr36 (Tsilo et al., 2008); Sr39#22 —
Sr39 (Mago et al., 2009); Xgwm344 — Sr40 (Wu et al., 2009);
Xgwmb501 — Sr47 (Faris et al., 2008).

The PCR terms are given in the original works, but optimal
conditions for each marker were selected. Both effective and
non-effective genes for the Ug99 stem rust race, but show-
ing resistance in the Non-Black Earth Region and the North
Caucasus were identified (Baranova et al., 2015). Since we
had three winter genotypes and only one spring genotype at
our disposal, we considered the strategy for developing hybrid
populations with a spring and winter pattern of life using dif-
ferent plant growing backgrounds.

Initially, the parental forms were crossed taking into account
their alternative characteristics. Namely: a tall source was
crossed with a short-stemmed one; a late-maturing source —
with an early-earing one; a genotype resistant to powdery
mildew was crossed with a susceptible one. In the first year,
direct and reverse crosses of three samples were performed
(GT 96/90, 119/4-06rw and 113/00i-4). The Donskaya polu-
karlikovaya variety’s early start of heading made it impossible
to carry out hybridization with it. F, seeds were divided in
half and grown on different backgrounds.

To obtain spring genotypes, sowing was carried out in spring
in the field, and the plants that completed the heading process
were pollinated either with a recurrent parental form — line
113/00i-4 or with accession 145/05i, which was resistant to
powdery mildew and leaf rust, but susceptible to stem rust.

The second half of the seeds was sown in heated ground in
February. After seedling emergence, heating was turned off.
The plants were vernalized and went through heading in na-
tural conditions. Then, depending on their habitus, they were
pollinated either with the Donskaya polukarlikovaya variety,
with the GT96/90 line or the 119/4-06rw winter line. The use
of heated background, conventional sowing and sowing in
greenhouse vessels allowed to speed up the process of obtain-
ing back-cross progeny of various saturation levels.

After self-pollination, individual plants with traits of resis-
tance to leaf rust and powdery mildew, as well as with other
valuable traits, were selected from this progeny against the
infectious background of leaf rust. Identification of stem rust
resistance genes of these plants was conducted using the mo-
lecular markers listed above, and plants with several resistance
genes in a homozygous state and a complex of economically
valuable characteristics were selected for field tests of resis-
tance in the Moscow and Krasnodar Krai regions —as well as
in Western Siberia (Omsk).

CTPECCOYCTOMYMBOCTb PACTEHWUI / STRESS RESISTANCE IN PLANTS
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Immunological assessment of the lines resistance to stem
rust in the Central and West Siberian regions was carried out
to the natural population of the fungus in field conditions, and
in the Krasnodar Krai region — against an artificial infectious
background of stem and leaf rust development. North Cau-
casian populations of Puccinia spp were used as infectious
material in the latter case. Plant damage level was recorded
during the period of maximum development of diseases. The
evaluation criteria were the type of reaction and the plant da-
mage level according to the scale recommended by CIMMY T
(Roelfs, Singh, 1992).

The resistance to spot blotch (Cochliobolus sativus) and
tan spot (P. tritici-repentis) of the parental forms of crossing
and lines with a complex of economically valuable traits
was determined. For the latter, two isolates selected from
P. tritici-repentis populations common in Western Siberia
were used: (Omsk isolate) from the temperate climatic zone
with a continental climate of forest-steppe and (Kazakhstan
isolate) from the sharply continental zone of Northern Ka-
zakhstan. Isolates differ in virulence. The assessment was
carried out in laboratory conditions on leaf sections placed in
the benzimidazole solution (0.004 %) according to the method
of L.A. Mikhailova and co-authors (Mikhailova et al., 2012).

The stress resistance of spring and winter wheat lines to
abiotic stresses, namely, water flooding (hypoxia) and NaCl
salinization, was evaluated in laboratory conditions at the
early stages of ontogenesis according to generally accepted
methods (Beletskaya, 1976; Semushkina et al., 1976). The
experiments were carried out in two replicates.

Statistical indicators and the reliability of their differences
were determined in comparison with standard varieties using
statistical analysis (Martynov, 1999).

Results and discussion

As aresult of Sr genes identification using molecular markers
recommended for MAS, both effective and non-effective with
regard to Ug99 but demonstrating resistance in the Non-Black
Earth Region, genes were identified (Baranova et al., 2015)
(Table 1).

From 2 to 4 effective resistance genes were recorded in
backcross progeny obtained after self-pollination. The ge-
netic diversity of Sr genes among spring and winter wheat
plants differed. Nine main gene combinations in spring plants

Table 1. Sr genes identified in the sources
of resistance to stem rust race Ug99

Source Genes of resistance to stem rust

OF FESISLANGE et
Effective Non-effective

119/4-06rw Sr22,5r32 Sr9a, Sr17,5r19

GT 96/90 Sr24, Sr36, Sr40, Sr47 Sr15,Sr17,5r31

Donskaya Sr32 Sr9a, Sr17,5r19

polukarlikovaya
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Table 2. The results of the assessment of lines
of spring and winter wheat to rust fungi and powdery mildew
in various regions of the Russian Federation

Pathogen Frequency

of disease-resistant genotypes, %

Krasnodar ~ Omsk Moscow
................................. S prmgWheat“gSImes)zms
Pgmmm,sf Sp mrlc, ................ 81 . O ................. 665 .............. _ ................
Ptrmcma ................................... 820 ................. 980 .............. _ ................
B gmmmls ................................. _ ...................... _ ................... 360 ...........
WmterWheatBG”mes)2016 .................................
..................................................... KrasnOdar MOSCOW
I 460 ......................... 960 ........................
Ptrmcma ................................... 970 ......................... 987 ........................
B gmmmls ................................. _ .............................. 400 ........................

were identified: Sr2+Sr36; Sr2+Sr39; Sr2+Sr32; Sr2+Sr22;
Sr2+Sr36+Sr40; Sr2+Sr32+Sr40; Sr2+Sr22+Sr40;
Sr2+Sr32+Sr39; Sr2+Sr22+Sr32+Sr40. It is twice as high
in winter crops, but the frequency of occurrence of the Sr2
resistance gene of adult plants was noted only in 35 % of
individual plants selected for gene identification. And in half
of the cases, the Sr2 gene was in a heterozygous state. Winter
wheat plants were characterized by a unique combination
of resistance genes that are rarely used in the breeding pro-
cess: Sr22+Sr32; Sr22+Sr47; Sr32+Sr47; Sr2+Sr22+Sr32;
Sr22+Sr32+Sr40; Sr36+Sr39+Sr47. A plant with four resis-
tance genes was revealed: Sr2+Sr22+Sr32+Sr40.

The evaluation of the progeny of 198 bread wheat spring
lines and 367 lines of winter wheat with two-three Sr resis-
tance genes was conducted in various geographical points of
the Russian Federation to leaf and stem rust, differing in the
spectrum of virulence genes (Lapochkina et al., 2016, 2018).
This resulted in the selection of lines with group resistance
to both pathogens (Table 2). Among the spring wheat lines, a
high frequency of resistant genotypes to the North Caucasian
population of stem and leaf rust was noted (81-82 %).

The frequency of occurrence of resistant genotypes to the
West Siberian population of stem rust was lower (66.5 %).
These data were facilitated by late sowing of spring crops,
which was intentionally used as a factor stimulating affec-
tion by the pathogen. Due to the drought in 2015, 167 of the
198 lines survived, 111 of them were resistant to stem rust, and
almost all of the material was resistant to leaf rust. It should
also be noted that Western Siberia is characterized by the
presence of aggressive population of the stem rust pathogen.
This was demonstrated by the assessment results of the col-
lection of isogenic lines and cultivars with known genes of
resistance to stem rust, which showed differentiation only at
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the first assessment of the damage, and later the results were
negated due to a strong disease development (Lapochkina et
al., 2016), as well as by the results of the study on the racial
composition of Western Siberian populations of this pathogen
(Skolotneva et al., 2020).

In the Moscow region in 2015, the development of rust fungi
was not observed, and an attempt to create an artificial leaf rust
background failed due to high temperatures and low humidity
of air and soil. However, 71 lines (36 %) with resistance to
powdery mildew have been selected this year.

The resistance of 367 winter wheat lines was evaluated
under the conditions of epiphytoty development of stem rust
in Krasnodar and Moscow in 2016. In Krasnodar, 168 lines
resistant to P. graminis were selected; almost all lines were
resistant to leaf rust. Under the conditions of stem rust epi-
phytotic, a high yield of resistant genotypes 96-98 % to both
pathogens) was also noted in Moscow. The frequency of
occurrence of genotypes resistant to powdery mildew was
about 40 %.

According to the assessment results, about 70 lines of
spring wheat and more than 100 winter lines combining group
resistance to rust fungi with a complex of other economically
valuable characteristics (early heading period, optimal height,
ear productivity of 1.7-2.5 g, large grain and high protein and
gluten content in the grain) were selected.

Among the lines with a complex of economically valu-
able characteristics, an additional assessment of resistance to
pathogens that cause spot blotch and tan spots development on
the leaves was carried out. In total, 14 lines of spring wheat,
9 lines of winter wheat and the initial parental forms of cross-
ing were evaluated (Table 3).

According to the evaluation results, the only medium-
resistant accession 119/4-06rw from the “Arsenal” collection
with reaction type 2 to spot blotch was identified. With regard
to spot blotch, this is an excellent result. It is extremely rare
for accessions resistant to spot blotch to be selected. General-
ly, reaction type 3-4 is traced in bread wheat accessions.
The resistance to this pathogen is usually associated with the
species T. macha, T. vavilovii, T. timopheevii, T. monococcum
and T. spelta (Mikhailova et al., 2012).

Two isolates were used to infect the leaf segments with
P. tritici-repentis: from Kazakhstan and Omsk. Accessions
119/4-06rw and GT 96/90 demonstrated high resistance to
both isolates. High resistance to the Omsk tan spot isolate
was found in the spring wheat line 113/00i-4 with the genetic
material Ae. triuncialis and T. kiharae.

Among the 14 tested lines of spring wheat, no resistant
genotypes to spot blotch were detected. Ten lines were resis-
tant to the Omsk tan spot isolate, and 4 lines showed resistance
to both the Kazakhstan and Omsk tan spot isolate (16i-16i,
17i-16i, 33-16i, 48-16i).

Among the 9 lines of winter wheat that got to check plant
breeding nursery and competitive variety test, 4 were found
to have resistance to spot blotch: 9-19w, 31-19w, 63-19w,
90-19w. Being infected with the most virulent tan spot isolate
from Kazakhstan, the same four lines were selected with high
resistance to P. tritici-repentis.
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Table 3. The assessment results of the sources of resistance to stem rust and lines of spring and winter wheat
obtained with the involvement of the sources to tan spot (P. tritici-repentis) and spot blotch (C. sativus)

Line, variety Origin Type of reaction to

tnspot spotblotch

solatefrom

Kazakhstan ............. OmSk ......................................................
Groe0 Zhirovka/Mironovskaya poluintenshnaya  11-R n-w s
Tomosw Rodina//e.speltoides (10 KR)/S. cereale 075KR) ~ 0/0-R oo-R >
v0oie Rodina/Ae. triuncials S KRVT kiharae nowR M-MR .
Donskayapolukarlikovaya  RusalkafSeverodonskaya mowR w-MR S
1_1 6I ............................................. (96/1 13)/145/”3 ........................................................... 3/3_ S ...................... 2/1_ MR .................. 3 .............................

6_1 6I ............................................. (96/1 13)/1 13 ................................................................... 2/3_ MS .................. 1/1_ R ..................... 4 .............................

9_1 6I ............................................. (96/1 19)1 13 ..................................................................... 2/3_ MS .................. 1/1_ R ..................... 3 .............................

1615‘ ........................................... (96/”3)/”31/2_MR .................. 2/1_MR .................. 3 .............................

1716' ........................................... (96/”3)1/2_MR .................. 2/1_MR .................. 4 .............................

2816' ........................................... (” 3 /96)1 45/1 13 ............................................................. 3/1_ MS .................. 2/1_ MR .................. 4 .............................

3116' ........................................... (96/1 13)/1 13 ................................................................... 2/1_ MR .................. 3/2_ S ...................... 4 .............................

3216' ........................................... (96/1 13)/1 13 ................................................................... 3/3_ S ...................... 3/2_5 ...................... 3 .............................

3316' ........................................... (96/1 13)/1 13/”3 ........................................................... 2/2_ MR .................. 2/2_ MR .................. 3 .............................

3716' ........................................... (96/1 13)/145 ................................................................... 2/2 ............................ 2/2 ............................ 4 .............................

4416' ........................................... (” 3 / H 9)/ 11 3 ................................................................. 2/3_ MS .................. 2/2_ MR .................. 4 .............................

4516‘ ........................................... (96/”9)/”31/3_,\/[5 .................. 1/2_MR .................. 4 .............................

4816' ........................................... (96/1 19)/1 13 ................................................................... 2/1_ MR .................. 1/2_ MR .................. 3 .............................

5716' ........................................... (96/1 19)/1 13 ................................................................... 2/3_ MS .................. 1/3_ MS .................. 3 .............................
e (Obriy/Leningradkay/Moskovskaya 35 moo wo S
9_19W ........................................... (113/”9)/D1/1 ............................ _ ............................... 2 .............................

1619W ......................................... (” 3 / H 9)/D/D/D ............................................................ 2/2 ............................ _ ............................... 3 .............................

2018W ......................................... (96/”3)/96/961/1 ............................ _ ............................... 3 .............................

3119W ......................................... (96/”3)/D1/12/1 ..................... _ ............................... 2 .............................

3619W ......................................... (96/1 13)/D/96 ................................................................. 2/2 ............................ _ ............................... 3 .............................

4819W ......................................... (H 3 /96)/D/D .................................................................. 2/2 ............................ _ ............................... 3 .............................

6319W ......................................... (” 3 /96)/96 ..................................................................... 2/2 ............................ _ ............................... 2 .............................

9019W ......................................... (” 9 /96)/1 19 ................................................................... 2/2 ............................ _ ............................... 2 .............................

9219W ......................................... (H 9 /96)/D ....................................................................... 2/2 ............................ _ ............................... 3 .............................

MOSkOVSkaya 39 ......................... Obny /Yantamaya 50 ...................................................... 2/2 ............................ _ ............................... 3 .............................
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Table 4. The reaction of spring wheat lines
to water flooding of seeds

Line, variety The number of normally Resistance to
sprouted seeds in hypoxia, %
Con t .r.c.).l ............... Test ...................

Zlata(st) ................... 100 ..................... 47 ....................... 470 ...................

Lada ............................ 96 ..................... 82 ....................... 854 ...................

3316' .......................... 95 ..................... 60 ....................... 666 ...................

3716I .......................... 88 ..................... 51 ........................ 580 ...................

3216' .......................... 90 ..................... 52 ....................... 578 ...................

916' ............................ 92 ..................... 52 ....................... 565 ...................

316' ............................ 93 ..................... 47 ....................... 505 ...................

4816' .......................... 87 ..................... 40 ....................... 460 ...................

571 . 6| .......................... 94 ..................... 40 ....................... 426 ...................

1716' .......................... 88 ....................... 7 ......................... 80 ...................

Average ...................... 891 ................... 422 .................... 460 ...................

CV%BZ .................. 482 .................... 432 ...................

LSDOOS ......................... _ ....................... _ ........................... 77 ...................

Table 5. The reaction of winter wheat lines

to water flooding of seeds

Line, variety The number of normally Resistance to
sprouted seeds in hypoxia, %
Con trOI ............... Test ...................

MOSkOVSkaya39 ......... 98 ..................... 75 ....................... 765 ...................

3719W ........................ 96 ..................... 83 ....................... 865 ...................

3219W ........................ 94 ..................... 78 ....................... 830 ...................

1619W ........................ 90 ..................... 72 ....................... 800 ...................

919W .......................... 98 ..................... 75 ....................... 765 ...................

419W .......................... 92 ..................... 63 ....................... 685 ...................

9619W ........................ 96 ..................... 65 ....................... 677 ...................

2019W ........................ 96 ..................... 65 ....................... 677 ...................

4119W ...................... 100 ..................... 62 ....................... 620 ...................

3619W ...................... 100 ..................... 47 ....................... 470 ...................

219W .......................... 96 ..................... 31 ........................ 323 ...................

Average ...................... 961 ................... 645 .................... 635 ...................
as of the test
CV%30 .................. 305 .................... 296 ...................
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Complex resistance of spring and winter
bread wheat lines to biotic and abiotic stresses

The stress resistance of spring and winter wheat lines to
water flooding (hypoxia) and NaCl salinization was evaluated
under laboratory conditions at the early stages of ontogenesis.
Progeny of 11 lines of spring wheat from the Nursery that had
been tested for two years and two standard varieties (the mo-
dern variety Zlata and the previous variety Lada) were tested
(Table 4). Ahigh level of variation of the resistance to hypoxia
basis (CV > 40 %) was recorded. Four lines (33-16i, 37-16i,
32-16i and 9-16i) reliably exceeded the indicators of the Zlata
variety with regard to the mentioned stress factor; however,
like this variety, they lagged behind the breeding masterpiece
of E.D. Nettevich —the Lada variety (Nettevich et al., 1996).

As for the resistance to hypoxia, about two dozen lines of
winter wheat were evaluated from the check plant nursery
of 2019 (the conditions for seed formation were favourable)
and from Competitive Plant Nursery of 2020 (the grain was
formed in conditions of heavy rainfall and lodged crops).
A high level of property variation was noted: the number of
normally sprouted seeds (CV > 30 %). Four genotypes with
resistance above the average as of the test and standard were
identified: 37-19w, 32-19w, 16-19w and 9-19w (Table 5).

The results obtained with seeds of winter lines formed under
unfavourable conditions in 2020 were markedly different.
Only 50 % of seeds of the standard variety sprouted normal-
ly after flooding. Against this background, two lines, 90-19w
and 16-19w, reliably exceeded the resistance to hypoxia level
of the standard variety.

The harmful effect of NaCl salinization caused the depres-
sion of the length of seedlings in spring wheat. Both stan-
dard varieties and line 37-16i had high resistance to sodium
chloride, exceeding the average results of the test (49.6 %).
(Table 6). The comparison of the effect of anaerobic stress
and salinization on spring wheat showed that the range of
variability for salt tolerance fluctuated from 40 to 62 %, and
for anaerobic stress — from 8 to 85 % that is a stronger differ-
entiation of spring wheat genotypes with regard to water stress.

A high level of growth depression during salinization was
also noted in winter wheat lines (CV = 28 %). A high ability
to resist salt stress exceeding both the average of the test and
the St variety level was revealed in the lines: 20-19w, 9-19w
and 37-19w (Table 7).

The test with planted seeds formed in the unfavourable
year of 2020 showed, on the one hand, a decrease in salt
tolerance level in Moskovskaya 39 from 68 to 49 %, and, on
the other hand, revealed another 90-19w line resistant to this
stress, which has been in the nursery of competitive variety
testing since 2021.

Some of the lines are already under additional environ-
mental testing at the Federal Scientific Agroengineering Cen-
ter VIM in the Ryazan region. Expansion of environmental
testing of winter wheat lines to Western Siberia (the back-
crossed progeny of individual plants was transferred to the
Omsk State Agrarian University), makes it possible to develop
a new winter wheat crop for this region. There is a high
probability of selecting winter-hardy winter wheat lines with
group resistance to fungal diseases that demonstrated a good
overwintering level according to the results of assessments
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Table 6. Depressive effect of NaCl on growth processes
in spring wheat lines

Line, variety Length Salt

of seedlings, mm tolerance, %

Test Control
Zaasy 0 27 05
Lada .......................... 516 ...................... 906 .................. 570 ...................
3316' ........................ 5551073 .................. 513 ...................
3716' ........................ 608 ...................... 982 .................. 620 ...................
3216' ........................ 5451012 .................. 540 ...................
916' .......................... 373 ...................... 879 .................. 425 ...................
316' .......................... 5351033 .................. 514 ...................
4816' ........................ 469”87 .................. 395 ...................
5716' ........................ 550”19 .................. 492 ...................
1615' ........................ 4”1023 .................. 402 ...................
1716' ........................ 451 ....................... 961 ................... 470 ...................
Average .................... 5011000 .................. 496 ...................
LSDOOS .............................................................................. 5 1 .....................

Table 7. Depressive effect of NaCl on growth processes
in winter wheat lines

Line, variety Length Salt

of seedlings, mm tolerance, %

Test Control
Moskovskaya3e 625 03 o7
2019W ...................... 713 .................. 744 .................. 958 ........................

919W ........................ 950 .................. 982 .................. 967 ........................

3719W ...................... 600 .................. 734 .................. 818 ........................

4119W ...................... 628 .................. 836 .................. 751 .........................

321 8W ...................... 452 .................. 644 .................. 702 ........................

351 9W ...................... 532 .................. 766 .................. 695 ........................

7419W ...................... 520 .................. 897 .................. 580 ........................

361 9W ...................... 376 .................. 605 .................. 541 .........................

161 9W ...................... 458 .................. 903 .................. 50 7 ........................

Average .................... 551 ................... 794 .................. 690 ........................
CV% ......................... 275127 .................. 211 .........................
LSD005106 ........................
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The winter wheat lines regrowth in Western Siberia in May 2021.

The photo was kindly provided for publication by Professor V.P. Shamanin,
Omsk State Agrarian University.

performed in May 2021 (see the Figure). These lines are
highly likely to be resistant to rust fungi, since this material
has already been evaluated for resistance to these pathogens
in the Krasnodar Krai region and in the Moscow region in
2016 during the epiphytotic stem rust. Since there are geno-
types that are resistant to salinization among them, there is a
high probability of selecting genotypes that are resistant to
drought, which is important for Western Siberia, since both
resistances are correlated.

Conclusion

After a comprehensive assessment of the obtained initial ma-
terial and the identification of additional positive properties
has facilitated the selection of breeding lines for reproduction
and competitive variety testing. While in previous years we
focused our attention on lines with a high protein and gluten
content in grain and resistant to rust diseases, now we have
lines with complex resistance to phytopathogens and abiotic
stresses: spring wheat lines, 9-16i, 32-16i, 37-16i and 48-16i;
winter wheat lines, 20-19w, 9-19w, 9-19w, as well as lines
31-19w and 48-19w with extended group resistance to fungal
diseases (stem and leaf rust, powdery mildew, tan spot and spot
blotch). This material can be used as a source of resistance
to unfavourable environmental factors at the next stage of
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improving bread wheat, as well as to identify its possibility
to compete for productivity with modern wheat varieties.
The obtained initial material is of interest for molecular
genetic mapping of resistance and QTL genes, as well as for
MAS for Sr genes, especially for genes that are rarely used to
increase immunity to stem rust: Sr32, Sr39, Sr40, and Sr47.
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