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Abstract: The growing spread of particularly dangerous diseases (variations
of rust) in the grain-bearing countries raises fears of the harmfulness of
phytopathogens increasing. In the years favorable for their development, a
sharp decrease in the productivity of the ear and the quality of the grain is
observed. The high potential of the pathogen to produce new aggressive
disease variations makes most grain varieties susceptible to this pathogen. To
determine the immunological value of breeding lines of winter wheat, we
conducted immunological studies on the experimental base of the Kazakh
Research Institute of Agriculture and Plant Growing in 2015-2020. Under
the conditions of artificial infectious background at a specialized facility, a
targeted immunological assessment was carried out on 28 lines of irrigated
winter bread wheat, 24 lines of rainfed winter bread wheat and 20 lines of

winter durum wheat. An artificially infectious background was created using
a population of rust uredospores: P. striiformis, P. triticina, P. graminis.
According to the reaction to the pathogen population, the breeding lines were
divided into resistance types according to the established disease resistance
scales. The authors analyzed the state of resistance of the winter wheat line
of Kazakhstan breeding to the rust population in the conditions of the southeast
of Kazakhstan. The paper characterizes the reactions of breeding lines to rust
pathogens P. striiformis, P. triticina, P. graminis. Based on the immunological
assessment, two lines of common wheat, one line of soft wheat and four lines of
durum wheat with resistance were isolated using a reaction to P. striiformis with
no signs of disease. Five lines of common wheat showed moderate resistance to
this pathogen. The other (79.2%) breeding lines of winter wheat were
characterized as moderately susceptible and susceptible to the rust pathogen. The
identified breeding lines combine high economically valuable traits
(productivity) and resistance to yellow rust and are of the greatest immunological
value. This proves the prospects and expediency of their further use in the
breeding improvement of the local agroecotype of winter wheat.
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Introduction

Wheat is one of the most important strategic cultures
in Kazakhstan to ensure the food security of the country.
Meanwhile, harmful types of rust (Puccinia) develop and
spread annually on its crops, such as yellow rust (P.
striiformis f. sp. tritici), leaf rust (P. triticina f. sp. tritici)
and stem rust (P. graminis f. sp. tritici) (Koishybaev,
2010; 2018). The pathogens of the disease affect all plant
above-ground organs, which leads to a reduction in the
photosynthetic activity of vegetative organs, the quality of

% Science

Publications

seeds and loss of yield from 10 to 70%, depending on the
dynamics of the development of infection and
susceptibility of the variety (Koishybaev, 2010; 2018;
Chen, 2005). The emergence of new species and the
ability of pathogens to migrate aerogenically over long
distances make the majority of crops susceptible to
phytopathogens (Koishybaev, 2010; 2018).

It is known that the dynamics of rust development
(incubation period, sporulation, infection) are affected by
the main climatic factors, like humidity, temperature and
wind. The ongoing global changes in climatic factors lead
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to the threat of the emergence of new, mutated rust
pathotypes adapted to changing environmental
conditions, which can result in serious epidemics, as it
was noted in the central and eastern parts of the United
States and Canada (Lyon and Broders, 2017). Therefore,
this increases the risk of the emergence of virulent race
pathogens which cause epiphytosis in wheat-producing
countries, including Kazakhstan. Thus, in recent years,
aggressive races of yellow rust have been discovered in
the countries of Europe, Africa and Central Asia
(Hovmoller, 2017). As a result of the defect in the stability
of the Yr9 and Y27 genes caused by Puccinia striiformis,
high-yielding varieties in many countries were subjected
to large epiphytosis (Solh et al., 2012). Thus, in 2017, the
epidemic of yellow rust was observed on several
continents. By that time, the Global Rust Reference
Center (GRRC) had identified several different types of
yellow rust in Argentina. Two of them were identical
pathotypes, first discovered in Europe and North Africa in
2015-2016 (Hovmgller et al., 2018). Leaf rust (Puccinia
triticina f. sp. tritici) also negatively affects the
phytopathological situation of crops, causing annual crop
losses that reach 5-10% and in the years of epiphytosis up to
50-70% (Kurmanbayeva et al., 2021; Prasad et al., 2020).
Acute development of stem rust (Puccinia graminis f. sp.
tritici) is caused by the high aggressiveness of this
pathogen. It can almost destroy wheat crops. Epiphytotic
outbreaks have been recorded on almost all continents
(Volkova et al., 2020). It is known that rust species are found
on the territory of Kazakhstan almost annually, except for
extremely dry years (Koishybaev, 2018).

International programs have been developed to avoid
or minimize the risk of grain rust. Since 2008, Food and
Agriculture Organization (FAO) has been implementing a
global wheat rust control program to provide strategic and
technical assistance to interested countries, national and
international partners. In particular, it has been collaborating
with the International Center for Agricultural Research in the
Dry Areas (ICARDA), the International Maize and Wheat
Improvement Center (CIMMYT), the International Fund for
Agricultural Development (IFAD), Cornell University and
Aarhus University in the context of the Borlaug Global Rust
Initiative (BGRI) (FAO, 2017).

There are a large number of resistance genes that
ensure successful breeding (Mclntosh et al., 2017);
however, the search for new sources of resistance and the
evaluation of breeding material is of particular
importance, due to changes in virulence in the pathogen
population (Park et al., 2011). Based on the molecular
screening of wheat varieties, scientists have identified
carriers of the genes responsible for resistance to yellow
rust (Yr 5, Yr 10, Yr 15) and leaf rust (Lr 26, Lr 34)
(Kokhmetova et al., 2014a). New races of the pathogen
have also been identified from the samples of spores of
the Kazakh rust population (Rsaliyev, 2011; Rsaliyev et al.,
2020, 2013; Rsaliyev and Rsaliyev, 2018). Meanwhile,
the threat of rust spread can be minimized by quickly
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detecting the disease and producing and supplying grains of
new, high-yielding varieties with increased immunological
indicators. The introduction of such varieties into production
will reduce the cost of various methods of protection against
the pathogen. In this regard, breeders and immunologists aim
to breed high-yielding and disease-resistant wheat varieties
that are not inferior in their economically valuable
characteristics to the best Kazakh and foreign achievements.

For many years, within the framework of national and
international programs, Kazakh scientists have researched
the creation and improvement of varieties characterized
by high yield, improved quality and resistance to biotic
and abiotic factors (Urazaliev et al., 2018; Urazaliev,
2019; Morgounov et al., 2020). The effectiveness of
breeding works in Kazakhstan is marked by a large
number of adapted, plastic high-yielding varieties of
various crops with a complex of economically valuable
characteristics (Urazaliev, 2011; 2019). At the same time,
the constant systematic study of the local breeding of the
world collection for resistance to the pathogen population
becomes a prerequisite for the correct choice of the source
material when creating new varieties. In this regard, the
study of disease resistance features in promising lines is a
valuable scientific work for the breeding of winter wheat
for immunity. At the same time, it is important to assess
the resistance to diseases of the Competitive Variety
Testing (CVT) line, which is the last stage of the breeding
test, where lines are given a complete evaluation for
economically valuable characteristics (Urazaliev, 2011;
Goncharov and Goncharov, 1993). Every year, within the
framework of breeding programs, we conducted
comprehensive assessments of Kazakh and foreign
lines and varieties for resistance to particularly harmful
diseases in the region (Ydyrys et al., 2020; Dubekova et al.,
2020; Esimbekova et al., 2019). We have identified the
sources and donors of resistance, which are of
fundamental and applied importance in expanding
genotypic diversity in wheat breeding.

The purpose of our study was to determine the
breeding and immunological value of promising winter
wheat lines for rust resistance in the conditions of the
southeast of Kazakhstan.

Materials and Methods

The work (2015-2020) on the study of breeding lines
was carried out at the experimental base of Kazakh
Research Institute of Agriculture and Plant Growing
(KazNIIZIR). In the field, on an artificially infectious
background, promising, highly productive breeding lines
from the CVT nursery: 28 lines of selection of irrigated
winter bread wheat and 24 lines of rainfed winter bread
wheat, as well as 20 lines of winter durum wheat were
tested for immunological features. The lines were studied
in a specialized hospital in two directions - irrigation and
rainfed. Plots in the study of breeding lines with a size of
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1 m? are arranged using a standard placement method.
The local varieties Almaly, Steklovidnaya 24,
Bogarnaya 56, showing Moderate Susceptibility (MS)
and Susceptibility (S) to the pathogen under conditions
of an artificial infectious background were used as
standards. Besides, the foreign Morocco variety highly
susceptible to the pathogen was used as an indicator
and a seed pool.

Inoculation of the studied lines was carried out in
the spring from the tillering phase to the exit of the
culture into the tube with urediniospores of P.
striiformis, P. triticina, P. graminis mixed with talc in
a ratio of 1:100, with a load of 20 mg of spores/™2.
Infection was carried out in the evening hours after
rains, in the most favorable conditions for infection: In
calm weather, at the optimum air temperature for the
development of rust pathogens (not higher than 25°C
for P. striiformis and not lower than 20°C for P.
triticina and P. graminis) (Roelfs et al., 1992).

Evaluation and selection for the stability of promising
lines were carried out according to the method adopted in
CIMMYT. The first accounting of diseases was carried
out at the beginning of their manifestation, the subsequent
ones were performed at an interval of 10-12 days before
the onset of the phase of milky ripeness of grain. The type
of reaction and the degree (%) of plant damage were used
as criteria for the resistance of the line to the pathogen.
The type of reaction was determined according to the
recommended scale CIMMYT (RSG, 1986): 0 (immune)
with no symptoms of the lesion; R (resistant) with small
individual necrotic zones, there are no pustules; MR
(Moderately Resistant) with small pustules surrounded by
chlorotic and necrotic spots; MS (moderately susceptible)
with medium-sized pustules, no necrotic spots, but
possible chlorotic spots; and Susceptible (S) with large
pustules, without chlorosis and necrosis. The degree of
plant damage was assessed as a percentage according to the
R. F. Peterson scale modified by Cobb with the gradation of
5, 10, 20, 40, 60... 100% (Peterson et al., 1948).

The meteorological conditions during the study
period (2015-2016, 2019) were relatively wet (periodic
precipitation, prolonged and frequent dews), which
generally favored the manifestation and development
of the pathogen and the growing seasons of 2017-2018
were relatively dry for the development of diseases in
the region. In the first half of the growing season of
2020, the weather was relatively cool with an
abundance of dew, which contributed to the increased
manifestation of the disease, but later in the second half
of the growing season, there was a rapid increase in air
temperature, which restrained the rate of development
of yellow rust.
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Results

During the study of the breeding material obtained
from the CVT lines of winter wheat, scientifically based
data were obtained on their resistance to the rust
population (Fig. 1). The analysis of the state of resistance
to rust species for the CVT lines of winter wheat was
performed based on the assessment of the populations of
P. striiformis, P. triticina and P. graminis on them.

Immunological evaluation of breeding lines of winter
bread wheat. Against an artificially infectious background
of infection, the standard (Almaly) variety was marked by
an MS reaction, while the Steklovidnaya 24, Bogarnaya
56 and the foreign standard (Morocco) variety were
affected by the pathogen up to 70-100%, which indicated
that a strong infectious background had been created,
acceptable for an objective assessment and selection of the
corresponding lines. At the same time, most of the lines
under consideration were classified as MS or S (Table 1).

Depending on the reaction to rust pathogens (P.
striiformis, P. triticina P. graminis), the breeding lines
were ranked immune (0), Resistant (R), Moderately
Resistant (MR), Moderately Susceptible (MS) and
Susceptible (S). All 24 CVT lines of the rainfed wheat
were affected by rust pathogens up to 70-100%, showing
the type of MS-S reaction.

At the same time, among the tested 28 CVT lines of
irrigated wheat bred at the nursery, with the immune
response, 2 (7,1%) demonstrated lack of signs of yellow
rust (Puccinia striiformis); 1 (3,6%) showed R and 5
(17.8%) showed MR. 16 lines (57.1%) demonstrated MS
and 4 (14,3%) lines showed S. In this nursery, no lines
demonstrating R to pathogens of leaf rust (Puccinia
triticina) and stem rust (Puccinia graminis) were found.
MR to leaf rust was noted only in 4 lines (14.3%) and MR
to stem rust was found in 3 lines (10.7%) (Fig. 2).

Analyzing the obtained data it can be noted that the
immunological potential of the breeding lines, requires
annual quality study and saturation breeding kennels
genetically diverse donors of resistance, since most of the
subjects, lines of bread wheat (T. aestivum) of the irrigated
type (71.4%) and rainfed type (100%) were Susceptible
(MS-S) to the agents of rust.

Immunological Evaluation of Breeding Lines of
Winter Bread Wheat

In addition, the breeding lines of the CVT nursery of
winter durum wheat (T. durum) were affected by different
rust species and the degree of development varied from
low (less than 20%) to high (more than 50%). Of the
tested 20 breeding lines of durum wheat 4 showed R and
3 lines showed MR to yellow rust, while 12 lines showed
MS and 1 line showed S. Also, 1 line demonstrated MR
to leaf rust. CVT lines of durum wheat demonstrating R
to all types of rust (yellow, leaf, stem rust) were not found.
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Of the total number of tested material, the number (%)
of lines Susceptible (MS-S) to types of rust equals, for
bread wheat: 84.6% to yellow rust; 92.3% to leaf rust;
94.2% to stem rust and for durum wheat: 65% to yellow
rust, 95% to leaf rust and 100% to stem rust (Fig. 3).

A high percentage of susceptible lines to rust
pathogens can be considered as a signal for breeders
and immunologists. It is necessary to analyze and
systematically carry out developments to this real
threat, given that most local wheat varieties and lines
are very susceptible to this particularly dangerous
pathogen, which in the years of epiphytotics can lead
to a complete loss of yield and plant death.

At the same time, the resistant lines found among the
tested material with no signs of diseases show the
significance of the study and confirm the value of genetic
resistance in ensuring the protection of the crop from the
pathogen. The found stable lines represent a high breeding
significance for immunity (Fig. 4).

It is important to note that, breeding lines of bread
wheat (T. aestivum): 4/2109; 9/7/128 gen and 10/60 F5
N23 Kupava 7 significantly exceeded the standard
varieties Almaly, Steklovidnaya 24, Bogarnaya 56 in
terms of resistance to yellow rust, under conditions of an
artificially infectious background.

Immunological  signs  appeared  somewhat
differently on durum wheat (T. durum) lines. This is
probably due to the peculiarities of the genomic
structure of the crop and the pathogen. Thus, 20% of
the breeding material was resistant to yellow rust, while
more than half (60%) of the studied durum wheat
material was affected by the pathogen (MS) at the level
of the Kazakhstanskaya yantarnaya standard.

At the level of the Susceptible (S) of the standard
foreign variety (Morocco), 11 lines of wheat (5,7%) were
affected by yellow rust (P. striiformis), 35 lines (18.2%)
by leaf rust (P. triticina) and 33 lines (17.2%) by stem rust
(P. graminis), which characterizes their weak significance
for breeding for immunity.

The presented information confirms the special danger of
rust for grain-growing regions of the country and the need
to create promising varieties that combine high
productivity and resistance to this pathogen. In this
regard, it is advisable to constantly study promising
lines, analyze and obtain scientifically-based
information, to strengthen breeding programs. The
immunological assessment and selection of resistant
forms, carried out to increase the immunological
potential of the wheat variety being created, will in the
future contribute to reducing the large-scale use of
fungicides and negative environmental consequences.

Fig. 1: Immunological field studies on an artificially infectious background; a: Observation and assessment for resistance to the
pathogens, June 2020; b: Breeding lines of winter wheat in the experimental area; c: Yellow rust (P. striiformis f. sp. tritici) on
the leaf; a decrease in photosynthesis; d: Simultaneous inoculation of bread winter wheat with leaf rust (P. triticina f. sp. tritici)
and stem rust (P. graminis f. sp. tritici), d: An infected ear of durum winter wheat with stem rust. (© photos were made by

Dubekova et al., 2020)
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made by Dubekova et al., 2020)
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Table 1: Immunological characteristics of the CVT line of winter bread wheat by the reaction to rust populations (average indicators of infectability
on an artificially infectious background, 2015-2020)

Rust population infectability, %/type of reaction

Catalogue No., lines Puccinia striiformis Puccinia triticina Puccinia graminis
CVT of the irrigated wheat

SWW1/904 20MS 90S 25MS
4/2109 0 10MR 10MR
3/18408-7 30S 90S 30S
18410-1 30S 15MS 20S
7/18416-4 10MS 258 20S
21115-6 25MS 30MS 30S
43/21427-2 15MR 20MR 10MS
59/21427-3 15MS 25MS 15MS
60/20948-1 10MS 20MS 20S
9/7/128 gene 0 5MR 5MR
10/60 F5 N23 Kupava 7 5R 10MR 15MR
9/20197-17 15MS 30MS 20MS
10/20403-2 20MS 30MS 25S
12/20977-13 10MS 25MS 20MS
15/20942-7 20S 30MS 10MS
17/21095-2 10MR 25MS 15MS
18/21098-4 25S 50S 20S
22/21106-1 15MR 20MS 40S
21113-1 20MS 60S 20MS
34/19187-3 10MR 25MS 158
35/20060-2 5MR 15MS 20S
37/20948-8 10MS 25MS 60S
22/20521-1 15MS 60S 30S
33/21097 10MS 20S 25S
36/21172-2 15MS 25MS 30S
3/18628-3 10MS 100S 50S
4/18723-7 10MS 40S 30S
18403-5-4 15MS 70S 30S
Almaly 15MS 80S 20S
Morocco 100S 20S 25S
CVT of the rainfed wheat

19059-21 20MS 100S 80S
19251-2 15MS 50S 60S
19488-22 20S 50S 50S
19670-1 10MS 70S 25S
19980-4 25MS 80S 60S
19980-6 20MS 30S 20MS
20060-3 40S 30S 20S
20061-12 30S 40S 40S
20009-6 20MS 30S 20MS
20114-13 20S 30S 40S
20114-16 25MS 80S 25S
20156-3 15MS 20S 30S
20156-4 25S 40S 20S
20232-14 15MS 50S 20MS
20388-3 10MS 30S 20MS
20388-7 20MS 100S 35MS
20389 30S 60S 20MS
20389-1 70S 100S 20MS
20389-2 25MS 25MS 15MS
20389-3 10MS 40S 15MS
20841-2 30MS 30S 20S
20841-17 25MS 40S 25S
19962-5 15MS 100S 15MS
18952-1 25MS 50S 20S
Steklovidnaya 24 30MS 100S 20S
Bogarnaya 56 40S 50S 20MS
Morocco 100S 40S 30s

Notes: 0: Immune, no visible infection on plants; R: Resistant; MR: Moderately Resistant; MS: Moderately Susceptible; S: Susceptible
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Discussion

Immunological characteristics of the breeding lines
studied by us are necessary for improving and deepening
breeding research to determine the most valuable
high-yielding line samples with resistance to diseases.

Comparative results on immunological parameters of
breeding materials of winter soft and durum wheat show that,
during the years of the study, yellow rust (P. striiformis) was
strongly pronounced for the line of bread wheat, where the
degree of infectability of this pathogen was up to 70 S,
whereas on the lines of durum wheat, the infectability varied
from 10 MS to 30 S. At the same time, higher levels of
Susceptibility (MS-S) to leaf rust (P. triticina) and stem rust
(P. graminis) have been discovered for durum wheat.
Differences in susceptibility among lines within the region
are known to be associated with the genetic structure of the
plant host and the pathogen population (Qi et al., 2019), as
well the peculiarities of the climatic condition in the test.

In general, most of the evaluated lines were maximally
affected by types of rust, under conditions of an artificially
infectious background. According to the literature data,
during the period of our study (2015-2020) and in other
grain-growing countries, epiphytotic developments of this
pathogen were observed. Thus, mutated races of the
pathogen P. striiformis were found in the countries of
Europe, Africa and Central Asia. In 2016, a strain of yellow
rust AF2012, previously common in Afghanistan, was
discovered in Ethiopia and Uzbekistan, where it destroyed
thousands of hectares of wheat (Hovmoller, 2017). In 2013,
virulent races of the Lr 14 a gene were first registered in
Spain. In 2012-2016, epiphytotic yellow rust was observed
in many territories of the countries, due to the invasion of the
Warrior race. Despite the availability of effective fungicides
and resistant varieties to combat rust diseases, aggressive
races of this pathogen continue to threaten wheat production
in grain-growing countries. In 2016, stem rust caused
epiphytosis on durum wheat in Sicily (ltaly), where the
climatic conditions are similar to those in the south and
east of Spain (Martinez-Moreno and Solis, 2019).
International cooperation and systematic alerts are needed to
characterize the resistance of varieties of various origins, to
control the movement and virulence of wheat rust pathogens.

As a result of the study, all durum wheat samples were
highly susceptible to the stem rust pathogen (P. graminis),
while the susceptibility of soft wheat was 94.2% of the
samples. The susceptibility to the population of brown
rust (P. triticina) of soft and durum wheat samples was
92.3 and 95%, respectively. When the test material was
inoculated with a population of yellow rust (P. striiformis)
65% of the soft wheat samples showed susceptibility,
while in durum wheat, this indicator was 84.6%. Analysis
of the state of resistance of the breeding lines shows that
T. aestivum samples were more affected by the yellow rust
population than T. durum samples.
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Thus, lines (4/2109; 9/7/128 gene; 10/60 F5 N23
Kupava 7) of common wheat and four lines of durum wheat
were distinguished by resistance (R) to P. striiformis. The
soft wheat lines 43/21427-2; 17/21095-2; 22/21106;
34/19187-3; 35/20060-2 were distinguished by moderate
resistance (MR) to this pathogen. This indicates the presence
of highly efficient Yr genes in these isolated lines
(Dubekova et al., 2020). The identified lines combine high
economically valuable traits (productivity) and resistance to
yellow rust; therefore, they are of the greatest immunological
value. They are recommended for further study and breeding
improvement of the local agroecotype of winter wheat.

To achieve long-term control of pathogens, the key
element is the introduction of new effective and diverse
resistance genes into varieties, as noted in the research
done by scientists (Shamanin et al., 2019). Thus, when
studying a set of hexaploid synthetic wheat varieties, in
2016 and 2017, scientists identified valuable samples
resistant to rust, powdery mildew and septoria, obtained
from crossing winter durum wheat (Triticum turgidum sp.
Durum) with various varieties of wheat. Previously,
well-known highly effective genes were identified on
Kazakh varieties, such as Dastan (Yr5), Karasai, Mereke
70, Naz and Akdan (Yrl10), Yubileynaya 60, Dastan
(Yr15) and a complex of genes (Yr18/Lr34 ) on such
varieties as Ramin, Nurek, Mereke 70, Mayra, Bezostaya
1 and Almaly (Kokhmetova et al., 2014b; Esenbekova
and Kokhmetova, 2016). However, an annual study of
local breeding and the world collection, monitoring the
expressiveness of isogenic lines, shows that the varieties
and lines previously established as rust-resistant are now
affected by infection up to 20-70% in the field. The loss
of resistance to the pathogen in varieties and lines may be
associated with the emergence, in recent years, of new
virulent rust races (Hovmgller et al., 2018; Rsaliyev and
Rsaliyev, 2018; Rsaliyev et al., 2020; EI-Orabey, 2018).
In this regard, it is advisable to create varieties with long-
term stability, much more effective in preserving the crop.

For many years, markers of resistance genes to major
diseases of grains have been identified and used by the
international community in this direction. Thus, scientists
carried out pyramiding of various Resistance genes (R)
into breeding lines and identified their presence in
Canadian winter wheat varieties that were released as
part of the winter wheat breeding program at the
Lethbridge Research and Development Centre,
Agriculture and Agri-Food Canada (Laroche et al., 2019).
Kazakh scientists are also conducting research in this field
(Kokhmetova and Esenbekova, 2011; Kokhmetova et al.,
2014a) and we are continuing the analysis of the selected
breeding lines of winter wheat for further study of the
presence of resistance genes on the immunological
parameters. The cultivation of genetically resistant
varieties is the most effective, economically and
environmentally reliable method of disease control.
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Conclusion

Thus, the evaluation of the breeding material in the
field, against the background of artificial rust infection,
showed that the majority (79.2%) of the lines of bread and
durum wheat were characterized as MS and S to the
pathogen. Concerning the reaction to Puccinia striiformis,
2 immune lines of bread wheat showed no signs of the
disease. 4 lines of durum wheat and 1 line of bread wheat
demonstrated R to the pathogen. Research work on the
evaluation and selection of breeding material for
immunological characteristics is relevant and requires further
study and improvement to accelerate the process of creating
highly productive varieties with improved immunological
parameters that meet the production requirements.
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