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ABSTRACT

Spring wheat is the main export crop in Kazakhstan. The main share of the grain sold on the world market is the
grain of spring wheat grown in Northern Kazakhstan, where the acreage used for this crop reaches 85%, which
is about 10 miIn ha. Moisture deficiency is the main limiting factor in increasing the yield of spring wheat; in this
region, the average annual precipitation is 320-350 mm. Droughts of varying intensity have periodically occurred
2-3 times within the previous five years. Therefore, the yield variability is high and reaches 30% or more. Another
reason for the low yield is the occurrence of wheat diseases. Brown rust and Septoria blight are the most common
diseases in the region. Upon the joint manifestation of these diseases, the loss of grain yield may reach 30—40%.
The research was aimed at creating a drought-resistant, productive, high-quality variety of spring wheat adapted
to changes in the environmental conditions. The method of studying has been generally adopted in breeding and
genetic studies. In the competitive grade testing, 40 promising lines of spring soft wheat were studied. Line 371/06
had an average yield of 2.54 t/ha, which was higher by 0.48 t/ha than in the standard, and ripened at this level.
Over the three years of study, this line has significantly exceeded the Astana variety in terms of the yield. Line
371/06, which has Lr37/5r38 genes in its genotype, is characterized by group resistance to brown and stem rust.
The content of protein in this line amounted on average to 15.22%, which was by 1.38% higher than in the standard
Astana variety. By the gluten content, the excess over the standard reached 2.8%. Over the three years of studying
the 40 spring wheat lines, line 371/06 has been chosen, which is high-yielding, resistant to droughts, leaf and stem
rust, and is of high grain quality. In 2018, line 371/06 was sent for state grade testing under the name of Taymas.
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INTRODUCTION

Spring soft wheat is the main export crop
in Kazakhstan. The country ranks eighth in the
world in terms of grain export. With that, the
share of Kazakh grain in the world market of
wheat is 2.3%. In 2019, 19.1 mln t of grain
were harvested with an average yield of 1.26
t/ha. According to experts, in the 2019-2020
marketing year, it is planned to export about
4-5 mln t of grain [Ministry of Agriculture of
the Republic of Kazakhstan, n.d.]. The main
share of grain sold on the world market is
the grain of spring wheat grown in Northern
Kazakhstan, where the acreage used for this

crop reaches 85%, which is about 10 mln ha
[Urazaliev, 2013].

The sharp continental and arid climate of
Northern Kazakhstan is the main reason for low
productivity. Moisture deficiency is the main lim-
iting factor in increasing the yield of spring wheat;
in this region, the average annual precipitation is
320-350 mm. Some of the main stressors in the
region are the arid conditions in the critical phas-
es of plant growth and development. In Northern
Kazakhstan, droughts of varying intensity have
periodically occurred 2—-3 times within the previ-
ous five years. Therefore, the yield variability is
high, and depending on the predecessor and back-
ground, it reaches 30% or more [Suleimenov &
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Akshalov, 2011; Babkenov, 2017]. For instance,
in the dry year 2010, the average wheat yield was
only 0.9 t/ha. Another reason for the low yield is
the occurrence of wheat diseases. Brown rust and
Septoria blight are the most common diseases in
the region. Upon the joint manifestation of these
diseases, the loss of grain yield may reach 30—
40% [Kokhmetova et al., 2016; Babkenova et al.,
2017; Koyshybaev, 2018].

The quality of Kazakhstan wheat grain has
recently deteriorated. According to the Ministry
of Agriculture of the Republic of Kazakhstan,
over the past three years, 64.7% of wheat grain
with the gluten content of 23.0% have been ob-
tained, whereas, the usual share of such grain
has been 80-90% [Ministry of Agriculture of the
Republic of Kazakhstan, n.d.]. There are several
reasons to the current situation with grain, which
together have resulted in a decrease in the com-
mercial quality of edible wheat: temperature
changes, pests, and diseases during the vegeta-
tion season, which reduce the amount and qual-
ity of gluten in the grain and deteriorate the qual-
ity of protein substances [Utebayev et al., 2016;
Utebayev et al., 2019].

Thus, in the conditions of increased cli-
mate aridity, increasing gross production can be
achieved by increasing the yield per unit area.
The contribution of breeding in increasing the
yield of the main crops over the past decades is
estimated at 30-70%, and given the possible cli-
mate changes, the role of breeding will continue
to grow [Morgounov et al., 2014]. Therefore, it is
necessary to create drought-resistant, productive,
high-quality varieties of spring wheat adapted to
changes in the environmental conditions.

MATERIALS AND METHODS

In 2016-2018, 40 promising lines of spring
soft wheat were studied. In 2016, the meteorolog-
ical conditions of the vegetation period of spring
wheat were characterized as humid, the hydro-
thermal index (HTI) was 1.3, in 2017 — as arid
(HTI=0.4), and in 2018 — as humid (HTI = 1.3).

To study the lines by the set of economi-
cally valuable traits, spring soft wheat was
sown at the competitive grade-testing nurs-
ery four times; the plot area was 25 m?. Sow-
ing was performed with the use of an SSFK-7
seeder at the optimum time (May 20-25), and
harvesting was performed with the use of a

Wintersteiger Classic plot combine harvester.
During the plants’ vegetation period, pheno-
logical observations were performed, and re-
sistance to drought, diseases, and drowning
was determined following the method of the
N.I. Vavilov All-Russian Institute of Plant Ge-
netic Resources (VIR) [Merezhko et al., 1999].
The wheat samples’ resistance to leaf and stem
rust was determined in the conditions of artifi-
cial inoculation. Nurseries of brown and stem
rust were laid according to the methodology of
crops state grade testing [Metodika gosudarst-
vennogo sortoispytaniya selskokhozyaistven-
nykh kultur, 2002]. The content of protein in
the studied samples was determined on an IR
Analyzer following AACC 39-25.01. The con-
tent of gluten and its quality were determined
according to ISO 7495, 1990 on an IR Analyz-
er. Molecular genotyping was performed at the
Institute of Plant Biology and Biotechnology
(Almaty). To identify the carriers of resistance
genes, the polymerase chain reaction (PCR)
method was used with primers flanking the di-
agnostic markers of the genes. The obtained
data were statistically processed according to
the programs of biometric-and-genetic analysis
in crop production and breeding — Agros 2.11.

RESULTS

In the competitive variety testing, 40 promis-
ing lines of spring soft wheat were studied. Over
the three years, the average yield of standard Asta-
na variety had been 2.06 t/ha, and this variety had
ripened in 94 days (Table 1). On average over the
three years, line 391/05 had exceeded the yield of
the standard Astana variety by 0.04 t/ha and had
ripened one day later than the standard. Accord-
ing to the results of the mathematical processing
of the yield data, this line significantly exceeded
the standard in terms of the yield in 2016. Line
371/06 had an average yield of 2.54 t/ha, which
was higher by 0.48 t/ha than in the standard and
ripened at this level. Over the three years of study,
this line significantly exceeded the Astana variety
in terms of the yield.

Line 434/05 had ripened two days later than
standard variety Astana. In 2016-2018, the yield
of this line had been significantly higher than that
of the standard; the excess over the standard over
the three years had been 0.32 t/ha.
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Line 393/05 had ripened in 96 days and had
formed the average yield of 2.55 t/ha, which had
been by 0.49 t/ha higher than that of the standard.
A veracious excess in the yield had been observed
in 2016 and 2018.

As a result of the phytopathological assess-
ment of the 40 lines on the background of artifi-
cial inoculation, the following resistant to brown
rust samples were identified: 177/07 (10R),
284/12 (10R), 371/06 (5R), and 245/10 (10R); to
stem rust: 245/06—4, 169/10, 177/07, and 371/06.
According to the molecular screening of wheat
lines using lag95 molecular marker, a complex
of Lr26/Sr31/Yr9/PmS8 resistance genes was iden-
tified in line 284/12. With the use of the CAPS
marker URIC/LN2, Lr37/5r38/Yrl7 genes were
identified in soft wheat line 371/06.

By the set of economically valuable traits,
line 371/06 was chosen, which featured high
yield and resistance to drought and brown and
stem rust. This line is characterized by high indi-
cators of grain quality.

The test weight of grain is an important qual-
ity indicator that has been used since the ancient
times for determining the milling qualities of
the grain. For the studied line 371/06, this value
ranged between 769 and 809 g/l and averaged
785 g/l (Table 2). The highest level of the test

weight (809 g/l) was noted in the arid year 2017.
The lowest value (769 g/l) was observed in the
humid year 2016.

Vitreousness characterizes the structure of the
endosperm, indicating its starch or protein quali-
ties. The vitreousness of line 371/06 ranged be-
tween 48 and 61% and averaged 54%. The high-
est value (61%) was observed in the humid year
2018. The vitreousness of strong wheat should be
at least 60%. In 2016 and 2017, this value was
below this classification norm.

One of the main criteria that determine the
quality of wheat grain is the content of protein. In
line 371/06, this value ranged between 14.01 and
16.58%, and averaged to 15.22%. The highest
value (16.58%) was noted in the dry year 2017.
In the standard Astana variety, the average protein
content was 13.84%, which was lower by 1.38%
than in line 371/06.

The content and quality of gluten determine
the baking quality of wheat and depend on the
ratio of the content of complex protein substanc-
es — glutenins and gliadins. According to the
State Standard (GOST-9353-90), strong wheat
varieties are characterized by the gluten con-
tent of more than 28%, and their quality should
correspond to group I (45—75 Units of Gluten
Deformation Meter), the gluten content in the

Table 1. The vegetation period and the yield of the best lines in competitive variety testing

Variety, line | Vegetation period, days Vield by year, tha Deviation from the
2016 2017 2018 Average standard, + t/ha

Astana 94 2.30 1.59 2.30 2.06 0.0
371/06 94 3.09 1.82 2.72 2.54 +0.48
391/05 95 2.58 1.46 2.27 2.10 +0.04
434/05 96 2.75 1.79 2.59 2.38 +0.32
393/05 96 3.18 1.58 2.90 2.55 +0.49

LSD,, 2.8 2.0 2.9
Table 2. The results of assessing the grain quality of line 371/06
Gluten
Variety, line Year Test weight, g/l Vitreousness, % Protein, % o Units OT gluten
deformation meter

2016 771 46 13.73 30.8 85

Astana 2017 822 52 15.55 34.2 80

2018 786 60 12.23 253 63

Average 793 53 13,84 30.1 76

2016 769 53 15.08 331 86

371/06 2017 809 48 16.58 35.9 77

2018 776 61 14.01 29.8 78

Average 785 54 15.22 32.9 80

10
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valuable varieties is 23-28%, and the quality of
gluten should be of group I and II.

The content of gluten in the studied line
371/06 ranged from 29.8 to 35.9%, and the av-
erage value was 32.9%. High gluten content of
35.9% was formed in the arid year 2017. The glu-
ten quality in line 371/06 ranged from 77 to 86
Units of Gluten Deformation Meter, and averaged
to 80 Units of Gluten Deformation Meter, which
corresponded to group I1.

DISCUSSION

Among the studied 40 promising lines of
spring soft wheat, five samples were selected that
exceeded the Astana standard by the yield on av-
erage for the three years of study. Lines 371/06
and 434/05 had consistently exceeded the stan-
dard Astana variety in terms of the yield over the
three years of the study; this excess was vera-
ciously higher, which was confirmed by the re-
sults of mathematical processing.

The weather conditions in 2017 were arid. In
this year, lines 371/06 and 434/05 had significant-
ly higher yield than the yield of the standard and
therefore were characterized as drought-resistant.
According to the analysis of the structure of the
main productivity elements, a significant excess
of line 371/06 in terms of the yield rate over the
Astana standard was explained by higher number
of grains per ear — 31.3, grain weight per ear —
1.2 g, and the weight of 1,000 grains — 38.5 g; for
lines 434/05 — by higher weight of 1,000 grains
(38.6 g). In the standard Astana variety, these val-
ues were as follows: the number of grains per ear
was 28.0, the weight of grains from an ear was
1.0 g, and the weight of 1,000 grains was 36.2 g.

The weather conditions in Northern Kazakh-
stan are characterized by a short frost-free period
(90-100 days) during the spring wheat vegeta-
tion period. In this regard, it is necessary to cre-
ate more early ripening varieties that would ripen
in 90-95 days. Line 371/06 ripened at the level
of the standard, while line 434/05 ripened two
days later, therefore, the first line was chosen for
further study.

By the results of the phytopathological as-
sessment and molecular testing, line 284/12 fea-
tured resistance to leaf rust due to the presence of
the Lr26 gene. Line 371/06, which had Lr37/5r38
genes in its genotype, was characterized by group
resistance to brown and stem rust.

By the main indicators of grain quality, line
371/06 featured high stability. By the test weight
of the grain, line 371/06 had steadily formed
high rates of not lower than 750 g/1, which had
corresponded to class I over all the years of the
study. Vitreousness of this line had been sig-
nificantly changing over the years, and in some
years fell below 60%, i.e., this indicator was not
sustainable. The average protein content in line
371/06 over the three years had been higher than
in the Astana standard and had been character-
ized by stability over the years. The content of
gluten in this line had amounted on average to
32.9%, which had been by 2.8% higher than in
the standard Astana variety. By this indicator
of grain quality, line 371/06 had stably formed
high gluten content over the three years of study.
By the quality of gluten, line 371/06 belonged
to the second group.

The arid 2017 strongly influenced the grain
quality value. For instance, high values were not-
ed in the test weight of grain, the content of pro-
tein and gluten, and the lowest value was noted
in grain vitreousness. By the three indicators of
grain quality (test weight of grain, the content
of protein and gluten), this line had consistently
formed high quality over the three years of the
study. On average over three years of the study,
this line had exceeded the standard Astana grade
in terms of the content of protein and gluten.

CONCLUSION

After the three years of studying 40 spring
wheat lines, line 371/06 has been chosen, which
is high-yielding, resistant to droughts, leaf and
stem rust, and is of high grain quality. In 2018,
line 371/06 was sent for state grade testing under
the name of Taymas.
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