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Annotation. Long-term research on monitoring of soil and climatic conditions of the Aral Sea
region, based on screening of morgiiological features in the context of zoned varieties and samples of
local breeding, taking intaccount the complex of breeding and genetic parameters and practical breeding
work, a model of a variety of spring barley was developed. The key basis of this model is the parameters
aimed at creating precocious varieties with high salt and drought nesistihe formation of
reproductive organs is completed before the onset of the summer drought. The purpose of the work is to
increase the productivity of grain forage crops, launch new scientific and technical products on the market
by creating fodder bagl/ varieties resistant to environmental stress factors, competitive in productivity,
grain quality when cultivated in environmentally unfavorable conditions of Kazakhstan. As a result of
selection and practical work, five new varieties of spring barleyptadato stressful conditions were
created: Sur Aruy, Inkar, Kaysar, Shakhristan, Altyn arai, combining a complex of productive traits and
valuable biological properties. Varieties are included in the State Register of Breeding Achievements of
the Kazakhsta Republic, and patents have been obtained.

Keywords breeding, variety, salinity, adaptability, protein, precacity

Introduction. In the Kyzylorda region, rice is the main crop and occupies more than 45%
of the total area under crops. The value of rmetle region as an economic, ecological, and
social culture is enormous, and especially as a meliorative -culture, its role is
invaluable.However, global warming significantly affects the climate of the Kyzylorda region,
where the shortage of water res@sicincreasing from year to year, as well as salinization, and
depletion of the humus layer of local soils, make it necessary to reduce rice crops and replace
them with other less wat@onsuming crops. In the early 2000s, scientists predicted a shoftage o
water resources in the amount of-148 billion m3 by 2030. In this regard, one of the main
strategic tasks in the implementation of the Concept for the transition of the Republic of
Kazakhstan to a "Green Economy"” d atheeWdaterMa y
Resources Management Program of the Republic of Kazakhstan fo2@8Q0vas the gradual
reduction of unprofitable and watertensive crops with the replacement them to vegetable,
fodder and oilseed crops that are less demanding in terms of iesteirces. According to the
Ministry of Ecology of the Republic of Kazakhstan, due to a shortage of water in the Shardara
reservoir, serious water problems may arise in the Kyzylorda region in 2022. So, since the
beginning of the nowegetation period,he lower reaches of the Syrdarya River have not
received more than two billion cubic meters of water, or 20% compared to 2022. And in the
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Shardara reservoir and the Koksarai counggulator today, 770 million cubic meters less water
has been accumulatédehn in 2022, leading to a forced reduction in rice areas.

As part of ensuring our country's food security at the government level, during a meeting
of the operational headquarters for amisis measures, the primary task was set as soon as
possible to dvelop a program for the selection of domestic drougsistant varieties to reduce
import dependence. As world practice shows, the contribution of breeding to increasing yields
over the past 30 years is 40%. It is thanks to selection over the pastr§0fgeaxample in the
United States, which an annual yield increase -8/ was ensured for the main field crops.
Therefore, the immediate problem in the field of breeding is to integrate and cooperate the
efforts of breeders and molecular biologistsdtvs a common problemincreasing the size and
quality of the crop, resource and energy efficiency, environmental reliability, safety and
profitability of crop production [43].

Soil salinization is one of the global environmental problems in the waddording to
the Food and Agriculture Organization of the United Nations (FAO), saline soils occupy vast
areas in the world about 25% of the entire land surface. Soil salinity maps have been compiled
in the Kyzylorda region. UN specialists have updategpsnof soil salinity in the Kyzylorda
region, which is considered the largest agricultural region in Kazakhstan. According to FAO
data, almost 85% (20.3 million ha) of the total land area (22.6 million ha) is currently saline in
the region [47]. The mainreason was the lorAgrm cultivation of rice, which contributed to the
rise in the level of groundwater, as well as the emergency state of the calisctmarge and
drainage network. In addition, the hot and dry climate causes high evaporation ofistikeno
which enhances salinization processes, especially when mineralized groundwater is close to the
ground. The type of soil salinization in the Kyzylorda region is sulfateride and chloride
sulfate sodium composition. The agroological situatiorof irrigated lands in the Kyzylorda
region is interconnected with the salinity of the collect@inage runoff of water, which varies
from 2 to 5 g/l and tends to increase; over the past ten years, it has increased by 60% [5]. As
noted in the FAO, the agultural lands of the region, suffering from the consequences of the
drying due of the Aral Sea, require close attention and investment [4].

As part of ensuring our country's food security at the government level, during a meeting
of the operational headgrters for antcrisis measures, the primary task was set as soon as
possible to develop a program for the selection of domestic droegjstant varieties to reduce
import dependence.

Longterm studies have shown on the adaptation of agricultural ¢napsalong with the
traditional crop, which is rice here, grain forage crops have great potential, the cultivation of
which will make it possible to rationally use the bioclimatic potential of the region. Due to the
ability of barley to conserve moisture conditions of irrigation water deficiency, using the
natural moisture of the soil after rice, it is able to form a high yield without single irrigation,
having a short growing season, it has time to ripen before the onset of a dry period, and makes it
possible to use agricultural machinery more rationally, thereby reducing the intensity of
fieldwork and the possibility of reusing these areas for other crops. In this regard, the relevance
of these studies is caused by the need to diversify rice productitre Kyzylorda region in
favor of grain forage and fodder crops in connection with the dynamic development of livestock
industries. Also, given the increase in the intensity of global warming, in general, climate
change, and the role of breeding in tneation of streseesistant varieties is increasing, where a
special role is given to a drougtdsistant crop like barley. Scientists note its important
economic importance in arid climates [8, 9].

World practice has shown that soil and climatic condgibave a significant impact on the
formation of plant resistance to various types of stress [10, 11]. In particular, it was found that
varieties developed and growing in arid climates and saline soils are much more resistant to these
types of stress thavarieties grown in areas without salinity, for example, in foothill areas [12].



In such countries as Australia, USA, Canada, England, India, Mexico, Saudi Arabia, Ethiopia,
and Iran, for grain crops, in particular wheat and barley, priority is given dyisgitheir salt

and drought tolerance, as they occupy a leading position in crop production [13, 14]. For
practical selection, the Aral Sea region is of particular interest, from the point of view of
conducting scientific research on the study of rest&tdno stress factors [15].

LLP "Kazakh Research I nstitute of Rice n
carried out to create the scientific foundations for the diversification of the crop industry in the
region. The basis of which is breeding work the creation of new varieties and agowlogical
testing of crops of domestic and foreign breeding in order to select varieties that are most
adapted to the stress factors of the environment of the Kazakhstan Aral Sea region. In this
regard, for the fst time, scientists of the Kazakh Research Institute of Rice named after |I.
Zhakhaev "in 2006, breeding work on barley was organized and launched in full, taking into
account the peculiarities of the solimatic and agreecological conditions of the Ar&ea zone,
analyzing the morphbiological characteristics of released varieties, based on breeding and
genetic parameters and directly practical work, a model was developed varieties of spring barley
for saline soils of the Aral Sea region. As a restilthe breeding work, five new saland
droughtresistant varieties of spring barley were created, close to the developed variety model for
the conditions of the Kazakhstan Aral Sea region.

Research is carried out within the framework of progtargeted ihancing of scientific
research of the Ministry of Agriculture of the Republic of Kazakhstan under scientific and
technical programs BR06249214; BR10765056 ¢
hybrids of grain crops based on the achievements dfedfinologygeneticsphysiology
biochemistry of plants for their sustainable production in various soil and climatic zones of
Kazakhstane.

Research materials and methods-ormation of test nurseries in the successive links of
the selection process accordng to the method of "Complex program "Barley™ [16].
Phenological observations and biometric analysis, according to the VIR methodology [17].
Statistical processing of harvest data according to B. A. Dospekhov [18]. Determination of
genetic and statisticplarameters according to the method of Fedina M.A., Silis L.Ya. [19]. The
severity of 32 traits (twwow forms) and 29 (mukiow) barley according to the UPOV method
[20]. Determination of the qualitative composition of the grain will be carried outén th
analytical laboratory of the Kazakh Research Institute of Agriculture and Crop Production:
protein content by the Kjeldal method, stardiy the polar metric method.

Kyzylorda region is located in the south of the republic along the lower reaches of the
river. The Syr Darya occupies a significant part of the Turan lowland with a flat relief. In the
west, it includes the northern and eastern parts of the Aral Sea, in the Swutiorthern part of
the Kyzylkum desert, in the norththe Aral Karakum, Ayskum, and desert plateaus of the
outskirts of Central Kazakhstan. The climate of the Kyzylorda region is sharply continental, with
hot dry summers and cold winters with unstable snow cover. The average annual air temperature
is 9. 8AC. T h egiorcis vemndry. €he avéragé dneual precipitation is 129 mm. In
some dry years, they can fall only-Z0 mm. The soil of the experimental plot is meadow
marsh, typical for rice crop rotations in the region. The humus content is 1.73% and the high
value d the dense residue is 1.15%. The type of salinity is sulfate, highly saline. The mechanical
composition is medium loam.

Research resultsStudies have shown that the released varieties of spring barley Saule,
Asem, and Zhuldyz, although they have signssalt and drought resistance, are not fully
adapted to the conditions of the agroecological zone of rice fields, which is associated with the
morphological and biological characteristics of barley plants for this region. During phenological
observations andtructural analysis of barley samples in all nurseries, we studied quantitative
and qualitative traits.



Long-term studies on monitoring the soil and climatic conditions of the Aral Sea region,
based on the screening of morghiological traits in the coekt of zoned varieties and samples
of local selection, taking into account the complex of breeding and genetic parameters and
practical breeding work, a model of a spring barley variety was developed. It should be
emphasized that the basis of this modéhésparameters that are aimed at creating varieties with
high salt and drought resistance. The most stable in terms of productivity were early maturing
varieties, in which the formation of reproductive organs is completed before the onset of drought
in the summer period. As a result of breeding and practical work, the created barley varieties
represent a complex of productive traits and biological properties. To date, five new varieties of
spring barley adapted to stress conditions have been created: r8yy lAkar, Kaisar,
Shakhristan, and Altyn Aray, which are included in the State Register of Breeding Achievements
of the Republic of Kazakhstan, patents have been obtained (table 1).

Table 171 Characteristics of varieties of spring barley breeding LLP "Kazakh Research
Institute of Rice named after I. Zhakhaev".

Name of varieties
Economically valuable features Syr Aruy Inkar Kaisar | Shakhristan| Altyn arai
Vegetation period, days 70-75 76-79 65-70 76-82 7579
Plant height, cm 68-72 76-78 7578 75-80 89-95
Number of grains in an ear, pcs. 20-22 22-24 22-24 22-24 46-52
Weight of 1000 seeds, g 40,041,2| 42,044,2 |40,041,5( 40,041,6 38,541,2
Grain nature, g/l 645 655 640,0 635,0 640,0
Grain yield, % 73,6 75,6 75,0 72,4 75,0
Protein content, % 16,016,5| 15,015,5 | 16,016,5| 14,0145 15,816,2
The number of essential amino 35,9 33,4 35,4 34,4 34,7
acids, g/100 g
-lysine 4.0 3,8 4.1 39 4.0
- methionine 1,5 1,9 1,9 1,9 1,4
- tryptophan 15 1,2 1.3 1,2 2,1
- valine 50 55 5,6 5,7 3,7
- leucine 7.4 7.6 8,1 7.9 7.8
-isoleucine 3,7 3,9 4.2 41 4.2
-threonine 3,0 3,6 3,8 3,7 3,5
-phenylalanine 4,8 5,7 6,1 5,9 6,2
Potential yield, c/ha 30-35 3337 3335 34-38 4042

The reliability of the results obtained is substantiated by the usedérn genetic and
statistical methods for the analysis of experimental data at all stages of research on collection and
breeding samples.

The spring barley variety Syr Aruy was created at the Kazakh Research Institute of Rice
Growing named after. |. Zhakkv by the method of individual selection from the hybrid
population k2701 X 24/8@3. Syr Aruy is an early maturing forage variety. The average yield is
25.5 c/ha, exceeding the Asem standard 49 c/ha with stable protein content in grain of at
least 1656% with a standard value of 11.8%. Showed adaptability to the stressful conditions of
the Aral Sea region (salinization, late spring frosts, atmospheric drought, Fusarium root rot,
common smut), expressed in high field germination (at least 80%) in catobinvith intensive



growth in the initial phases of ontogenesis and the uniform flow of further phases of
development. Due to the short growing season, the variety has time to fully mature before the
onset of the summer drought. Zoned in the Kyzylord#&regince 2011, it is recommended for
cultivation in other unfavorable zones of Kazakhstan. Received patent No. 202 dated
12/15/2011.

The spring barley variety Inkar was created at the Kazakh Research Institute of Rice
Growing named after I. Zhakhaev bjet method of individual selection from a hybrid
population 24/98 x 48/8&0. The midseason variety Inkar, with a yield of 27.5 c/ha, exceeded
the Asem standard by 9.0 c/ha and showed high resistance to early spring frosts, lodging, and
shedding during owvemature. It is characterized by intensive growth in the initial phases of
ontogeny and an extended tilleribgoting period of at least 24 days. Resistant to lodging,
shedding, and Fusarium root rot. Zoned in the Kyzylorda region since 2014, it is reudatme
for cultivation in other unfavorable zones of Kazakhstan. Patent No. 515 dated February 24,
2015, was received.

The spring barley variety Kaisar was created at the Kazakh Research Institute of Rice
Growing named after I.Zhakhaev by the method of inldial selection from a hybrid population
of 520645 x 93/84L. Distinctive features of the Kaisar variety are its precocity in combination
with high productivity on saline soils, due to high field germination of at least 80%, growth
intensity at the initiaktages of ontogenesis, the duration of the tillebogting period of at least
20 days, resistance to atmospheric drought, salinity and late spring frosts. Resistant to dusty and
hard smut, susceptibility to Fusarium root rot in wet years does not ekxqesdt. The average
grain yield of the Kaisar variety for 3 years of competitive variety testing was 27.6 centners per
hectare, with the yield of the Asem standa@0.2 centners per hectare, with protein content in
grain with stable indicators over tlyears in the range of 15:715.8%, which is 3.4% higher
than the standard. The variety is recommended for cultivation on saline soils.

The spring barley variety Shakhristan was created at the Kazakh Research Institute of
Rice Growing named after |. Zhakév together with the Institute of Plant Biology and
Biotechnology, bred by hybridization and subsequent directional selection from the hybrid
population of Harrington x MT960225 (Stark x Baronesse). The variety belongs to the mid
season group. The growirsggason is 79 days. The average yield for the years of competitive
variety testing was 29.8 g/ha. Weight of 1000 grains 41.6 gr. The variety is highly resistant to
salinity, too late spring frosts, and is able to withstand a long absence of precipitatibigla
temperatures during the tillering period. Resistant to dusty and hard smut, susceptibility to
Fusarium root rot in wet years does not exceed 1 point. The elongation of the thieoigy
period is on average 224 days, which has a positive effeon the formation of generative
organs; on the ear Zoned in the Kyzylorda region since 2016, it is recommended for cultivation
in other unfavorable zones of Kazakhstan.

The Altyn arai variety was created at the Kazakh Research Institute of Rice Growing
named after l.Zhakhaev by the method of individual selection from the hybrid population
Aths|Lignee 686 (22) x Asem. Distinctive features of the Altyn arai variety are its precocity
combined with high productivity on saline soils, due to high field geatian of at least 80%,
growth intensity at the initial sht caogtei sn goof  poen
of 22-26 days, resistance to atmospheric drought, salinity and late spring frosts. Plant height of at
least 80.0 cm in combinatiowith resistance to lodging. Tolerant to dusty and hard smut,
susceptibility to Fusarium root rot in wet years does not exceed 1 point. The average grain yield
of the Altyn arai variety for 3 years of competitive variety testing was 33.6 centners peehectar
with the yield of the Syr Aruy standard®3.5 centners per hectare, with protein content in grain
with stable indicators over the years in the range of 1568 2%, which is 3.5% higher than the
standard. The variety is recommended for cultivatiorKyzylorda, North Kazakhstan, and
Pavlodar regions.
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Figure 1. Breeding achievements of the Kazakh Research
Institute of Rice named after |. Zhakhaev

At this stage, 20 varieties are being studied in the competitive nursery in comparison with
the zoned variety of Syr Aruy. During the tillering and wax ripeness, a field assessment and
rejection were carried out. The varieties were evaluated accordihgitageneral condition and
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disease damage. All samples were removed and evaluated in the laboratory. According to the
results of a comprehensive assessment, sample 184/@@s selected, which had a significant
increase in yield, and two numbers wereidgitished, which are shown in table 2 and figure 2.

Table 21 Characteristics of the allocated numbers in the competitive variety testing, 2021
2022.

Signs and properties g’ te ¢t 164/994L 9/065 4 s| 11/091 s\ H ¢
fls O dzH
Period before earing, days 48 46 42 50 1,13
Growing season, days 70 72 75 80 1,08
Field germination, % 75,1 79,4 78,5 80,1 1,21
Plant height, cm 70,8 76,0 80,2 80,2 1,12
Length of the last internode, cm 15,5 17,5 19,4 20,5 1,05
Ear length, cm 7,0 7,5 7,2 7,2 0,12
Number of graingn an ear, pcs. 20,5 24,5 42,5 22,2 1,09
Number of productive stems per 1 m2 335 400 330 360 1,95
Weight of 1000 grains, g 40,8 42,0 39,8 41,7 0,2
Grain weight per ear, g 0,83 1,03 1,53 0,93 0,17
Yield, kg/ha 12,0 17,5 18,2 17,3 1,22
The area of th#ag sheet, cm 2,56 2,75 3,48 2,68 0,23
Resistance to: lodging 9 9 9 9 -
atmospheric drought 9 9 9 9 -
root rot 1 1 1 1 -
hard smut 1 1 1 1 -
Protein content, % 14,0 15,0 14,5 14,0 -
Starch content, % 67,5 65,9 67,2 67,0 -

The distinctivefeatures of the selected samples are their early maturation in combination
with high productivity on saline soils, due to high field germination of at least 80%, the intensity
of growth at the initial stages of ontogenesis, the duration of the "tilleriniging” period of 22
26 days, resistance to atmospheric drought, salinization and to late spring frosts

HEPCIOCTMBILIR
COFTOOERA K
UMM 1A

a) manual sowing of varieties in a competiti b) perspective number 164/949
nursery (plot area of 203n
Figure 2. Nursery of competitivevariety testing

Thus, carrying out theoretical studies based on laboratory methods with confirmation by
field tests made it possible to create new adaptive varieties of local selection, which, in
conditions of salinity, moisture deficiency, nutrients, and low spring teatyres, show better
results in comparison with varieties previously released in the Kyzylorda region, for due to more
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efficient use of the bioclimatic potential of the Aral Sea region. The early maturity of new
varieties of barley determines the expedient expanding their sown areas in the northern
regions of Kazakhstan, in addition, their higfihess resistance to abiotic factors increases their
competitiveness in the context of the approaching global warming. This is evidenced by the
results of ecoloigal variety testing of these varieties in the Pavlodar and North Kazakhstan
regions of Kazakhstan.

The introduction of new adaptive varieties of fodder crops will ensure an increase in yield
by 510 c/ha or more, for example, innovative varietiekoélly bred barley have a high protein
content in grain of at least 15.0% (foreign varieties form no more than 11.0% of protein ), which
will increase the yield of feed protein per unit area. At the same time, economic efficiency per
hectare with a minimm yield increase of 5 centners per hectare will be at least 40,000 tenge. At
the same time, their invaluable role in the conditions of the growing shortage of water resources
should be emphasized. Thus, due to the ability of diversification crops to wemseisture in
arid conditions, using the natural moisture of the soil after rice, they are able to form a high yield
without single irrigation, which helps save 6000 m3 of water per hectare.

Thus, the introduction of saland droughtesistant barley vaaties into production, which
has agronomic resistance to environmental stress factors, will have a positive environmental and
economic effect on the production of grain fodder in environmentally unfavorable conditions in
Kazakhstan.
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Annotation. Long-term studies of scientists hawevealed that one of the main limiting factors
regulating the productivity of grain crops is the presence of plant nutrients in the soil. The cultivation of
intensive varieties of cereals is characterized by increased requirements for nutritional cnalitibn
only with a complete and balanced supply of nutrients is it possible to form high yields.

Therefore, the devel opment of met hoeds tfedrmot t
winter wheat in conditions of rainfed agriculture with a defafitsoil moisture with the choice of the
most rational rates of growth stimulants, microfertilizers, biological fertilizers in comparative studies with
the recommended rates of mineral fertilizers, as well as with the testing of systemic herbicides of a new
generation, is a special interest for science and are of great practical importance in the production of
winter wheat grain.

So, according to the results of a tyear study, it was obtained that quite satisfactory yields of
winter wheat grain at the lelvef 15.8 c/ha were formed when seeds were treated witig\thimpele
growth stimulator- 0.5 | / t and with thegOrakule microfertilizer multicomplex 1.0 | /t at the time of
dressing with the fungicideBunkee at a rate of 0.4 | / t, during early spring treatment of crops in the
tillering phase with the growth stimulatg¥ympele - 0.5 | / ha, microfertilizegOracled multicomplex-

2.0 1/ ha contributed to an increase in grain yield by 7.0 c/ha, compareth&itbntrol untreated variant

of the experiment. A quite good grain yield of 18.4 c/ha for two years was ensured when seeds were
treated with the abovmentioned preparations and ttwme treatment of winter wheat crops in the early
spring tillering phassimultaneously with the treatment of crops wgallerina herbicide 0.5 I/ha and

in the flag leaf phase above mentioned growth stimulgWgmpele 0.5 I/lha and microfertilizers
¢Oraclee multi-complex at the rate of 2.0 I/ha with the corresponding nasimthe working fluid
consumption of 250 I/ha according to the scheme of experiments.

Keywords: Winter wheat, ndill technology, growth stimulator, biofertilizers, micronutrients,
mineral fertilizers, clogging, productive moisture
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