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Abstract

The article gives an assessment of one of the promising and valuable oilseeds - mustard, the
cultivation of which is provided by the program of diversification of grain production in Kazakhstan,
in particular, crop production. It was revealed that the conditions of mineral nutrition of mustard in the
steppe zone of Northern Kazakhstan were not studied.

Therefore, experiments were laid to study the optimization of the conditions for the mineral nutrition
of mustard. A 14-variant scheme was presented to create different levels of phosphorus and nitrogen in
the soil in order to determine the quantitative connection between the level of nutrients in the soil and
the productivity of mustard varieties.

The purpose of the research (2019-2021) was to study the features of mineral nutrition and fertilizer
of mustard in the conditions of the steppe zone of Northern Kazakhstan. Their main directions were: to
study the requirements of this crop to the level of fertility and soil properties; study the properties of the
soil and determine its ability to meet the needs of crops.

The conclusions of the research suggest that in all year’s mustard has developed under conditions of
phosphorus deficiency in the soil, an average supply of nitrogen, and an increased supply of potassium.
The application of nitrogen-phosphorus fertilizers contributed to an increase in the content of nitrogen,
nitrates and mobile phosphorus in the soil by 2-3 times and was determined by the amount of fertilizers
applied.

The productivity of mustard on a natural unfertilized background was low, and it depended on
the dose of fertilizers, soil moisture, and the initial content of nutrients. This explains the ambiguous
reaction of mustard to the application of the same types, doses and combinations of fertilizers.

Key words: mustard; southern chernozem; nitrate nitrogen; mobile phosphorus; mineral fertilizers;
productivity.

Introduction
The concept of agro-industrial complex of Kazakhstan in 2021-2025" was developed [2].
the country includes a complex that combines all To solve the problem of crop diversification

sectors of the national economy for the production in the crop industry, many agricultural producers
and delivery of agricultural products to the included in the crop rotation crops with high
consumer. Agriculture provides the population demand in the market of Kazakhstan and the world
of the country with food, and industry with the [3]. One of these crops are oilseeds, which due to
necessary raw materials [1]. To improve the their marginal cost farmers show high demand and
economic efficiency of the country's agricultural —every year the area under them grows. In 2022
production, the project "National Project for the compared to 2021, the area of oilseeds increased
Development of the Agro-Industrial Complex in by 18,2% (2022 — 3463,4 thousand hectares) [4].
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Mustard is one of the valuable oilseeds, which
is used as a universal material for a comprehensive
direction, in the processing of agricultural products
(obtaining fatty oils, essential oils, cake powder),
in medicine (vitamins, anti-inflammatory patches),
processing of biofuels for transport, etc [5]. In
Kazakhstan, mustard it is widely cultivated in
Akmola, Karaganda, Kostanay, Pavlodar, North
Kazakhstan and East Kazakhstan regions.

It is unpretentious in cultivation, little
demanding to soil and climatic conditions, little
susceptible to diseases and pests [6].

The consumption of nutrients from the soil,
their accumulation in plants and their removal
with the harvest is directly dependent on the
productivity of crops, which is largely determined
by the provision of field crops with mineral
nutrition elements [7].

Responsiveness of mustard plants to fertilizer
application in the soil is important in the study of
its mineral nutrition. In relation to soil fertility,
the content of nutrients in the soil mustard is
extremely responsive and therefore the application
of mineral fertilizers helps to achieve sustainable
high yields [8,9,10].

Currently, an extensive material of domestic
and foreign researchers has accumulated that
prolonged application of fertilizers, especially
mineral fertilizers, changes many of its properties.

Thus, ongoing researches on the application
of mineral fertilizers under crops of mustard,
which indicate the formation of high yields of
culture [11,12,13]. Initial supply of soil elements
affects its productivity, and with the application
of mineral fertilizers, it changes depending on the
dose of fertilizers [14].

Optimizing the conditions of mineral nutrition
means providing plants with all the necessary
elements for its life and not only in the required
amount, but also in the ratio.

Materials and methods

The research was conducted in 2019-2021 in
the conditions of “Nikolskoe” LLP of Bulandy
district of Akmola region, located in the steppe
zone of Northern Kazakhstan.

The soil cover of the site is represented by
southern carbonate chernozem. The thickness
of the humus horizon of soils is 45-47 cm. The
content of humus is 3,8%, the content of total
nitrogen is 0,25-0,30%, mobile phosphorus is 15-
20 mg/kg, potassium is 35-50 mg/100 g of soil.
The soil solution reaction is 8,0-8,1.
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Different cultures, due to their biological
characteristics, require different levels of soil
saturation with nutrients. The ability of soils to
meet the needs of plants in nutrients, water and
other factors of plant vital activity is its main
advantage as an indicator of fertility. The lack
or excess of elements leads to an imbalance in
nutrition, which negatively affects the productivity
and quality of crops [15].

Creation of optimal conditions for plant
nutrition allows realizing the genetic potential
of the variety and getting the highest possible
productivity in the emerging conditions.

Each soil has its own fertility indicators: the
quantitative content and composition of humus,
its biological activity, agronomic, water, physical,
chemical, physicochemical, mineralogical and
other properties that not always and not fully meet
the requirements of crops.

In this regard, to optimize the nutrition of a
particular crop is necessary:

- to study the requirements of a given crop to
the level of fertility and soil properties;

- to study the properties of the soil and
determine its ability to meet the needs of crops;

- to develop methods for regulating soil
fertility in order to create the necessary nutritional
conditions.

This set of questions based on long-term data
is well worked out for cereals [16] and some other
crops [17].

On the example of grain crops, the main
factors determining the productivity of crops
were determined. These are humus, the content
of available forms of nitrogen, phosphorus,
potassium, pH, Ca, Mg, moisture supply [18]. For
mustard, similar studies have not been conducted
before. They were the basis for research on
mustard.

The experiments were laid according to 14
variant scheme, in triple replication, where 7 levels
of phosphorus (0; P60; P90; P120; P150; P180;
P210), 3 nitrogen (0; N30; N60) and 5 paired
combinations (P9ON30; P60N60; PI120N60;
P120N90; P150N90) were studied. Ammonium
nitrate (34,6%) was used as nitrogen fertilizer, of
phosphorus fertilizer - ammophos (52% P205, 11-
12% N).

Agronomic techniques in the experiments
were generally accepted for the zone. Phosphorus
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fertilizers were applied in autumn to a depth of 18-
20 cm. Mustard was sown with Bourgault 3710
seeding complex. Seed rate was 10 kg/ha. The
variety Rushena was sown [19].

The area of one plot is 54 m2 (12x4,5m).
All technological operations were carried out
mechanized, except for yield accounting.

Results
Meteorological conditions during the years of research differed significantly from each other, Table
1.
Table 1 - Characteristics of weather conditions during the growing season
Precipitation, mm Average daily air temperature, °C
Years months
May June July |August| for May June July | August| for
V-VIII V-VIII
Average | 37,0 37,0 66,0 37,0 | 177,0 | 12,7 18,3 19,5 17,5 17,0
2019 7,0 16,8 45,0 34,0 | 102,8 | 11,7 15,7 19,9 17,9 16,3
2020 2,6 54,9 58,8 26,3 | 142,6 | 16,3 17,5 19,4 18,8 18,0
2021 59,0 19,0 8,0 15,0 | 101,0 | 17,5 17,4 19,9 19,7 18,6

In terms of precipitation, all years were dry and
extremely unevenly distributed over months and
periods. The lack of precipitation was observed
during the growing season of the crop, which
strongly affected the growth and development
of plants. During the growing season, in total,
according to long-term average data, out of 177
mm of precipitation in 2019, only 102 mm fell,
the shortfall was more than 70 mm (58% of the
norm). More favorable and close to the average
annual norm were June and July months (113,7
mm of precipitation) in 2020 despite the lack of
precipitation for the month of May (2,6 mm),
which subsequently had a positive impact on plant
growth and development.

The year 2021 was acutely dry, where only
42 mm of rain fell in June-August, which was 98
mm less than normal. Lack of heat in spring and
summer period was characteristic for them.

The average daily air temperature exceeded

the long-term average in 2020 and 2021 at 1.0-
1.60C. In the period from the beginning of the
rosette phase to the full ripeness of mustard,
precipitation fell in insignificant amounts, which,
combined with high daytime temperatures, led to a
deterioration in plant nutrition and, subsequently,
to the formation of low grain content (many empty
pods).

Productive  moisture  reserves in the
2019-2021-meter profile were 169,0, 179 and
131,0 mm, respectively.

Meteorological ~ conditions  significantly
affected both soil processes and the characteristics
of plant growth and development, the formation of
mustard crops.

Conditions of soil nutrition in the years of
research were different. Table 2 shows the initial
content of nutrients in the soil before sowing
mustard.

Table 2 - Dynamics of nutrients in the soil before sowing mustard

Soil N-NOs, mg/kg P20s, mg/kg K20, mg/100 g
layer, Years of research
cm 2019 2020 2021 2019 2020 2021 2019 2020 2021
0-20 13,0 14,5 14,1 20,5 19.3 17,1 580 571 562
20-40 8,6 9,1 8,60 7,7 8,5 7,9 433 443 453
0-40 10,8 11,8 11,3 14,1 13,9 12,5 507 507 508
40-60 7,0 8,9 5,7 3.3 4,0 3,3 332 333 335
60-80 5,0 5,6 2,2 2,1 2,0 2,3 215 312 208
80-100 2,8 4,3 1,3 1,1 1,0 1,8 206 205 203
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As can be seen from the table, in all years,
mustard developed under conditions of a
deficiency of phosphorus in the soil, an average
supply of nitrogen, and an increased supply only
of potassium.

Application of nitrogen-phosphorus fertilizers
increased the content of nitrate nitrogen and
mobile phosphorus in the soil by 2-3 times and
was determined by the amount of fertilizer applied
(Table 3).

As a result, in experiments by variants there
was different provision of mustard with nitrogen
and phosphorus. Both the content and the ratio

of nutrition elements depended on the amount of
fertilizer applied. Nitrate nitrogen played the main
role in nitrogen nutrition. The content of ammonia
nitrogen in the years of research depended mainly
on climatic conditions and already in the initial
stage of plant development there was no ammonia
nitrogen in the soil, which can be explained on the
one hand by its possible absorption by plants, and
on the other hand by active nitrification [20]. The
nitrogen content of nitrates in the variants varied
from 9,9 to 16,8 mg/kg of soil, and of mobile
phosphorus from 18,3-20,0 in the control to 37,6-
44,1 mg/kg in the fertilized variants.

Table 3 - Influence of fertilizers on the content of nutrients in the soil before sowing mustard, mg/kg

Years of research
Applied 2019 2020 2021 Average
N-NO:s content in the 0-40 cm layer
0 9,9 13,7 11,9 11,8
N30 12,1 15,6 13,7 13,8
N60 13,5 16,8 14,2 14,8
P2Os content in the 0-20 cm layer
O 20,0 21,0 18,3 19,4
P60 26,7 26,8 22,0 26,0
P90 29,3 31,7 25,6 28,4
P120 36,0 36,9 28,4 33,5
P150 39,7 39,4 31,9 36,9
P180 40,1 42,7 35,4 35,8
P210 44,1 46,2 37,6 40,9

Moisture and soil nutrition conditions were
reflected in the productivity of mustard, Table 4.
As can be seen from the table, mustard productivity
especially on natural unfertilized background in
the years of research was low. There are several
reasons - low level of moisture and mineral
nutrition. Efficiency of fertilizers was different
and depended on a number of factors. The most
important of which were - moisture availability,
the initial content of nutrients in the soil before
sowing and their balance, which in the years of
research were also different. This explains the
ambiguous response of mustard to the application
of the same types, doses and combinations of
fertilizers.

The highest productivity of mustard on the
control and its responsiveness to fertilizers was

noted in 2019, despite the deficit of phosphorus in
the soil. The determining factor this year was not
so much the amount of rainfall during the growing
season (102 mm) as their distribution. In May-
June, monthly precipitation did not exceed 23
mm, while July-August was within normal limits.
Plants survived mainly due to spring moisture
reserves — 169,0 mm in a meter layer.

The most effective in 2019 were phosphate
fertilizers. The best result was obtained with the
P180 dose, the increase was 75,6% compared to
the control. This is the best indicator for all years.

Under conditions of drought, due to the
lack of productive moisture, nitrogen fertilizers
did not work. It should be noted that the content of
N-NO3 in the soil played an important role; it was
sufficient for the formation of the mustard crop.
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Table 4 - Influence of nitrogen-phosphorus fertilizers on the productivity of mustard, c/ha

Controlled harvests and additions to it
Applied 2019 2020 2021 average over 3
years
c % c % c % c %
0 14,1 100 13,1 100 11,7 100
N30 -0,1 99.3 -0,5 96,2 1,8 115,4 0,4 103,1
N60 -0,3 97,9 -0,3 97,7 2,6 122,2 0,6 104,6
P60 5,6 139,7 4 130,5 3 125,6 4,2 132,3
P90 6,3 144,7 6,7 151,1 4,1 135,0 5,7 143,8
P120 6,5 146,1 6,5 149,6 4,3 136,8 5,7 143,8
P150 6,6 146,8 8 161,1 5,4 146,2 6,6 150,8
P180 6,3 144,7 9,9 175,6 5 142,7 7 153,8
P210 3 121,3 5,4 141,2 4,7 140,2 4,3 133,1
P90 N30 12,2 186,5 15,3 216,8 7,9 167,5 11,8 190,8
P60 N60 10,5 174,5 10,5 180,2 6,4 154,7 9,1 170,0
P120 N60 8,1 157,4 12,6 196,2 8,9 176,1 9,8 175,4
HCP . 0,52 2,3 1,2 1,3
m% 0,18 0,80 0,42 0,5

In 2021, at the initial content of P20O5 in the
soil layer 0-20 cm, the highest gain of 5,4 c/kg, or
46,2% compared to the control, was obtained after
application of P150, where P205 content was 31,9
mg/kg of soil. Increasing P205 content in the soil
to 37,6 mg (at application of P210) reduced the
increase in mustard yield from 5,4 to 4,7 c, or from
46 to 40% of the control.

The effectiveness of paired combinations
varied from year to year and was determined by
the same factors, i.e. initial content and ratio of
elements.

Studies show that mustard, like other crops,
requires a certain level of soil saturation with
nutrients, which can be achieved by applying
fertilizers with the obligatory consideration of
the initial content of elements in the soil. In this
regard, completely groundless attempts of some
researchers to find the most effective - "universal”
(or rather template) dose of fertilizer for this crop
in all cases.

Between the content of nutrients in the soil and
mustard yield a certain quantitative relationship
has been established, which allows us to determine
the optimal parameters of the basic agrochemical
properties of the soil.
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The greatest variability under the influence of
weather and agrotechnical factors was the content
of moisture in the soil, mineral nitrogen and mobile
phosphorus to a greater extent determining the
formation of the yield. Other factors (pH, Ca, Mg,
and even humus) had less influence on the yield
due to slight variation within the experiment. But
they also play an important role, as evidenced by
their high correlation coefficient with yield. Thus,
the highest mustard yield in the experiment was
formed at pH 7,8 (R=0,71), the content of Ca and
Mg at 21,6-21,9 mg-eq/100 g of soil at R=0,79.
With the content of productive moisture before
sowing mustard in the layer 0-100 cm correlation
coefficient did not exceed 0,61 and in some years
the connection was insignificant despite the great
importance of this factor. This can be explained by
the fact that not only spring moisture supply plays
an important role for yield formation, although it
is very important, but also the degree of moisture
of the growing season, the amount and character
of distribution of precipitation. Precipitation of the
month of July plays a particularly important role.

The highest and strongest relationship of
productivity is established with the content of
mobile phosphorus in the soil, Figure 1-4.
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We found a close correlation (R=0,92, 2019)
of mustard productivity with the content of mobile
phosphorus in the soil before sowing, Figure 1.

Under the conditions of 2020, Figure 2, the
highest yield of 20,5 centners was formed with
P205 content in the 0-20 cm layer was at the
level of 32 mg/kg of soil, and in 2021 - also on
the background of 32 mg, Figure 3. To increase
phosphorus content from 32 to 36 mg/kg (peak)
requires 40 kg of ammophos, which gives an
increase in mustard yield to only 1 c/ha, which is
not economically justified. Therefore, the optimum
is determined not by the peak, but by the level that
is economically justified.

From the given data, it is obvious that the
optimal level of mobile phosphorus content in the
0-20 cm layer is at the level of 30-32 mg, which can
be seen from Figure 4 for the combined indicators
of 2019-2020. In the conditions of 2021, despite
the dry year, a high correlation coefficient and a
high yield increase from P150 were also obtained
from the background of 32 mg P205.

The level of 42,7 mg/kg P205 in the soil,
created in 2020 by the dose of P180, was excessive

Discussion

As a result of scientific research, the optimal
doses of mineral fertilizers were determined
for the cultivation of mustard in the conditions
of the steppe zone of North Kazakhstan in
order to increase productivity and increase the
competitiveness of crop products in the domestic
and foreign markets.

Mustard is demanding on the conditions
of mineral nutrition in the soil. Assessing the
availability of soils with available forms of plant
nutrients is a great importance for developing
the most optimal system for applying fertilizers
and obtaining the maximum economic return.
Therefore, it is important to evaluate plant
nutrients that take part in the main functions of

Conclusions

According to the results of research, it was
found that there cannot be a certain identical dose
of mineral fertilizers for mustard, which would be
guaranteed to give a high result in any conditions.
In each case, it is individual and the best result
is given by the dose that can bring the content of
nutrients in the soil to the optimal level. Mineral
fertilizers with optimal application, taking into
account the content of nutrients in the soil, give a
significant increase in mustard yield.
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for mustard, despite receiving a 9,9-quintal yield
increase, which is not compensated for by the cost
of fertilizing. A clear decrease in yield can be seen
in Figures 2 and 4. The content of P205 above 36
mg/kg of soil further reduces the cost recovery of
mustard. Under the conditions of the dry steppe
zone, 32 mg/kg should be considered as the upper
level of the optimal P20O5 content for mustard.

The optimum content of mobile phosphorus in
the soil was determined at the level of 30-32 mg/
kg of soil.

The latter is confirmed as the results of the
action of fertilizers, as mentioned above, and the
correlation and regression analysis. Determination
of optimum levels of phosphorus and nitrogen in
the soil allows with high accuracy, using already
known formulas (V.G.Chernenok, 1989): Dr
(Popt - Pfact)*10, to calculate the dose of fertilizers
that must be applied in order to create optimal
conditions for mineral nutrition of mustard for
the formation of a potential crop in the prevailing
conditions of moisture. When calculating fertilizer
doses, it is advisable to use the lower limit of the
optimum.

the plant organism and note that they do not all
absorb them equally from soil and fertilizers. This
must be taken into account when applying mineral
fertilizers.

The researches carried out on the southern
chernozems of the steppe zone showed that
mustard, based on biological and genetic
characteristics, impose certain requirements on the
conditions of mineral nutrition in the soil, which is
also confirmed by scientific researches in Canada
(Alberta and Saskatchewan) and Russia in almost
at the same soil and climatic conditions [21, 22].
To determine the optimal level of nutrients in the
soil and how to achieve it, it is necessary to realize
the maximum potential of the crop.

In these researches, for the first time in the
conditions of the steppe zone of Kazakhstan, was
revealed:

- mustard yields were directly dependent on
climatic conditions, in particular, on the amount of
precipitation and reserves of productive moisture
in the soil;

- it was noted that the arid climate of the steppe
zone of Kazakhstan is not an obstacle to obtaining a
fairly stable crop of mustard seeds when fertilizing
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- with a low content of phosphorus in the soil, the
doses of phosphorus fertilizers affected the yield of
mustard. For example, in 2019, the best indicator
for all years was obtained for the dose of P180, the
increase was 75.6% compared to the control.

- a strong degree of correlation was established

phosphorus content in the soil, for the Rusheny
variety, the optimal level of mobile phosphorus
content in the 0-20 cm layer is at the level of 30-32
mg, according to the combined indicators of 2019-
2020, which, perhaps, the biological characteristics
of mustard have changed.

between the yield of mustard plants and the
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Tyiiin

Maxkanana Ka3akcTaHHBIH acTBIK OHAIPICIH, aTam alTKaHna ecCiMJIK IIapyalibUIbIFBIH
oprapantaHablpy OargapiaMachblHlia KEJEUIeri 30p MOHE KYHJIbl Maiibl JaKbULAApAbIH Oipi — KbllIa
JaKbUIbiHA Oara OepinreH. KpliaHblH MUHEpaibl KOPEKTEHY KarAalIapblH OHTaWIaHIBIPY OOMbBIH-
1Ia KYPri3uIreH 3epTrey TaKipuOesnepiHiH KOPBITHIHABUIAPEl capanTajfaH. ToINbIpaKTarbl KOPEKTIK
3aTTapAbIH ACHIreli MEH KblIIIa COPTTAPBIHBIH OHIMIUIII apachbIHAAFbl CAHABIK OaiJIaHBICTHI AaHBIKTAY
YIIiH TonbIpakTa Gocop MEH a30TThIH OPTYPJIi ACHIeHiH KypyAbIH 14 HyCKallbl Cy10achl YChIHBIIFAH.
3eprrey sxymbicTapbiHbiH MakcaThl (2019-2021 xok.) Conrycrik KazakcTaHHBIH JanajiblK aiiMarbiH/a
KbIILIA JAKbUIBIHBIH MUHEPAJAbl KOPEKTEHY MEH THIHAWTKBIIITAPFA KKETTUINH aHbIKTay. Onapasig
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Heri3ri OarbITTaphl: OEpiITeH MaKBUIABIH KYHAPJIBUIBIK ICHTCHIHE >KOHE TOIBIPAK KacHeTTepiHe
KOWBIIATHIH TAJANTAPbIH; TOMBIPAKTHIH KACHETTEPiH 3ePTTEY KOHE OJIAp IbIH JaKbUIIAP IbIH OHIMILTITIHE
ocepiH 3epTTey. 3epTTey KYPTi3UIreH JKbULAAphI KBIIAHBIH OCIM-0HYyl TOMBIpaKTarbl (HocopabiH
JKETICTICYIIIITI KaFaaibIH/Ia, a30TTHIH OPTAlla, KaJIui KOPBIHBIH KOFaphl MeIIepi jKaraalbIH/Ia J1a-
MBIJBI. A30TTBI-(POCHOPIIBI THIHAUTKBIITAP/BI KOJJAHY TOINBIPAKTAFbl HUTPATTHI a30T MEH JKbIDKbI-
Maibl (ocOopAbIH MemepiHiH 2-3 ece >KOFapbulayblHA BIKIAN €TTi JKOHE OJapiblH TOIBIPAKTaFbI
MOJIIIepl SHTI3UIreH THIHAUTKBIIITAPABIH MOJIIEpiHe colikec o3repi. THIHAUTKBII KOIIaHbUIMaraH
asifia Kpllia JaKbUIBIHBIH OHIMILUIITT TOMEH OOJbI, OHIM KypayFa HeTi3iHeH THIHAUTKBIIITap MOJIIepi,
TOIBIPAKTHIH BUIFAIJBUIBIFEI KOHE TOIMBIPAKTAFhl KOPEKTIK 3aTTapiblH MeJInepi ocep eTTi. by
KBIIIAHBIH THIHAWTKBIIITAP/IBIH MOJIIIEPIHE )KOHE KYPAMBIHIAFbl KOPEKTIK 3aTTap/IblH apakaThIHAChIHA
Colikec e3repreHiH KOPCeTTi.

KiaT ce3nep: Kpllia; OHTYCTIK Kapa TOMBIPAK; HUTPATTHI a30T; KBUDKBIMAIBI (ochOop; MHHEPAT I
THIHANTKBIIITAP; OHIMIIIITIK.
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AHHOTALUA

B cratee nmaercs oreHka OHOW M3 MEPCHEKTUBHBIX M IEHHBIX MACIUYHBIX KYJIbTYp — TOPYHIIE,
BBIpAIIMBaHUE KOTOPOH MPeAyCMOTPEHa MPOrpaMMOi AUBEPCUPUKAIIIH 3epHOBOTO TIpon3BoicTBa Ka-
3axXCTaHa, B YACTHOCTH, PACTEHHNEBO/ICTBA. BEISBIIEHO, YTO YCIOBUS MUHEPATHHOTO MTUTAHHUS TOPYHIIBI
B crenHo# 30He CeBepHoro Kazaxcrana Obutn He m3y4eHsl. [[09TOMY OBLTH 3a10KEHBI OIBITHI 110 U3-
YUYEHUIO ONITUMHU3ALUHI YCIOBHM MUHEpaIbHOIO NUTaHus ropunusl. [Ipencrasinena 14 BapuantHas cxe-
Ma IS CO3JIaHUs PA3IMYHBIX YPOBHEH cozepkaHus B mouBe docdopa u a30Ta ¢ MeIbIo OnpeesieHuUs
KOJIMYECTBEHHON B3aMMOCBSI3U MEXIY YPOBHEM COJEpPKAHHS dJIEMEHTOB ITUTaHUS B ITOYBE U MPOIYK-
TUBHOCTBIO cOpTOB ropunibl. Llenpro uccnenoBanmii (2019-2021 rr) cTaBUIMCH U3yYUTH OCOOEHHOCTH
MUHEPAJIHHOTO MUTAaHHUS W YAOOPEHUsS TOPUYHUIBI B YCIOBUSAX cTerHoi 30HK CeBepHoro KasaxcraHna.
WX OCHOBHBIMH HampaBICHUSIMHU ObUTH: U3YYUTHh TPEOOBAaHUS TaHHOW KyIBTYpHI K YPOBHIO TUIOAOPO-
TSl ¥ CBOKMCTB TOYBBI; U3YYNUTh CBOMCTBA TIOYBBI M ONIPENCIHUTH €€ BO3MOYKHOCTH y/IOBJIETBOPSTH T10-
TpeOHOCTH KyJNbTYp. BBIBOIBI HCCIIeIOBaHN TOBOPAT O TOM, YTO BO BCE TOBI TOPYHIIA Pa3BUBAJIach B
ycnoBusix nedunura ¢pocdopa B mouBe, cpeHeN 00eCTIedeHHOCTH a30TOM U TOJIBKO IO KAIIUIO - TIOBBI-
meHHoil. BHecenue a30THO-(hochOpHBIX yI00peHn CIIOCOOCTBOBAIO TIOBBIIICHUIO COJIEPIKAHUS a30-
Ta HATPATOB M MOJABMKHOTO (ochopa B mouse B 2-3 pasza U OMPEIeIsIIOCh KOINYECTBOM BHECEHHBIX
yaoopenuii. [IpoyKTHBHOCTh TOPYHIIH HA €CTECTBEHHOM HEYTOOpEeHHOM ()OoHE ObLTa HU3KOW, OHA 3a-
BHCENA OT J03bI YA0OpeHUH, BIaXKHOCTH TTOYBBI, UCXOIHOTO COJICPIKAaHUS DJIEMEHTOB MIUTAHUSI. DTHM U
00BsICHSIETCA HEOJHO3HAYHAS PEaKI[Hs TOPYUIIHI HA BHECEHUE OJHHUX M TeX )K€ BUIOB, 103 M COUYCTaHHH
yaoOpeHuii.

KuaroueBble cjioBa: TOpUHIla; YSPHO3EM FOKHBIA; HUTPATHBIA a30T; MOABMKHBIA (ochop; MuHe-
paybHBIE yI00pEHUs; YPOXKAHTHOCTD.
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