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Linol - 82 g/m?, Sibirskaya 38854 - 71 g/m?, Antares - 78.3 g/m2. Samples of the varieties Biryuza, Krokus,
Kustanayskiy - 8.2 g, Iceberg - 8.1 g were distinguished by high indicators of the weight of 1000 seeds. A valuable
and plastic source material for selection with the main valuable and economic characteristics was identified: the
growing season for 85-92 days, with a seed yield of more than 47.5-82.2 g/m?, a weight of 1000 seeds of 6.9-
8.1 g, oil content in seeds of 43.7-47.5%, plant height of 45-60 cm. The selected samples are recommended for
cultivation in Northern Kazakhstan: by precocity - Sibirskaya 38854 and Iceberg; productivity — Linol, Antares;
weight of 1000 grains — Nebesniy, Biryuza, Linol, Krokus; oil content in seeds — Kostanayskiy-11, Iceberg; resistance
to fusarium - Kostanayskiy-11, Sibirskaya 38854, Antares, Iceberg. The effectiveness of the breeding programme
depends on the patterns of inheritance of economically valuable traits operating in a hybrid population, reducing

the loss of valuable genotypes and reducing costs by culling less valuable traits

Keywords: productivity; adaptive abilities; yield; oil content; genotype; fusarium

INTRODUCTION

Oilseed flax (Linum usitatissimum L.) is a widely used
food culture, a source of high-grade inexpensive veg-
etable protein for animal husbandry, and technical raw
materials in industrial sectors, including paint, soap,
and leather. The development of various industries has
led to an increase in demand for vegetable oils of var-
ious quality. The greater the variety of technical prod-
ucts and food products, the more diverse the raw ma-
terials needed for their production should be. In search
of promising additional sources for the production of
oils and fats, producers are turning to an increasing
number of cultivated crops, considering valuable mor-
phological, biological, and economic characteristics.
K.A. Akshalov et al. (2023) note that whole oilseed flax
seeds are used as a popular additive in many types of
bread.They are one of the richest sources of substances
with a powerful antioxidant effect - lignans, valuable
raw materials for the production of organic compounds
such as esters, acetals, urethanes, and amides, from
which various coatings, fibres, insulating foams, plasti-
cisers, high-pressure lubricants can be produced.

In Kazakhstan, oilseed flax is a promising crop, and
its acreage is increasing from year to year, reaching 1.5
million hectares. The main flax-growing regions are
the North Kazakhstan, Kostanay and Akmola regions.
The agro-climatic conditions of Northern Kazakhstan
meet the requirements for growing oilseed flax, from
which both oilseeds and livestock feed are obtained.
As noted by A. Suleimenova (2019), oilseed flax seeds
are relatively resistant to cold and begin to germinate
at a soil temperature of 3-5°C. Lower temperatures and
increased soil moisture can cause rotting. With opti-
mal humidity and an average daily soil temperature of
7-8°C, seedlings appear after 5-7 days, and at a lower
temperature, germination is delayed up to 15 days.

Since flax is an early sowing crop, there is a risk of
damage and death of plants due to low temperatures,
and the creation of varieties resistant to hypothermia is
an urgent direction in flax breeding. G.S. Kaliakparova
and Y.Y. Gridneva (2019) evaluate the most important
varieties in the technology of growing and breeding oil-
seed crops adapted to specific agro-climatic conditions,

ensuring sustainable yield and product quality. The
new gene pool of oilseed flax is based on hybridisation
methods using varieties from the VIR World Collection
of Plant Genetic Resources (Vavilov All-Russian Insti-
tute of Plant Industry). Hybridisation when crossing va-
rieties of different ecological and geographical origin is
the most common way ton create a starting material for
the selection of agricultural crops. As noted in the stud-
ies by A. Nogaev et al. (2021), before the cultivation of
oilseed flax, the following tasks are to develop modern
high-yielding varieties suitable for food and technical
use, with high oil content in seeds of about 55%, crude
protein - 35%, resistant to biotic and abiotic environ-
mental factors.Y. Lan et al. (2020) note that oilseed flax
seeds, due to the high content of polyunsaturated fatty
acids, have a high iodine number - 170-200 units, form-
ing a strong, stable film when dried.

According to the Food and Agriculture Organisation
(FAO), in terms of linolenic acid content, linseed oil can
be divided into four categories: more than 50% - high oil,
suitable mainly for technical use; within 36-49% - me-
dium oil, suitable for technical use in pharmaceuticals
and perfumes; within 10-35% - low, mainly for food
purposes; less than 10% - very low, only for food pur-
poses (Bureau of National Statistics..., 2023). According
to C.Qiu et al. (2020), linseed oil contains fatty acids such
as: palmitic 5-7%, stearic 3-4%, oleic 16-20%, linoleic 14-
17% and linolenic 50-60%. The selection of oilseed flax
is aimed at creating technical varieties with a high con-
tent of linolenic acid >65%, food varieties with a low con-
tent of linolenic acid <40%, and medical varieties >40%.

According toJ.Yang et al. (2021), flax cake is a prod-
uct of the secondary processing of flax seeds and by
biochemical composition contains 6-12% crude fat, 33-
38% crude protein, 7% crude ash, and 9% crude fibre,
and by nutritional value, 1 kg has 1.15 fodder units and
contains 260 g of digestible protein. 1 kg of flax meal
contains 1.12 fodder units and 285 g of digestible pro-
tein. LV. Goudar et al. (2021) characterised the compo-
sition of flax fibres and their application. Oilseed flax
stalks contain 12-18% crude fibre, which is used in the
production of pressing material, coarse fabrics, rope,
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twine, gaskets, packaging, and insulation. In addition,
flax straw contains up to 50% pure cellulose, so it is
suitable for the production of thin paper and cardboard
by pressing. The flax husk obtained after threshing and
cleaning of seeds is a valuable feed raw material for
pigs, according to its nutritional value, 1 kg contains
0.27 fodder units and 20 g of digestible protein.

The right choice of varieties is important for the
successful cultivation of oilseed flax, therefore, due to
the efforts of breeders, the potential yield, quality, ad-
aptability to local conditions, resistance to pests and
diseases and tolerance to stress factors are improving.
In view of the above, studying the characteristics of dif-
ferent flax varieties and hybrids is not only of theoret-
ical but also of practical interest. The purpose of the
study is to identify the most promising material for the
selection of oilseed flax in the conditions of the zone
of insufficient moisture in the Kostanay region of the
Republic of Kazakhstan (RK).

MATERIALS AND METHODS

The research work was carried out in the Karabalyk Ag-
ricultural Experimental Station during 2020-2022. The
object of the study was 14 varieties of oilseed flax of
various ecological and geographical origin. Meteorolog-
ical conditions during the years of research were diverse
and reflected quite widely the features of the Kostanay
region, located in Northern Kazakhstan, divided into
three natural and climatic zones. The test site of the
Karabalyk Station is located in the 1 natural and cli-
matic zone. During the years of the research, there were
no significant deviations from the climatic conditions
of Northern Kazakhstan, as they were relatively favour-
able for the growth of oilseed flax. The following meth-
ods were used in experimental studies: biological, de-
termining the parameters of environmental conditions
and comprehensive analysis of the qualitative charac-
teristics of the yield of oilseed flax varieties; pheno-
logical, monitoring the stages of plant development;

laboratory, monitoring the biochemical composition of
plant material; statistical,data analysis,and assessment
of adaptive capabilities. The selection of oilseed flax
was carried out considering specific conditions and was
aimed at creating high-yielding medium-ripened varie-
ties with high oil content in seeds, resistant to drought,
diseases and pests, equally maturing, and suitable for
double use.The solution to this problem was facilitated
by the use of the world collection of oilseed flax.

The area of each plot was 10 m?, in four repetitions,
with a consistent systematic arrangement, the seeding
rate was 7 million pcs./ha. Sowing was carried out using
a low-volume system with an SN-10C seeder: in 2020 -
May 6, in 2021 - May 13,in 2022 - May 19. Harvesting
was carried out manually, using a frame method, flax
threshing was carried out using a Heqge-125 breeding
combine, and cleaning and sorting of seeds was carried
out manually. Vegetation of plants proceeded in 2020
in conditions of moderate moisture (hydrothermal co-
efficient (HTC) - 1.24), in 2021 - insufficient moisture
(HTC - 0.92), in 2022 - insufficient moisture (HTC -
0.87). The average duration of the growing seasons in
2020, 2021, 2022 was 97, 101 and 111 days, respec-
tively. At the early stages of breeding, more than 4000
samples were studied. According to the complex of
economically valuable features, 15 cultivars were iden-
tified, which were involved in the competitive variety
testing: Kostanayskiy-1, Nebesniy, Biryuza, Linol, Sev-
erniy, Surpriz, Sokol, Triumf, Krokus, Sibirskaya 38854,
Isilkulsky, Kustanayskiy yantar, Antares, Iceberg.

The temperature regime in the area of operation
of the station was characterised by sharp fluctuations
observed not only monthly, but also daily throughout
the year, the average temperature is 2.8°C. In spring,
there was a big difference between daytime and night-
time temperatures, sunny weather prevailed in summer,
followed by an autumn cold snap and the first frosts at
the end of September. Data on average daily air tem-
perature are indicated in Table 1.

Table 1. Average daily air temperature in the Karabalyk agricultural station, °C

Years 2020 2021 2022

May 18.2 21.5 13.5

June 19.2 223 18.9

July 25.2 228 234

August 21.3 244 22.2

Total for May-August 20.9 22.7 19.5

Source: compiled by the authors

For the periods 2020, 2021, 2022, the sum of active
temperatures was - 1977, 2055.5, and 2030°C, respec-
tively. The average annual precipitation over the past
80 years is 328.3 m, June and especially July are the
wettest and warmest months, but the intake of moisture
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and heat varies significantly from year to year. In gen-
eral, there is more precipitation in the warmer months
than in the colder ones. During the periods 2020, 2021,
2022, precipitation fell 273, 240,and 156.6 mm, respec-
tively (Table 2).
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Table 2. Precipitation totals for 2020-2022 in the Karabalyk agricultural station, mm

Year 2020 2021 2022

May 41.8 6.7 40.6

June 224 8.4 20.9

July 12.7 51.9 177

August 415 217 10.5

Total for May-August 118.4 88.7 89.7

Source: compiled by the authors

In 2020, precipitation in Karabalyk amounted to
41.8 mm in May, 28 mm in the summer months, and
118.4 mm in the entire growing season. In 2021, in
May-June, there was a low amount of precipitation on
average - 7.5 mm,inJuly - 51.9 mm, in August, when the
vegetation is almost complete - 21.7 mm, on average
for the entire growing season - 88.7 mm. In the condi-
tions of May 2022, precipitation amounted to 40.6 mm,
on average for the summer months - 16.4 mm, for
the entire growing season - 89.7 mm. The soils of the
Karabalyk agricultural zone belong to medium-humus
chernozem soils, which are genetically typical for this
zone, the humus content is 5.2-6%. According to the
mechanical composition, it is a heavy loamy soil with
a very high nitrogen content >5 mg/100 g according to
Tyurin, with a potassium content >20 mg/100 g. The
soil is characterised by good agrochemical properties:
humus content - 4.6%, easily hydrolysable forms of
nitrogen - average, mobile phosphorus - high, ex-
changeable potassium - increased. The degree of acid-
ity of the soil according to the pH is slightly acidic -
4.2.Statistical processing of field experiment data was
carried out by the method of variance analysis based

on the study by L. Quillian et al. (2019). The study com-
plied with the requirements of the Convention on Bio-
logical Diversity (1992).

RESULTS

The high demand for oilseed flax has made its cultivation
highly profitable. In world agricultural production, flax
occupies more than 3.5 million hectares, and the total
seed yield ranges from 2.2 to 2.7 billion tonnes. Accord-
ing to the Bureau of National Statistics of the Agency
for Strategic Planning and Reforms of the Republic of
Kazakhstan (2023),in 2020, the main flax grain-produc-
ing countries are Kazakhstan - 158.4 thousand tonnes,
Canada - 578 thousand tonnes, China - 330 thousand
tonnes, USA - 145 thousand tonnes, India - 112 thou-
sand tonnes. Sunflower and oilseed flax are the leaders
in the market of oilseeds in the Republic of Kazakhstan,
both in terms of acreage and production, and export
potential. Over the past six years, the total acreage of
oilseeds in the Republic of Kazakhstan has increased by
more than 1 million hectares and according to the data
of 2020-2022 will exceed 3 million hectares, which is
noted in detail in Table 3.

Table 3. Areas of oilseed crops in the Republic of Kazakhstan, thousand hectares

Cultures 2020/21 2021/22
Rapeseed 1274 121.9
Flax 1526.4 1496.1
Sunflower 756.1 958.5
Corn 3277 381.9
Soy 127.8 113.3
Other 32.9 219

Source: Development strategy of the joint-stock company “National Company’. Food contract corporation for 2021-2030 (2020)

The most significant growth occurred in the oilseed
flax cultivation sector, where the acreage in 2020-2021
amounted to 1526.4 hectares,and in 2021-2022 - 1496
hectares, which compared to the total oilseed crops
amounted to 53 and 48%, respectively. Unlike sun-
flower, rapeseed and soybeans, the trend of growth in
the volume of oilseed flax harvest in the Republic of
Kazakhstan is due to the expansion of acreage, given
the almost unstable yield in the wide range of 2-12

metric centners/ha. According to Kazakh Grain Union
estimates, the production of oilseed flax in the Repub-
lic of Kazakhstan in 2021-2022 amounted to 744 thou-
sand tonnes compared to 1.06 million tonnes in the
previous year. The achievement of optimal production
volumes of sparsely distributed oilseeds in the Republic
of Kazakhstan was achieved by increasing yields and
significant investments, which will continue to be ob-
tained with the effective use of oilseed flax. Significant

Scientific Horizons, 2023, Vol. 26, No. 10
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achievements in breeding, seed production and tech-
nology of growing sparsely distributed oilseeds give

grounds to increase the production of their seeds to 1.2
million tonnes by 2025, as noted in Table 4.

Table 4. Projected production of oilseed flax seeds in Kazakhstan until 2025

Indicators 2020/2021 2021/2022 2024/2025
Acreage, thousand hectares 1526.4 1496.1 1650
Gross harvest, thousand tonnes 1058.4 744.1 1200
Yield, t/ha 0.79 0.59 1.1

Source: Development strategy of the joint-stock company ‘National Company’. Food contract corporation for 2021-2030 (2020)

Due to the severe drought during the growing sea-
son of flax and the unusually high level of pests and
diseases for this crop, some acreage of oilseeds turned
out to be unsuitable for harvesting, and producers did
not consider it advisable to carry out harvesting on such
areas. As a result, more than 200 thousand hectares of
flax acreage were lost. In addition, the drought has had
an extremely negative impact on the yield of oilseeds.
As a result, even after significant losses, the total yield of
this crop has significantly decreased despite the fact that
it ranks second in the area of harvesting oilseeds. The
leaders in the cultivation of oilseed flax in the Republic

of Kazakhstan are the North Kazakhstan, Kostanay and
Akmola regions with a sown area of 605, 282, 186 thou-
sand hectares, respectively. It is previously known that
in order to increase the productivity of oilseed flax cul-
tivation, it is necessary to develop new high-yielding va-
rieties that are adapted to local conditions, have a high
oil content of seeds, are resistant to major diseases and
adverse environmental factors. The growing season and
the formation of the yield of the studied samples of oil-
seed flax are important biological signs in the natural
and climatic conditions of the Karabalyk agricultural
complex, noted in detail in Table 5.

Table 5. Duration of the growing season and the height of oilseed flax plants for the period 2020-2022

Growing season, days

Plant height, cm

Variety
2020 2021 2022 Average 2020 2021 2022 Average

Kostanayskiy-11 88 91 93 90 55 58 50 54
Nebesniy 84 92 85 87 55 56 54 55
Biryuza 88 92 93 91 54 58 53 55
Linol 86 90 85 87 55 53 49 52
Severniy 89 94 93 92 54 48 45 49
Surpriz 87 90 91 89 53 51 44 49
Sokol 85 92 89 88 46 47 40 44
Triumf 88 93 93 91 44 49 40 44
Krokus 84 91 87 87 53 54 46 51
Sibirskaya 38854 82 90 87 86 54 58 50 54
Isilkulsky 87 90 89 88 58 55 50 54
Kustanayskiy yantar 86 93 89 89 54 55 52 53
Antares 85 90 91 88 49 50 45 48
Iceberg 81 90 85 85 52 56 50 52

Source: compiled by the authors

The growth period of the varieties ranged from 85-
92 days, but in most samples, this indicator strongly
depended on the conditions of the year. Despite very
different climatic conditions, some varieties cultivat-
ed in the Karabalyk agricultural complex had a stable
growth period throughout the year: Kostanayskiy - 91-
93 days, Isilkulsky — 87-90 days, Surpriz - 87-91 days.
In general, according to the results of a three-year
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study, two early-ripening varieties were identified that
grew 5-6 days earlier than the standard variety, namely,
Sibirskaya 38854 and lIsilkulsky, which ripened on 86
and 85 days, respectively. In addition, eight varieties
ripened earlier than the standard varieties Nebesniy,
Linol, and Krokus - 87 days; Sokol, Isilkulsky, and An-
tares - 88 days; Surpriz and Kustanayskiy yantar - 89
days. According to the duration of the growing season,




the varieties - Biryuza, Triumf, and Severniy, ripened 1-2
days later, in comparison with the standard.

When cultivating flax for oilseeds, an average plant
height of 45-60 cm is sufficient. With double use, for
seeds and fibre, it is necessary to create flax varieties
with a plant height of 65 cm and above. For this pur-
pose, it is necessary to involve tall varieties in crossing.
The height of plants in the varieties under study largely
depended on the weather conditions prevailing during
the growing season, and varied between 44-54 cm with
an average value of 51 cm. Three groups of plants were
identified: with a height within 44-49 cm, 49-52 cm,

Iskakov et al.

and 52-58 cm. The standard plant height was 54 cm in
the Karabalyk agricultural complex, Surpriz and Triumf
varieties were marked below the standard - 44 cm, and
the tallest were the Nebesniy and Biryuza varieties -
54 cm. Given the characteristic stunting of the varieties
of oilseed flax, it can be emphasised that the varieties
included in the crosses for spinning purposes are not
suitable. Seed productivity is an important indicator of
oilseed flax and includes related features, namely: the
number of productive pods on the plant, the number of
seeds in the box, the weight of 1000 g of seeds, which
is described in detail in Table 6.

Table 6. Seed productivity of oilseed flax for the period 2020-2022

Number of productive boxes, pcs.

Number of seeds in a box, pcs. Weight of 1000 seeds, g

Variety
2020 2021 2022 2020 2021 2022 2020 2021 2022

Kostanayskiy-11 23 29 21 9 10 8 6.5 7.1 6.2
Nebesniy 20 28 26 9 9 8 6.5 77 6.8
Biryuza 31 34 33 9 10 10 6.6 7.6 6.8
Linol 21 26 22 9 8 7 74 6.6
Severniy 19 23 18 8 9 8 6.6 7.2 6.4
Surpriz 22 27 20 8 8 7 6.5 74 6.4
Sokol 21 29 24 7 8 7 6.8 7 6.2
Triumf 23 25 19 10 10 9 6.4 7 6.2
Krokus 25 29 21 9 10 10 6.6 77 6.8
Sibirskaya 38854 24 28 22 9 9 8 6.5 7 6.2
Isilkulsky 26 30 24 9 10 9 6.3 7.2 6.4
Kustanayskiy yantar 27 32 25 9 10 10 6.7 72 6.4
Antares 24 27 19 10 10 9 6.7 7 6.2
Iceberg 21 30 25 9 10 10 6.3 7.5 6.6

Source: compiled by the authors

The number of productive pods per plant is an
important feature closely related to the seed produc-
tivity of oilseed flax; according to this feature, the va-
rieties Biryuza - 32.7 and Kustanayskiy yantar - 28 are
distinguished in the experimental farm. Severniy and
Kaiser had the lowest productivity rates of 20 and 22
boxes, respectively. The number of seeds in the box
varied between 7.1-7.3 pcs. Varieties Nebesniy, Linol,
Severniy, Sibirskaya 38854 were slightly inferior to
the standard - 8.3-8.8 pcs., the remaining varieties
showed results at the level of the Kostanayskiy-11

variety. Achieving a high yield is ensured by the avail-
ability of complete information about the processes
of photosynthesis, growth and development, air, water
and heat regimes, mineral nutrition, plant structure,
sowing quality. The main chemical component of flax
seeds is oil, the amount of which, in terms of crude fat,
averages from 27 to 48%, therefore, in terms of the
content of biologically valuable components, linseed
oil ranks first among other edible vegetable oils. Data
on the yield and oil content of flax seeds are indicated
in Table 7.

Table 7. Indicators of flax yield and oil content for the period 2020-2022

Oil content, % Yield, g/m?
Variety
2020 2021 2022 2020 2021 2022

Kostanayskiy-11 42.5 44.3 40.9 59 52 53
Nebesniy 40.2 40.8 39.3 78 75 56
Biryuza 41.5 437 411 73 71 60
Linol 42.4 423 42.7 84 90 72
Severniy 421 418 429 65 60 45

Scientific Horizons, 2023, Vol. 26, No. 10
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Table 7, Continued
Oil content, % Yield, g/m?
Variety
2020 2021 2022 2020 2021 2022

Surpriz 41.9 43 413 57 52 39
Sokol 40.7 42.7 39.6 64 65 36
Triumf 41.6 43 41.5 59 50 35
Krokus 42.3 41.8 42 53 48 42
Sibirskaya 38854 42.8 434 41.8 84 81 48
Isilkulsky 43 439 38.8 76 71 44
Kustanayskiy yantar 42.9 431 42.3 68 65 47
Antares 419 42.5 42.1 89 90 56
Iceberg 43.2 442 437 44 39 59

Source: compiled by the authors

The average yield of oilseed flax in a three-year trial
of the standard Kostanayskiy-11 variety was 54.2 g/mZ
At the same time, the yield of the tested varieties varied
from 47.5 to 82.2 g/m2. During the three-year research
period, some samples consistently exceeded the stand-
ard in seed yield: Linol - 82 g/m?,Antares - 78.3 g/m?,and
Sibirskaya 38854 - 71.2 g/m?, consistently exceeding the
standard by 28, 24 and 17 g/m?. The varieties Nebesniy,
Biryuza, Isilkulsky, and Kustanaiskiy yantar also exceed-
ed the standard for these samples by 60-69.7 g/mZ
Surpriz, Triumf, Krokus, and Iceberg varieties were be-
low standard with a productivity of 47.5-49.3 g/mZ. As
a result of the research, a high oil content in seeds of
all varieties was revealed in the range of 38.8-44.3%.
In the standard variety Kostanayskiy-11, the oil content

averaged 42.6% over three years, in the varieties Biryuza,
Linol, Triumf, Krokus, Sibirskaya 38854, Isilkulsky, Kus-
tanayskiy yantar, Iceberg oil content varied at the same
level. The oil content of the standard Kostanayskiy-11
variety averaged 42.6% over three years, and also, in the
varieties Biryuza, Linol, Triumf, Krokus, Sibirskaya 38854,
Isilkulsky, Kustanayskiy yantar, and Iceberg, it varied
at the same level. On the artificial complex infectious
background of single-row plots of 0.4 m? the stability
of ecological variety testing of oilseed flax was stud-
ied. 2 varieties were used as controls: Kostanaysliy-11,
resistant to fusarium, and the unstable Isilkulsky vari-
ety. Stability was determined by counting plants after
germination and before harvesting. Gathering was car-
ried out when 75% of the plot area matured (Table 8).

Table 8. Resistance to fusarium wilting of varieties of ecological variety testing

Resistance to fusarium, %, pcs.

Variety
2020 2021 2022 Average

Kostanayskiy-11 96 95 97 96
Nebesniy 92 95 98 95
Biryuza 92 91 97 93.3
Linol 95 92 89 92
Severniy 96 92 94 94
Surpriz 96 90 92 92.7
Sokol 98 96 90 94.7
Triumf 94 95 87 92
Krokus 92 94 93 93
Sibirskaya 38854 93 95 96 94.7
Isilkulsky 92 91 89 90.7
Kustanayskiy yantar 92 95 93 93.3
Antares 93 94 95 94
Iceberg 96 94 92 94

Source: compiled by the authors
In addition to high yield, oil content of seeds and

early maturation, the selection of oilseed flax should
have high resistance to the most common and harmful

Scientific Horizons, 2023, Vol. 26, No. 10

linseed fungus Fusarium oxysporum v. The spread of the
disease and the degree of damage to the crop depends
on the presence of the pathogen and environmental




conditions (temperature, humidity, precipitation) and
the degree of resistance of cultivated flax varieties.

DISCUSSION

In the current economic conditions, the production of
oilseed flax is based on the cultivation of high-yielding
varieties with high oil content, resistant to major path-
ogens and producing a marketable product that meets
international quality standards. The reserve for increas-
ing the productivity of the oilseed flax crop is the crea-
tion of new highly productive varieties adapted to local
conditions, with high seed oil content and oil quality,
resistant to major diseases and adverse environmental
factors. The effectiveness of the breeding programme
largely depends on the patterns of inheritance of eco-
nomically valuable traits operating in the hybrid pop-
ulation of oilseed flax, allowing for more efficient se-
lection, reducing the loss of valuable genotypes, saving
costs by culling less valuable traits at an early stage
of breeding. According to the study by G. Silska et al.
(2022), interspecific crosses of oilseed flax can be used
to breed varieties with greater plasticity and resistance
to individual pathogens and complex diseases.

The reproductive success of oilseed flax cultivation
includes the selection of flax samples from ecologically
and geographically diverse world collections, and the
development of methods for selecting parent pairs dur-
ing crosses that determine the prospects for the future.
The appearance of valuable traits in hybrids is asso-
ciated with the possibility of combining the qualities
of different parental forms. As a direction of breeding
work, it is quite appropriate to attract wild species
that can be significantly diversified in many ways due
to interspecific crosses. As reported by A. Hoque et al.
(2020), chromosomes of breeding traits of the genus
Linum are important and valuable carriers of hereditary
information, such as increased lateral branching and an
increase in the number of pods on the plant, in addi-
tion to low content of crude fat, brittle pods, and small
seeds. As noted by Z. Behzadi et al. (2022), a number of
breeding methods are used to create new flax varieties,
including microgametophytic selection, induced muta-
tion, interspecific and intraspecific hybridisation, and
electrophoresis of reserve seed proteins.

The creation of new crops is based on the theoret-
ical development of models of varieties with specific
characteristics and characteristics corresponding to high
levels of yield and quality in specific environmental con-
ditions. The diversity of genetic materials is an important
characteristic for a sustainable breeding programme, as
it provides the breeder with the best opportunities to
select lines based on needs. BJ. Soto-Cerda et al. (2022)
report that morphometric diversity is labour-intensive,
often leads to false predictions, depends on the stage
of development of plants sensitive to the environment,
and diversity based on molecular markers is more accu-
rate and economical since it allows breeders to select
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unrelated individuals among thousands of genotypes in
a short period of time, which, in turn, reduces the work-
load in the field by evaluating only unrelated genotypes.
The use of molecular biological methods and markers
for the study of various cultivated plants has increased
significantly. M. Yasar (2023) describes various types of
molecular markers and microsatellites for assessing the
genetic diversity of the germ plasma of oilseed flax, such
as: Random Amplified Polymorphic DNA (RAPD); Ampli-
fied Fragment Length Polymorphism (AFLP); Inter-Simple
Sequence Repeat (ISSR); Simple Sequence Repeat (SSR);
Inter-Retrotransposon Amplified Polymorphism (IRAP).

In breeding, a wide list of criteria reflecting different
aspects of the process is used to assess the homeostatic-
ity of oilseed flax culture, such as: ecological stability of
varieties according to statistical indicators, and general,
specific,and relative adaptive capacity. The general adap-
tive capacity describes the average value of a useful fea-
ture over the entire range of environmental conditions.
Specific adaptive capacity is determined by differences
in specific environmental conditions. Relative stability
allows comparing different sets of features. According
to A. Akrami et al. (2020), the ecological plasticity of the
variety is a biological ability to adapt to growing condi-
tions with the establishment of consistently high values
of useful traits in various natural and climatic condi-
tions. Varieties of oilseed flax with higher plasticity have
greater stability of characteristics under fluctuations in
environmental conditions, providing higher productivity
under both favourable and unfavourable conditions.

Individual varieties of oilseed flax showed adaptive
abilities in 2022 under sufficiently arid weather con-
ditions, while new genetic sources of resistance were
noted. This valuable source material distinguished the
varieties of oilseed flax Biryuza, Linol, Iceberg with a
significant, adaptive to drought potential, according to
yield estimates. The productivity of agricultural crops
depends on the moisture availability of crops. As noted
by L. Ghobadi-Namin et al. (2022), in arid zones, growth
conditions and crop formation will be determined by
the provision of crops with moisture. Oilseed flax re-
acts less sensitively to moisture with the presence of a
developed root system, but at the same time, moisture
supply fundamentally reflects the level of yield.

The main economically valuable signs are: early
maturity - recommended for cultivation in the north-
ern and western regions of the Republic of Kazakhstan;
tallness - for dual production use for vegetable oil
and fibre; large-seeded and small-seeded; high yield.
The varieties distinguished themselves by high yield:
Linol - 82 g/m?, Sibirskaya 38854 - 71 g/m?, Antares -
78.3 g/m?. The yield of oilseed flax is determined by
the cultivation technology - the timing of sowing, the
seeding rate, the provision of plants with nutrients, and
varietal characteristics. According to K.K. Bharatya et al.
(2022), crop yield is an integrated indicator reflecting
the effectiveness of all elements in the technology of
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crop formation of individual plants and the biosphere
as a whole, while the highest genetic potential of oil-
seed flax is to obtain a yield of 2 t/ha or more.

Flaxseed oil ranks first among other edible oils in
terms of biological value. The content and composition
of the oil are genetically fixed traits, but natural and cli-
matic conditions can affect its accumulation and fatty
acid composition. According to biochemical indicators,
varieties with a high oil content in seeds were identi-
fied: Kostanayskiy-11 - 44.3%, Iceberg - 44.2%, Isikul-
sky - 43.9%, Biryuza - 43.7%, respectively, are charac-
terised as medium-oil. M.Z. Kogak et al. (2022) noted
that as the oilseed flax matures, the crude fat content
in the seeds continuously increases, at first more inten-
sively,and then the process slows down. Thus, the high-
est oil content is observed in seeds that have reached
full ripeness and, on average, is in the range of 42-48%.

Since flax is an early sowing crop, there is a risk
of damage and death of plants due to low tempera-
tures, therefore, the creation of varieties resistant to
hypothermia is an urgent direction in flax breeding.
At low temperatures, the risk of fungal diseases of oil-
seed flax increases, the main ones are: fusarium, an-
thracnose, ascochytosis, polysporosis. The intensity of
diseases depends on the characteristics of the pathogen,
soil conditions, agricultural technology and susceptibility
of the variety. A high coefficient of adaptation of oilseed
flax was noted in the varieties Kostanayskiy-11, Sibirskaya
38854, Antares, Iceberg. As noted by S. Zare et al. (2023),
the spread of oilseed flax diseases and the intensity of
damage depends on the presence of the pathogen and its
virulence, depending on environmental conditions, such
as temperature, humidity, precipitation, the degree of re-
sistance of the cultivated variety, therefore, flax breeding
requires high resistance to the most common and harmful
flax disease - fusarium.As reported by M.Walkowiak et al.
(2022), excessively early crops of oilseed flax suffer from
fusarium wilt, flax rust. Processing of oilseed flax crops,
during the budding phase, has a stimulating effect on the
culture, increasing the coefficient of plant adaptability
to abiotic and biotic conditions.

With regard to oilseeds and flax, it is important to ap-
ply appropriate cultivation techniques and technologies.
Observing the basic rules of compatibility and crop rota-
tion,irrigation,seed quality,and temperature regime - can
provide high results. The importance of Kazakh oilseed
flax increases annually, which indicates its further pros-
pects for cultivation and expansion of the selection range.

CONCLUSIONS

Based on the data obtained, the genetic potential of
oilseed flax was determined by identifying the optimal
parameters of cultivation technology in the conditions
of Northern Kazakhstan. As a result of the conducted re-
search, the patterns of the impact of various meteoro-
logical conditions in 2022-2023 have been established.
In 2020, the weather conditions for the growing season
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were favourable for the growth and development of oil-
seed flax. The agro-climatic conditions of 2021 differed
somewhat from the average annual ones, and June and
July were marked by lower air temperatures, affecting the
development of culture. The weather conditions of 2022
in the region were characterised as abnormally dry, while
creating extreme conditions for growth and development.

As a starting material for breeding, economically val-
uable signs of oilseed flax were identified: the growing
season - 85-92 days, seed yield - 47.5-82.2 g/m?, seed
weight - 6.9-8.1 g, seed oil content - 43.7-47.5%, and
plant height — 45-60 cm. Assessment of the resistance of
modern oilseed flax genotypes to plant diseases of the
genus Fusarium. Based on the assessment of the signs
of biological and economic value of the three-year pe-
riod 2020-2022, the following parameters can be rec-
ommended for the creation of varieties for use in the
zone of moisture deficiency in the Kostanay region in the
conditions of the Karabalyk agricultural complex: early
maturity — Sibirskaya 38854 and Iceberg; productivity -
Linol, Antares, and Sibirskaya 38854; weight of 1000
grains — Nebesniy, Biryuza, Linol, and Krokus; oil content
in seeds - Kostanayskiy-11, Iceberg; resistance to fusari-
um - Kostanayskiy-11, Sibirskaya 38854, Antares, Iceberg.
Moreover, flax indicators, distinguished by the height of
plants, the number of productive boxes, and the number
of seeds in the box, are recognised as promising for in-
clusion in the breeding process. High-yielding varieties
were noted: Linol - 82 g/m?, Sibirskaya 38854 - 71 g/m?,
Antares - 78.3 g/m%. A high productivity index was shown
in terms of the weight of 1000 grains in the varieties Biry-
uza, Krokus, and Kostanaysky - 8.2 g,and Iceberg - 8.1 g.

Theoretical developments are used to create new
varieties with appropriate yield indicators and the
quality of products grown in specific environmental
conditions. To ensure the profitability of agricultural
production, especially in the oil and fat industry, pest
resistance, especially to the meadow moth, must be in-
cluded in research. The low yield of flax is explained
by its biological features, i.e., slow growth in the early
stages, and the need to create a highly effective system
of herbicidal protection to prevent the growth of crops
such as chamomile, knotweed, and sow thistle, which
compete for nutrients and water.
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AHoTauif. 33 cyyacHMMM BUMOraMu BUPOLLYBAHHS, CTBOPIOKOTLCS HOBi COPTWU ONIMHOMO JIbOHY, WO BiAPi3HATLCS
32 KOMMIEKCOM KOpUCHMX 03HaK. OCHOBOK CenekLii NbOHY € BUBYEHHS, BiLOip, CTBOPEHHS HOBUX COPTIB HA OCHOBI
CBITOBOT KONEKLLiT Ta NPUAATHUX ANS arpoKNiMaTMuHUX yMoB [iBHiYHOro KasaxcraHy. MeTa AOCNiAXEHHS — BUBYEHHS
KONeKLiMHUX 3pa3kiB IbOHY 0NiMHOro B ymoBax KoctaHaricbkoi obnacti lNiBHiuHoro KasaxcraHy Ta Bigbip HanbinbLw
nepcnekTMBHOIO CenekLiMHOro Matepiany 3a rocnofapcbKo-LiHHUMUM 03HAKaMM B YMOBAX 30HM AediunTy BOMOrw.
Y poboTi BMKOPWUCTOBYBanucs MeToau: 6ionorivHi, peHonorivHi, N1abopaTopHi, CTaTUCTUYHI, aHani3 iHbopMauii
a[anTUBHUX MOX/IMBOCTEN OKPEMUX COPTIB JIbOHY ONiAHOrO0. [TpoBEeAEHO OLiHKY roCNoAapCbKO-LIIHHMX O3HakK 3a 14
3pa3kaMu JIbOHY ONiMHOrO CBITOBOI KOMEKLiT pi3HOro ekonoro-reorpadivHoro noxomxkeHHs 3a nepiog 2020-2022 pp.
B pesynbtaTi mocnigkeHb BUAINEHO 3pasku, WO XapaKTEPM3YIOTbCS BMCOKOW BpoKanHicTio: JliHon - 82,0 r/m?,
Cubipcbka 38854 - 71,0 r/m2, AHTapec - 78,3 r/m% Bucoknmu nokasHukamu macv 1000 HaciHUH Bigpi3HAAMCS 3pasku
copriB bipto3a, Kpokyc, KyctaHarcbkuit - 8,2 r, Avicbepr - 8,1 1. BusBneHo LiHHWI Ta NNacTUYHKUIA BUXIGHWUI MaTepian
[ONs cenekuiHoi poboTM 3 OCHOBHWMMMU LLiHHO-TOCNOAAPCbKMMM 03HAKaMM: BereTaliiMHMiA nepiog npotarom 85-92
[HiB 6inbwe 47,5-82,2 r/m2, Macoto 1000 HaciHuH 6,9-8,1 1, BMiCTOM 0nii B HAaCiHHi 43,7-47,5 % pocavH 3aBBULWKM 45-
60 cM. BupineHi 3pasku pekoMeHAyTbCs A0 06pobku B MNiBHIYHOMY KazaxcTaHi: 3a ckopocturaictio — Cubipcbkuit
38854 1a Aiicbepr; npooyktuBHOCTI - JliHon, AHTapec; Mmaci 1000 HaciHuH - HebecHuit, Bipto3a, JliHon, Kpokyc; BMicTy
onii B HaciHHi — KoctaHarcbkuit-11, Alicbepr; cTiikocTi o dy3apiosy - KoctaHancbkuii-11, Cubipcokuin 38854,
AHTapec, Aiicbepr. EQeKTUBHICTb cenekLiiiHOi NporpamMm 3anexuThb Bif, 3aKOHOMIpHOCTEN yCnafKyBaHHS EKOHOMIYHO
LiHHMX O3HaK, fKi AiloTb y ribpMAHOI NoMynsLii, CKOpoOUyYM BTPATU LiHHWX TEHOTUMIB i 3HMXKYYM BUTPATH 3a
[LONOMOroH BiAOPaKOBYBAHHA MEHLU LiHHMX 03HaK
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