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Abstract. The article presents the results of studies on the effect
of trace elements on the qualitative composition and development of
varieties of different ecological groups of soybeans (Glycine max (L.)
Merrill). The purpose of the work was to evaluate the effectiveness
of various trace elements in the pre-sowing treatment of seeds. The
experiments were conducted in 2022-2024 on experimental plots of
the department of leguminous crops of the Kazakh Scientific Research
Institute of Agriculture and Crop Production (KSRIACP, Almaty region)
in light chestnut, loamy, and rarely sandy loam soils. The study used
microelements of balanced complexes (Mo+"B”+"Zn"+"Co”). It was found
that the use of trace elements had a positive effect on field germination,
physiology, phenology and grain quality indicators. Kazakh (Zhansaya,
Ivushka) and North American (Dawson, Supra) ecotypes are the most
adaptive and responsive to pre-sowing microelement treatment in the
foothill zone of southeastern Kazakhstan (KSRIACP). Treatment with trace
elements ensures a steady increase in grain productivity by 16.0-18.0%
due to an increase in the mass of 1000 seeds and lacustrine content,
as well as increases the protein content of grain by 1.5-2.1%. Thus,
pre-sowing treatment with trace elements has shown high efficiency and
can be recommended for integrated environmentally friendly soybean
cultivation technologies.
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Introduction

Soybeans are one of the most important leguminous crops in the world, including in Ka-
zakhstan. The Government of the Republic of Kazakhstan has recently attached great importance
to it as a strategic crop, and a significant phased expansion of its acreage has been planned and
launched. So, in the early 2000s, soybeans occupied 40 thousand hectares in the republic, and
by 2030 it is planned to expand soybean crops to 500 thousand hectares to ensure production
of up to 1 million tons. In this regard, the task has been set to promote soybeans to the North
and East of the country. For the introduction of new crops into new growing conditions, targeted
scientific research is needed to identify the most adapted varieties and lines [1,2,3,4].

Pre—sowing treatment of soybean seeds with trace elements is one of the most effective
and economically justified elements of agricultural technology. Since the seed is in direct contact
with nutrients from the moment of swelling, trace elements stimulate metabolism at the earliest
stages of ontogenesis [5,6,7].

Soybean (Glycine max (L.) Merrill) is a culture with high sensitivity to the daily photo-
period and temperature regime. The ecological adaptability of varieties of various geoclimatic
origin determines the reaction of their genotype to growing conditions. In the foothill zone of
southeastern Kazakhstan, the key limiting factors are the continentality of the climate and the
deficiency of mobile forms of trace elements (boron, molybdenum, zinc, cobalt) in the soil during
the initial phases of organogenesis [8,9,10,11,12,13].

Pre-sowing treatment of seeds with trace elements is a catalyst for physiological and
biochemical processes. However, the nature of the impact of trace elements on the pace of indi-
vidual development (ontogenesis), the establishment of generative organs, and the formation of
elementary productivity varies significantly among representatives of different ecotypes [14].

The purpose of the study: To study the qualitative composition of various ecological
and geographical groups of soybeans and to evaluate the effect of pre-sowing treatment with a
complex of trace elements on their growth dynamics, the passage of phenological phases, mor-
phogenesis, and seed productivity at the Kazakh Scientific Research Institute of Agriculture and
Crop Production LLP hospital.

Materials and research methods

The research was conducted in 2022-2024 at the experimental field of Kazakh Scientific
Research Institute of Agriculture and Crop Production LLP (KSRIACP, Almalybak village, Almaty
region). The soil is light chestnut, with a humus content of 2.2-2.5%, pH 7.4-7.6 [15].

Objects of research (Qualitative composition by ecological groups): Varietal material sys-
tematized into 5 ecological and geographical groups (ecotypes) was studied as an object:

1. Kazakhstan group (Domestic ecotypes): Varieties Zhansaya, Ivushka, Almaty, Perizat. They
are characterized by high drought resistance and adaptability to the local hydrothermal regime.

2. North American ecological ecotype: Varieties Dawson, Supra, Evans, Meridian. They are
characterized by high technological efficiency, determinant and semi-determinant growth types,
and high attachment of the lower bean.

3. Eastern European ecological ecotype: Varieties Harmony, Romance, Podyaka, Smena.
They are characterized by high cold resistance at the germination stage and plasticity.

4. Western European ecological ecotype: Varieties Rana, Sepia, Estofita, Turijskaja masna-
ja. They belong to the precocious and ultra-ripe groups (000, 00) with a short growing season.
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5. East Asian ecological ecotype: Varieties of local breeding in China and the Far East.
They are characterized by an indeterminate type of growth, high foliage, and responsiveness to
moisture supply (Figure 1).

Figure 1. Qualitative characteristics of ecological and geographical soybean
groups at the KSRIACP hospital

The experimental scheme:

Option 1 (Control): Sowing without treatment with trace elements.

Option 2 (Pre-sowing treatment): Soaking seeds with a solution of trace elements (Mo-
0.05%, B-0.02%, Co-0.01%, Zn-0.02%) 24 hours before sowing.

Sowing is in the first decade of May; the sowing method is wide—row (row spacing 25 cm),
three-fold repetition. The calculations were carried out according to the international classifier
of the Fehr & Caviness Scale (VE-R8) [16,17,18].

Results

The analysis and evaluation of the main features of adaptivity (flowering time, bean
formation time, bean filling time, ripening time), morphophysiology (plant height, attachment
height of the lower bean, number of lateral branches), yield components (number of productive
nodes, number of beans per plant, weight of 1000 seeds, weight of seeds per plant and weight
of seeds from the plot) and seed quality (protein and fat content).

The flowering time is one of the key agronomic signs for soybeans, as it directly affects the
duration of the growing season and the adaptation of the plant to various climatic conditions.
Proper flowering time can promote better pollination and ripening of beans, which increases
yields and improves seed quality. It is important for breeders to take this trait into account when
developing new varieties so that they are adapted to specific climatic conditions, demonstrating
stable results in different growing regions [18]. A comparative analysis of the cultivation results
showed that the samples of the studied collection of varieties with pre-seed priming bloomed
faster than those without treatment, which confirms the influence of trace elements on plant
growth and development.

Pre-sowing treatment of seeds with trace elements had a significant stimulating effect on
germination and the initial phases of development (ND-v2) in all ecological groups. Molybdenum
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and zinc activated respiratory enzymes, which accelerated the emergence of seedlings by 2-3
days (Table 1).

Table 1
Duration of interphase periods in varieties of different ecological groups
(KSRIACP, on average for 2022-2024)

Ecological Experience |Sowing - Germination - | Flowering Total
group variant Germination | Flowering (V1- - Ripening | growing
(VE), days R1), days (R1-R8), season,
days days

Kazakhstan | Control 11,2 38,9 67,4 117,5
With 8,9 36,1 68,2 113,2
treatment

North Control 12,0 36,2 64,3 112,5

American With 9,4 33,9 65,1 108,4
treatment

Eastern Control 10,5 34,6 58,1 103,2

European | with 8,1 32,1 59,0 99,2
treatment

Western Control 10,8 36,8 55,2 102,8

European With 8,5 34,5 56,0 99,0
treatment

East Asia Control 12,8 45,0 72,5 130,3
With 10,1 42,8 73,1 126,0
treatment

The greatest reduction in the “Germination- Flowering” period was observed in the Kazakh
(-2.8 days) and Eastern European (-2.5 days) groups. This allowed the plants to form a powerful
layer of leaves before the onset of the summer air drought (July).

Plant height is one of the key characteristics of soybeans. The optimal height of the plant
is important for efficient harvesting; it is in the range of 95-105 cm, since plants that are too
low can complicate mechanized harvesting, leading to grain losses. At the same time, plants that
are too tall may be prone to lodging, which reduces their stability and makes harvesting more
difficult [19,20,21].

In this regard, plant breeders strive to find the optimal balance between plant height and
other important characteristics, such as lodging resistance, drought resistance, and the ability
to maintain high productivity in a variety of climatic conditions [21]. Plant height is a critically
important parameter that directly affects yield, ease of harvesting, and resistance to mechanical
stress.

Studies conducted as part of the analysis of collection samples for 2022-2024 have shown
that the lowest plant heights are observed in the ultra-ripe group of varieties, which indicates
the genetic characteristics of these samples, which are adapted to a short growing season. As
the length of the growing season increases, there is a regular increase in plant height, which is
confirmed by the growth of both average and extreme (maximum and minimum) values of this
parameter.
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As aresult of a comprehensive analysis of the soybean collection for 2022-2024, varieties
with optimal plant height indicators were identified, which combine high resistance to lodging,
good productivity, and adaptation to the conditions of the region, which makes them promising
for further use in breeding programs (Table 2).

Table 2
Changes in the morphological parameters of varieties under
the influence of trace elements

Ecological | Height of | Height of Height of | Heightof |Number |Number
group the plant | the plant attachment attachment | of lateral | of lateral

(Control), | (with of the of the branches | branches

cm treatment), | lower bean | lower (Control), | (with

cm (Control), |bean (with | pcs. treatment),
cm treatment), pcs.
cm

Kazakhstan | 88,1 97,4 (+9,3) | 14,2 17,1 (+2,9) 2,4 3,1
North 82,2 89,5 (+7,3) |13,1 154 (+2,3) 1,8 2,2
American
Eastern 66,9 74,3 (+7,4) 11,2 13,8 (+2,6) |1,5 1,9
European
Western 89,6 96,1 (+6,5) | 14,5 16,8 (+2,3) 2,1 2,5
European
East Asian | 85,4 92,0 (+6,6) | 13,8 15,9 (+2,1) 3,2 3,8

The development of the vegetative sphere (height of plants, branching) under the influ-
ence of boron and cobalt, it became more active due to increased symbiotic nitrogen fixation.

The Kazakhstan group showed the maximum growth response to trace elements: the
height of plants increased by 9.3 cm, and the height of attachment of the lower bean reached a
technologically optimal 17.1 cm.

The number of seeds per plant is an important indicator of soybean productivity and one
of the key factors determining the overall yield. This feature has a direct impact on the economic
profitability of growing a crop, since a larger number of seeds from a plant leads to an increase
in gross yield per unit area. In addition to the overall increase in yield, the number of seeds per
plant affects the quality of the final product, including seed size, protein, and oil content. More
productive plants can compensate for possible fluctuations in external factors such as drought
or stressful conditions. This feature is also important for breeding, as it allows us to develop
varieties that will be more resistant to adverse conditions and at the same time maintain a high
level of yield [22,23,24].

An analysis of the results of the phenotypic assessment based on the number of seeds per
plant revealed that the samples of the studied collection showed the highest rates with pre-seed
priming of seeds with trace elements. I would especially like to note the year 2023, when the
entire collection averaged more than 60 seeds per plant (Figure 2). Also, with pre-seed priming,

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 201
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu



G.K. Kabylbekova, S.V. Didorenko, Sh.Ye. Arystanova, B.U. Sharipova, N.P. Akhmetova, G.Zh. Khamitova, Z.A. Alikulov

there was strong variability depending on the year of cultivation, while without treatment, the
average values for the collection were more stable (Table 3).

Table 3
Elements of productivity and quality of soybean grain by ecological groups
Ecological Number of | Weight of Protein 0il content, Yield from
group beans per 1000 seeds, |content, % | % (Control/ the plot, g
plant, pcs. |g (Control/ | (Control/ |Priming) (Control/
(Control/ Priming) Priming) Priming)
Priming)
Kazakhstan 28,4 /341 |175,0/186,4 40,2 /42,3 19,8/19,5 165,4 / 195,2
(+18,0%)
North 26,1 /308 |182,0/190,1 |39,0/40,5 20,5/20,3 152,0 /178,0
American (+17,1%)
Eastern 21,5/256 183,3/191,5 [385/40,1 |21,0/20,8 128,5/150,3
European (+17,0%)
Western 29,1/33,5 |1753/184,2 |39,2/41,0 20,2/20,1 144,1 /168,6
European (+17,0%)
East Asian 258/299 |188,5/196,0 40,1/418 [19,2/19,0 138,2 /160,3
(+16,0%)

The weight of 1000 seeds reflects the completeness of the ripening and filling of the beans.

Although it does not always have a direct correlation with yield, with the same number of seeds
per plant, preference is given to samples with larger seeds [25]. The importance of this feature
also lies in its effect on nutritional value, since larger seeds often have a higher protein and fat
content, which makes them more in demand in the food and feed industry [26,27].

In general, in 2022-2024, samples grown with pre-sowing seed priming had higher rates
than samples without treatment (Figure 2).

Pre-sowing treatment with boron contributed to better ovary preservation (reducing
flower abortion in phases r3-r4), and molybdenum stimulated protein accumulation in seeds.

Treatment with trace elements resulted in an increase in the weight of 1,000 seeds in all
ecological groups by 7.5-11.4 g and an increase in protein content by 1.5-2.1%.
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Figure 2. Comparative yields of ecological and geographical soybean
groups during pre-sowing seed treatment

An analysis of the seeds of the 2022-2024 harvest in the Almaty region revealed high
parameters in samples grown with pre-sowing seed priming. Thus, in the first two years of the
study (2022-2023), the average protein content with pre-seed priming exceeded 40%.

The protein content in soybean seeds is one of the key agronomic features that deter-
mine the value of this plant for the food and feed industry. The high protein content makes soy
an important source of plant protein for humans and animals, which is especially important in
the context of global demand for healthy and sustainable food sources. The protein content is
associated with the commercial attractiveness of soy products, as the protein component affects
their nutritional value and market value [28]. The oil content in soybean seeds is also one of the
key qualitative, economic and technological indicators that determine the value of the crop and
the direction of its processing [29,30].

Discussion

Seed treatment with trace elements directly accelerates and stabilizes the passage of
vegetative and reproductive stages:

1. Sowing phase — Germination (VE):

- Increases germination energy and laboratory/field germination (by 3-8%).

- Seedlings appear 2-4 days earlier, forming an even and friendly stem.

2. Vegetative growth (V1-V4):

- The formation of a powerful root system and the primary formation of nodules are ac-
celerated (already by the phase of 1-2 triple leaves).

- Plants pass the critical period faster when the supply of nutrients in the seed is exhausted,
and the root system has not yet begun to fully feed from the soil.

3. Flowering and bean formation (R1-R4):

- Due to boron and molybdenum, the shedding of buds and ovaries is reduced.

The active flowering phase is more intense and coordinated.

4. Maturation (R7-R8):

- The grain filling process is carried out evenly. Depending on the composition of micro-fer-
tilizers (for example, with a high content of boron and zinc), the growing season can be shortened
by 3-6 days, which is critically important for the northern regions of soybean cultivation.
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Pre-sowing treatment with trace elements builds productivity potential at the germination
stage (Table 4).

Table 4
Impact on structural elements and overall yield
Elemental structure | Effect of the use of trace elements
yield
Parking lot The survival rate of plants for harvesting increases by 5-10%.

Number of beans per | Itincreases by 12-25% due to a decrease in abortivity of the
plant ovaries.

Weight of 1000 seeds | It increases by 4-8% due to a more active outflow of assimilates.

Product Quality The protein content in seeds increases by 1.0-2.5%, and the oil
content increases by 0.5-1.2%.

The use of complex micro fertilizers (especially combinations of Mo+B+Co) for seed
treatment ensures stable yield growth in the range of 2.0-5.5 kg/ha (10-20% of the control,
depending on the initial availability of soil).

Two—factor analysis of variance showed that the contribution of the “Genotype (Ecolog-
ical group)” factor to the variation in yield was 54.2%, and the “Pre-sowing treatment” factor
was 32.8% at p<0.001.

The high responsiveness of the varieties in the Kazakh group (Zhansaya, Ivushka) and the
North American group (Dawson, Supra) was revealed. They demonstrated the greatest increases
in the number of beans and the weight of seeds per plant, which is explained by the better synergy
of trace elements with local conditions of insolation and agricultural technology.

Practical recommendations for use compatibility with inoculants. Molybdenum and
cobalt are synergistic with bacterial preparations (Bradyrhizobium). However, tank mixtures
should be prepared immediately before sowing, or specialized forms of micro-fertilizers should
be used that are pH-neutral so as not to inactivate live bacterial strains. Follow the regulations
for use — excess trace elements (especially boron and copper) on seeds can cause toxicity and
delay germination. Microelements are successfully combined with fungicidal and insecticidal
seed protectants.

Conclusion

In the course of the analysis, the interrelation of the main features of adaptivity, morpho-
physiology, components of yield and quality of soybean seeds with pre-sowing seed priming
was evaluated. Promising varieties and lines for breeding in the southeastern and northern
regions have been identified. Significant negative correlations were observed between yield
characteristics and seed quality, which emphasized the need for careful selection of varieties in
order to achieve a balance between quantity and quality of harvest. These results underline the
importance of breeding work aimed at creating varieties adapted to specific climatic conditions
and having high potential both in terms of yield and quality characteristics of seeds.

Thus, the study of the qualitative composition of soybean varieties of 5 ecological and
geographical groups showed differences in the dynamics of development: the shortest growing
season is typical for the Western European and Eastern European groups (99-103 days), the
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longest — for the East Asian group (126-130 days).

Pre-sowing treatment with trace elements (Mo, B, Co, Zn) optimizes the rate of ontogenesis:
it accelerates the appearance of seedlings by 2-3 days and shortens the period before flowering
by 2.2-2.8 days.

Under the influence of trace elements, the varieties of the Kazakh group showed a max-
imum increase in plant height (+9.3 cm) and the height of attachment of the lower bean (+2.9
cm), which increases their suitability for mechanized harvesting.

Treatment with trace elements ensures a steady increase in grain productivity by 16.0-18.0%
due to an increase in the mass of 1000 seeds and the lacustrine content, as well as an increase
in the protein content of grain by 1.5-2.1%.

Kazakh (Zhansaya, Ivushka) and North American (Dawson, Supra) ecotypes are the most
adaptive and responsive to pre-sowing microelement treatment in the foothill zone of south-
eastern Kazakhstan (KSRIACP).

These results are characterized by high scientific novelty, as the soybean collection was
simultaneously studied for the first time in the field with pre-seed priming, with the ultimate
goal of studying patterns of increasing soybean yields.

Author Contributions

A.Z., S.D. - concept and supervision of the work; G.K. - conducting the experiments;
Sh.A. - discussion of the research results; B. Sh. - writing the text; G.Kh. and N.A. - editing the
text of the article.

Funding
This research received no specific grant from any funding agency in the public, commer-
cial, or not-for-profit sectors.

Conflicts of Interest
The authors declare no conflicts of interest.

Compliance with ethical standards
This article does not contain a description of studies performed by the authors involving
people or using animals as objects.

References

1. Abugalieva S, Didorenko S, Anuarbek S, et al. Assessment of soybean flowering and seed
maturation time in different latitude regions of Kazakhstan. PLoS One. 2016;11(12):e0166894.
https://doi.org/10.1371/journal.pone.0166894

2. Zatybekov A, Abugalieva S, Didorenko S,et al. GWAS of agronomic traits in soybean col-
lection included in breeding pool in Kazakhstan. BMC Plant Biol. 2017;17(Suppl 4):253. https://
doi.org/10.1186/s12870-017-1125-0

3. Cober ER, Molnar SJ, et al. A new locus for early maturity in soybean. Crop Sci.
2010;50(2):524-7. https://doi.org/10.2135/cropsci2009.04.0173

4. Song Q, Hyten DL, Jia G, et al. Development and evaluation of SoySNP50K, a high-density
genotyping array for soybean. PLoS One. 2013;8(1):e110124. https://doi.org/10.1371/journal.
pone.0110124

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 205
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu



G.K. Kabylbekova, S.V. Didorenko, Sh.Ye. Arystanova, B.U. Sharipova, N.P. Akhmetova, G.Zh. Khamitova, Z.A. Alikulov

5. Alam F Kim TY, Kim SY, et al. Effect of molybdenum on seed germination, seedling
growth and nodulation of soybean (Glycine max L.). ] Plant Nutr. 2015;38(4):553-65. https://
doi.org/10.1080/01904167.2014.934471

6. Campo R], Albino SM, et al. Long-term response of soybean to molybdenum and cobalt
fertilization. Plant Soil. 2009;319(1-2):91-8. https://doi.org/10.1007/s11104-008-9851-4

7. Weisany W, Sohrabi Y, Heidari G,et al. Physiological and biochemical functions of zinc
and cobalt in soybean (Glycine max L.) under nodulation. ] Agric Sci. 2013;5(8):243-52. https://
doi.org/10.5539/jas.vin8p243

8. Abugalieva S, Didorenko S, Anuarbek S, et al. Genotype-environment interaction pat-
terns of soybean growing in Kazakhstan. In: Proceedings of the 1st International Workshop “Plant
Genetics and Genomics for Food Security” (PGGFS-2016); 2016 Aug 25-28; Novosibirsk, Russia.
Novosibirsk: ICG SB RAS; 2016. p. 1.

9. Kabylbekova G, Didorenko S, Kassenov R, et al. Effect of pre-sowing treatment of soybean
seeds with inoculant and microelements for yield and quality in the conditions of south-east of
Kazakhstan. OCL. 2024;31:3. https://doi.org/10.1051/0cl/2024003

10.Jia H, Jiang B, Wu C, Lu W, Hou W, Sun S, et al. Maturity group classification and maturity
locus genotyping of early-maturing soybean varieties from high-latitude cold regions. PLoS One.
2014;9(4):e94139. https://doi.org/10.1371 /journal.pone.0094139

11.Liu W, Kim MY, Kang Y], et al. QTL identification of flowering time at three different
latitudes reveals homologous genomic regions that control flowering in soybean. Theor Appl
Genet. 2011;123(4):545-53. https://doi.org/10.1007/s00122-011-1606-3

12.Kim MY, Shin JH, Kang Y],et al.Divergence of flowering genes in soybean. J Biosci.
2012;37(5):857-70. https://doi.org/10.1007 /s12038-012-9252-1

13.Zhang L, Wang R, Hesketh ]D. Effects of photoperiod on growth and development of
soybean floral bud in different maturity. Agron J. 2001;93(4):944-8. https://doi.org/10.2134/
agronj2001.934944x

14.Santos CA, Silva AF, Nogueira MA, Hungria M. Seed treatment with micronutrients and
co-inoculation of Bradyrhizobium and Azospirillum in soybean. ] Soil Sci Plant Nutr.2019;19(4):890-
8. https://doi.org/10.1007/s42729-019-00087-w

15.Abugalieva S, Didorenko S, Anuarbek S,et al. Genetic variation of flowering genes in
soybean collection grown in Kazakhstan. In: Abstracts of the 7th International Crop Science Con-
gress; 2016 Aug 14-19; Beijing, China. Beijing: CAAS; 2016. p. 14.

16.Watanabe S, Harada K, Abe J. Genetic and molecular bases of photoperiod responses
of flowering in soybean. Breed Sci. 2012;61(5):531-43. https://doi.org/10.1270/jsbbs.61.531

17.Cober ER, Voldeng HD. A new soybean maturity and photoperiod-sensitivity locus
linked to E1 and T. Crop Sci. 2001;41(3):698-701. https://doi.org/10.2135/cropsci2001.413698x

18.Wilcox JR, Frankenberger EM. Indeterminate and determinate soybean re-
sponses to planting date. Agron J. 1987;79(6):1074-8. https://doi.org/10.2134 /agron-
j1987.00021962007900060026x

19.Molnar SJ, Rai S, Charette M, Cober ER. Simple sequence repeat (SSR) markers linked
to E1, E3, E4, and E7 maturity genes in soybean. Genome. 2003;46(6):1024-36. https://doi.
org/10.1139/g03-079

20.Abe ], Xu DH, Miyano A, et al. Photoperiod-insensitive Japanese soybean landraces differ
at two maturity loci. Crop Sci. 2003;43(4):1300-4. https://doi.org/10.2135/cropsci2003.1300

21.Z06rb C, Geilfus CM, Dietz K]. Soil salinity and crop yields. Plant Biol. 2019;21(51):31-8.
https://doi.org/10.1111/plb.12884

22.Dellaporta SL, Wood ], Hicks ]B. A plant DNA minipreparation: Version Il. Plant Mol
Biol Rep. 1983;1(4):19-21. https://doi.org/10.1007 /BF02712670

206 Ne3(156) JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu



Qualitative composition and dynamics of soybean varieties of various ecological
groups during pre-sowing treatment with trace elements

23.Varshney RK, Graner A, Sorrells ME. Genic microsatellite markers in plants: features and
applications. Trends Biotechnol. 2005;23(1):48-55. https://doi.org/10.1016/j.tibtech.2004.11.005

24.7u0 Q, Wen Z, Zhang S, et al. QTL identification of the insensitive response to photope-
riod and temperature in soybean by association mapping. J Integr Agric. 2013;12(8):1423-30.
https://doi.org/10.1016/S2095-3119(13)60548-6

25.Zhai H, Li S, Wang Y, et al. Allelic variations at four major maturity E genes and tran-
scriptional abundance of the E1 gene are associated with flowering time and maturity of soybean
cultivars. PLoS One. 2014;9(5):e97636. https://doi.org/10.1371/journal.pone.0097636

26.Shin JH, Lee SH. Molecular markers for the EZ and E3 genes controlling flowering and
maturity in soybean. Mol Breed. 2012;30(4):1793-8. https://doi.org/10.1007 /s11032-012-9742-x

27.Gad N, Kandil H. Influence of cobalt on soybean growth, nodulation and yield. ] Appl
Sci Res. 2010;6(11):1598-604.

28.Tsubokura Y, Watanabe S, et al. Natural variation in the genes responsible for maturity
loci E1, E2, E3 and E4 in soybean. Ann Bot. 2014;113(3):429-41. https://doi.org/10.1093/aob/
mct269

29.Ping ], Liu Y, Sun L, et al. Dt2 is a gain-of-function MADS-domain factor gene that spec-
ifies semideterminancy in soybean. Plant Cell. 2014;26(7):2831-42. https://doi.org/10.1105/
tpc.114.126938

30.Li, X, Dong, Y., Wang, Z., et al (2024). Pre-sowing seed priming with molybdenum
and boron enhances soybean productivity and nitrogen fixation efficiency under abiotic stress.
Frontiers in Plant Science, 15, Article 1342081. https://doi.org/10.3389/fpls.2024.1342081

MuKpo3jieMeHTTepMEH celOy a/l1bIHAAFbl OHJEY Ke3iHAe 9PTYPJIi IKOIOTHUSIJIBIK,
TONTapPAbIH, COSl COPTTAPbIHBIH, CallaJIBIK, KypaMbl MeH AaMy JUHAMMUKACHI

Ka6bi16exoBa LK. *, ingopenko C.B.%, Apbicranoga IILE.3, [llapunosa B.Y.%,
AxmeTosa H.I1.°, XamuTtoBa I)K.%, Aiukysos 3.A.7

T 96inkac CarbiHo6 ambiHOaFsl KaparaHdbl mexHUKa/bIK yHUBepcumemi,
Kaparanowl, KazakcmaH
137 JL.H. Tymusnee amviHdarsl Eypasus yammeulk yHugepcumemi, AcmaHa, Kasakcmat
‘«Kasak e2iHWinik dHcaHe 6CiMOIK WaAPyaWbIAbIFbL FolablMU-3epmmey uHcmumymoi» XKIIC,
Aamamul, Kazakcmau
456111, Yanuxanoe amviHdarbl Kexwemay yHusepcumemi, Kexwemay, Kazakcmat

AHjgaTna. MakKasiaia CoHbIH 9PTYPJIi 3KOJOTUSIBIK TONTapbIHbIH (Glycine max (L.) Merrill)
COpPTTapbIHBIH CcaNaJjblK KypaMbl MeH JJaMyblHa MUKPO3JIEMEHTTEP/IiH dCepiH 3epTTey O0MbIHIIA
HOTHKeJlepi KeaTipisireH. JKyMBICTBIH MaKcaThl TYKbIM Ce0y a/libIHAAFb] OHJeY Ke3iHze apTypi
MHUKpO3JIeMeHTTep/liH, TUIMIiiriH 6aFasay 60J1bl. Toxkipubenep 2022-2024 xbingapbl «Kasak,
eriHLIIIK k9He eciM/IiK LIapyallbLIbIFbI FBLIBIMU-3epTTey UHCTUTYThI» 2KIIC, 1oHAi-0ypLIaKThI
Jakblagap 6esiMiniy (KasEOF3H, AnMaThl 06/1bICkl) ToxipUbelik yuackesiepiH/ie alllblK KallTaH,
ca3/ibl, CHpeK KyM/bl Ca3/ibl TONbIpAKTap/Aa *KYpri3iiji. 3epTTeyae TeH4eCTipiireH KelleHAep/iH,
MHUKpO3JIeMeHTTepi KoAaHbLIAbl (Mo+»B»+»Zn»+»Co»). MUKpo3asieMeHTTepAi KO1JaHy
JlasiaJiblK eHTIIITiKKe, pu3noiorusara, GeHOJIOTHsFa )KoHe aCThIK CallaCblHbIH KOpCeTKillTepiHe
OH,dcep eTKeHi aHbIKTa1bl. Ka3aKCcTaHHbBIH OHTYCTIiK-LIBIFbICBIHAAFBI Ty 66KTEpiHAeri alMak,
(Ka3EOT3H) xkaFmaiibiH/a eric anAblHAaFbl MUKPO3JIEMEHTTepP/i 6HAeyre 6apbiHiIa 6eliM/ieireH
YK9He »kayan 6epeTiH KasakcTaHAbIK (HKaHcas, UByiuka) »xoHe CoanTycTik AMepuka (Dawson,

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 207
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu


https://doi.org/10.3389/fpls.2024.1342081

G.K. Kabylbekova, S.V. Didorenko, Sh.Ye. Arystanova, B.U. Sharipova, N.P. Akhmetova, G.Zh. Khamitova, Z.A. Alikulov

Supra) akoTunTepiHiH copTTaphl 60JbIN TabblIaAbl. MUKPO3JIEMEHTTEPMEH 6H/EY aCThIK,
eHiMziiriniH 1000 TYKbIM MaccacbiH K9He eHIM/1IIriH yirauTy ecebineH 16,0-18,0% TypaKThl
6CyiH KaMTaMachlI3 eTe/li, COHJail-aK acThbIK aKybI3blH 1,5-2,1% - Fa apTTbhipaabl. Ocbli1aiiia,
MMUKPO3JIEMEHTTEPAI ery ajaJblHAaFrbl 6HJEY *KOFapbl TUIMIIKTI KOPCETTI »KaHe cos 8CIpyAiH
VMHTerpalysjaHFaH 3K0JIOTUSAIBIK Ta3a TEXHOJIOTUsJIAPhI YIIiH YChIHbIIYbl MYMKIH.

Ty#HiH ce3aep: coss, MUKPO3JeMeHTTeD, TYKbIM CeOy alblHAaFbl 6HJeY, PeHOJIOTUs,
OHY, I'YJIJeHY, OHIMA1JIIK

KavyecTBeHHbI! COCTAaB ¥ AMHAMMKA Pa3BUTHS COPTOB COU pPa3/IMYHbBIX
3K0JIOTMYeCKHUX rpynn Npy NnpeanoceBHONM 06padb0oTKe MUKPO3JIeMEHTaMHU

Ka6ni16exosa IK.**, lugopenko C.B.%, Apsicranosa IILE.3, lllapunosa B.Y.%,
Axmetosa H.IL.°, XamurtoBa [K.%, Anukysos 3.A.7

'KapazanduHckull mexHu4eckuli yHugepcumem umeHu Abwlikaca CazuHosa,
Kapaezanda, Kazaxcmau
137 HAO «Eepa3sulickulli HayuoHa/bHbIl yHugepcumem um. JL.H. ['ymuaesa»,
Acmana, Kazaxcman
2TOO «Kazaxckuli Hay4Ho-uccsiedogsameabCckull UHcmumym 3emaedenust
u pacmeHuegodcmasa», Aamamol, Kazaxcmau
“55Kokwemayckutl ynugepcumem umeru Ill. Yaauxarnosa, Kokwemay, KazaxcmaH

AHHOTanus. B cTaThbe npeAcTaB/ieHbl Pe3Y/IbTaThl UCCAEJ0BAHMUM 10 U3YUEHHUIO BAUSHUS
MHKpPO3JIEMEHTOB Ha Ka4eCTBEHHBIM COCTaB U pa3BUTHUE COPTOB PAa3HbIX 3KOJIOTHYECKHUX
rpynn cou (Glycine max (L.) Merrill). Llenb paboTsl 3akJitoyasiach B oLieHKe 3P PEeKTUBHOCTU
pasJIMYHbIX MUKPOO3JIEMEHTOB NPH MPEANOCEBHON 06paboOTKe ceMsIH. JKCIIEPUMEHThI
npoBoAuIKCh B 2022-2024 IT. Ha ONBITHBIX yYacTKaX OTAeJia 3epHO06060BbIX KyabTyp KasHUN
3emuenenusa u PacrenueBogcrBa (KasHUWU3uP, AnmaTrHCckas 06J1acTh) B YCI0BUSX CBETJIO-
KallTaHOBBIX, CYTJIMHUCTBIX, pEXKe CylecyaHbIX MOYB. B Mccieq0BaHUU UCNIOJIb30BATHCh
MUKpPO3JIEMEHThI 6aJlaHCUPOBAaHHbIX KOMILJIEKCOB (Mo+»B»+»Zn»+»Co»). YCTaHOBJIEHO, YTO
IpUMeHeHVe MUKPO03JIeMEHTOB 0Ka3bIBaJIO N0JIOXKUTEIbHOE BJIUSHUE Ha M0JIEBYI0 BCXOXKECTb,
dusuosioruto, GeHOJIOTUIO U MOKa3aTeJM KadyecTBa 3epHa. HauboJsiee aflanTUBHBIMU U
OT3bIBUMBBIMH Ha MPEJIIOCEBHYI0O MUKPO3JIEMEHTHYIO 06paboTKy B YCJI0BUSX NPEATrOpHOU
30HbI Oro-Boctoka Kasaxcrana (KasHUU3uP) aBastoTca copta Kazaxcranckoro (PKaHcas,
Heywka) u CeBepoaMmepukaHckoro (Dawson, Supra) skotunoB. 06paboTka MUKpPO3JIEMEHTAMU
obecrneyrBaeT yCTOWYMBBIM POCT 3epHOBOM NpoAyKTUBHOCTH Ha 16,0-18,0% 3a cyeT yBeMyeHuUs
Maccbl 1000 ceMsiH 1 03epHEHHOCTH, a TaK»Ke MOBbILIAET 6eJIKOBOCTh 3epHa Ha 1,5-2,1%. Takum
o6pa3oM, npejinoceBHasi 06paboTka MUKpO3JieMeHTaMH1 IT0Ka3aJia BbICOKYI0 3G PEeKTUBHOCTD U
MOKeT ObITh pEKOMEH/J0BaHa /J1si MHTETPUPOBAaHHbIX 9KOJIOTMYECKH 6e30MacHbIX TEXHOJOTUH
BO3/leJIbIBAaHUS COHU.

KilroueBble c/10Ba: cosl, MUKPO3JIEMEHTHI, Ipe/inioceBHast 00paboTKa ceMsiH, peHOJIOTHS,
BCXOXKeCTbh, [JBETEHHE, YPOXKAHHOCTh
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Eypasus yatTeiK yHUBepcuTeTi» KEAK fokTopaHThl, 96iiKac CaFblHOB aThIHAAFbl KaparaHzbl
TEeXHUKaJIbIK YHUBEPCUTETI, “XUMUS :KOHE XUMUSJIBIK TEXHOJIOTUsIap” KadepacblHbIH aFa
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