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Annotation. As longterm scientific research shows, the natural and climatic potential of the Aral
Sea region in Kazakhstan meets the biological requirements of grain sorghum for cultivation as a rice
rotation crop.Grain sorghum is droughsistant, has a high potential to produce high biomass yields, and is
versatile in its use in the food industry, feed production, and as a raw material in bioenergy.However, the use
of this promising crop in agriculture in the region is limited, which is explained by the lack of sound
agricultural practices for cultivation and the use of its products for food and feed purposes.The article
presents the role of grain sorghum, the problems of realizing its potential productivity, as well as the results
of a study of the methods of primary cultivation of meaaoarsh soils on their agrophysical indicators and
the productivity of grain sorghum.The relevance of the research stems from the search for-sasmgce
soil cultivation technologies as a factor in increasing the yield of agricultural crops, particularly grain
sorghum. Field trials were conducted at the research and production station of the |. Zhakhayev Kazakh
Research Institute of Rice Cultivation in 262d25.The conducted studies showed that different methods
and depths of primary soil cultivation for grain sorghum had different effects on the dynamics of
agrophysical indicators of fertility of meadawarsh soils.Replacing autumn plowing (cultivation depth
23...25 cm) with ndill cultivation (cultivation depth 14...16 cm) and fledttingi 13...15 cm did not lead to
an increase in the productivity of grain sorghum biomass

Keywords: grain sorghum, rice crop rotation, soil cultivation, structure coefficient,.yield
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GENOME SEQUENCE RESOURCES OF UPLAND COTTON (GOSSYPIUM HIRSUTUM
PROVIDES MOLECULAR STRUCTURE FOR ADVANCED BREEDING EFFORTS
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Annotation. Advances in genome sequencing over the past decade have revolutionized our
understanding oGossypium hirsuturby transforming fragmented shadad assemblies into neeomplete,
chromosomescale genomic maps. In this review, genome assemblies @ Kaysutumcultivars, beginning
with the reference line TM, which provided the foundation for the earliest higfality genome assembly,
were examined. Then, additional cultivars, such as-ITZRand ZM24, and several elite breeding lines,
whose assemblies have refined knowledge of genome structure, gene content, and structural variation, were
considered. These genomic resources offer critical insights into the genetic basis of traits such as fiber
quality, yield, and stress tolerance. Next, recent advances in genomic tools and breeding strategies were
considered Particular attention was given to genewide association studies (GWAS), hidbnsity SNP
arrays, and transcriptomic profiling, which accelerate trait mapping and candidate gene identification. By
synthesizing progress in genome assemblies and molecular breeding, this review underscores the central role
of genomic resources in developing resilient, hig#dding cultivars to meet global agricultural and
industrial challenges.

Keywords: Upland cotton(Gossypium hirsutum)whole genome sequencing, genome assembly,
pangenome, GWAS, molecular breeding, structural variation

Introduction. Gossypium hirsutunk.., commonly known as Upland cotton, is the most
widely cultivated cotton species worldwide, accounting for approximately 95% of global cotton
fiber production [1]. Due to its broad ecological adaptability, high yield potential, and economic
importance,G. hirsutumhas become a central focus of modern breeding programs aimed at
improving fiber quality, productivity, and tolerance to biotic and abiotic stresses [2]. However,
traditional breeding approaches, which rely primarily on phenotypic selection antetomdield
evaluation, are constrained by the complexity of its allotetraploid genome (AADD, 2n = 4x = 52),
high heterozygosity, and substantial structural variation [3].

The rapid development of highroughput sequencing technologies over the last decade has
dramatically transformed the landscape of cotton genomics. Early genome sequencing attempts
produced fragmented and incomplete assemblies, limithuig@th molecular analyses. The advent
of longread sequencing platforms such as PacBio and Oxford Nanopore, combined -@ith Hi
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based chromosomal scaffolding and hybrid assembly strategies, enabled a transition from draft
genomes to highly contiguous, chromosemesl assemblies. The reference genome of thelTM

line laid the foundation for comprehensive genomic studies, while subsequent sequencing of
additional cultivars such as ZM24, CR2, ZM113, BARBREN713, NDM8, and Yuanmianll
greatly expanded our understanding of genomic diversity, structural rearrangements, and functional
organization withirG. hirsutum

Advancements in genomic research ®nhirsutumprovide a fundamental framework for
nextgeneration breeding technologies by enabling a deeper understanding of the genetic
architecture underlying economically important traits. This review aims to systematize current
knowledge on Upland cotton genome sequencing efforts, characterize major cultivars and their
genomic features, and evaluate the role of these resources in developing highly productive, stress
resistant, and adaptable cotton varieties.

Materials and methods. This review focuses o6. hirsutumas the primary research
material. Particular attention was givenGo hirsutumcultivars and related genomic resources that
contribute to understanding cotton evolution, genome structure, and breeding potential.

The literatures for this review was obtained from several major scientific databases,
including the Web of Science Core Collection, PubMed, Google Scholar and the National Center
for Biotechnology Information. A total of more than 41 publications were examined, comprising
research articles, review papers, books, and book chapters published in leading international and
regional journals. The search covered the period from 2012 to 2025 to ensure the inclusion of both
foundational and recent advances in cotton genomics.

The search strategy utilized a combination of topical keywords and controlled vocabulary
terms, includingGossypiuni., cotton genetics and genomics, genome structure and variation, SNP
arrays, GWAS, QTL mapping. Bool ean operators
article type were applied to refine search results. Reference lists from key papers were manually
screened to identify additional relevant studies. Microsoft Office Excel 2021 was used for
guantitative analysis of the literature and made table.

Genomeassemblies ofzossypium hirsutuncultivars. With the advancement of molecular
biology and genomics, since 2015 lagpale studies have been initiated to perform detailed
sequencing and annotation of tBe hirsutumgenome. This stage marked a significant shift from
phylogenetic reconstructions to ardapth molecular analysis of genome structure and function.

TheTexas Marker 1 (TM-1) line of G. hirsutum developed through over 50 generations of
selfpollination, has been established asdbaetic standardfor Upland cotton. Owing to its high
homozygosity, TM1 serves as a key reference in genomic and breeding studies.

The sequencing and assembly of tBe hirsutumgenome has undergone a remarkable
transformation over the past decade, evolving from highly fragmented drafts to a nearly gapless,
chromosomdevel reference. The first widely cited assembly, presented by Saski et al. (2017) [14]
using lllumina MiSeq, captured only 169.3 Miseveral times smaller than the actual genome size
of approximately 2.3 Gb. It included just four chromosomes and had a scaffold N50 of 48 Mb,
reflecting significant fragmentation. A subsequeffort by Li et al. (2015) [15] employed Illlumina
HiSeq 2000, expanding the assembly to 2.2 Gb and recovering all 26 chromosomes, but the genome
remained heavily fragmented into 9,146 scaffolds, and the longest chromosome reached only about
117 Mb, still below the lengths observed in higlality assemblies. The transition to leregad
sequencing marked a turning point. Yang et al. (2019) [16] used PacBio Sequel to produce the first
chromosomescale assembly, reducing the scaffold count to 599 and aufpiam N50 of 96.7 Mb.

For the first time, chromosome length extremes were clearly defined, with the longest chromosome
(Ah06) measuring approximately 128.2 Mb and the shortest (Dh03) about 54.9 Mb. Chen et al.
(2020)[17] advanced these results using PacBio RSII, raising the N50 to 108.1 Mb and producing a
highly contiguous genome of 2.3 Gb that included more than 75,000 pcottimg genes. The
current gold standard is the assembly by Zhang (2024) [17], which combined Oxford Nanopore
PromethlON with Paci® Sequel. This effort generated just 26 contigs one per chromosome with an
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N50 of 108.2 Mb and an L50 of 10, representing minimal fragmentation anecomaatete
continuity (Table 1). The longest and shortest chromosomes remained consistent with eatlier long
read assemblies, underscoring the stability of these genomic features. This steady improvement
from limited llluminabased drafts to an almost perfect hybrid assembly highlights the rapid
progress in sequencing and assembly methods.

While the TM1 cultivar has served as the primary reference genomesésisypium
hirsutum sequencing additional cultivars is essential to capture the broader genetic diversity of
upland cotton. Different cultivars exhibit unique adaptations, fiber qualities, and stress tolerances
that are often the result of both natural selection and targeted breeding efforts. By generating and
analyzing highguality genome assemblies for these varieties, researchers can identify structural
variations, gene content differences, and novel alleles absent from thk fEfdrence. Such
comparative genomic studies provide critical insights into trait evolution, facilitate the discovery of
candidate genes for breeding programs, and help refine the pangenGmuarstitum This section
focuses on recent sequencing efforts involving multiple cultivars, detailing their assembly
strategies, genome statistics, and potential implications for cotton improvement.

The ZM24 cultivar was characterized by Yarmg al. (2019) at the Chinese Academy of
Agricultural Sciences (CAAS). Genomic DNA was extracted from seedlings, with Zhongzhimian
No. 2 as the parental line. Higholecularweight DNA was sequenced on the PacBio Sequel
platform, and assembly was performed using Canu v1.5. The assembled genome size was estimated
at 2.3 Gb, with an average sequencing depth of 1.0x and a GC content of 34.5%. Among the
assembled chromosomes, the largest was A06 (121,900,087 bp) and the smallest was D09
(50,656,052 bp). The Zhongzhimian No. 2 cultivar was characterized by Li, Zbhahg2023) at
the Institute of Plant Protection, CAAS. DNA was extracted from seedling leaves, with Zhongmian
113 (ZM113) as the parental line. Sequencing was conducted using PacBio Sequel and lllumina
platforms, and assembly was carried out with NextDenovo v2.3.0. The genome size was 2.3 Gb,
with 125.0x coverage and a GC content of 34.5%. The largest chromosome was A06 (127,742,751
bp) and the smallest was D03 (53,820,448 bp).

The Zhongmian 113 (ZM113) cultivar was described by Hu, G. and Wang, Z. (2024) at the
Institute of Cotton Research, CAAS. DNA was isolated from seedling leaves, with BARBREN
as the parental line. Sequencing employed Oxford Nanopore GridlON, PacBio Sequel, lllumina
NextSeq, and Oxford Nanopore platforms. Genome assembly utilized Hifiasm wvbh19,3HiC-

Pro v2.8.1, LACHESIS, NextDenovo v2.3.1, and NextPolish v1.3.0. The final assembly size was
2.3 Gb, with 150.0% coverage and a GC content of 34.5%. The largest chromosome was A06
(128,015,698 bp) and the smallest was D03 (54,059,521 bp).

The BARBREN713 cultivar was analyzed by Perlenal. (2021) at the USDA. DNA was
extracted from entire seedlings, with Barbi#B832-30 as the parental line. Sequencing was
performed on the PacBio Sequel platform, and assembly was done using Hifiasm307.18he
genome size was 2.4 Gb, with 49.0x coverage and a GC content of 35.5%. The largest chromosome
was A06 (127,477,704 bp) and the smallest was D03 (54,675,798 bp).

The Barbren713-32-30 cultivar was reported by Perkin, Bell al. (2021) at the USDA.

DNA was extracted from entire seedlings, with NDM8 as the parental line. Sequencing was
conducted using PacBio Sequel, and assembly employed Hifiasmr20.1.3The genome size was

2.4 Gb, with 36.0x coverage and a GC content of 35.0%. The largest chromosome was A06
(127,360,497 bp) and the smallest was D03 (54,589,988 bp).

The NDM8 cultivar was described by Ma (2021) at Hebei Agricultural University. Genomic
DNA was extracted from leaves of tweeekold seedlings. Sequencing was performed on PacBio
RSII and lllumina HiSeq platforms, and genome assembly was conducted using FALCON v1.0.
The assembled genome size was 2.3 Gb, with a sequencing depth of 89.6x and a GC content of
34.5%. The largest chromosome was A06 (119,073,090 bp) and the smallest was D09 (54,703,076

bp).
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Table 17 Genomic characteristics ofG. hirsutum cultivars

. Zhongzhimian Zhongmian BARBREN- Barbren713
Cultivar ZM24 No.2 113 (ng113) 713 32-30 NDM8
1 2 3 4 5 6 7
SEZZJZIOpmem not collected | seedling seedling seedling seedling two weeks
Tissue seedling young leaves young leaves | entire plant entire plant young leaves
Geographlc China China: Henan | China USA: College USA: College China
location Station Station
GenBank CM017385.1 | CM045129.1 CM104155.1 | CM038291.t | CM038317.%t | CM032202.1
CM017410.1 | CM045154.1 CM104180.1 | CM038316.1 | CM038342.1 | CM032227.1
Chinese Chinese Institute of Hebei
Submitter Aca_demy of Aca_demy of cotton USDA USDA Agricultural
Agpcultural Ag.rlcultural research of University
Sciences Sciences CAAS
Date Jul 29, 2019 | Aug 9, 2022 Jan 30, 2025 | Jan 13, 2022 | Jan 13, 2022 | Jun 24, 2021
Assembly type| haploid haploid haploid haploid haploid haploid
Assembly Chromosome | Chromosome Complete Chromosome | Chromosome | Chromosome
level Genome
Zi?}%i?:g;g PacBio Sequel PacBio Sequel | PacBio Sequell PacBio Sequell PacBio Sequel PacBio RSII
Assembly Canuv. 15 NextDenovo v. hﬁi‘;i:ﬁg' hifiasm v. hifiasm v. FALCON v.
method T 2.3.0 v V231 0.13r307 0.13r307 1.0
Genome size | 2.3 Gb 2.3Gb 2.3Gb 2.4 Gb 2.4 Gb 2.3Gb
Totalungap |, 5 g, 2.3Gb 2.3Gb 2.4Gb 2.4Gb 2.3Gb
ped length
Genome 1.0x 125.0x 150.0x 49.0x 36.0x 89.6x
Coverage
GC percent 34.5 34.5 34.5 35.5 35 34.5
chr AO1 112577161 121043734 120 628 686 | 119731888 119383478 119073090
chr A02 104266397 109264372 108366301 107964587 108284803 107674087
chr A03 105393268 114342330 113591098 113515339 113723839 113072090
chrA04 80868428 89470856 89294814 89135339 89061088 88948101
chr A05 107448258 112971952 114 104 290 | 112749629 113294159 112049794
chr AO6 121900087 127742751 128015698 127477704 127 360 497 | 127097621
chr A07 93248268 99241639 99024949 98310344 98365699 98540322
chr AO8 121 232165 | 127282784 126367618 126075804 125486242 126523771
chr A09 79884170 86366132 88768367 88669301 88519516 83270209
chr A10 109 403 145 | 118750516 117804371 118 207 260 | 118071405 118226759
chr A1l 115914562 125156326 123843250 124361224 124 380 747 | 123047965
chr A12 102340594 109904319 109204060 109 205 764 | 109263233 109222716
chr A13 107345356 122444943 112013154 112615166 111982279 111309922
chr D01 61090159 65136658 65763041 66207413 66293935 66018313
chr D02 68262679 73471370 73180589 74339275 73927771 73080204
chr D03 53049694 53820448 54059521 54675798 54589988 54703076
chr D04 54327443 58609752 59504096 59 435 069 59483441 58732198
chr D05 62317630 71744611 67228931 67 264 888 67944199 67339501
chr D06 63144374 68098790 66462893 66728972 66 724857 66853151
chr DO7 55165807 59767106 61139987 61060688 61154651 61 153 439
chr D08 66058605 70425916 71805435 71947194 71994 581 69886574
chr D09 50656052 54158153 57310315 55172 275 55 950 205 55028699
chr D10 64331360 69384279 69073422 68 797 300 69022009 69313209
chrD11 69233432 75329889 74 034 940 74325253 73930370 73297438
chr D12 60589447 62 856854 63419764 63320231 63382697 63248683
chrD13 60 180 343 66 343539 65051914 64760530 64960949 65224646
References [16] [18] [17] [20] [20] [21]
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continuation of the tablg

Cultivar JBM Yuanmianll YZ1 CSX8308 PSC355 UA48
8 9 10 11 12 13 14
leaf area and leaf area and
Development | young seedling not applicable | canopy Whole canopy
stage seedling seedling

development

development

Tissue young leaves | young leaves young leaves | young leaves | not applicable | young leaves
lGeographlc China: China: Xinjiang | China: Hubei USA'.SOUth USA: Texas USA'.SOUth
ocation Anyang Carolina Carolina
GenBank CM045499.1 | CM069105.1 CMO074220.1 | CM076542.1 | CM082153.1C| CM082236.1
CM045524.1 | CM069130.1 CMO074245.1 | CM076567.1 | M082178.1 CM082261.1
The institute Ningxia
. of Cotton Aca_demy of Hua_lzhong HudsonAIpha HudsonAIpha
Submitter Agriculture and | Agricultural Institute for USDA-ARS Institute for
Research of . : : .
CAASC Fo_restry University Biotechnology Biotechnology
Sciences
Date Aug 17, 2022 | Jan 12, 2024 Mar 18, 2024 | Apr 24, 2024 | Jul 30, 2024 | Jul 30, 2024
Assembly type| haploid haploid haploid haploid haploid haploid
@‘T‘zfmbly Chromosome | Chromosome Chromosome | Chromosome | Chromosome | Chromosome
tseiﬂlﬁ]iﬁlgg;g PacBio Sequel| PacBio HiFi PacBio Sequel| PacBio Sequell PacBio Sequel PacBio Sequel
Assembl hifiasm v. hifiasm v. hifiasm v.
method y FALCONv. 1 0.16.1 0.16.1 MECAT v. 1.3 03/18/2022 MECAT v. 1.4
Genome size | 2.3 Gb 2.3Gb 2.3Gb 2.3Gb 2.3Gb 2.3Gb
Totalungap |, 5, 2.3 Gb 2.3 Gb 2.3 Gb 2.3 Gb 2.3 Gb
ped length
Genome 128.0x 40.0x 18.0x 179.0x 40.9x 161.0x
Coverage
GC percent 34.5 34.5 34.5 34.5 34.5 34.5
chr AO1 119487501 119503960 120249496 119381165 119474596 117112808
chr A02 106956574 108475289 108211375 107188849 108240954 105664978
chr A03 113005158 113458299 113500973 112124782 113544907 111010592
chrA04 88 659587 88956553 89337491 88712028 90025657 88451855
chr AO5 110920663 112953411 112613041 109991617 112537697 109917801
chr A06 129207784 128147158 128075698 125428350 128169327 126621437
chr A07 98851549 98581300 98446870 98241532 98278401 97335875
chr AO8 125754566 126444814 126280128 125201531 126651951 125748362
chr A09 84538544 87981018 87 408 150 84008366 87012727 83 019 028
chr A10 117587747 117979994 118248507 117248284 118101055 117182076
chr A1l 123337410 124292941 124313730 122992942 124146241 122100811
chr A12 108770671 109357382 109210752 107737407 109175953 108042066
chr A13 111406123 111981636 112156509 111082403 112117856 111143903
chr D01 67005298 65874432 65713259 66904707 66 201905 65558898
chr D02 73787793 73 423 024 73570973 72562124 73250298 71457850
chr D03 55080092 54737121 54558231 54602881 54720647 54539853
chr D04 58826415 60261276 59381772 58397551 59665483 57408129
chr D05 66072703 67 605 726 66914693 67136090 65908016 65327979
chr D06 66737491 66 763680 66 572 821 66247743 66868618 66329078
chr DO7 62 054 521 61456119 60679514 59643172 61041968 58286762
chr D08 70 204 606 71743061 71821552 69655482 71775203 68510787
chr D09 54809226 56121625 55760029 54917242 56087791 53813707
chr D10 68788203 68821615 68879443 67837702 68597512 68178173
chrD11 73120872 73003245 73541740 73488099 74015571 72 849 196
chr D12 63032241 63445998 63455446 63245180 63565837 62835596
chrD13 65063187 65063231 65100670 65235532 65155209 64558943
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The JBM cultivar was characterized by Peegal. (2021) at the Institute of Cotton
Research, Chinese Academy of Agricultural Sciences. Genomic DNA was extracted from leaf
tissue of young seedlings, sequenced using the PacBio Sequel platform, and assembled with
FALCON v1.0. The genome size was 2.3 Gb, with 128.0x coverage and a GC content of 34.5%.
Chromosome A06 was the largest (119,487,501 bp) and D09 the smallest (55,080,092 bp).

The Yuanmian 11 cultivar was investigated by Wang, Liah@l. (2023) at the Ningxia
Academy of Agriculture and Forestry Sciences. DNA was extracted from seedling leaf tissue,
sequenced using PacBio HiFi, and assembled with hifiasm v0.16.1. The genome size was 2.3 Gb,
with 40.0x coverage and a GC content of 34.5%. The largest chromosome was A06 (119,503,960
bp) and the smallest was D09 (54,737,121 bp).

The YZ1 cultivar was studied by Xu (2024) at Huazhong Agricultural University. Genomic
DNA was extracted from leaf tissue, with no developmental stage specified. Sequencing was
performed on PacBio Sequel, Oxford Nanopore PromethlON, and Illlumina HiSeq platforms, and
the assembly was generated using hifiasm v0.16.1. The final genome size was 2.3 Gb, with 18.0x
coverage and a GC content of 34.5%. Chromosome A06 measured 120,249,496 bp, while D09
measured 54,558,231 bp.

The CSX8308 cultivar was characterized by Stiktral. (2024) at the HudsonAlpha
Institute for Biotechnology. DNA was extracted from young leaves collected during the leaf area
and canopy development stage. Sequencing was conducted on PacBio Sequel Il and Illumina
NovaSeq platforms, with assembly performed using MECAT v1.3. The genome size was 2.3 Gb,
with 179.0x coverage and a GC content of 34.5%. Chromosome A06 was the largest (119,381,165
bp) and D09 the smallest (54,602,881 bp).

The PSC355 cultivar was described by Cohen, Pezkial. (2024) at the USDAARS.
Genomic DNA source was not specified. Sequencing was performed using the PacBio Sequel
platform, and assembly employed hifiasm (version dated 03/18/2022). The genome size was 2.3
Gb, with 40.9x coverage and a GC content of 34.5%. The largest chromosome was AQ06
(119,474,596 bp) and the smallest was D09 (54,720,647 bp).

The UA48 cultivar was analyzed by Bourlagidal. (2024) at the HudsonAlpha Institute for
Biotechnology. DNA was extracted from young leaves at the leaf area and canopy development
stage, sequenced using PacBio Sequel Il and lllumina NovaSeq platforms, and assembled with
MECAT v1.4. The genome size was 2.3 Gb, with 161.0x coverage and a GC content of 34.5%.
Chromosome A06 measured 117,112,808 bp, and D09 measured 54,539,853 bp.

Comparative analysis of these genome assemblies confirms the conserved chromosomal
organization of upland cotton while highlighting subtle differences associated with csftieeific
adaptations. The table 1 summarizes 13 hagpéidl genome assemblies of upland cotton cultivars
from China and the USA, generated between 2019 and 2025. These assemblies were produced
using advanced sequencing platforms, mainly PacBio Sequel and Sequel II, often complemented
with lllumina or Oxford Nanopore technologies, and assembled with tools such as Canu, FALCON,
MECAT, hifiasm, and NextDenovo. Genome sizes are consistenti&.2.Gb with a GC content
of ~34.535.5%. The samples were collected at different developmental stages and tissues,
reflecting diverse experimental designs Chromosome A06 was invariably the largest, while D09 (or
D03 in some cases) was the smallest. Variation in sequencing technologies, assembly algorithms,
and parental lineages reflects both advances in genomic methodologies and the distinct breeding
histories of these cultivars. These higlality assemblies substantially enrich cotton genomic
resources, supporting pangenome development, structural variant detection, and the identification of
alleles linked to agronomic performance, stress tolerance, and fiber quallitjately informing
targeted breeding strategies @r hirsutumimprovement (Table 1).

Advances in genomic tools and breeding strategies f@s. hirsutum Whole Genome
Sequencing (WGS)is a comprehensive genomic analysis technique that determines the complete
DNA sequence of an organi smbds g e nhy-basecovaraga, s i n
WGS allows the identification of virtually all types of genetic variation, including single nucleotide
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polymorphisms (SNPs), insertions and deletions (indels), structural variants, and copy number
changes [29]. For crop species suclsabirsutum WGS enables the discovery of millions of SNPs
across the genome, which can subsequently be filtered and curated to desigienikigh
genotyping array$30]. WGS provides flexibility for exploring novel loci, detecting rare variants,
and identifying genomic regions under selection. This makes WGS not only a source-of high
quality marker datasets but also a strategic platform for developing resources such as the
CottonSNP63K and CottonSNP80K arrays.

CottonSNP63K array

Single nucleotide polymorphisms (SNPs) are the most common type of variation in plant
genomes. They are evenly distributed across the genorabelid, and codominant, which makes
them a valuable tool for genotyping, quantitative trait locus (QTL) mapping, and raasisted
selection. A breakthrough came with the development of the CottonSNP63K array, designed using
genomic libraries (RABseq and RNAseq) from 11 cotton lines and interspecific sequencing data.
From 1.2 million candidate SNPs, 45,000 interspecific and approximately 18,000 intraspecific
markers were selected. The panel proved useful for trait mapping and diversity analysis but had
limited coverage of intraspecific polymorphisms wit@nhirsutun{31].

If the CottonSNP63K array became the first universal tool for cotton genotyping, the
CottonSNP80K array significantly enhanced intraspecific resolution, making it possible to conduct
fine-scale genetic analyses with@ hirsutum Together, these arrays marked the transition from a
limited set of markers to higtlensity platforms, opening new horizons for functional genomics and
cotton breeding.

CottonSNP80K array

The next step was the creation of the CottonSNP80K array, specifically optimized for
intraspecific diversity. Its development was based on the reference genome sequence efithe TM
line and resequencing data from 1GO0 hirsutumcultivars. From 1.37 million candidate SNPs,
those passing filters for minor allele frequency (MAF > 0.1), flanking sequence quality, and
lllumina design scores were narrowed down to 82,259. The final array, implemented on the
lllumina Infinium platform, contained 77,774 markers evenly distributed across the genome,
averaging one SNP every ~25 kb.

This technological advancement enabled highly accurate genotyping with reproducibility
rates of up to 100% and more than 95% concordance with wgleoleme sequencing data,
facilitated the mapping of important agronomic traits through GWAS, traced the origin of modern
cultivars and the contribution of landraces and introduced forms, accelerated the identification of
valuable alleles for breeding programs, and allowed for the verification of cultivar identity and the
detection of heterozygosity in F1 hybrids {32].

Axiom® Cotton Genotyping Array

There is another array, the Axiom® Cotton Genotyping Array, which is relatively new in
this field. It was developed by Affymetrix in collaboration with the National Botanical Research
Institute, India, and represents one of the most comprehensive tools fodemgky SNP
genotyping in cotton. The array includes 35,550 markers identifieds.mrsutum and G.
barbadensé€Pima cotton), the two species that account for the majority of global cotton production.
Cotton is crop with a narrow germplasm base, making SNP discovery and genotyping particularly
challenging due to the low frequency of polymorphisms. Traditional approaches such as
genotypingby-sequencing (GBS) have proven inefficient and costly for this genome type. The
Axiom® Cotton Genotyping Array overcomes these obstacles by providing robust, reproducible,
and costeffective genotyping results.

The markers on the array were selected from multiple sources, includingemyécteed
genomic sequences db. hirsutum genome reduction approaches based on restriction site
conservation (GHRSC), and interspecific assemblies G hirsutum and G. barbadense
Importantly, marker discovery was performed using diverse accessions representing both cultivated
and wild cotton for ms, as wel |l as |lines wit

27



relevance for both diversity studies and breeding applicaf®ts This platform is suitable for a

wide range of applications: genoméde association studies (GWAS), QTL mapping, matkait
association, molecular breeding, and SNP discovery. It provides reliable data for analyzing complex
traits of economic importance and for accelerating the development of new cotton varieties through
markerassisted selection

GWASas a tool for dissecting complex traits in plants

Genomewide association studies (GWAS) are a powerful approach used to identify genetic
loci associated with phenotypic traits by scanning the entire genome for statistically significant
marker trait associations. Unlike traditional linkage mapping, which relies opatental
populations, GWAS leverages natural genetic variation in diverse germplasm collections, offering
higher resolution for locating causal genes. In plants, GWAS has become an essential tool for
dissecting the genetic architecture of complex traits, such as yield, quality, and stress tolerance.

The first genomavide physical map o6. hirsutumwas constructed by Zhang et al. (2012)
using a BIBACGbased approach. They developed a comprehensive physical map consisting of 3,450
BIBAC contigs with an N<sub>50</sub> size of 863 kb, spanning approximately 2,248 Mb
covering nearly the entire genomand(Osubgéndmes %)
origins [40]. This map, annotated with ~10,000 BIB&@d sequences (BESs) (one per ~250 kb),
provided a crucial platform for fine mapping, gene/QTL cloning, and sequencing efforts [35].

Before that, in 2010, a draft physical map of the diploid progenitor sp&ossypium
raimondii (D-genome) was constructed by Lin et al., integrating overgo hybridization probes,
agarose fingerprinting, and highformationcontent fingerprinting (HICF). This connected 1,585
contigs to a consensus cotton genetic map, anchoring them als@hbmopsisand grapevine
genomes, thereby aiding assembly and comparative genomics [36].

More recent advances include the development of subgeanam®red physical maps for
upland cotton. In 2017, Saski et al. constructed BAC libraries and generated a de novo whole
genome physical map, partitioning it into- And Dsubgenomes using BES alignment, FISH
validation, and SNP genetic mapping. This approach delivered the first subgancnoeed
physical maps and advanced the road toward obtaining a refepemtegenome assembly.

One of the earliest systematic applications of GWAS for investigating drought tolerance in
G. hirsutumwas carried out by Hou et al. (2018) [37], who used a natural panel of cotton genotypes
phenotyped under both wateeficit and weHlwatered conditions. Their analysis revealed
significant SNP associations with traits linked to drought adaptation, including loci near genes
involved in abscisic acid (ABA) signaling, stomatal regulation, and root system development,
laying the groundwork for molecular markassisted selection in breeding for stress tolerance.

Building on this foundation, Guo et al. (2022) [38] applied the Hoighsity CottonSNP80K
array to a population db. hirsutunraces, identifying novel loci associated with physiological traits
such as wateuse efficiency and photosynthetic performance under drought conditions. By
integrating GWAS findings with transcriptomic data, they pinpointed transcription factors such as
DREB, NAC, and bZIP, along with aquaporin genes essential for maintaining cellular turgor.

More recently, Sun et al. (2023) [39] conducted GWAS on G5Girsutumgenotypes
grown under normal irrigation and wadenited environments, discovering SNP markers strongly
correlated with yield components and root morphology under drought stress. These markers were
recommended for use in markassisted and genomic selection to accelerate the introgression of
droughttolerance traits into elite lines.

Collectively, these studies demonstrate that GWAS, especially when paired with high
density SNP arrays, offers a powerful means of uncovering genes and alleles underlying drought
response, providing valuable molecular tools for breeding and advancing the understanding of the
mechani sms driving cottonbés adaptation to wat
applied crop improvement to enable the development of clineaikent cultivars.

Meanwhile, wild species oBossypiumare recognized as invaluable reservoirs of genetic
diversity for breeding. They possess traits such as disease resistance and abiotic stress tolerance tha
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can be introgressed int. hirsutum Efforts to utilize wild species lik&. mustelinunhave shown
improvements in fiber quality through backcrossing generation trials, although reproductive barriers
such as hybrid breakdown and daylength sensitivity pose challenges [40]. Reviews emphasize how
untapped genetic variation in wildossypiunspeciesd including salt and wilt tolerancé can

broaden the genetic base and enhance stress resilience in elite cultivars [41].

The combination of higldensity SNP arrays, GWAS, and wild species introgression thus
forms a comprehensive, modern toolkit for cotton breeding. These synergistic approaches accelerate
the development of improved germplasm exhibiting superior agronomic traits and resilience to
environmental stresses.

Conclusion. In this article, we first reviewed the genome assemblies of severaGkey
hirsutumcultivars, including TM1, CRF12, and ZM24, which have served as reference materials
for comparative genomic analyses. We highlighted the pioneering works of Li et al., Zhang et al.,
and Wang et al., who provided higjuality assemblies that have significantly advanced our
understanding of cotton genome organization, gene content, and structural variation. These genomic
resources form the foundation for dissecting complex traits such as fiber quality, yield potential, and
stress tolerance.

Furthermore, we examined recent advances in genomic tools and breeding straté€gies for
hirsutumin greater detail. Particular attention was given to the integration of GWASdbiugity
SNP arrays, and transcriptomic profiling which collectively enhance the resolution of trait mapping
and accelerate the development of elite cultivars. The works of Fang et al., Huang et al., and Chen
et al. exemplify the application of these approaches in identifying candidate genes linked to
agronomically important traits, including salinity tolerance, drought resistance, and improved fiber
properties.

By synthesizing current knowledge on genome assemblies and advanced breeding
methodologies, this review underscores the critical importance of integrating genomic data into
breeding programs. Such integration not only facilitates a more precise identification of key genetic
determinants but also enables the design of molecular breeding strategies tailored to global
agricultural challenges. Ultimately, these insights provide a robust framework for the sustainable
improvement ofG. hirsutumcultivars to meet the demands of both producers and the textile
industry in the context of climate change and resource limitations.
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Annotation. In Kazakhstan, the main export crop is spring wheat. The main share of grain sold on
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the world market is spring wheat grown in Northern Kazakhstan, where the sown area under this crop
reaches 85%, which is about 10 million hectares. In order to increase the yield of wheat in the conditions of
the sharply continental climate of Northern Kazakhstan, it is necessary to focus the attention of breeders in
breeding programs on the creation of competitive varieties resistant to limiting environmental factors. The
purpose of the research is a comprehensive assessment of the spring soft wheat line and the selection of
promising samples for economically valuable traits. The study included 33 lines of spring soft wheat, which
were sown at the stationary facility of the spring wheat selection laboratory of A.l. Barayev Scientific and
Production Center for Grain Farming in 202324. Phenological observations (seedlings, heading,
ripening), drought resistance, resistance to lodging were carried out in accordance with the methodology for
conducting variety testing of agricultural plants of the Republic of Kazakhstan. Commaodity classification of
grain varieties was carried out on the basis of the requirements of the national standard STRB08046
baking qualities were determined on the basis of classification norms. Thus, over two years of research, 8
lines out of 33 spring soft wheat lines were identified that reliably exceeded the standards in yield: 224/14,
132/15, 169/15, 73/15, 285/16, 241/14, 182/14 and 248/T4he highest natural content was noted in the
following lines: 347/11, 132/15, 249/#4 and 326/1€. High vitreousness values were noted in the
following lines: 224/14, 132/15, 241/14 and 2042.4High gluten content was formed by the following
lines: 73/15, 132/15, 86/15 and 241/14. The first group7&binits of TDC) of gluten quality included 14
lines: 204/142, 249/144, 241/142, etc. According to grain quality indicators, 2 lines were identified that,
according to classification standards, belong to strong wheat: 285/16 and 241/14. According to a set of
economically valuable traits, 2 promising lines were selected: 285/16 and 241/14.

Keywords: Spring soft wheat, variety, yield, natural weight, vitreousness, gluten content, gluten
quality.
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STUDY, EVALUATION AND SELECTION OF HIGHLY WINTER -HARDY FORMS OF SWEET
CLOVER PLANTS IN THE CONDITIONS OF THE AKMOLA REGION

SagalbekovU.M.1, Doctor of Agricultural Sciences, Professor, Academician of the National Academy of
Sciences of the Republic of Kazakhstan
Ualiyeva G.TY, PhD
Kalibaev B.B.t, PhD
Kalin A.K. 1, PhD
Smailova G.T2, Candidate of Agricultural Sciences
Kapbassova G.A?, Master of Natural Sciences

LLP «Kokshetawexperimental productiofarm», Akmola region, Zerendinsky district, Shagalaly village,
Kazakhstan
’NPLC «Kokshetau University named after Sh. Ualikhanov», Kokshetau, Kazakhstan
3Abay Myrzakhmetov Kokshetau Universitgkshetau, Kazakhstan

Annotation. The article presents the results of the selection assessment and selection of promising
source material for breeding of highly wirdesirdy forms of sweet clover plants. Experimental studies were
conducted (201:2024) at Kokshetau experimental production farm, Shagalaly, Akmola region.

According to the research results, all sweet clover samples in the amount of 637 numbers from the
world collection of Vavilov AltRussian Institute of Plant Genetic Resources, local populations and breeding
lines, depending on the degree of overwintering, are divided into 5 groups and the limits of variability of this
trait from 50 to 100% overwintering are determined. 89 sweet clover samples had a very high winter
hardiness, which were formed in harsh overwintering conditions in such environmental conditions as
Western and Eastern Siberia (Medet, Obsskiy gigant, Sibirskiy, Novosibirskiy, Sretenskiy 1, Kerchinskiy 1,
Sayanskiy, Katek, Omskiy skorospeliy, Severniy, Nemyuganskiy, etc.); Northern Kazakhstan (Shedevr 75,
Shaveken, Akbas, Sarbas, Kokshetauskiy, Severokazakhstanskiy 7, etc.); Northern EtB2R84(Ki
32335) and North America (Arctic,-B8852, k38855). The sign of winter hardiness varies slightly within
groups and populations. The coefficient of variability (V) does not exceeBl 82, that is, selection can be
very effective. Based on this hypothesis, a breeding method for selecting hardy forms of sweet clover plants
was developed and tested, where such criteria as the duration of vegetative growth per year of sowing, the
diameter of the root crown and the depth of the root crown in the soil were used as evaluation and selection
criteria.

Keywords: sweet clover, source material, sample, variety, winter hardiness, selection.
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PYHOISF®Y OdzOHO " BMOY X OLHTY BdHO2HT WY Mmjidj Cydw
h OQtezOh " dzr or Ispy ' tedBd MsOdydwmr dzh O hr DO ZDOdz MiStslk
ELGjtcg  hIs' ¢ B3d &z EL OO BO2&ZOdZ fiyr Odz" Y Is ©OdzD O dz. LN
DOtcODOdzH ' 60 YpDdzj DHDOtOODOdzHT 70. 1 OQtcdzr v MtstelslsOtc B
OteOMr dzZH © Is" Oy Is” sStelsOh O spkjdzH' dz ¢ BO2Y OdZOHT O«
Y S00t" Oy . 1" dz-Oj tgitclislgj tdf "ffjgdeH Q2 MslslsOte " DOLEzZHO o
Otelslsr tczd3j dz Y OlsOtg, 1000 HDdz ®OMMOMrdz (y =0, 64NKNO0,
[Ddz BilslsjteH' ISOZHOE CEWMjIsSCjdzHi 2, MOBOYIS"T W Yy Odz' WH
O2Y" dzH OdzOIsT dz, Mtsde" d3gj dz B ' 6 Bdr W Is"y"r d3 Y zOdzO?2Is' dz

B2 dzh O (ELG WG NIs'C CwiWWdudjdds' &g w KEd) dz Bk’
BO2 &zOdz ) | dzdlsOckzOteH’ 'to' Cljk SjL' dHj EdZ BH' dz § &
1ic' ' LE" ®BOMOYLrvw Edd BH' o2 ¢° dz BOMOY ' w Hjwej2' dz
BSdOHT . [ DdHjte MOdz B ' teHj2 1 dzdlsOdzOte " h " dgHj Y Oy fr
(S S

U € L HBjdte: © Bz, BHH Gy PQec T dzE 3G j to € tsh K W ¢ Lot tatids)’ dgwj e |
BOOD " d&zO.

VARIABILITY AND CORRELATION OF ECONOMICALLY VALUABLE TRAITS WITH
GRAIN YIELD IN SPRING SOFT WHEAT IN CENTRAL KAZAKHSTAN

SeredaG.A.*, leadingResearcheiCandidateof Agricultural Sciences
SeredaT.G., is aresearchemnasteis degree
SeredaS.G, Researcl\ssociate
Ubykina T.N., is ajunior researcher

LLP «A.F. KhristenkoKaragandaAgricultural ExperimentaStatior», Karagandaregion,Kazakhstan

Annotation. The article presents the results of spring soft wheat breeding, determines the variability
and association of economically valuable traits in varieties developed at the Karaganda Agricultural
Experimental Station: Karaganda 22, Karaganda 30, Karaganda 31, Karaganda 60 and Karaganda 70. A
stable average relationship is observed between grain yield and tha@uaandveight for all varieties,
however, with a higher value for Karaganda 22. These data also suggest that when creatiipgady
varieties, an increase in 109@ain weight (h = 0.64 + 0.27) along with an increase in the grain content of the
ear is more promising. Data analysis revealed that stem density, determined by a variety's potential for
tillering, is also a hereditary trait. When selecting elite varieties based on main spike traits (low coefficient of
variation and high correlation with yield), it is necessary to strive for an optimal combination of productivity
traits. Main spike productivity can be increased by increasing the number of grains in the spike and grain
size. If the selected elite varieties are equal in grain number, preference should be given-gvaeegr
varieties with good filling.

Keywords: wheat,yield, crop structure coefficientof variability, correlation trait, value.
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NEW SPRING BARLEY VARIETY BATYRKHAN

TokhetovaL.A.1, Doctor of Agricultural Sciences, Professor
Abugalieva S.1.2, Doctor of Biological Sciences, Professor
BaimbetovaG.Z.1, PhD Student
GenievskayaY.A.2, Researcher, PhD
DuisenA.D.1, Master of Agricultural Sciences

1 LLP "Kazakh Scientific Research Institute of Rice Growing named after |. Zhakhaev," Kyzylorda,
Kazakhstan
2 RSE under the right of economic management "Institute of Plant Biology and Biotechnology," Almaty,
Kazakhstan

Annotation. The new spring barley variety Batyrkhan, for which a notification of positive
agronomic evaluation has been received and a patent application has been filed, was developed through the
collaborative breeding work of LLP "Kazakh scientific research institute of rice growing named after I.
Zhakhaev" and the Republican state enterprise under the right of economic management "Institute of plant
biology and biotechnology." Batyrkhan was obtained from the hybrid combination-38%3074K and is
di stinguished by isanr mexetleomdgeadt i fotniol Ipehraisneg dgraigmh gr
weight, which ensures its high and stable yield. The variety is resistant to loose smut and covered smut,
shows low susceptibility to Fusarium root rot, and demonstrates adaptability to salinity, drought, and
lodging. Its short vegetative period and vigorous initial growth allow for efficient use of natural soil moisture
following rice cultivation and help optimize fieldwork in the rbased crop rotation of the Kazakhstan Aral
Sea region. Economic calculations show an increase in conditionally net income of 35,000 KZT/ha
compared to the standard variety, and the lack of irrigation requirement provides savings of up to 6,000 m3 of
water per hectare. Batyrkhan combines high productivity, ecological resilience, and economic efficiency,
making it a promising candidate for introduction in the arid and saline conditions of the Kazakhstan Aral Sea
region.

Keywords: initial material, breeding samples, variety, competitive variety testing, vegetative period,
yield.
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(

4

H
Qisdzlsj?dz;tedz;tecc; HJOM] st 15 ) fmjB " dzn ' s C
stsdzlsr tor dzD O dz. pMm' to' dz6 j dz B“tGTthﬂ(eStaIlIE]‘tGdBI;ICQISJt@ daj Jr
fsfedzyydwvmrdz "MsOZzDO b dad Ispy ' tcdBj dzj toH | fls G
HdMEC " dzjte' ) CeEL' tojls' dzgH] Y tSdzH Odz" dzH ™ .
d &3] Bzls\sigadsHig ff* d3H * ¢ dgH J EfM' 6" dze j dz T. t
fyr f O2 HOM®zOdMzr dzH " . I"dz Y ODHO2HO dzd ¢ |
L jls' dzu ' : sj & j eOkzte® 28N1AC, Ok Odz
H 16 mMODOIs YOty XYpdzj 8 MOODOI Y OLOWD
s O fYsfkdvydwimrr drw Is"teOYlIsT HOW®REZ™ dZO X ODHC
BOW" LH" BEMZHT .

Czlssfisyf Olstse j dzH MO6" tc Ok 3 u dzO g 5] AddsHls PEAawvgfia ts dzv Is
bassianal dzls s 3tstf Olsts @ j dzH ° MOVw" Oy " d&zZOD" dzr W OdzlsT h Is
DOL OYMisOdzdz" ¥ wWisIfjls 0 )y lORBOBWOKLMEEO&E BE dZ' dz2'
tsB dzr fyr (4 Oty Odz OkHOdMZ ), rodsBr dz B dzrf M- ( OtsteH
([ OYIsO0tcOdzS PlRis Pdzr ) (1
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1-C j fjilBgauveria bassianfOW'" Oy " &zOOT" dzf W h IsOd3H Oter

Z s Odzd3 1Ed d2 §f Odzr dzDOdz tstedz'|§ dz@ dzD Odz tsB |
BL1(k)-09 rodier dz spdzf pr, OHBEKGHO2 O Lepidoptera
BScap-09 rodie" dz spdzf pr, OHBEKGHO2 O Coleoptera
BL.( kO rodier dz spdzf pr, OHBEKGHO2 O Coleoptera
BP,-12 ¢ zdzOIsr tsBdzr M, d© Otey Odz, Hemiptera
BCa;(m)-09 vihteGd' MisOdz B Mr [ Oy s Coleoptera
BOEZM" d3
BEL-09 vilte€ " MisOdz tsB dzf Myr , [ Oy Is Coleoptera
BOEZM" &

cteB' to6 NIlsOdsdz nh' dz MisOdzH OtclslisT C tsdzd-ts @ tzO tdrHz iy ff
MOdzH" Yy ifMmMjfljk [ Bttvjo CORj ttOmr dzhO ( CE dzj B 0,
NItee " L " dzH " . rvdsr i Memf jdrdwmrr 100 ddz Mmisj ted dz' +
CsdedHdw/ BBz Mswor Cwdeyg dzlstcOyYydw dsj dz HO2 " dzH OdzH "
siMmis" dzjz nh" dz MisOdzHn Otelsis Bdtsdzsedwdz v yHSIsj d3gj
YoOoyMmr M wk' ybpodad MM jdLrdwvdzyr w jw kOtcOdzlzr Inh
Codpyj delstcOydw mr d3j dz Bj2ddetse jdgH' Hjlsjtedjdals Twee

T. turkestanl © 2 0OIs™ Misr f Olstseg jdzn ' dz' CIlskll tcB @S O zP@tc
I dZlsts3sf Olstse j dzH * MOw"r tOkZY " dzOY sOtcH" W Isd" dgH ' dz' ¢
Isj &3 jcOIskztcOHO ybDdzj 70N5% MOdz Mis' wdzOdzr ' dZDOdzH '
Nh'* dz Isetels YO2Is0zOBO (HJOM] Iste" 15 mMd3 1 jlsted IO
20 T. Turkestani HOtO&Ot' BGtedzZOdzZOMIsr " dzH ' .

1 jlsted IsOBOYM OdzOt" dzO OdzH'™ d3gj dz " dZD OdzH OdgH " to' dzD
YO " tcOY SOt” OB OC M Odz! HT (IseE d3d dzG " ) ¥y 00T Y50
NOYrteOYIsTw mMODOY BEWMW 6" dz " &ZDOOdzH OdzH " 6" dZODOdz O
BOtodzr v { CMmf jtod 3 dzls TB t@rkesténid dz@O@ smMOY s@egeic” . 3" W' " C
Dtc Y Ofr cOYYO CEN' t6' dzH * .

Beauveria bassiana Is OdzH Ote’ , Ols Oifk)-09 BE&cwu-04zZBLY KB LBR-12,
BCa(m)-09 yDdegP9,Belll 10 ¥odej 1110 CsdedH gV / Bz
mMemt j dzaL W dzOte’ Islite' dghj HO2T dzgH OdzH " . w kMt j daL d W dzC
YO2IsOZzOBOODO 2 &z RBEdZM jto' dzgHjg M Ohr dzHr . ) OdzOdzH O
Ybpdzf EdZGjdz YDdzH' CIsjte MOde s teC jdzn' . bDdzejdz € J
MOdzr dzDOdz 1 jIstcd IsOBOYN"N OdzOter d&zO Okr fmiIsr tor dz' ff , 14
MOy IsOdzH " . [dStSLHTY 1 ldBdsedw ds tcOMlsOE nh' dz
HO2" dzn Odzr f, RBIStesMEsffjd L jtelslsjdzn . 1 OyY"r dzOk 1
Mz o&jdz Tween 80 (0, 1%) YyYtsMmr dzoOdz jto' Is' dzgH " d3j dz L

ZsOdzH Ote OtOmM" dzH OO ' MsOIlsdmisd ¢ Odz" Yy BOW" L HT
HiJWEJd2' HitejSCljte! BB2T dZh O HdMY jtemMdtsdzHT IsOdzH Ok

1Jtelslsjlz dzplsdy J dzj tef ) Dzl ¢ 'BLiZOdedH § dz IS1OGy f Jda®dzdz
Beauveria bassiananOwr tcOkzy " dzOD ' dz' v Tewalsychus htiskesighkdg" dzj ' dzj
Y Ols™ Mmisr f Ossej dzH " G Dtels Il tcdz' Ctsded H d 2 Cdzyg dzlst
dbdzr &zZ0Odz HjtojSCIsjtc DteB ' to N IsOgRHz &' dz'fy tcE dzf fztc i€ | H
Odzr YIsOzDO &N dBE " dzH' € B J teH " . VEdR]j dZH] BOY'™ dzOk €
sd' fsH" d&z' ¢ dz CEtGMJilsjls’ dz MOdzr Klg 'MitsdggPdz" dzplsdy § dzj te
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2-C j fmilBgauveria bassiana dzls s 3stf Ols 56 j dzH ' TetrabyOriit@kestade w b Mj to°
dzblsdy ifm' dzHy Is" S jdzejdz Edze Hjwe 2 dz2 W CEeteMmilsC hisjts

"1/ MzO®RH O] s tsdzyj dzls{ pidzk HjWweEj2', CId
3 5 7 10

1 BL1(k)-09 10 2,5+25 15,0+2,8 | 17,5+2,5 | 30,0%5,7
10° 0,0 12,5+25 |27,5+7,5 | 35,05,0

2 BScap-09 10 2.5+2 5 20,0+8,16 | 30,0+12,9| 65,0+5,0
10° 32,5+8 45,0495 | 70,045,7 | 88+6,0

3 BLi( 0P 10 0,0 50,0+9,0 | 68,0+15 | 83+6,0
10° 2,525 32,5+4,7 55,0+5,0 | 93,0+5,0

4 Bp2-12 10 0,0 12,5+6,29 | 22,5+6,2 | 35,0+5,0
10° 0,0 12,5+25 | 27,5+4,7 | 45,05,0

5 BCa(m)-09 | 10 0,0 25,0¢5,0 | 42,5+6,2 | 65,0+8,6
10° 0,0 45,0+6,4 | 72,0:3,0 | 88,0+8

6 Bel,-09 10 0,0 7,5+2,5 12,5+2,5 | 30,0+5,7
10° 0,0 20,0:6,0 35+9.0 45+15

1 Oy " dzOk 0,0 0,0 0,0 0,0

P oD dz | (P<0.01)

1 dtelslsj 2 dzB.Islhgsiardz!] 58 O d3dzH O teTetdanyehus turkestad j Y Otcfyr
dqtozdzj dzlsls' dz' ¢ ' dzH | MisOIsdmMisd ¢ Odzr y S" D" HOdz OV
E tc i) {Ps(s01). BScap-09, BLy( D)9 » BAEM)09 h IsOd3H Ots’ J¥Y > BO0O0OtET
Odz' Isr-ldfp zd2'0C Isj C-93%J dizf twH EwWzE8 &1 j WGE j 2 ' dz BIrap@&H Olsis
Is O d3r JYU YT dzHOd b'inj tep € dz'tcWls sB8 dzlz 5 MBY W)d(JIR)D dzif B tz
BCa(m)}09 h sORH Ote™ BOWE, B ' tcOY O2W oz 'Diées] oEf) W rjdeH
Hjwej2 dd v Cetcmj @hizlgbkle' Cltls Otlsisr

)
¢
Is
h

Mortality Rate by Bacterial Strain Over Time

—#— BL1(k)-09 (107)
-®- BL1(k)-09 (10%)
BScar2-09 (107)
BScar2-09 (108)
—— BI1T-09 (107)
-#- BI1T-09 (10%)
—— Bp2-12 (107)
-®- Bp2-12 (109)
—&— BCa3(m)-09 (107)
—-$- BCa3(m)-09 (108)
—&— Bel4-09 (107)
-#- Bel4-09 (108)

)

Mortality Rate (%

Time (days)

Ik tijclds SItedz MOV ©OkEY " &ZOY " sO®BH Ok’ dz® B 02 dZOdz fls'
DOdD Odz " IBOEEGY Bsl2 Bek-09) BrlsOh O Isd' dHad 59%CE &F

Hjwej2 dz Iskz' dzH Olslis’ . 1 Otcdz’ ¥ Y ODHO2 &ZOtcHO A2 Y " «
Yyd dzlstc Oy dvjdaz-c1J00 H j 2 ' dz Otelsls™ ok o dtokzdzj dzlsls' dz' SIs'
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[ Mr 0O0dz B OBE&@ERY BIsi( D)9  BAR(M)09 h Is O d3dzH A .teturkizstaniH
BdBdZtedwdz ¥ yBdzdzj &z BOY '™ &zOEH O jw ] tchBSgast®dols’
(Beauveria bassiana " IsOd3" dz" w 11 10 ¢ 5 dzd HHJ@U ' d3ddn £ fiistfdgydiLdzis e
LOzOdzH OdgH " te" zZDOdz C jdgj dzj teH' W Edz' &3 dzj dz € j 2" dg,
CJdej dzj 6 B E dzd3d Isj B j cOSkzcOM" -dz2d@ 0 O dzB @ dz® Az s & 1 €2
splzdz' SIsjdz €42 dz Edz’ BSRasgpen @ HIS wdz H@dla] J dadjAsH "drH j My
BO2YOdzHT . 1 OYT" dzOk dz" My OMmr dzn © BB yd dzd2H' ¥ E ME"

1 OlstsgjdzH' BsteWsdsedwdr v Mp2¢iMmMisjdeH oz n1h "' de
Odzr dzDOdz S tsdzdH W d&zOte v OBEZtes OGOt dZO j ¢ ' dzH10. S 5
Chndz Bs2r BBOhassdz@ "Isp dz IsteW sdztse W dzr v B J dzG ' dzj to
CjdzgjdzjtcH' W Edz &3 dzj MOW™ Oy " dzOY d dafnizGoydsy mr dzr v

2-fn Iz tei jBBauveria bassian®8Scar-0 9 h IsOd3" :
ATd OB Mg MistesL HT OGOt ( SDA) Yt SECEdtsudd O dH OME B
Bjlsill €O Csded H 2/ gz T. wmidkmstardzly tc @ i 1diy1; @z'DWE tsded H 2 / O
C sdzyj dzls tc O Y. durkdéstardzg' j¥ D fij Btdassian& tsdzd H W dzOter ( M Stc O dzOt

I "dz L jtelslsj izH B.vbassiamdd d i fiztzjs ts ‘O.tdurkemstavic j| Y Otelyr s
BdtsdzsedWwdzr Y BOY'™ dzOkzh ' Ocjdelslsjtc tojls' dzvHj ©O2IsOtedz
h QtolzOhr dzr O dzH O C jWw IOtOd&zDOdz ¥ pdzj 1 Ctsdetsdzd S Oazr
BS2T dzh © odtolzdzj dzlsls' dz' Sl W ELGjteeg hils' @ h Is O dst
LdwdgS JMisjtecdgj dz Slitcjfl BODHOtdzOBO&ZzZOter dz tsWiIs ©2 dzO dzH
BScap-09, BLi( K0)9 3BCexin}09d L sdzv s9Ote'C Nld@es j Hj2 ' dz Y SDOte’
(1710 Y Gz dyd 0 Bt % E dze HjwWE j2 ' dz Iskzr dzH Olsr f,

pdzz HjWEj2' dz2 W HBL Oz Y XD dzj Bo®yiandzy @ B P zdzO d

DtejCjls jlkz BjnOddL B dj MD2CjifMm CjdjH' . wOW' GOk
Wittdj dzsOlsdols' € HjCLOHOYdY d5jdz d5j ROdd S Ocdzr vy Yr fr
N 500t Ctdyj dseoydwi ddWjcydwdr w Mok’ kOO
EOYrilsrdzZ w "LOYlr Dl fMOWr Oky" &OyIlsr w Eefmk' dz xD
CodzsdedL Oydw dzOdzge ™ dz Y OB OBOMr L jlsjH', BUvd Mt
Nf stcOd&zZOHT W N jlsC' & CIs' hEG'  dgh' M) &z Y Odz f sOMls
k" cOYIsT dz D" &z YOBOKBOMr L  jlsk nh' dg ywsdHOde Mt
Hodzj dzH j2H', Df' 8jfMj HOEOL Y »ODHO2EZOLHO [12].

RLEMYISsOte OwOf" dzH 00" odldzj dalsls' dz' € @3rdag GON

jedjddsls' € B jdzfjdeH' d2 Sk'W  jwjShjd Slsje' &) dz
02 &ZOdz' Mis' BSdz' BSCaB9Y Bk OJ9 MPBEE) L sdv sls Ol df
S0’ kqd' &H' &' ¢' B'"d NISOBHOBH'WY SkldSkzdd 8"

X W ==
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dzj d3j My MY stcOZzOtH' W Edzalz X" dZHOBBHT D" dg" W Y S0 O0Oter j
Bsdzj € &z dzv tcdz" Y 3 D dzj Bd&rddidw dzr v mMdf Olsls ORROMT ts
Odz' YIsOzDO CeEdRjSlsjifm" §, Bddzcedwdz ¥ BOY'™ dzOE Mk
BJtdH'

B. bassianadzr B dtdzsedwdz ¥ BOY'N dzOkzhr OcGjdzls toj s’ dzt
fimMsdydHlsjtedzdj dz MOdzr Mis' wcoOdzH © CEfIsjejde Otelsr yh

StlkODO DMjtH' W OLOS ", tjLdMmlsjdlsls’' &z Cls° W HC
qdzls j CteOYdW zOdz0 Oz L W dzC jMlsjtedsjdz Stejfm (I PM) {t
B. bassianalz’ | PM B ODHOEdOBOdEOK dzO fMbplsls' jdzg' Lk nh'°
% ODHO2 ZOBHO Is"OYIls™ &' ¥ ypdsj BOMYO L dwdesjmlsjt
dwyls' B'ty OOt b fj dzj dzj B thassiahagzh £ 8 QW @ Is & d 16 dzthc
BOY' dzOzhr OC j dzlsls j tcd3j dz, d3r BOtdseiylus persinlisy © dzj dfj jindig
| s s BE Y Ols 56 j dzH SteinetpgrgOde)s H BFE Y €7, B ' Sl ok fd

Otey " dzr Y Odzfr Isd' dgH "' d&z' €Is' Otlls™ ckr &GN ABE" dz [ 15,
vd' d3H dzp Is d 3 J dzJ B.chassiapa@te Gsogd filslds@de, " dz H O dzO dz' Y
YBdZHORZEHT GWUISO2 dZOdH™ ckz Nnh ' d ysimr h 0 L jtelslsj kzdzi
Pdz stcOC N dze" dz Mpoplkdzj dzj dzz M w y Ise Y steh ODOdz BtclsO
N¥Ddzf Is"tOYIST dzf O dzO O2IOtedzr YIs©O2 bt JlsjHu' [ 17
Octots! Ctsdzte W dz" Y XY ODHO2&ZOtcHO Isd' &BH' d&z2' ¢ dz B ODO
EdzH " o' I f jdz YSdzHOdzE R OlslsOBZOdZzOter dz pL " tedzj 2 1uh "
LOBORD" W istediz zOd&zOtHT Y OMOLE Isjrdtsdzsedw &zOter , 3"
Y StcDOdg N Y "Bs Oldrssi@nalz’ , v HOdZOd Y sd" dizH ' d&z' ¢ ' dz 0

fjtemMtf jSIsdoOdz" ¥ Yy BBdzHOWGHT O OHT [18].

Dister Is' .dgH | j tc IsBegudedaj dssiand Is O dzd3H O tc 5-09, BIS(c 0¥ 3 D dzj
BCa(m)-09 Tetranychus turkestasd | Y Otef)’ Y S00ter odelkzdzy dzlsls® dz' ¢
Ctsdzyd dzlstcOyew i CzHdde J1 OH § 2 " dz -9 3% dzE gz ] tzBSEz0D8 & H ™ .
hisOdsh * 3Cndzij 32, 5N8 % Edz" &3 HJ WG J 2 Bdg OEofipigils *

BCa(m)}09 " L QY pDfj toH ' Cetemjlisls’ . 1 OdzOdzH Ok H ™ W Isd "
O2I0tdzr YIsO2 (p<0, 01-Hj D &) dz0 '-¢ jB) HigedD [ dsz] 10 dzy j
Otelskzr d3gd dz Isd " d3gH " dz' ¢ Otelslsr . ¢ dzf dzOOdz deplIsdy 4 dzj te

Cddzi 64 Y Otfmr Bddzscedwdz vy BOY'" dzOkz 11h" dz f O2HOdz
ftcOCIsdCOdz' VY YBSdzHOdZEDO yYysfipr 3" © HOzOdz'' Y fM'" dzOY k
stclsOh O Isd' d3H ' eé2'5%) § E tefy jds Is)f sO(CRT o oz dzj dzlsls gL t
YON 4l jljl' dd dz SeEtemjlsjH’ .

DOt " ZOdzHY jletdzls s j £ 3 " B fls Ote > OL2CY2Mis Ode r drrj MY k&
Ok dzh Otz O ¥ dzr v  @ap42dOiiplsttc dzj) '@ zwlzZO WD O OtedzOzDOdz ¢ )
BOMYOtelz yn2jifm d Mjil' dzH' ek ypdai jdzv' tckze ( BR
Ljtlslsjzdzj toH ' -dpOYTMHOOSdsdZO dyGadiss sy dzOdzH ' tekz ) tsB Ofpr dz' W C
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EVALUATION OF THE BIOLOGICAL EFFICACY OF THE FUNGUS BEAUVERIA BASSIANA
(BALS.) VUILL. AGAINST THE TURKESTAN SPIDER MITE (  TETRANYCHUS TURKESTAN)
UNDER LABORATORY CONDITIONS
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Annotation. The Turkestan spider mit@etranychus turkestanis a dangerous pest that causes
significant damage to agricultural crops and leads to considerable economic losses on a global scale. This
study evaluated the efficacy of six strains of the entomopathogenic fBeguseria bassiana (Bai€iriv.)

Vuill., isolated from different regions of South Kazakhstan, agdinsirkestani.The strains were cultured

on Sabouraud dextrose agar (SDA), and coni di al S L
17110 spores/ml. A 0.1% Tween 80 surfactant was a
rates were recorded on days 5, 7, and 10, and the biological activity of the strains was assessed. The results
revealed significant differences in the pathogenic activity of the tested strains. The-@5 &l (t)-09, and
BCa(m)-09 strains showed the highest efficacy, with the highest concentration tested causing more than
80% of spider mites died. A positive correlation was found between the exposure duration and mite mortality
rate. The obtained data suggest the potential for using B. bassiana strains in the biological céntrol of
turkestani However, to apply these results in practice, further studies are required to optimize the field
application conditions of the isolated strains and to integrate them into integrated plant protection systems

Keywords: Beauveria bassiana, Tetranychus turkesthrdlogical control, strain, pathogen.
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Annotation. The impact of thermal treatment on the properties of bentonites from the Kalzhat and
Orta Tentek deposits was examined. The samples were analyzed using XRD, XRF, TGA/DSC,-and low
temperature nitrogen adsorption (BET) before and after heating at temperatures ranging from 100 to 900°C.
Moderate heating at 20800°C removes physically adsorbed water and part of the interlayer water without
affecting the layered structure of montmorillonite, which retains its specific surface areaholdieg
capacity, and catieexchange capacity.

In the 400600°C range, dehydroxylation and interlayer collapse occur, resulting in a decrease in
specific surface area and the loss of exchange sies700i900°C, hightemperature silica and
aluminosilicate phases form, and the porosity approaches zero. The comparison of the two deposits reveals
that the Orta Tentek bentonites undergo structural degradation earlier than the Kalzhat bentonites, with the
latter exhibiting greater resistance to degradation during the initial stages of heating.; However, at elevated
temperatures, both materials cease to perform their agronomic functions. To utilize them as soil conditioners,
it is recommended to restrict the treatment to a temperature rangei 020G, with brief exposure times,
followed by granulation. It is crucial to avoid temperatures exceedings®00C and to completely exclude
temperatures above 70@D0°C. These conditions ensure a sanitary pretreatment without compromising the
soil's moisture retention or cation exchange capacity. This approach is particularly suitable for sandy and
sandyloam soils in the arid regions of Kazakhstan

Keywords: bentonite; thermo treatment; porosity; moisture retention; cation exchange capacity; soll
conditioner

Introduction. A current problem in agriculture is the low waterlding capacity and
fertility of light soils (sandy and sandgam), especially in degraded agroecosystems. Such soils
retain water and nutrients poorly and dry out quickly, which reduces yields and plant drought
tolerance. Under a changing climate with frequent droughts, it is important to find effective ways to
increase soil water retention and catexthange capacity to supply crops with water and nutrients
during critical growth period€One promising approach is the use of natural clay materials as soil
Afconditioners. o I n particular, bentonite <cl a
markedly improve the hydrphysical properties of light soils due to their high sorption capacity
and swelling structure [B]. Studies show that adding bentonite to sandy soils increases their
waterholding capacity and available water content and reduces percolation losses, leading to better
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moisture in the root zone and lower drought stress in plaiis, ¥ Bentonite also provides
additional exchange sites for retaining nutrient catior’s K&**,C&*, etc.), thereby enriching the
soil with plantavailable forms of nutrients and reducing leachifd.(8.

Kazakhstan has significant bentonite reserves, including the Kalzhat and eDtek
deposits [67]. These are of interest as local mineral feedstocks for soil amelioration. Using local
bentonites as a soil amendment can reduce dependence on imported materials and lower the cost of
soil fertility improvement. However, natural bentonites have specific features: they swell strongly
upon wetting and can cause cx®mpaction or soil cracking upon drying [9]. Therefore, methods
for preliminary modification of clays are relevant to optimize their properties for use as soil
conditioners.

One option for preliminary modification is thermal treatment, that is, heating the clay to
defined temperatures to change its structure and properties. Thermal treatment can partially
dehydrate and decationate montmorillonite, reduce excessive swelling, and disinfect the material
[10]. Excessively high temperatures, however, can destroy the smectite lattice and sharply reduce its
cationexchange capacity and ability to retain water. It is therefore important to select an optimal
temperature regime that improves handling properties (flowability, uniformity) without losing the
claydos beneficial functions as a soil structu

Understanding how temperature affects the structure and functions of bentonite clay is
essential for developing effective soil conditioners. Montmorillonite clay has a 2:1 layered structure
that contains interlayer water molecules and mobile cationslfl2 Upon heating, dehydration
proceeds stepwise: at about 100 °C, adsorbed interlayer water is removed, which is usually
reversible upon rewetting [6,10]. Further heating to about 3@M0 °C removes more strongly
bound water and initiates dehydroxylation, the loss of structural hydroxyls from the octahedral
sheets [14]. This process intensifies above 500 °C and is irreversible, involving the breakdown of
OH groups and the smectite lattice, which leads to interlayer collapse and loss of swelling and
cation retention [15].

According to the literature, heating bentonite to about 600°C causes montmorillonite
diffraction reflections to disappear, indicating the loss of an ordered layered structure [16].
Complete smectite destructuring occurs at about 800°C. The clay loses crystallinity, becomes
amorphous, and nearly completely loses caéinchange capacity [14]. At the same time, specific
surface area and porosity drop sharply because small- medomicropores sinter during high
temperature treatment [13,19]. By contrast, moderate heating in thiQOC range mainly
removes moisture and organic impurities and has little effect on specific surface area. Thus there is
a temperature threshold below which thermal treatment does not cause irreversible damage to the
smectite structure.

Studies [14,1617] indicate that the critical range for thermal modification is around 500°C.
Further temperature increases cause irreversible changes (layer breakdown and loss of interlayer
adsorption properties). It is therefore necessary to determine optimal temperatures for thermal
modification when bentonites are used as soil conditioners.

The aim of our study is to determine the optimal temperature for thermal modification of
bentonites from the Kalzhat and Offantek deposits for application as soil improvers for light
soils in Kazakhstan. We focus on how calcination temperature affects key properties that control the
conditioning effect, namely watémolding capacity, porosity, swelling, cation exchange, and the
associated structural transformations.

Materials and methods Bentonite clays from the Kalzhat deposit in Almaty Region,
Kazakhstan, and the Orta Tentek deposit in the Alakol District of Zhetisu Region, Republic of
Kazakhstan, were used in this study{p Sample preparation included grinding in a ball mill to a
particle size of 0.08 mm and pdeying at 70 °C to remove moisture.

A comprehensive characterization was performed to obtain physicochemical and structural
phase information on the Kalzhat and Orta Tentek bentonites, including their elemental
composition, chemical structure, morphology, phase composition, and sorption properties. The
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following methods were employed: elemental analysis by improved EDXRF on a Rigaku NEX CG
Il with polarized Xrays (elemental range Na to U:rgy tube 50 kV/50 W or 65 kV/100 W);-Kay

di ffraction (XRD) for crystalline strudture
radiation; porosity by lovwemperature nitrogen adsorption (BET); and thermal analysis by

t hermogravi metry on a synchronous ther mal ana
air.

Thermal treatment of clayBentonite clays were subjected to thermal treatment at different
temperature conditions: 100°C, 200°C, 300°C, 400°C, 500°C, 600°C, 700°C, 800°C and 900°C. For
this purpose, the samples were placed in a muffle furnace (SNOL 8.2/1100 LSC 01, Lithuania) and
heated at a constant ratei {8°C/min) to the target temperature. The holding time at each
temperature was 2 hours. After heating, the samples were cooled to a temperature of 230°C, under
conditions of a slow temperature decrease. The scheme of the thermal treatment of clays is shown
in Fig.1.

bentonite deposits ball mill crushed clay

thermally activated bentonite clay muffle furnace

Figure 17 Scheme of thermal modification of bentonite clays

Results and discussionThe TGA and DSC have allowed to study the thermal behavior of
bentonites from the Kalzhat and Orta Tentek deposits. The results obtained revealed key changes in
mass and thermal effects caused by dehydration, dehydroxylation and destruction of the
montmorillonite structure at different temperatures.

TGAI DSC of Kalzhat bentonites showsiq.2) three thermal regions. Below 200°C, ia 2
4% mass loss with an endothermic effect corresponds to desorption of physically adsorbed water.
Between 200 and 500°C, a furthei636 loss occurs due to montmorillonite dehydration and
removal of organics, accompanied by an exothermic peak nead@W. Above 500°C, an
endothermic peak at 50000°C indicates dehydroxylation with an additioné2% loss and the
onset of lattice breakdown. The total mass loss decreases with higher heat treatment temperature,
and the clay is stable up to about 400°C, with gradual structural degradation at higher temperatures.

For Orta Tentek bentonites, TGRSC shows(fig.3) the same three thermal stages as
Kalzhat but with stronger mitemperature responses. Below 200 °C, an endothermic effect
corresponds to removal of adsorbed water.
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Figure 27 TGA and DSC curves of thermally modified Kalzhat clay
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Between 200 and 500 °C, mass loss reach&8od(higher than Kalzhat), consistent with
greater organics and hydrophilicity; this stage features an exothermic peak 40@B0C. Above
500 °C, dehydroxylation of montmorillonite dominates, producing an endothermic effectiat 500
700 °C and a slower mass decrease. Thermal effects are generally more pronounced than in
Kalzhat, indicating higher thermal activity of Orta Tentek clays.
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Figure 37 TGA and DSC curves of thermally modified Orta Tentek clay

A comparative analysis of the thermal behavior of the two deposits showed that the Kalzhat
and Orta Tentek bentonites have similar trends in mass changes and thermal effects. However, the
Orta Tentek bentonites are characterized by greater mass loss in the medium temperature range
(200 500°C) and more intense thermal effects, which is due to the peculiarities of their chemical
composition. These differences determine the need to optimize the temperature regimes of thermal
treatment for each deposit, which will ensure the preservation of their functional characteristics and
increase their suitability for various industrial applications.

From an agrochemical standpoint, the Orta Tentek bentonites exhibit higher hydrophilicity
and a greater content of oxidizable organic impurities, which under moderate thermal treatment
enhances their ability to retain moisture and nutrient cations. Overheating beyond the
dehydroxylation range reduces swelling and the number of active exchange sites, thereby
diminishing the retention of ammonium, potassium, and other micronutrients. Accordingly, to
preserve functionality, temperatures of 28380 °C should be used for Orta Tentek, wherea$ 300
400 °C is sufficient for Kalzhat bentonite. These conditions maintain the montmorillonite structure
and the suitability of these clays as soil conditioners.

The Brunauer, Emmett and Teller (BET) method was used to assess changes in the porous
structure and adsorption properties of bentonite clays from the Kalzhat deposit as a result of thermal
treatment. Nitrogen adsorptiatesorption isotherms obtained at treatment temperatures from 100 to
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900°C made it possible to determine the specific surface area, volume and pore size distribution.

Figure 4 shows that the original Kalzhat bentonite sample (A) exhibits a high specific
surface area of 73.99 m?/g and wedifined hysteresis loops, indicating the presence of an extensive
mesoporous structure. These mesopores play a key role in the adsorption of large molecules and
capillary retention of moisture, making the starting material ideal for use in processes requiring high
adsorption activity, such as water and air purification or catalysis.
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Figure 47 BET analysis curves of the initial and thermally modified bentonite clay of the Kalzhat
deposit: AT initial, B 7 100°, Ci 200°, Di 300°, Ei 400°, Fi 500°, Gi 600°, Hi 700°, IT 800°, Ji
900°
However, when the bentonite processing temperature is increased to 90QYC 4B

significant narrowing and reduction in the severity of the hysteresis loops is observed, indicating a
decrease in the number and size of accessible pores. This phenomenon can be interpreted as &
compaction of the porous structure due to the destruction of interpore bonds and changes in the
chemical structure of the material under the influence of high temperatures. The significant decrease
in specific surface area to 2.39 m2/g, as indicated in the data in Tatd@firms the decrease in
adsorption capacity and the loss of functionality of the material. These changes can significantly
limit the use of bentonite in applications where high adsorption characteristics are required, such as
filtration and catalysis, especially in cases where the efficiency of the process depends on the size
and accessibility of the pores.

Table 17 Parameters of the porous structure of the initial and thermally modified bentonite of the
Kalzhat deposit according to the adsorption isotherm data

B.ET mult Volume of pore| Pore surface are
point method, Pore size
Name of sample specific distribution.nm cds/e %
surface, g : cmé/g %
1 2 3 4 5 6 7
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1 2 3 4 5 6 7
micro- | 0,352 | 0,0204 | 46,61| 46,663 | 61,54
Initial 739857 | | 210 0,02 | 44,56| 28,2154 37,21
1050 | 0,0042 | 8.83 | 0,9486| 1,25
mICro
Thermally modified ‘ 0,352 | 0,0196 | 2440 | 44,7175| 54,92
100°C 729001 | | 210 | 0,029 | 2964 313450| 3849
1050 | 0,0229 | 1757 | 45706 | 561
mICro
Thermally modified ‘ 0,352 | 0,0198 | 2348 | 45,7186| 54,92
200C 722023 | | 210 | 0,021 | 2898 313457| 3845
1050 | 0,0232 | 1558 | 4,5706 | 561
mICro
Thermally modified ‘ 0,352 | 0,0196 | 21,84| 44,9512| 54,77
300C 709352 | | 210 | 0,024026,76] 30,8557 37,60
1050 | 0,0238 | 26,50| 4,9360| 6,01
y MICTO 1 5350 | 0,0195 | 20,20 45,5808| 55,09
Thermally modified 73354 -
400C ’ eso. 210 | 0,0238 | 24,71] 30,3950 36,73
1050 | 0,0303 | 31,36] 5,5554| 6,71
y MICTO 1 5350 | 0,0144 | 11,58] 33,4311| 47,55
Thermally modified 61 1844 -
500C ’ eso. 210 | 0,022417,99] 26,5815| 37,81
1050 | 0,0366 | 29,42| 7,5079| 10,68
y MICIO 1 5350 | 0,0181 | 14,80 42,3284| 53,63
Thermally modified 68.8874 -
600C ’ eso | 210 | 0,022118,11]27,0792| 34,31
1050 | 0,0341 | 27,94| 6,9218| 8,77
y MICIO 1 5350 | 0,0045| 9,95 | 10,6906| 27,79
Thermally modified 36.3501 -
700C ’ eso. | 2-10 | 0,0214 | 47,45] 23,9302| 62,20
1050 | 0,0188 | 42,00 3,8495| 10,01
mICro
Thermally modified - anso ‘ 0,352 | 0,0005 | 15,84 1,2235| 41,59
800C ’ eso. 210 | 0,0061]37,38] 6,0720 | 69,92
1050 | 0,0089 | 54,16| 1,8265| 21,03
Thermally modified micro | 0,352 | 0,0002 | 1,52 | 0,7248| 8,55
000 23901 | | 210 [ 000113336] 1,3962 47,46
1050 | 0,0017 | 50,80| 0,3223| 10,96

Figure 5 shows a similar trend for bentonites from the Orta Tentek deposit, where the
original sample (A) also shows a hysteresis loop, but with a specific surface area of 65.62 m2/g,
which is lower than that of Kalzhat. This may indicate a smaller number or smaller size of
mesopores in the original initial. With increasing processing temperature, the hysteresis loops
decrease and by 900°C they practically disappear, which is accompanied by a decrease in the
specific surface area to 6.32 m?/g, as shown in Tabl€his significant reduction in porosity
indicates serious structural changes that worsen the adsorption properties of the material. Such a
radical reduction in porosity makes these bentonites less suitable for applications requiring high
adsorption capacity and porosity, such as sorbents and catalysts in the chemical industry.

Thus, the changes in the adsorptaesorption isotherms and the corresponding changes in

the specific surface area for both deposits show that high processing temperatures lead to a
significant reduction in porosity.
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Figure 51 BET curves of analysis of the initial and thermally modified bentonitonite clay of the Orta
Tentek deposit: AT initial, B i 100°, Ci 200°, Di 300°, Ei 400°, Fi 500°, Gi 600°, Hi 700°, Ii
800°, Ji 900°

This narrowing and loss of pores affects the functional properties of the material, limiting its
use in industrial adsorption and catalytic processes. These data highlight the need for careful control
of temperature conditions in bentonite processing processes to optimize their porous and functional
properties.

Table 21 Parameters of the porous structure of the initial and modified bentonite of the Orta Tentek
deposit according to the adsorption isotherm data

BET multi-point Pore size Volume of Pore surface
Name of sample method, specific distribution.nm  -2°r€ area
surface, g ' cnlg | % clg | %
1 2 3 4 5 6 7
micro- | 0,352 | 0,0204| 45,73| 46,663 | 61,54
Initial 65,6156 2-10 0,02 | 44,87| 28,2154| 37,21

MeS6 050 | 00042 9.4 | 09486 | 1.25

Thermally modified micro- | 0,352 | 0,02@ | 25,04 | 46,6364 | 54,83
100C 72.9001 Meso- 2-10 0,052 | 30,68 | 333753| 37,21
1050 | 0,0146| 17,79 | 42443 | 1,25

Thermally modified micro- | 0,352 | 0,0204| 24,89| 46,4624/ 55,18
200C 72.4589 meso- 2-10 0,0245| 29,96| 32,4267| 38,51
1050 | 0,0224| 27,34| 4,4243| 5,25

Thermally modified micro- | 0,352 | 0,0199| 19,35] 45,3046| 46,53
300C 73,1803 Meso- 2-10 0,0261| 46,35| 46,7104 47,97
1050 | 0,0265| 22,62| 4,7246| 4,85

Thermally modified micro- | 0,352 | 0,0210| 20,52| 47,2979| 54,86
400C 73,0691 meso- 2-10 0,0249| 24,34| 31,3672| 36,38
1050 | 0,0314| 30,72| 6,2186| 7,21
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1 2 3 4 5 6 7
Thermally modified micro- | 0,352 | 0,0148| 14,87 | 34,6284/ 50,38
500C 60,0884 meso- 2-10 0,0223| 22,35] 25,8989 37,68
1050 | 0,0318| 31,88| 6,5170| 9,48
Thermally modified micro- | 0,352 | 0,0127| 13,23| 29,8919| 47,89
600C 55,3211 meso- 2-10 0,0211] 21,95| 23,9306| 38,34
1050 | 0,0384| 40,0 | 7,3341| 11,75
Thermally modified micro- | 0,352 | 0,0096| 13,23| 28,8989 45,89
700C 48,256 meso- 2-10 0,0208| 21,95| 24,0306| 39,34
1050 | 0,0375| 40,0 | 7,3261 | 12,55
Thermally modified micro- | 0,352 | 0,0006| 1,20 | 1,4006 | 11,26
800C 10,1214 meso- 2-10 0,0066| 13,45| 5,6215| 45,19
1050 | 0,0207| 42,10| 4,2057 | 33,81
Thermally modified micro- | 0,352 | 0,0015| 1,20 | 1,3058 | 10,33
900C 6,3235 meso- 2-10 0,0056| 13,45| 5,6713 | 46,18
1050 | 0,0045] 42,10| 4,3058 | 35,83

The mesoporous structure enables capillary water retention and reversible ion sorption.
Heating at elevated temperatures reduces the specific surface area and narrows the hysteresis loop
weakening these properties. TGA/DSC and BET measurements show that moderate thermal
treatment is most effective: unstable oxidizable impurities are removed while the mesopore volume
remains essentially unchanged. BET analysis confirms that the temperatures identified as optimal
from TGA/DSC for Orta Tentek and Kalzhat bentonites preserve moistestion capacity and
cationrexchange activity, which substantially improves their performance in soil mixtures.

It has been established that thermally modified clays from the Kalzhat and Orta Tentek
deposits have a complex oxide mineral composition, including silicon, aluminum, magnesium,
calcium, iron and other elements, data on which are givéalr8 and4. The main components of
both <c¢cl ays remain silicon (SiO ) and al umin
depending on the processing temperature.

Detailed analysis of the elemental composition of Kalzhat Clap1) reveals significant
changes in the chemical composition under the influence of thermal treatment in the range from
100°C to 900°C, which significantly affects the structural and functional properties of the clay.
Silicon dioxide, which is the main component, shows resistance to thermal effects, with a slight
increase in content from 67.6% to 69.7% at 900°C. This indicates the preservation of the silica
matrix, which is critical for maintaining the structural integrity of the clay at the molecular level.

Table 3- Results of Xray fluorescence analysis of the initial and thermally modified bentonites of the
Kalzhat deposit

C . Initial Thermally modified Kalzhat clayg
omp03|_t|on Kalzhat
% by weight 100C | 200°C | 300C | 400°C | 500CC | 600°C | 700 | 800C | 900C
clay
1 2 3 4 5 6 7 8 9 10 11
SiO, 67,6 69,1 69,4 69,3 69,4 69,6 69,2 69,2 69,6 69,7
Al 05 18,1 18,5 18,0 18,4 18,5 18,6 18,7 18,7 18,9 19,3
FeOs 7,43 6,26 6,84 6,55 6,69 6,32 6,37 6,60 6,05 5,87
MgO 1,86 2,18 1,48 1,93 1,51 1,73 1,89 1,64 1,70 1,76
S 165 | 0,741 | 0,820 | 0,710 | 0,314 | 0,715 | 0,739 | 0,698 | 0,683 | 0,313
Cao 1,46 1,49 1,65 1,43 1,48 1,45 1,43 1,49 1,40 1,39
TiO> 094 | 0,83 | 0,879 | 0,842 | 0,852 | 0,835 | 0,839 | 0,879 | 0,819 | 0,853
K20 0,55 | 0,527 | 0,546 | 0,523 | 0,521 | 0,516 | 0,518 | 0,544 | 0,513 | 0,554
P,Os 0,132 | 0,118 | 0,130 | 0,121 | 0,226 | 0,113 | 0,116 | 0,112 | 0,118 | 0,112
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1 2 3 4 5 6 7 8 9 10 11

Mn 0,0435| 0,0295| 0,0339| 0,0285| 0,0398| 0,0276| 0,0280| 0,0299| 0,0291 | 0,0287
\ 0,0321| 0,0154| 0,0202| 0,0196| 0,0188]| 0,0166| 0,0155| 0,0173| 0,0154| 0,0154
Co 0,0212| 0,0170| 0,0159| 0,0124| 0,0176| 0,0158| 0,0157| 0,0163| 0,0154| 0,0166
Ni 0,0116| 0,0061| 0,0077| 0,0078| 0,0084| 0,0062| 0,0062| 0,0072| 0,0131| 0,0120
Cr 0,0088| 0,0065| 0,0074| 0,0068| 0,0076| 0,0067| 0,0069| 0,0087| 0,0278| 0,0286
Cu 0,0085| 0,0051| 0,0059| 0,0055| 0,006 | 0,0055| 0,0054| 0,0059| 0,0062| 0,0058
Cl 0,0084| 0,0100| 0,0093| 0,0102| 0,0091| 0,0054| 0,0052| 0,0054| 0,0110| 0,0027
Zn 0,0061| 0,0037| 0,0051| 0,0037| 0,0039| 0,0036| 0,0034| 0,0038| 0,0034| 0,0033
Ga 0,0045| 0,0027| 0,0030| 0,0029| 0,0029| 0,0026 | 0,0026| 0,0028| 0,0025| 0,0022
Y 0,0038| 0,0024| 0,0025| 0,0024| 0,0027| 0,0019]| 0,0022| 0,0015| 0,0017| 0,0014
Te 0,0037| 0,0031] 0,0042| 0,0028| 0,0027| 0,0011| 0,0016| 0,0017| 0,0013| 0,0009
As 0,0014| 0,0008| 0,0009| 0,0007| 0,0011| 0,0008| 0,0009| 0,0009| 0,0009| 0,0007
Se 0,0008| 0,0005| 0,0006| 0,0005| 0,0004| 0,0005| 0,0004| 0,0003| 0,0002| 0,0002
Ag 0,0007 0 0,0017| 0,0008| 0,295 | 0,0003| 0,0004| 0,0003| 0,0003| 0,0002

X-ray fluorescence analysis results of bentonites from the Orta Tentek deposit, subjected to
heat treatment in the range from 100°C to 900°C, highlight significant changes in the chemical
composition that affect the structural and functional characteristics of the material.

Table 47 Results of Xray fluorescence analysis of the initial and thermally modified bentonites of the
Orta Tentek deposit

N Initial Thermally modified Orta Tentek clay
Composition,  Orta  [7100°C | 200°C | 300°C | 400C | 500C | 600°C | 700C | 800C | 900C
% by weight| Tentek
clay

SiO, 67,6 | 673 | 681 | 695 | 695 | 696 | 686 | 689 | 693 67,9
Al,O3 18,1 | 180 | 180 | 179 | 179 | 179 | 17,7 | 178 | 17,7 17,8
FeOs 743 | 815 | 7,47 | 6,60 | 6,60 | 657 | 723 | 657 | 6,66 7,45
MgO 1,86 | 206 | 1,89 | 1,70 | 1,86 | 1,72 | 1,97 | 2,09 | 2,00 2,02
S 1,65 | 0,0026| 0,0015| 0,683 | 0,567 | 0,670 | 0,747 | 0,718 | 0,749 | 0,483
CaO 1,46 | 196 | 1,99 | 1,99 | 191 | 197 | 2,06 | 2,16 | 1,96 2,67
P,Os 0,132 | 0,154 | 0,168 | 0,135 | 0,128 | 0,115 | 0,122 | 0,117 | 0,137 | 0,129
KO 0,55 | 0,574 | 0,589 | 0,526 | 0,519 | 0,521 | 0,543 | 0,584 | 0,533 | 0,528
TiO, 0,94 | 0,855| 0,879 | 0,780 | 0,779 | 0,791 | 0,802 | 0,849 | 0,782 | 0,806
Mn 0,0435 | 0,0448] 0,0431] 0,0383| 0,0408| 0,0417| 0,0425| 0,0433| 0,0412| 0,0492
Vv 0,0321] 0,0198| 0,0194| 0,0212] 0,0223] 0,0210| 0,0211| 0,0222| 0,0196| 0,0227
Co 0,0212] 0,0219] 0,0210| 0,0133] 0,0104| 0,0109| 0,0128| 0,0151| 0,0151| 0,0164
Ni 0,0116 | 0,0076| 0,0076| 0,0077| 0,0072| 0,0066| 0,0075| 0,0086] 0,0155| 0,0130
Cr 0,0088 | 0,0069| 0,0070| 0,0063| 0,0061| 0,0061| 0,0064| 0,0096| 0,0308| 0,0221
Cu 0,0085 | 0,0063| 0,0061| 0,0048| 0,0054| 0,0050| 0,0055| 0,0069| 0,0059| 0,0058
Cl 0,0084 | 0,0125] 0,0155| 0,0087| 0,0079| 0,0069| 0,0079| 0,0051| 0,0356| 0,0052
Zn 0,0061 | 0,0041| 0,0042| 0,0036| 0,0035| 0,0041| 0,0038| 0,0051| 0,0036] 0,0040
Ga 0,0045 | 0,0032] 0,0030] 0,0027| 0,0026| 0,0026| 0,0026| 0,0024 | 0,0024| 0,0025
Y 0,0038 | 0,0030] 0,0030] 0,0026] 0,0026| 0,0026| 0,0024| 0,0015| 0,0017| 0,0017
Te 0,0037 | 0,0010] 0,0010| 0,0029| 0,0025| 0,0024| 0,0018| 0,0008] 0 0,0016
As 0,0014 | 0,0082| 0,0080| 0,0015| 0,0020| 0,0016| 0,0026| 0,0016| 0,0019| 0,0034
Se 0,0008 | 0,0012| 0,0010| 0,0008| 0,0008| 0,0008| 0,0007| 0,0005| 0,0004| 0,0003
Ag 0,0007 | 0,0008| 0,0008| 0,0008| 0,0006| 0,0005| 0,0004| 0,0002| 0,0003| 0,0003

The main component, silicon dioxide, shows little fluctuation in concentration, maintaining
a level between 67.6% and 67.9% at maximum temperature, indicating its thermal stability.
Aluminum oxide remains constant at about 18%, indicating the stability of the aluminosilicate
structure. The noticeable increase in calcium oxide, growing from 1.46% to 2.67%, may reflect the
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formation of new calcium compounds at high temperatures. At the same time, fluctuations in iron
oxide content from 7.43% to 7.45%, with minimum values at medium temperatures, highlight the
oxidationreduction processes occurring in ifoontaining minerals. Microelements such as
manganese and vanadium show stability in their content, which is important for maintaining certain
physical and chemical properties of clay.

Both bentonites have an aluminosilicate composition. In the Orta Tentek bentonite, CaO
increases to 2.67 wt% whil e F&45 Wt%. Thise matrixn s n
configuration under heating supports a pore structure that favors capillary water retention and the
reversible sorption of nutrient ions. An increase in CaO after thermal treatment may moderately
enhance buffering and cati@xchange properties in soil blends.

The XRD analysis of thermally treated bentonites from the Kalzhat and Orta Tentek
deposits allowed to study in detail the changes in their crystal structure at different processing
temperatures and to identify key patterns of phase transform@kanges5 and6). The initial
composition of both samples is characterized by the dominant presence of montmorillonite, which
is confirmed by the presence 0ol0° cordsmpondsigtothee f | e
basal distance (d001) of this mineral. In addition to montmorillonite, the initial samples show peaks
of quartz (SiO ) at 2d &4 26.6A, weak signals
small amounts of irocontaining compounds, including hemati®éRD records the gradual
transformation of bentonites. At 200 °C, the basal reflection of montmorillonite weakens and
shifts to a higher @angle due to dehydration and densification of the layers. The signals of quartz
and feldspar are also enhanc&d 400-600 °C, a degradation peak occurs due to dehydroxylation
and the formation of an amorphous component. Above 700 °C, mullite and cristobalite form, and
montmorillonite peaks no longer exist, and the structure becomes amorphous.

Orta Tent& begins to lose its layered order earlier and faster than Kalzhat #000TC.
Secondary Feontaining oxides begin to appear as early as 500 °C for Orta Tentec, while similar
phases occur mainly above 600 °C for Kalzhat. These differences in thermal sensitivity are
important when choosing the appropriate temperature range for soil applications to avoid impairing
moisture retention and ion exchange properties.
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8

X-ray diffraction (XRD) patterns indicate that bentonite from the Orta Tentek deposit
dehydrates at lower temperatures than bentonite from the Kalzhat deposit. For application as a soill
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conditioner, this implies that the preparation temperature must be limited to preserve swelling,
water retention, and the reversible fixation of ions.

M: Montmorillonite
Q: Quartz
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Conclusion. As a result of the conducted studies, structural, phase and textural changes of
bentonites of the Kalzhat and Orta Tentek deposits were revealed during their thermal modification
in the temperature range of I@WO°C. The use of a set of analytical methods, includifgyX
diffraction (XRD), X-ray fluorescence (XRF), thermogravimetric (TGA), differential scanning
calorimetry (DSC) and the BrunasEmmettTeller (BET) method, made it possible to establish
patterns of change in the chemical composition, phase state, porous structure and sorption
characteristics of the studied samples.

The XRD analysis showed that when heated to 400°C, the montmorillonite structure is
preserved, but partial dehydration is observed. In the range ©6@0TC, dehydroxylation occurs,
accompanied by the destruction of the layered structure and amorphization of the material. In the
range of 700900°C, hightemperature phases such as mullite and cristobalite are formed,
indicating a complete restructuring of the structure. These changes are in good agreement with the
XRD data, which record a decrease in the content of aluminosilicate components and a relative
increase in the proportion of silica.

The TGA analysis revealed three key temperature stages of mass loss: removal of physically
adsorbed water at 10P00°C, dehydration of interlayer water and initial dehydroxylation at 200
500°C, and complete destruction of the montmorillonite structure at9800C. The DSC data
confirmed the endothermic and exothermic effects associated with these processes, and BET
analysis results showed that the most significant decrease in porosity and specific surface area is
observed in the range of 4@D0°C, which coincides with the phase changes recorded by XRD and
TGA.

The optimal temperature mode for thermal treatment of bentonites depends on their targeted
use. To maintain maximum adsorption capacity and porous structure, the best raniid(@9 <300
In the range of 50@®00°C, bentonites acquire increased heat resistance and can be used as catalyst
carriers. Complete destruction of the porous structure at9P00C makes the material suitable for
use in hightemperature processes, such as refractory coatings and special sorbents.

Comparison of Kalzhat and Orta Tentek bentonites showed that Kalzhat samples exhibit
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higher thermal stability and can withstand heating up ta 600°C without significant loss of
porosity, while Orta Tentek bentonites begin to lose structural integrity at lower temperatuies (300
450°C).

Thus, the obtained results allowed to establish clear interrelations between phase, chemical
and textural changes of bentonites during thermal treatment, as well as to determine the optimal
modification conditions for their various applications.

The findings can inform the development of effective thermal activation technologies for
bentonites aimed at improving soil properties overall, increasing agricultural resilience to drought,
enhancing fertilizer efficiency, and improving soil fertility. This is particularly relevant for the arid
regions of Kazakhstan.
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EFFECTIVENESS OF BIOPREPARATIONS AND BIOFERTILIZERS IN THE RESTORATION
OF DEGRADED PASTURES IN NORTHERN KAZAKHSTAN

Nokusheva Zh.A.1,Candidate of Agricultural Sciences
Kantarbayeva E.E.2,PhD, Associate Professor
Zhumataeva Zh.B.3,PhD
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3Korkyt Ata Kyzylorda University, Kyzylorda, Kazakhstan
“Innovative Eurasian University, Pavlodar, Kazakhstan
®Institute of Botany and PhytointroductioNlmaty,Kazakhstan

Annotation. Pasture degradation in Northern Kazakhstan is one of the major ecological and
economic challenges, significantly affecting the feed base for livestock and the stability of natural
ecosystems. Intensive pasture use, exceeding grazing norms, declining soil organic matter, and increased
frequency of drought periods lead to vegetation depletion, reduced forage productivity, and biodiversity loss.
This paper presents the results of field experiments aimed at restoring degraded pastures using biological
fertilizers and biopreparations. It was shown that the implementation of environmentally safe agricultural
technologies significantly increases green and dry biomass yield. The highest productivity was achieved with
the combined application of the biostimulieaatn t i st ress agent fAVuksal Aminogyg
AKazugl egumus, 0 yielding 9.0 c¢c/ha of green biomas
than the control. The results confirm the high efficiency of biopreparations for enhancing the productivity
and resilience of pasture agroecosystems under climatic aridization in Northern Kazakhstan and are
recommended for adoption in sustainable feed resource management practices in the region

Keywords: productivity, forage, pasture, biopreparations
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dte] Hdz] Mz lssydz 2 60,9 62,55 63,06 62,82
cOMmMmr , ¢:
07 H dZJ 2 27,14 27,38 29,96 29,53
814 Hdzj 2 49,87 55,18 58,38 58,51
1521 Hj dz 64,98 80,84 80,17 78,98
2228 Hdzj 2 125,04 109,27 105,77 106,87
2935 Hdzj 2 47,14 55,5 57,1 55,75
364 2 H dgw 51,2 47,14 47,0 47,3
0-42 Hdgv 60,9 62,55 63,06 62,82
(Il +1 )2 60,9 62,55 63,06 62,82
{ OMAtsH C-HBBEBOdHY O
2O 1 cetdsslkz o fi 104,2 104,4 104,1 104,6
2O 1 C¢ ftdtesmls 1,84 1,76 1,68 1,72

tiLkd lsOIsr
f sdztsy dlsj dzt dzts o3
d dels j dzfyd o dzts s

o ' 6O hedioERdddj v s oy T fipEvds j Is | dz Mlse 5 Is
odzdW dzdd Odesdfmlstcj Mfsosets o f Otst
tsMlsO d 3jlsOBsddujMSky W% ,jC

111



or tOh do Odzed v . dtcOQodzdIsj dz' dzr 2 @ OdzOdzdL yYdls" 6y 7 Gcts
Emddzde Oj Isfqw 5 d3gj tog Zojdduyd ddvy HtLdtse Cd, s
4WWJQIS ZOB dzE HOj Isfpw o Istejls! j2 ctlkzftd .

4 5 tcOdzdzts Mls f sectsdzso ! W Hi BcdeMistcdtctso OdzO YV Is
fteddzd dzgi dzgdd e f OO O. | Ctdlstetsdz! des?2 Gtk j
90,0 %, o1 YIBY Wsts20 o Istcjls' j 296Gl gocd izQ tedz® ¢
Ctodzlstetsdz! dzn = L dzOyjdzd?2 dO 10 fGtetsyj dalsde’ = f 2dzS Ists¢
HeMMistse jtedesd3 kdzeyh j dedd (P<0, 05) , fsmMSd Sk Mmd
sBh jd3 sBI vy di3d sz yg dedets? ftesHlzCydd.

Rdzls j dzlmd o desils! ttsMisO d Y deOw ®&BOMMO OCYJ L &

VY4 WBOHG A BOMMO flsdyr o-286H:, Bdzc] GLCHADY @F h (j 2 4
(241, 1 eB3z HAZEC DL Zdydw MlsOdzd wWilts or Oy j dadz ¢
1231,4 6 9o btojdkrz jRdCtoiztftfI dzj ter 4Rtz fr 3 HBMIsde
Yylss dz0 91,7 6 Btsdz hj Ctsdstetsdzy dzr = ft5COL Olsj dzj 2.
Wy dzw jIsfpw Bdtsdzsedyd M¢ d HsfMistse | todzts 2 (P<0,05),
fteslswy jddd ofjcet { judafOoHdE) dal'jte O ddeots@dzddsO MM fIsd
ftsHIlso jtey HOjIs 1 WWjCIlsdo desfls ftcj f OtcOls O: BOMMO
fteslsdo 2788, 8 ¢ 02 5032dzlsAte tsatizjtf tet€lzdfoas yz£28, 9 ¢ M
BOMM' cesdn fodse &O YWsdi ftddjdjddY ftjfOwols
@JBOBsﬁduJMQSbBWWWWW@$MSMB Ndoets?2 &OMMr EMmdddoe
2557,7 ¢ 9 Ctdstesdz fteslsde 2648,7 ¢ o Istcjls!
or teOy Jj dzdzge® toj OdzdL Oyd s Gjdzgj sduyujmMEtsets rlsjdydo
ofmd Bz f j-4c2 swdgw ) OkZo J &zd yddzimfw fp 60, 9 ¢ o Codsttsd
ftoesdLotsHMIse jdzdes s L dzOyd dz3r &8 d Bdtsdzsedyd MSd HEsMmis
unean macca K 42 gHi0
2

t flzddsRCL ddj dzj dzd j M dot?2 ROfpigz §te ctekf § Od ¢ <
[ OB CO Htodosmistss 5 oL teOMmisde d3 f jtod SH Oc
LWWiCShkdodes ftocswWodwdz Mmjew 821-) OMils O s sdetstsgls tc &
ffsMisOoddz 80, 17 ¢, -GECHD € OC [ s dzck Wsdfizls totsfos B j dzdzts
ftosdsj Y b4 OF2185Hdzj 2, Yl ctotstcdl -dk3pl @O JzdzdzsHC
£j OCydqd O OddsdqmistejMiser 2 ] fOwLOl. OS]
BdtsdesedujMesdlz L ¥WjCl (P<0,01), (oMM Ck f
stsdzo j eidw € tsStcdzO Izdzlzuj]cfde)fnJ 913 oMy sf " Isdzr =
1,68 €6/ ¢€¢ o cwkzdfj 3. vdzkzyhjdedj 4W c1leq’9dztsfr]L
ftejHMisOoadw jIs M2 LdOyddts ftesdL otsHMmlsse j dadzts
ftotsd3” hdzj dedetse s fIsdyd o tsHMmise O fr]uq’ls(DJlsfr] 9" MsC B H

(P < 0,01).
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KoHBepcusa KopmMma

3aTpaTbl KOpMa, KM/Kr NpupocTa
= = = = = = = -
~ ~ ~ ~ o © ) w
o N B [+ w [=] L] S

=
o
=

1 2

{ dfMmizdigSd d2j 2 dzOw

v 0Cdd3 tsB tcOLBEREZJ2EO detizl f20ydzes Mo dH jIsj dz Mise ks Is,
f sdztsy d Is-j dz! dzts

CstedsO d B J MY
¢ OL OdzO !

Y do 57

td S 1 dlsOdze
dzw-dste s 2 dzj tets 9
fsCOL Olsj dzd .
GH] LOWdSEMmdtetse Odz
f slstej B dzj dzd v .
 sfisse j tcdztsMis !
ftetslswyj ddd
dz0 Iz y dzts
or tcOh d ay© dzdflevtdss 2 dzj tets @
td S I dlsOdzé

s OB dzq YO t8dzts di3d Y j M S Ow

E dzlz yh O}

sCOLMr 90]Is

1 0dB B5dzj d

3

Ipynna

HJOCEOBBO Ctdo jhdd SsdkO f

or teOy J dzdzts §

s Ctsdgo j tefyd®
s lsd BOd dats 2

BOS Md &3O dz! dzr §

or wWo dzj dzdz' n
oMmMjets fjtodtsHO
5B 5 dzis ©® © dadzd tBH ) 80 J dzdgis 3 dzts dB3d W4 MIsdve dzs s 4 €

9 bkmdztsedwn

L dzOyj dzd W

tcOL dzd yd 2 -lstfj =yj Qo jday
9" O do Odad v ,

. _ f tod A3 teDdzg Y d @ dzis.
fzh j mise j dzdets teOL dzd y OfdfOAdsd dig Operdzd 3 @& fif

LWWJClsd o dats fis e 58 rdag @hsdho O dzd W

] 5COL Olsj dz! Lkffo
1(¢) 2 ¢ 3 g 4 g
1 2 3 4 5

1 OyOod desj fsEtdzise ! |, 30 30 30 30
rdoOY ®RBOMMO MmEklssydasets 51,6 51,5 51,8 52,1
dtotsC o' tcOh Jdo Odzdw HiIsdy 42 42 42 42
UBSRtcOdedetsls! fsegtsdzsa! W 86,6 90,0 96,6 93,3
wtcjHdzj j Utetsdztse! j, &t 280 28,5 29,5 29,0
rdoOY wBOMMO 1 cEdssr 2608,8 2678,8 2700,5 2690,8
HHOdts flsdy'Q dePwdzBEts2: :| 2598 27,0 28,98 27,99

B. (6 7 70 67,78 72,33 78,26 75,32
ldtesls ydos?2 dOMM’ 2557,2 2627,3 2648,7 2638,7
9" cOh do GiR)Y, @
l Odzso 52 Htwdesiils >3 do 52| 66,44 70,94 76,76 73,86
(8 7 70 1000)
dtoj Hdzi Mizlstsyde” 2 4 tod (BB)) 60,88 62,55 63,06 62,82
UBB2dzZ 2 o' AafH B MO, % 725 73,1 74,8 73,5
[ OMMO ftslstetsh j dMlzsR Iskzh| 1891,38 | 1958,2 2072,9 1977,74
] Odzsoas2 o' AtsH d&BYMO ¢ 4914 52,87 60,07 55,36
( 1 2:20D0)
I 7" atH  &v fHipdE OH dd3 §-dzd] 28,44 30,6 34,76 32,04
(18Rr96) L O KHLJ3dz : t3)B] Yt
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Yylsts &




1 2 3 4 5

] slstejBdzj dzgdj S tsted3O, G/ 104,2 104,4 104,1 104,6

1 OsteOIlsr (¢ Bted3®, Ca6:

OQofmi(elsb = 3 7" 5 : 100(

BdzO 1 €6 ftwdtsihle® Oy d 9| 122539,2| 124966,8 | 128979,9 | 127402,8
1,84 1,76 1,68 1,72

dlssdBsmMis! € Bted3O:

OoafMmjets, Krifg.0 Isj ded’rjs : 1 39212,54| 39989,38 | 41273,57 | 40768,9

Bl €6, Isjdzcy 320 320 320 320

dlssdBsMmils: JLOMRtSHSO O

Ol Micets, Igrifig.B Is5j dBG j: 1 ( - 1441,16 2219,3 3031,37

BdzO 1 ctdzsolkz, Isjdze g 51,47 77,87 104,53

dlstsd dztsmls ¢ ste 3O fn

ftcd f OtcO O: 39212,54| 41430,54 | 43492,9 43800,3

OQofMmdcets, Krifif.0 Ilsj deBJO) 320 331,53 337,21 343,8

Bl €6, Isjdzc

ltetsydy L OlsttO@@1-19 &) M. 16805,37| 16805,37 | 16805,37 | 16805,37

IBhidjy LOItwOIsfg tdgse® 56017,91| 5823591 | 60298,24 | 60605,64

100 : 22; 9 18POsdg 2 (

rsdzv Ctstod3gse o MistelzCIsk

B2 dets?2 dfOMMG ts deldetsioL) L 70,0 71,1,14 72,13 72,27

fisdyjWwostd®S d, 9 169 Olsd

:21)

d4JBJMssd ii3sMmlis 1 €6 d 11400 1101,49 1003,8 1094,76

Isj dgc2jl = 1000 : 13)

KjdzO tej OdzdL Oydd 1 €@ 1344 1344 1344 1344

Is § dzc |

lTtkyc o0 Bl tj OdzdL Oyd d| 66044,16| 71057,28 | 80734,08 74403,84

(13 /= 24 : 1000)

JtedBr dz2 , &5ifgl) Isj dzc J 10026,25| 12821,37 | 20435,84 | 13798,2

t d dzsOB j dzt dztsflst ftetsqdL e 17,89 22,02 33,89 22,76

21)

(ot i 2ME 2 ddznj S {tg - - - -

t simhimd2 mMe d2 ddzv § € M 117,89 122,02 133,89 122,76

ftesdLoatsHMlsa O BYMO, %

CCdetsdzd yj Med2 + WWjCls:

OQafmjcets, Kru@dz) IsF dzd fiz - 2795,12 10409,59 | 3771,95

BdzO 1 dz0yOdz' dzkz(¥ 3 & ® dzts o - 93,17 347 125,7

10dBtsdzy J o' 60Oy Jdede" § G Bsdztsy dlsyj dz' dg" J

ECOL" 90 s

fsdyr &0 ftjfOLol.

15 MhtcOdzdetsmisd fsetsdzsa ! W
Mtsnh tc Odzedzts M ls ¢
stcj Is' § 2
MR tcOdzgdetsMisd dzOf tow Bz ©
Cdzso T
BOMMr .
GO M ipQs s 'dAf dzislf ts dzy O dzd
sls §ted d3j daj dzd W
H Odzdz" 2
BOMMO dz@B flzérMdIsRQ@if) tc s &

JMdzd o Ctdzstetsdz]
%, 9 YJisabcl98 3
Lo j dzd y4 dzd J
Codzstetsdzy ftotslsd o
Mz BdizOtcdzr 2 9" - tSH

rdo Ow
Yy lsCkzs
CO¢ o9
Y do Ow
Codzstetsdzy A3 MtsMmis Oo  dzts

%, O o9

28, 98
NYdo 2

L O dMmd istsfls
sfrlsdy 7 ctkffon

91, 7
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&0 flsdB0od dsls:

9

sfrisdz §
MeMmMls©e d &zO 8 6,
H s fi] D6,& O d30 !
fsodzdw dzs dzO ¢
IstcjIs! j 2

Ctelyfr

or tcOh do Odad W
ftcjf OcOIsO.
fs¢COL Olsj dz

stejls' j2 cwkfqr,

G . ¢ dzOdzts e d Yy dzOWw

dL d3j daj dzd
dimyf sdz! L 59 Odzdzts?

Clyq



wdots?2 &OMMr: ©ls 2557,2 ¢ o Stodstsd] HES 2648, 7
| Oso 52 fideshmls ydet2 HOMM , GOy Osh d2
CjLbd kO, kojddudeOdny s &jtj §sorhjddw 1Y

8,
h
LW
¢ o Ibtjls' j2 cwkffj. 1w®jdhkhjmsss Mt

HE 76, 76 ¢
Izdzlzuhc;dzq'c;ds ftesdLotsHdIlsj dzt desfylsd ¢ Isd ydzed ¢ O.

[Hddz dL Cdzg yj ol § tdeds§ O Pikly ALRKIBOH | Bsdzmisted tots o
Edzzyh jddy. 1 Ctdstetsdj dO 1 ¢6 ftdesMlsO Istej Bt
ctezffj 1 Istsls fsCOL Olsj dz fr]dszchdzan Hts 1,68 £c¢, Uy
HOjIs, vyt ftojtf OOl fsorhoOjls WW¥jClsde dasmis! df
hOjls ®jlsOBBdZJUI MEd) f(tesyj i’ UISOIW- lted {Istsds
Bd ded BOdz! dets, yYbts cecsottedls 5 COyYjMmlse j ddetsdz, O daj

CCtsdesdzd yd MS d 4 f sCOLOIjdzd dOdstdzj § wWigl s s
ftcl f OcOO. wjBJjMmMlstsd Bsmls: 1 ¢¢ B MmMO MmMtsmlsOo d dzO
ctozf §j BdO MmMddL fEz@hdz HMisdzd PO &EO 81 Bc%. wded > J ded
suydtejH!, tBiMmMfjuddts L dOudlsjd dsj kojddyjddj
20 435,84 Isrfp. Isé o btejls! j2 ctwkzftfj. ltedsr dz &k

[JdZISOBJdZJdZ fMls! fHtesdLotsHMIso O ftsHIsea jtey HOjIs
MsMlsQo dzv dzO 17, 89 %,229 82 9 Botstc R 2Ry, stadp ticdls,ts2d HBOS
HefMisd e OkzO o 5t8j35:8j92 %¢ tebf@Sidd5s B OL 5, tjteqd34dz
fteOCIsdyd MSd EHotsddzts toj dzlsOB j dz' detsils! ftesdL oatsHmls

| s sdzded Isj dz' dzr )5 f SHIse jtey Hjded j O3 + W WJleq tsfr]ls
stcjls' j2 ctkzffj Bd HsMsde 10 409,59 Isrfnp. Isc \
sHdzz ctdzsolkz ( CsdesdBd yj M OV lsHOYO MsimisOs d zO 3 <4
LdOyjdedjd3 MtejHd oeMmMjr o 0OttdOdzlstse .

dtcOQodedIsj dz' dgr 2 @ OdgOdzdL Mo dH jlIsj dzt Msealkzjls, Yls ts
Ctekztf f OF , sMmtse § dedets o st Is+ § 2, Wy dzw s Isfyw 2 fmls ts
L CdesBd Ui MSd SfwOsHOddz &g . ltcjf OOl MY she f

fpded ¥ § ded® MmiBdMissddssmisd d ko jddyjdds Wddaodhnts
Yj dzj MtstsB tec O Lgdy Ad3 Yoo tiathy cetwip) dzdztsc s flsdyj o sHMlse O.

1 OF dzv yjldmidids dzj dzd j OdzsdMmlstej Mifsosets Gtoj f OtcOls
o' 6O do OdzdEtotuy? dfjdtwtlse o L dasdzed?2 G jtedsH ©SCOL™ 8 Oj |
odzdw dzd j dz2O@ Gidsodsy j fsHESlkdody j §5S0OL Olsj dzg
ktejls' j2 ©frlkds?2 ctkffj, cHj slsdjyjd &OSnHdEO
MR tcOddzs s PdzdztsMis! Foetsdses! W o G lsd Ril6WEY § OF
HsfisdcOw 96,6 % o Ibkijlk! j2 ctkffj. Skt Gty
ftoj f OcOISO d Mdzdy jdedj dzi cOlsdodesets o dzdWwdzdw L d d3dz

rdo Ow WONMdEss?2 dzj sse § 42 fMkzkSOd orf tOh do Odzd "

fsH odzdwdzedj s ftejf OO O: BOCHI BOdz! detsj L dzgOy g ded §
91,7 ¢. 1Bworh jddj &OMMr Gldkjuyjds $O0C k& §jlskzh
MdMmisj dddets 3 d3j Is OB ts dzdfieyj Jif iPGtetOds LW Wsjitsle jinls o so Odz ko j dzd -
fedesflsO Hs 63,06 ¢, vyt orhj Codsttd ds?2 cok
ftojf OOl O dZG)deBHG)dzIsfnJ -194 od8 U lcBfipldsds ¥ jO L tfz tajddEsHjr dzma]
tsMsO oyl thdy CctedBO bdhzyh d&Om' M 1,84 Cc/ Cc
Ylsts MmMstslse jlsMmlsoakzjls fmdzd 3 § ded ¢ tcOMRsHO CBtedBO &
fesdLosHMIso jdzedz' &5 ftoj qozh jMlsotsd ftod f esdr N dzj dadz

CCmdesdid uj MS OW 1L W jClsduwp dfsdiapelds 2 dzjf et d § @ ded Y to 0
ftcjf OO0 L dOydljd dt stsLOmsOEO. | Iktejls' j2
1003,8 kg, O ftede’ &z ko jddydkOm' HEt 20 435, 8:
Codzstesdz dzr 2 1§AReO LIPSz 16 ] dzls OB j dz #ztSfiPls '8 9 § Wisd kO &
LOttjcdMmstedeso Odz® o Ibtejls! j2 cwkffj, ybts §Hlse
dMfsd L so Oded™ Gt f OwOlSO ¢ dHtes ( jCf Jdlsode o
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J Y4 dzts o3, ftcl f OtcOls sBjiMfjude Ojls HsMistse | to
ftesHESCIsdodz » d {SCBdsB3dudmMSdr f8C0O0L0OIjdi2, uylbs
sBMmdzso Odzdz" &3 ftcd o' tOh do Odedd B2 dzj tetseo o L d d3dz

VtoJ HdzB Y JAISd3] dgH 2z Isfqw 9 Cdzt ydIs! ftej f OtcOls ¢4 d
Lddidzj 65 o' O deyt@®siXd?rj tctso HdzW ftsor h jdadw Mmtsa t;aOO?
BOMMr d MmMdedy jdedw L OltcOls CBtedZO. | OdBBsdzj j + WWJC
HsL Jtesoa Sk sy des dMf sdz L tso Ols! dz@ ftcOCIsdC . 1t94
st j dedes ted Mlstej MmMser 7 EfmMdzsedwn &BJStesS dzd 3O
C i dzj € fdalz © Odzlsd st j Mtse k& ftesctcORBBE o d&3j Misj
sflsd B3Odz' detse s BIStosC dzd OISO,  dzslsdetsfmisd § sMOHC

[ dlsjcOkO:

1 uejtec i) d[.MtsB  dedesisd WL dtsdzsedd fIlsdyr ftod IsJtf

20207 " 61 e . 1162

2] ¢ B zO,j®.Cs O IsOtcOh o ddzd ¢ . , [ OR Ot 1., s zmOd dzt
WiClsdoe detsmls ftoddsd dzj dzgdvw OdesdMmlstej MMseotsets o] f OO
f devdss 2 dzj tetseo o f jtejmatsHAzZ 2  J tc@0BH " dEHOS 1322HDPz Mils § t
https://doi.org/10.37884/2024/02

Bl adtemMga [ (2024) . sjtwOf joalsdyjmMeow 1 WWjSIlsde datsT
CdftsodlsORRd dztse ©E2 dizj s dzv Is

4] sdzsC OdesaO) tedzj dzlsdz 2 o f OteOls Htetslsy sdzdIsd-ud ME
Cstcd3BO Hdz8 toigR zgestseo / [ . 1. [ st Odztseo R019.f ~ B-10.1LLOEC (
40-43

5] 1 zdz' BQdsdO) esHEZSIsdJodz" § d otmMitwtsdL 9aH ISy dzf dzr
Ltso Odedd C i3 dzi € Mdats 2 Cto3tso 52 HtsB O9 € dn . ¢ | dpQEOGzO dze : |
1 ddz 3Odpticej@zB Ztc®24B023.

6] 1 OdzsySC d dz,OL s OB .SISCO Isjtstejlsdyud MSdr thdztse d MmsL |
sotsdts fsCtsdzjdedw. / 1.¢. 1 OdzsySddz, 1.1. | OdzsyS ddzO
200977 91 ¢ . 68

711 4 BddO . ] [ Otcdtsdzsso O 1 . 5. 1 dzd w dzd J Isj ted3d yj M¢
Btets2 dzj etse / / 1 j M|R6i§.Cu .Oc4ciQuicdBER8 dzOz ¢

[8] Ablayeva, E., A. Kavtarashvili B. Makhatov N. Sarkulova B. Satenov Z. Ayazbek8va
Akhmetova.The effect of the "Hydro Rex Vital" drug on zootechnical and economic indicators of broiler
chickens // Braz J Biol. 2025.7 Jan 31,;84:€289192.DOI: https://doi.orgl10.1590/15196984.289192.

Oledddtedztsa © ¢ ] dzdwdedy odlsOdzddzse d + dzj SlstctsdzdIstse dz
dzj ssdg // | Okzydze 4 Is,BM&ITT 2N g1 iMM0) 1 RR]

[10] zo" HE . V. #dBIYSES [.R., SsOdzdz"r Cs9 0 ¢. R. 1
stsyjodzdStsoa® 1. ., dbdzj SMOdgHtcts0 O . ¢ . , rtsd3dth480 J
fesBdtslsdSO 1dtsmde [fruvéel it dzO | 5§ Cr O dijdtc Boj. dzCrtsio sk
tesmimd?2 ME 52 M d MEBRtsLW22Mmilse j dadats 2 -vedizD.to//g500 D
2082/issuel/view/11324/ru_RU.

[11] u j o&3d tg Qljne. AL gHEEER] Ui MSd) (5(OeObgimsoyr §t
Coddtf dzj SMdzsd3 dMf sdz' L so Odzedd Bdtsdzsedui MSd OCIsdoedz =
sOdses, w. 1. mEcOjo0O // RLO®jMdw | stc,Bl&icus 6o=lnzH O
T 1w. -43.7

[12]g § dzd 02O s Oy Mlsots BW MO B2 dzj etse Htod dMf sdz! L s
wBOMy &z / v. wjdddO, w. zf§r dtsg2018i] . 1g HWqdBj dzih¢C OwW [/

[13] z € Odzj diC.ts51 . & . S . sOtcOf j Isw dg, S 1. 1z2¢0j o0, (
fcsCOLOIsjdzd Mjdzt MEBsaBLW2MIse j dzdes?2 HIsdyr ftcd dMmf tsdz
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STUDY OF THE EFFECTIVENESS OF THEANTI-STRESS PREPARATI ON AHYDRC
VI TALO I'N BROILER CHI CKEN PRODUCTI ON DURI NG T&H

Ablayeva E.A, PhDPostdoctoralstudentn the program 8D08020dAnimal Husbandry Technology
Kavtarashvili A.Sh., Doctor of Agricultural ScienceBrofessor
Makhatov B.M., Doctor of Agricultural Sciences, Professor
Bupebayeva L.K, Candidate of Agricultural Sciences

Kazakh National Agrarian Research Universtymaty, Kazakhstan

Annotation.The article presents the results of a winter trial conducted in 2025 to assess the influence
oftheantist ress preparation AHydro Rex Vitalodo on the
chickens. The experiment was carried out on four groups of 30 birds each, with one serving as the control. It
was established that the use of the preparation contributed to an increase in flock survival (up to 96.6%), an
improvement in live weight by day 42 of rearing (up to 2700.5 g), and an increase in average daily gain (up
to 63.06 g). Feed conversion improved to 1.68 kg/kg of gain, which is 8.7% better than the control value.
Economic efficiency also increased significantly: profit in the most productive experimental group reached
20,435.84 thousand tenge, while profitability amounted to 33.89%. The results obtained indicate high
technol ogi cal and economic feasibility of wusing f
period.

The objective of the study is to perform a comprehensive evaluation of the effectiveness of the anti
stress preparation AHydro Rex Vitalod in broiler ¢
its impact on the productive, physiologichiochemical, and economic indicators of poultearing
technology.

Keywords: broilers, antist r ess pr eparati on, AHydr o Rex Vita
daily gain, feed conversion, economic efficiency, poultry productivity, winter rearing period.

118



IRSTI68.39.15 https://doi.org/10.52081/bkaku.2025.v75.i4.290
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Annotation. Insufficient feeding slows down the development of animals, the growth of muscle
tissue, sharply reduces fat deposition, while increasing the yield of edible tissues and less valuable cuts.
Under intensive feeding, development is accelerated and meat precocity increases, and at a young age,
animals have such a ratio of tissues that it is possible to obtain a significantly higher yield of better quality
meat can be obtained. Improved nutrition sharply stimulates muscle growth. The role of improved feeding is
especially influential in the first year of an animal's life, since the muscles develop most intensively during
this period. Highquality feeding is the most important factor determining the quality of products obtained
from animals. The presence of a good supply of feed is the main condition for the development of animal
husbandry. For the proper rearing of animals, obtaining a large volume of products and increasing the
livestock, it is necessary to have a feed base that provides animals with nutrients. Inclusion of the feed
additive felutsen in the fattening diet of fimeol sheep rams in the conditions of the Ibyraim kazhy peasant
farm in the Kazygurt district of the Turkestan region increased the live weight gain of the animals. During
the fattening period, they gained 1.94 kg or 5.3% more weight than their peers from the control group, with
low feed costs per 1 kg of weight gain

Keywords: fattening, sheep breeding, ram, live weight, weight gain, slaughter yield, feed costs

Introduction . Creating optimal feeding and housing conditions during the rearing, fattening
and feeding of animals ensures the most economical use of feed and labour and high production
efficiency. At the same time, it is advisable to make maximum use of local angbroigin feed
[1]. The increase in live weight of lambs occurs mainly due to intensive muscle growth, therefore,
when fattening them, it is necessary to use feed with a higher content of digestible[p}otein

According to Sh. N. Zarpullaev, G. Maykhanova [3], during the&l&$ fattening period, the
increase in carcass weight of lambs was mainly due to the most valuable muscles in terms of
nutrition (4.78 kg) and fat deposits (1.79 kg) and, to a lesser extent, due to the less valuable bones
of the carcass skeleton (1.09 kg), therefore, the quality of lamb meat improved significantly.

The protein requirement of lambs and young animals during intensive meat production is
high, and it is not always possible to compensate for its deficiency in the diet with traditional feeds.
In these conditions, feed additives play a certain role in solving the problem of feed protein
deficiency [4].

Authors studying feed additives [5] found that protein supplements (sunflower meal)
increased the live weight of sheep by 1B6/7% and reduced feed coss&®me scientistsonfirm
that an imbalance in animal diets for protein components is the main factor hindering productivity
growth [6]. At the same time, ruminants are characterized by relatively low efficiency in utilizing
dietary protein, especially diets high in nitrogen. However, this efficiency increases dramatically
when animals are fed lewitrogen diets.

Numerous studies have established that ruminants have a unique ability to absorb large
amounts of nitrogen from amide compounds and ammonium salts with the help of symbiotic
microflora. A variety of factors, including physical, chemical, dietary, biological, and endogenous
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ones, have been shown to influence microbial protein synthesis in the rumieoWeéver, at high

and even medium levels of productivity, protein synthesis by rumen microorganisms is far from
sufficient to meet the animals' amino acid requirements. On the other hand, simply increasing the
natural protein content of feed leads to excessive breakdown in the rumentiarately to
irrational use 8].

Analyzing global experience in sheep breeding, it can be concluded that high
competitiveness and economic efficiency in the industry can be achieved primarily by increasing
meat productivity. In the current situation, it seems relevant to use various supplements to increase
the meat productivity of domestic fiveool breeds [9, 10].

Following summer fattening on summer pastures,-W@ight lambs and weaning lambs
were intensively fattened. Before fattening, the control and experimental groups of rams were
dewormed.The control and experimental groups were fed ad libitum, with nutritional and energy
valuesdetermined by calculation using the tabular datd &hd direct laboratory analysis.

The reference manual "Norms and Rations for Farm Animal®]' ¢stablished feeding
standards for fattening lambs and young ewes. The feed mixtures were enriched wittotegh
concentrates, and local and alternative $eegre used as much as possilefore placing the
animals on fattening and finishing, as well as during and after fattening, to study the dynamics of
meat productivity, test slaughter of53rams from each group was performed according to the
standardmethodology [B]. During test slaughter, pidaughter live weight, fatness, carcass weight
and yield, visceral fat, category | and Il offal, hide, blood and muscle, fat deposits, and carcass
bones were recorded. Product evaluation was performed visually based on the shape and
development of muscles, the presence of fat deposits, and the nature of their distribution.

Carcass morphology, weight, yield, and the ratio of meat, muscle, deposited fat, and bone
were determined at placement and after removal from fattening and finishing.

The rate of meat growth, fat deposits, and bone deposits was determined based on the results
of preparation and weighing. The amount and nature of fat deposited in the bodies of lambs and
young sheep were determined based on the results of weighing it during control slaughter, carcass
preparation, and determination of the chemical composition of the carcass pulp.

Meat quality was determined based on the ratio of muscle, fat, and bone content, as well as
the chemical composition of the carcass fl&femical analysis of the carcass flesh determined the
water, protein, fat, and ash content of the samples. The caloric content of meat was determined
based on the chemical composition and calculated pulp corfteat.economic efficiency of
preparing lambs and young sheep for meat was determined based on the costs incurred and the
proceeds from animal sales, as well as the profit margin and profitability.

Research into the use of feed additives in feeding young sheep of domestiodinereeds
is of significant scientific and practical importance, as the effectiveness of sheep farming is largely
determined by the complete and balanced nutrition of young animals. Given increasing demands for
wool and meat quality, as well as the limited availability of traditional feed, the search for
biologically active additives capable of enhancing nutrient digestibility, intensifying growth,
strengthening immunity, and improving feed conversion is particularly important. For domestic
fine-wool breeds adapted to local climate and feeding conditions, the use of appropriately selected
additives not only increases productivity and maintains breed characteristics, but also reduces
production costs. Therefore, research into the effectiveness of various feed additives in young sheep
diets is an important area for enhancing the competitiveness of domestic sheep farming and the
sustainable development of the livestock industry.

Materials and research methodsThe aim of our research was to study the prospects of
using proteiamineral supplements in the diets of fattened rams. To achieve this goal, the following
tasks were set:

- to study the growth and development of young animals with different fattening diets;

- to evaluate the fattening and meat qualities of the experimental young animals;

- to determine the level of economic efficiency of fattening rams ofviioel breeds using
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feed additives.

The material of the research was the rams of thevim@ breed of sheep of the peasant
farm "Ibyraim kazhy" of the Turkestan region. During the work, general zootechnical research
methods were used to determine the increase in live weight, feed costs per unit of production, and
control slaughter of animals 4l The experimental data were processed in the Microsoft Excel
program using biometric and mathematical methods of analf$es. fattening, the rams were put
on intensive fattening according to the developed research scheme (Fig

Effective technologies for preparing lambs and young¥imel (South Kazakhstan Merino) sheep fo

meat in the conditions of southern Kazakhstan
v

v
Technology of intensive fattening and finishing| Meat productivity of rams
rams

1. Intensive fattening of lambs on natural pastu
grain crop residues, and alfalfa afterglow w
supplemental feeding.

2. Fattening and finishing of lambs.

3. Fattening of lambs using local and alternaj
feeds.

4. Autumn fattening of young lambs on natu

1. Changes in slaughter quality of lambs dur
fattening.

2. Lamb quality.
3. Live weight, carcass weight and vyield, visce
fat, meat products, tissue, and lamb quality du
fattening.

pastures, grain crop residues, and alfalfa afterg
with supplemental feeding.

5. Intensive fattening of young lambs using loc
high-protein, and alternative feeds.

4. Development of meat productivity in you
animals during the sprirgummer fattening period
5. Growth, meat development, and changes in |
guality during intensive fattening.

Economic efficiencyof selling rams for mea

Figure 17 Developed research plan

The manifestation of hereditary productivity of animals depends primarily on feeding and
maintenance. They are the most important environmental factors that have a significant impact on
the growth and development of animals, the level of productivity and the quality of prodaicts [1
16]. To assess the feed payment by live weight gain, wéhptiy rams on control fattenindjfteen
in each group. The age of fattening was 4 months; the age of removsikwasnths. All animals
had a level of live weight close to the average. Based on the traditionally used feeds on the farm, a
farm ration for fatteningine-wool rams on the farm was compiled, consisting of alfalfa hay, barley
bran, and wheat brdfrigure2).

Figure 27 Fine-wool rams during fattening
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The basic diet of fattening rams corresponded to the body's requirements and consisted of
the following types of feed: alfalfa hayl.0 kg, barley meal0.35 kg, wheat meal0.2 kg. The diet
contained 1.3 EFU and 154.2 g of digestible protein. To balance the diet in terms of -vitamin
mineral and sugaprotein ratio, the experimental group of rams additionally included the feed
additive felutsen in the diet. The feed additifelutsen contains easily fermented carbohydrates
(sugars), vegetable protein, vegetable fat, and highly purified salt (sodium chloride).
Macronutrients: calcium, phosphorus, magnesium, sulfur. Micronutrients: manganese, copper, zinc,
cobalt, iodine, selenium. Vitamins: A, D3, E. Metabolic energy: 2.9 MJ/Kkg.

Table 17 Diet for fattening rams

Indicator Unit of measurement Quantity
Alfalfa hay kg 1.0
Barley husk kg 0.35
Wheat husk kg 0.20
The diet contains:
EFU (energy feed unit) - 1.3
dry matter kg 131
crude protein g 2066
digestible protein g 1542
calcium g 14.0
phosphorus g 3.97
carotene mg 4237

The experimental young animals were kept in the same base, but in different pens. Every
day, each group of rams was given a certain amount of feed in the morning, between 7 and 8
o'clock, they were given %2 of the daily norm of alfalfa hay, then, between 12 and 13 o'clock, they
were given barley bran, and between 13 and 14 o'elatieat bran, and between 17 and 18 o'clock
they were given the second half of the bulk feed. The animals of the experimental group were
additionally given the feed additiielutsen in their diet. To account for palatability, the uneaten
remainder from the previous feeding was weighed before each feeding. Based on the daily
accounting of the given and uneaten feed, it was established that the rams from the control group ate
less feed than the animals of the experimental group.

We also calculated the feed costs for production. Analysis of the obtained data, allowing us
to judge the live weight gain over the entire fattening period, showed that the live weight at the
beginning of fattening was higher in the experimental group of rams. This fact reflected the real
difference between the average valoéshis feature in the experimental group of rams. However,
during the fattening period, they gained 1.94 kg or 5.3% more weight than their peers from the
control group. The experimental rams had the lowest feed costs for gaining 1 kg of live weight, at
7.31 EFU, which is 2.8% less than in the control group.

Table 27 Feed costs for live weight gain

Indicator Group
control experimental

Live weight, kg initial 27531024 29.13+0.39

final 36.38+032 38.32+043
Absolute gain in live weight, kg 8.85+009 9.19+011
Total costs for the experimental period per 1 head, ECU | 66.16 67.16
Consumed ECU per 1 kg of live weight gain 7.48 7.31
Total costs of digestible protein per 1 head, g 75741 770688
Consumed digestible protein per 1 kg of live weight gain | 85583 83862
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In order to study and evaluate the slaughter qualities of the experimental young animals, in
our experiment, a control slaughter of rams was carried out. For this purpose, 3 heads of young
animals were selected from each group, which had live weight indicators close to the average for
their groups (Table 3).

Table 371 Slaughter qualities of rams at the age of 6 months, kg

Indicator Group
I Il
Preslaughter live weight 36.48+0.24 38431027
Weight of fresh carcass 16.13+018 17.42+015
Weight of internal fat 0.147+006 0.164+004
Slaughter weight 16.28+017 17.58+021
On average 44.6 458

The main criteria that give an ideamkat productivity are slaughter weight and slaughter
yield, which are largely associated with the genotype of the animall[e results obtained during
the control slaughter indicate certain differences between the rams of the control and experimental
groups(Figure 3)

Figure 31 Carcasses of rams removed from fattening

In terms of preslaughter live weight, the young animals of the experimental group exceeded
the indicators of their peers from the control group by 5.3%. The differences remained in the post
slaughter characteristics. The carcasses of the rams of the experimental group weighed 8.0% more
than the carcasses of the control animals; the content of internal fat was 11.5% higher, with higher
slaughter yield indicators for the rams of the experimental group of 45.8%, which is 2.7% more
than in the control group.

Lamb quality. According to scientists, quality feeding determines the quality of the final
product obtained from animalsgll During the 66day fattening process, the increase in carcass
weight occurs mainly due to the more valuable skeletal muscles and fat-22632kg) and to a
lesser extent due to the increase in skeletal bones@®36kg). In this regard, the meat coefficient
and musclébone ratio increase sharply from 2.98 and 2.67 t0-8.98 and 2.98.10 units (Table
4).

Table 417 Morphological composition of lamb carcasses

Indicators Units After removal from fattening
control experimental
1 2 3 4
Carcass kg 16.13+0.18 17.42+0.15
% 100.0 100.0
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1 2 3 4

Pulp kg 12.69+0.35 13.78+0.36
% 78.7 79.1

Incl. muscles kg 7.45+0.20 8.28+0.18
% 58.7 60.1

Fat kg 2.53+0.09 2.61+0.09

20.0 19.0

Bones kg 2.51+0.10 2.67+0.09
% 19.8 19.4

Tendons kg 0.19+0.08 0.20£0.08
% 1.5 1.5

Coefficients: meatiness units 3.98 4.08

musclebone units 2.97 3.10

musclefat units 2.94 3.16

During the fattening period, the water content in the pulp noticeably decreases from 70.4%
to 55.856.7%, while the specific weight of fat, on the contrary, increases from 10.2% to 27.9
28.9%. Due to the increased accumulation of fat in the carcass, the caloric content of 1 kg of pulp
increases sharply from 8.3 to 14.4.8 mJ (Table 5).

Table 57 Chemical composition of lamb carcasses

Chemical composition of lamb |  Units After removal from fattening
carcasses control control
Water % 55.8 56.7
Fat % 283 279
Protein % 14.5 14.6
Ash % 0.8 0.8
Caloric content mJ 14.8 14.4

The compared groups of lambs did not have significant differences in the morphological
composition of the carcass and the chemical composition of the pulp.

Conclusion A calculation of the economic efficiency of using the feed additive Felutsen in
fattening rams shows that the experimental group animals generated superior revenue compared to
the control group, averaging 1,477 tenge per head. Based on studies on the economic efficiency of
selling sheep for meat, it can be concluded that selling lambs in the year of birth improves the
guality of mutton produced and reduces overhead and costs. At the same time, after rearing young
animals and preparing them for meat, high economic efficiency can be achieved.

Thus, a literature review reveals that in countries with developed sheep farming, mutton is
produced primarily by selling lambs for meat & éonths of age. Effective methods for preparing
the meat contingent of sheep for meat include fattening lambs and young animals using natural and
artificial pastures, grain stubble, afggowth of perennial grasses, additional feeding (concentrated
feed or green mass of pasture grasses), and fattening sheep with complete feeds with the maximum
use of highprotein, nortraditional feeds and feed additives.

Summarizing the obtained data, it can be concluded that the use of the feed additive Felutsen
in fattening young rams improves the fattening quality of young animals, enhances their ability to
convert feed into product, and increases revenue by 1,476 tenge per head.

In general, fattening sheep, especially lambs and young animals, is an important method for
preparing meat for meat production, contributing to increased production ofbadity mutton.

With intensive fattening of lambs and young sheep, carcass weight gain occurs due to muscle
growth. Therefore, increasing their protein intake by32% contributes to a 1B7% increase in
live weight. For lambs over 40 kg, fattening becomes more expensive, as lamb meat contains more
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fat than protein. The more intensive the fattening and the higher the average daily weight gain of
lambs and young animals, the fewer feed units are consumed per live weight gain. In scientifically
based fattening of lambs and young sheep, the use ofphoggin feed is promising. During
fattening, the average daily live weight gain of lambs and young sheep, depending on the nutritional
value of the feed, breed, age, live weight, fattening intensity, and other factors, reacize® 120
grams, carcass weight 1613.42 kg, carcass yield 4547.5%, and musci®-bone ratio up to 3.10

units.
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Annotation. Immunization of animals is a critical aspect of veterinary practice aimed at enhancing
their resistance to infectious diseases. One effective immunization strategy involves the use of polyantigens,
which enable the development of immunity against multiple pathogens simultaneously. This study
investigates the effect of administered polyantigen doses on antibody levels in young bulls. Understanding
the dosedependent response to antigens can significantly improve vaccine development and the prevention
of infectious diseases in livestock. For the experiment, bulls aigggears were selected and divided into
three groups. Each group received different doses of antigendagt ifitervals over 56 days. The immune
response was assessed using an endiytked immunosorbent assay for viral infections and an agglutination
reaction for bacterial infections. The results showed that increasing antigen doses led to a rise in antibody
titers in the ani mademdenbilnuoedresponBeedighest antibody titeas were s e
observed in bulls that received the maximum antigen détmsever, excessively high doses resulted in
signs of immune system overload, leading to a decline in antibody activity. This highlights the need to
optimize antigen dosage to achieve the most effective immune response. The study demonstrated that
administering increasing doses of polyantigens significantly influences antibody levels in the blood of bulls,
with an optimal dosage existing for eliciting the most pronounced immune response. It is essential to note
that excessively high doses may lead to immune overload, thereby reducing the effectiveness of the immune
response. The findings of this study may be helpful in the development of vaccines for livestock and in
practical immunization strategies to enhance resistance to infectious diseases

Keywords: polyantigen, immunization, antibodies, agglutination reaction, antibody titer, vaccination,
infectious diseases.

Introduction. Immunoprophylaxis remains one of the most important strategies in the
control of infectious diseases in farm animals, particularly under conditions of intensified animal
husbandry and increasing epizootic risks3[1At present, particular importance is attached to the
development of various probiotic-B] and polyvalent immunobiological preparations capable of
inducing a stable and targeted immune response against a broad spectrum of pathogens that most
commonly cause diseases in calve®].7Polyvalent vaccines and sera enable the immune system
to simultaneously recognize and neutralize multiple infectious agents, which is particularly
important in the case of polyetiological diseases such asbacaérial diarrhea in calves. However,
to achieve optimal results, it is essential to refine the parameters for antigen and serum production,
as well as to carefully select the composition and dosage of antigens. Both insufficient and
excessive antigenic load may reduce the effectiveness of the immune response or lead to
undesirable side effects [10].
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The present study aims to investigate the dateggendent development of humoral immunity
in bull calves following administration of polyantigenic compositions, with the goal of identifying
optimal parameters for the production of highly effective hyperimmune sera intended for the
prevention and treatment of infectious diseases. The research utilizes epizootically significant
strains of viruses and bacteria, thereby enhancing its practical relevance for veterinary immunology
and biotechnology. Furthermore, this work contributes to a deeper understanding of the mechanisms
underlying the interaction of multiple antigens within the animal organism when administered
concurrently. This has both theoretical and applied significance, as the findings may be used to
improve immunization protocols, including hyperimmunization regimens for donor bulls involved
in the production of therapeutic sera. The study will also examine the influence of variou$factors
such as antigen dosage, timing of administration, and individual animal charactemstics
antibody production and the overall immune response. The results of this research may facilitate the
development of novel approaches to improving treatment strategies for infectious diseases in cattle.
Immunization of animals, particularly livestock, remains a critical component of infectious disease
prevention, as such diseases can significantly reduce productivity and may lead to widespread
outbreaks within herds. In recent years, increasing attention has been given to the use of
polyantigenic formulations, which enable the development of an immune response against multiple
infectious agents simultaneously. This is especially relevant for livestock such as cattle, which are
at constant risk of infection by a wide range of viral and bacterial pathogens [3, 11, 12].

Polyantigenic vaccines represent an effective means of providing simultaneous protection of
animals against multiple diseases, thereby reducing the number of required vaccinations and,
consequently, the overall cost of immunization. However, the issue of optimizing antigen dosages
in the application of such vaccines remains insufficiently studied. The main challenges lie in the
fact that excessively high antigen doses may trigger undesirable reactions, such as immune system
overload or the development of autoimmune disorder$18]3 On the other hand, insufficient
antigen doses may fail to elicit an adequate immune response, leaving the animal vulnerable to
infections. The effect of antigen dosage on the immune response in animals has been the subject of
numerous studies. Some investigations have demonstrated that increasing the antigen dose up to &
certain threshold enhances the concentration of antibodies in the bloodstream. However, exceeding
this threshold does not necessarily lead to a stronger immune response and may, in some cases.
result in adverse side effects. Various studies have indicated that excessively high doses of
polyantigens can lead to immune hyperreactivity in animals, which in turn reduces the overall
efficacy of the vaccine [14.8].

Despite the considerable number of studies on the-digisendent immune response to
antigen administration, the issues of dose optimization and the evaluation of their impact on the
efficacy of immunization in cattle remain incompletely resolved. An important aspect is that
modern vaccines often contain multiple antigens, which significantly complicates the study of dose
dependence. Precise determination of the optimal dose for each type of antigen within a
polyantigenic vaccine can help prevent both excessive immune reactions and insufficient immune
activation. Moreover, the immune response is commonly assessed using technigues such as
enzymelinked immunosorbent assay (ELISA) and agglutination reaction, which allow for accurate
measurement of antibody titers produced in response to antigen exposure. These methods have
gained widespread use due to their high sensitivity and specificity, making them ideal tools for such
investigations [1821].

This study is highly relevant in the context of enhancing the biological safety of livestock
production, developing new generations of immunobiological preparations, and implementing
scientifically grounded approaches to the immunization of farm animals. Its findings can be applied
in the production of polyvalent prophylactic agents against infectious diarrhea in calves and other
mixed infections, which is particularly important for regions with high livestock density and
unfavorable epizootic conditions.h& investigation of the doskependent immune response to
polyantigen administration in animals represents a significant scientific challenge. The results
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obtained may contribute to the development of more effective and safer vaccines for agricultural
animals, ultimately leading to improved animal protection and increased productivity in the agro
industrial sector.

Materials and Methods. During the experiment, epizootic isolates of viral and bacterial
pathogens obtained from calves suffering from infections of various etiologies were used. The
following viral isolates served as antigenic material: infectious bovine rhinotracheitis virusi(IBR)

i sol atled;AlbBRine viral Tdsal ah2a;i BYDuBvilgdgR¥De/n z a
ii sol aXledo ;A RIot alviissaulsa(éRVIIBYWd cor dnawi atxso.fCo\
Bacterial antigens included the following: the causative agent of colibacilloBiscoli isolate

ifCelloi; and the causatiiSamonalgdublih sol as elom®oél | os i

To cultivate the viruses, continuous cell lines were used: BHKbaby hamster kidney
cells) and VERO (African green monkey kidney cells). Standard nutrient media and solutions were
empl oyed: 0.5% | actal bumin hydrolysate (LAH)
medium (MEM) with glutamine (pH 7i5.6); synthetic medium 199; microbiological media
(MPA, MPB, MPPB, Sabouraud, Kiftarozzi); 0.9% sodium chloride solution (pHi7724); 0.1 M
phosphatéuffered saline (PBS) and PBS with Tween (PBST), pH7/4& and 0.01 M carbonate
bicarbonate buffer (CBB), pH 9.Experimental studies were conducted on nine bull calves dged 2
3 years, divided into three groups of three animals each. The animals received polyantigenic prepa
rations in increasing doses. The immunization schedule included seven subcutaneous injections
administered in the middle third of the neck on the following days of the experiment: days 1, 21, 28,
35, 42, 49, and 56. The dosage distribution by group was as follows: group 1: 5, 5, 10, 20, 40, 60,
80 ml; group 2: 10, 10, 20, 40, 80, 120, 160 ml; group 3: 20, 20, 40, 80, 160, 240, 320 ml

Antigens were mixed in equal proportions. The protein concentration in each dose ranged
from 1.0 to 1.8 mg/cm3. Prior to the first injection, blood samples were collected from all animals to
determine baseline antibody levels and to rule out the influence eéxmtng background
immunity. The specific immune response was evaluated based on antibody titers using-enzyme
linked immunosorbent assay (ELISA) for viral antigens and agglutination reaction (AR) for
bacterial antigens. Serum samples were collected on days 55, 63, 70, and 73 of the study.

Results. Analysis of the results revealed a pronounced -dependent response of the
animals' immune system to the administration of polyantigens. The dynamics of antibody titers in
relation to antigen dose are presented in Table 1

Table 17 Dynamics of antibody levels in young bulls following administration of different doses of
polyantigen antigens

B Antigen doses, mL Reciprocal values of the mean antibody titer to the antigel
ELISA and agglutination reaction (M+SE)
55days 63 days 70days 73days
1 2 3 4 5 6
Bovine Viral Diarrhea Virus (BVDV)
1 5-80 553+2,45 760+1,45 1048+2,93 935+ 4,92
2 10-160 567+3,18 885+ 2,18 1121+3,51 922 +4,83
3 20-320 502+2,87 873+3,95 1095+1,73 921+4,91
4 Control 0 0 0 0
Bovine Parainfluenz8 Virus (P+3V or BPI3V)

1 5-80 528+ 3,67 605+3,53 1108+4,21 959+ 5,72
2 10-160 615 +3,94 | 832+ 3,65 1202+4,87 968 +3,86
3 20-320 635+4,16 797+4,37 1063+3,63 908+5,23
4 Control 0 0 0 0
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1 2 3 | 4 | 5 6
Bovine Coronavirus (BCoV)
1 5-80 564+ 3,51 7244251 1047+3,74 927+ 5,45
2 10-160 625 +3,67 826+4,74 117445,35 1095 16,28
3 20-320 678+3,72 865+5,29 1089+4,37 926+5,79
4 Control 0 0 0 0
Escherichia colpathogen in calves
1 5-80 114+ 3,61 385+1,83 452+2,46 410+ 5,34
2 10-160 268 +3,82 453+2,36 516+3,57 468 £3,74
3 20-320 252+3,15 324+2,84 502+3,98 450+4,62
4 Control 0 0 0 0
Causative agent of salmonellosis in calv@alihonellsspp.)

1 5-80 221+ 2,31 296+1,73 426+2,43 320+ 5,34
2 10-160 262 +1,84 326+2,27 558+3,47 423 £3,83
3 20-320 305+2,45 361+2,76 501+3,94 405+4,83
4 Control 0 0 0 0

The highest levels of specific antibodies were observed in the group of animals that received
antigen doses ranging from 10 to 160 ml (Group 2). The peak antibody titers reached the following
values: against bovine viral diarrhea viriis1: 1121 N 3. 51 ; Boviaus s t p
1: 1202 N 4.87; agéalngil7boNMi Eseiichiamiphvhba sN 3.
and againsalmonella dublii 1 : 55 8 IiNthe3jroub Teceiving the highest doses @D ml),
antibody titers were lower compared to Group 2, despite an intensified local inflammatory reaction
at the injection site. This suggests the presence of an immune stimulation threshold, beyond which
an excessive antigen load leads not to enhancement but to suppression of the immune response. Ir
the group with the lowest dosesi 8 ml), antibody levels were significantly lower, indicating
insufficient immunogenic stimulatiorA clear correlation was established between the volume of
administered antigen and the level of specific antibody production, identifying the optimal dosage
range (10160 ml) for future application in hyperimmunization programs for donor bulls and in the
development of hyperimmune sera.

Figure 1 illustrates the dynamics of antibody production against each pathogen over the
course of the experiment for different antigen doses.

Dynamics of antibody levels to different pathogens at various doses
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Figure 17 Dynamics of specific antibody titers in bull calves after administration of different
polyantigen doses
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A steady increase in antibody titers was observed up to day 70, followed by a slight decline
in most groups by day 73. Theill®0 mL dose consistently elicited the highest antibody levels
across all antigens, while both lowei 8 mL) and higher (2820 mL) doses resulted in reduced
humoral responses. The control group maintained baseline values throughout the study.

Figure 2 presents the peak antibody titers recorded for each antigen at different doses. The
data clearly show that the optimal immune response was achieved with ft& 0L dose, which
outperformed both lower and higher doses in most cases. This visual representation supports the
conclusion that there is an immune stimulation threshold, beyond which excessive antigen load may
suppress antibody production rather than enhance it
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Figure 21 Peak antibody titers against viral and bacterial pathogens at different antigen doses

The conducted study demonstrated that immunization of bull calves with polyantigens
induced a pronounced accumulation of specific antibodies against a range of viral and bacterial
pathogens, with peak titers recorded on day 70 of the experiment. The most effective antigen dose
was within the range of 1060 ml, which elicited the most robust humoral response: antibody titers
reached 1:1121 N 3.51 for bovine vir&virusdi arr
1:1174 N 5.35 fol: HDb& i ME3coti57r aomdarv 1 r 5 S§moRella3 . 4 7
dublin. With increased doses of B0 ml, antibody levels were lower despite a stronger local
inflammatory reaction, indicating antigen excess and its potential reactogenicity. In the group
receiving 580 ml, antibody production was less pronounced, pointing to insufficient immune
stimulation. These findings highlight the critical importance of antigen dosage when using
polyantigenic formulationsThe in vivo experiment results have high practiagghificance for
veterinary immunology, as they provide deeper insight into the mechanisms of immune response to
multicomponent antigenic preparations. Studying antigen interactions within polyantigenic
compositions opens new prospects for the development of hyperimmune sera, particularly for the
prevention and treatment of infectious diarrhea in calVhs.research established that a carefully
selected dosing scheme and immunization intervals contribute to the formation of a stable and
specific immune regmsé an essential requirement in the production of hyperimmune sera from
donor bulls. Furthermore, the study showed that both underdosing and overdosing of antigens may
reduce the efficiency of the humoral response, emphasizing the necessity for individualized dosage
selection and immunization protocolBhese results can be applied in the development of more
effective prophylactic and therapeutic agents for animals, as well as in the improvement of current
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vaccination methods in agriculture.

In recent decades, there has been growing interest in the development and application of
polyantigenic vaccines for the immunization of farm animals. Polyantigens are combinations of
antigens targeting multiple diseasausing agents. This vaccination strategy improves preventive
efficacy and reduces the number of required immunizations. However, despite the clear advantages
of polyantigenic vaccines, the issue of optimal antigen dosing remains unresolved. The dose
dependent immune respofsee., the variation in immune system activity depending on the
administered antigen dasds a key factor in vaccine development. It is essential to consider that
both insufficient and excessive antigen doses may reduce the effectiveness of vaccination. High
doses can overload the immune system and lead to side effects such as inflammatory reactions and
autoimmune disorders. On the other hand, inadequate antigen dosing may fail to provide sufficient
protection against infection. Therefore, accurately determining the optimal antigen dose that
promotes the most effective immune response is critical.

In this study, using-2to 3-yearold bull calves as a model, the effect of various polyantigen
doses on antibody levels will be analyzed to establish adisendent relationship of the immune
response. The findings of this research are of great importance to veterinary practice, as they will
help determine the optimal polyantigen dose for immunizing farm animals. Aselelited antigen
dosage ensures maximum vaccine efficacy while minimizing the risk of side effects, such as
immune system overload. These results may contribute to the development of more effective
vaccines and the optimization of immunization programs, ultimately improving animal protection
against infectious diseases and reducing economic losses in agriculture.

In future research, it will be important to further clarify dose dependence for other types of
antigens, as well as for different age and breed groups of animals. This will enable the creation of
individualized vaccination strategies, contributing to improved herd health and productivity. The
data obtained may be applied in the development and implementation of effective cattle vaccination
protocols aimed at reducing morbidity and increasing overall biosecurity in livestock production.
These results are particularly relevant under conditions of elevated epizootic risk and the need for
comprehensive protection against a wide range of pathogens.

Further studies are required to determine the optimal polyantigen doses considering the
ani mal 6s age, breed, and physiological status
of additional immunomodulators or adjuvants to enhance the specific immune response without
risking immune system overload. Consequently, immunization of bull calves with polyantigens in
increasing doses represents an effective method for stimulating a specific immune response.
However, achieving the best results requires selecting a dosage that provides maximum immune
protection without adverse effects on the ani

Conclusion It has been demonstrated that the conducted study confirmed a direct
relationship between the level of specific immune response3iy@arold bull calves and the dose
of administered polyantigen. An increase in dosage was accompanied by a rise in antibody titers,
indicating dosedependent activation of the immune system. It was established that the most
pronounced and stable immune response was observed with the administration of medium to high
antigen doses in the second group. At the same time, animals in the third group, which received the
highest doses, showed signs of potential immune system overload, highlighting the need for careful
dose optimizationThe use of enzymknked immunosorbent assay (ELISA) and the agglutination
reaction (AR) enabled the acquisition of objective and reproducible data on the state of humoral
immunity. These methods proved effective for monitoring antibody production ovefTimaetudy
revealed the promising potential of polyantigen use, as the results confirmed the high efficacy of
polyantigens in eliciting a robust immune response, provided that the dosage is properly selected.
This makes polyantigenic preparations a promising tool for the mass immunization of farm animals.

Funding information: This research is funded by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan (Grant NeA®33032).
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INFLUENCE OF AGRICULTURAL PRACTICES ON THE BRANCHING OF ANNUAL
SEEDLINGS

Urazayeva M, Masterof Agricultural Sciences
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Ormakhaev A.M., PhD student
KazybayevaS. Zh.,Candidateof Agricultural Sciences
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%«Zh.Zhiembaev Kazakh Research Institute of Plant Protection and QuasabBie Aimaty, Kazakhstan

Annotation. Today, when laying an intensive garden greatimportanceis paid to highquality
planting material of fruit cropswith specified parametersThe purposeof this study is to improve the
technologyof growing branchedannualappleseedlings. Obtaininguchseedlingss possibleif a numberof
conditionsare met This article showsthe different effectsof mechanicatechniquesand chemicalson the
branchingand growth processesf annualappleseedlings. Amongll the studiedagrotechnicatechniques,
the maximumnumberof lateralbranchesvas obtainedby pinchingthetip andremovingthe upper3-4 leaf
plates together with nonroot treatmentswith Epin and Energenaqua. Differencesn the reaction of
individual cultivar-rootstockcombinations dependingon the region of growth, to the combinedeffect of
mechanicaltechniqueswith nonroot treatmentshave beenestablishedlIn the Voskhod variety on the
MM106 rootstock,underoptimal conditionsof the growing seasontwo-fold non-root treatmentswith Epin
and Energenaqua togetherwith pinchingthe tip and removingthe upper3-4 leaf plates contributedto a
significantincreasdn the numberof lateralshoots.Theyield of standardranchedappleseedlingghat meet
therequirementslependingn the useof agrotechnicatechniquesn all variety-rootstockcombinationsvas
93-95%

Keywords: branchedseedlingsappletree, varietyrootstockcombinationsagriculturalpractices
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AGROTECHNICAL FUNDAMENTALS OF USING BIOCOMPOSITE HYDROGELS TO
IMPROVE PRODUCTIVITY AND WATER CONSERVATION

Azimov A.M.%, PhD
Iztleuov G.M.>*, Candidate of Chemical Sciences, Professor
Yertayeva Zh.T.2 PhD
Bolysbek A.A.x Candidateof Technical Sciences, Associate Professor

1JSC M. Auezov Sout h K &hyakedt Kazakhstatdni ver si tyo
2JSC'Kazakh National Agr aAimay)Republe ef KazaklstalUni ver si

Annotation. This study provides a comprehensive investigation of the physicochemical and
agronomic properties of biocomposite hydrogels developed for agricultural applications. The hydrogels were
synthesized based on hydrolyzed polyacrylonitrile (HPAN) and sodium carboxymethylcellulose (CMC), and
their swelling capacity, wateetention ability, and mechanical stability were determined. According to the
synthesis results, the optimal hydrogel composition was found to be HPAN/CMC = 70/30, which exhibited
the highest swelling ratio (580 g/g) and a watgention capacity of 85% after seven days. Mechanical
testing of the hydrogels under soil conditions revealed that their structural stability was maintained for up to
180 days in clayey soil. Agronomic field experiments demonstrated that the introduction of hydrogels had a
significant positive effect on soil physical properties: the field moisture capacity increased by 46.4%, water
permeability decreased by 37.8%, and wilting moisture content rose by 50%. The release efficiency of
fertilizers (nitrogen, phosphorus, potassium) encapsulated within the hydrogel matrix wésréaging
70-80% within 30 days while the overall utilization efficiency ranged between8%6. Plant growth
experiments showed that hydrogel application (0.3%) increased plant height by 20.4%, tgoaisand
weight by 17.4%, crop yield by 30.2%, and protein content by 13.3%. Moreover, for different agricultural
crops (wheat, maize, cotton, and vegetables), the use of hydrogels resulted in yield incread@€8w0a2&
water savings of 3®0%. Overall, the application of hydrogels contributes to improving the phtesical
properties of soils, enhancing fertilizer efficiency, and reducing water consumption. These results confirm
that hydrogels are an effective component of sustainable agriculture andsmatgy technologies,
particularly valuable for arid and seiaiid regions

Keywords: hydrogel, agriculture, soil, water retention capacity, swelling ratio, fertilizer efficiency,
crop yield, water conservation
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MilLe &z ¢ yYOB ' dzjIs' dz BODOkOE, nd 3w dzr Yy 1 dzj d3j dzls
Mz zOter dz" w MOy Ofpr dz Is"tcOyIsr BOY'" dzOk OMO HBOWr L HT

JdJHtetsG J sdzBe W dz" ¥ XY ODHO2d&OteHT W IsOBdod MmMdf O
h QteOdzOtcH™ W Isde "' L j ld'finde rtey) findede indes Oucj tdds ldsjd2 dzH* B OMY
YN 2Jdzjte' dzHj G Is 1l to dz' ddzgy j dgj tcdz' € dBpfMj dzj dzj .o OW f
CGdHBG j BdzcedW DOF dzf d3f dz' 1wy jdgiHdzd SiptOQ)efbr =B W' fis'™ dzH O
CdHiG  sdzsedWY dzr ¥ OrkzOdzH' MOtOflsOlz, stsfr cOYIsr |
Y OlsOIsr dz2 3 jtodzjtcHj Okr" dz h OQtekzOMr dzr OF HOY ' dznH Ote’ oz
Bl BE * dzH € Bitoils' dz 3 dzd steOydwdzr v y"te" dz" d3H OtcH "
02 &z0dzr MOHT .

[JdzdsteOydwdzr v cdHEesG ] sdzsedw 3 dzgOHO2 B OMist
NJdzOkz, Mk N jbS Lk Ispte' LH' YtsBORZORIOdz M OtcOdzOte+
Odzr YIsOf, BdZOtcH'™ W ELGjtelkz NHjte' M dz Bsdy Okz; EL G ]
NN2jdzjte' dz Y sBOZOEZ,;, B ZdstcOyYydw dzOdzOIs™ dz Oz BOY Is Ot
YDdzgj tdzOteH'™ W IsOBJdOd GilsODO bpfMmjt" @YJ g dad js tc®ls ' 1
NN2jdzjte " i "Msjitf b "twoOdk CjLH] cEdHtetsEj sdscd

1Jdtlslsjlz d&30Isj tod O dzH|Gfteir te tigly j dAzdptsHte G sdfjwtadz'.Y Y OO H O2

HDdZ BODOXOE-B Iz s Pls st dztEOBRBOdzZH OtcH™ W D' dz' B Is OdzH
Y O3OYIs' L jtelslsjlz deplsdyifm' dzghy BU GRS dz BtsSdzZOHT . 1
YDdey Is"L iy BB dz sSOZHOEZ HO C' t6jH' [ 2, 3]. ok
Meurw B 't6 BEMX 6 Itsfr Oy Jjto'ls'" dzvn' ' Oteyr dzr Ef
Ciljin', Oz YOdzoOdz 3 dzh § t6* Ydte yYBR2dAdOEZ" dzO E IS’
MOdzH Oter dzOdz » jto Oflsr MEzdzOte" dg' ¥ Hj WA ISDR ©e lgjiRjd

StedzOdzOMY Odze Pz@Ak s @3 dz Is" L Y JdzeOdzz NteH' Misj &' 1
S"LHOdZ" dz2O Odz' cia f, dzbIsd x4 ' dzH § Okzr &z h Ot
IsE dgj dzgH j 2 H " .

ssdzr d3j dz Y OlOte, Y Jjt OfMmlsr MkzdzOttr MEzOtdOdzr I
MOtk OttdzOkzOtr Oty &z ML ' &' §f elsjls’ dz Mk ZOte 3]
sj ¢ MkzOted3Odzr Odzy Of IsO@Y O B DO NHBPGE OBRBROO?2 h
Mz dzOter dz" W cdHEdsedwd v tiydd dd w ELGJjtlz' dzj
GdHEtsdzZtse d v dzr vi frifx00dedf3j dgetedt?) jots ' B3y dz MOtz CjL " dzH §
snfmjls' dz yBtejClsjdzn' ok GEz@jcds’ d3E =Hz2izj tfo’ Is @g dwgz®y " .
Stsf " tcOYIsr w sOd" te EMJIs" dz Y OBOIST dzH O YO)JjIsls®
BOD' Isls ©dzD O dz, B"dz EL CjLjojden pzizE filg] i3 DA | tOH'T Wiz H
HOY '™ dzH Ote" dgf W Y tsD0DO0Ot" Edz’ d3 Odzz" dzO Y ODHO2 Y OMO2H

DOL OYMIsOdz Ok 3OO " dzHe @ 3OOstsIs IVt D2 FOP EsPWdi © Y | to
YOIk IIsjtejwH' 6 Dtoy d dz' BtsSd&zDOdzH " Y Is Odz, swis 02 dzf
dzs tc ZO zOte ' ) HO B 'tHJ2 Jd&J Mm; B"dz CEteMjlsC '  hisjtc (
BtS2" dzh O Odzr Y sOBBOdzr YIsOtH Oe Cj dzls' to' dzG § dz.

rjte Ofmisr Mk dzOter dzr v Mk Otc 3O dzr YBtej CIsg dzlz’ d c
Ote dzO dzOte " Otey r dzf BsdzOIs" dz MmuL ' dzH’ hr O" dzgH OtcH '
CeEtemjIsC "  hilsjtoH BJ dz¢ ' dz B'tc hjClsj "MksOk YOyjls
CeEl] o' dziz BJ dz¢ " dzj tc° BO2YOdkzoOOdz MmMbDIsls§ dds¥ d dz Iste
SO tcdzr vy Y OBOI Oty dz Elsjls’" dz IstceOdzL dIsls™ &€ OO’
["dzHO2 OO0" dzHOte Cj2H] ML dz6jdz MEH® BOXZfdz >F
a3l 3¢ ' de. dbdz COdOdzH OtcH OO " W ddz' steOydWw dzr Y50% ' rdp r dzH C
Y"teO©@2H" [ 3].

szOtk CjL dHj] COdZOdzH™ W sl B’ d3J dz Y OB tcD OdzOt
YOBOILIsTw nfls' dzvj dqddzOdzr  , Y"tcOdRRr dzZH O s LT CET
Jted €hj dzddzL © Ispte' L H st dz' Mlsjte IsnijH' 3 D dzd
[ "dzgH ©O2 MmuL "' dgH "’ Q0" dzH Otc € j2 Y ODHO2dZOtHO Istsf ' tc
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sdzOteH h O DO BIBE dzH' € BjtjH' . ¢(&ZO2HO, jGjte
SEdj dz Bsdzr f, OD'r dz BtsdzdzgO0DOdz ¥ ODHO2HO, €C€j2B' t6 B
NJdteH W Mk OmMlsr d&zH O Y OdzlzT BO2Y OdzOH T ; Oz BOMY O ¢k
" LHOdET NHHJ2 Infmjin".

0" dzHr MEdzOteH™  O2 HOWOH2D, d&'ls ' b dei MEOfclz' to dzr
Stsfr tcOyYIsr w y"dzOtedzr dzf OF BRBjdz Ytech ODOdz BelsOdz W
dbO" dzH" Y Ddzgi BOdZ " OwkzOhr dzthwrf Isy ® dzrwy'pydzj iy Usde@3© dzlz h XC
Ef" &BH " Clsj o' da mEOthO YSdZHOdzze B B2 dzh O tsIsOdzH "™ Y
BS2" Ylte' ' Lecjdz Ispy " tedBjdzjte' BEzZOGH'™ W Isd' d&3H' dz' @

GO dgH T D tc' 3d dzj tc © dzH O dzD O dz mt&@&@;@ MOtk
tod Y dd3' dzi 4 dzj kzdz pfmMjte JjlsjH' . 1"t > 0O0r" dzOdz, B "
sOL Otclzr dz2 Y ORBISOBOMr L i Qlisgz, " QB L E@2h " dzy O wlz®ylz dzH Oto
Y"tcOd3r dzH Q0" Yitej SIs' € L OLlsOtcH" f O2HOZzOdzzT Otcy
Q0" dzgH" MEzdzOtt MEzOtkzDO Y sdzH Odz" dzD OdzH O, N dte Oflsr
HjWej2" Y00t dzO2 IlifpjH' . [rMmOdz , [ tdeBOMM 02 &
Fyomejdzjtenj 25 3" dzHryYy MkzOttkz dolsdyjfm" dHj Y]t
Celsjte" &, dBJdzj cOdzm Qaidlz 2-6 Btofgy BX tzh OtBY Odz6 / &2 6 ¢ |

ytsdz” d3j dz Y OlsOte, Ndte Ofmlisr Mz zOter dzr w =~ ddzdw dzr
Mzdzt W OIslIsT sty Okr MYCNB O ZO2HO, Jcejite yjt Of
BsdzMO (B MOdzr , tifMmj2n"w [eBjteyr YOdOMm" &jd
BOYH Q) , 3" dzH O 2 xODHOdeOtsHO dzOfr]lsOdzIz BJ dze ' dzj tc
BS2" OODrdzH' Mmkdgjdz MkzOtekz Y litee ' L' dzgj dg' d3j dz, % J to
GO" dgH ' 3 D dzd d3q dzd tc O dzH ' Mk zOteH * sd' d3H ' f O2 HO
GdHtctsG j sdzse d W dzr Y JtejiChjdz Clsj tc' dg, N dte Ofmlsr 1
BOdzOdzm" dzr w 1 dzpd@ivdsls s jLtg tads Isyjrdz Y O § Is.

rdte OMmMlsr MEzdzOte" dz' ¥ HjWweEj 2" sE d3j dzH j G j dz MO2 T

ELGjte' §f, BEdzOkEZzoO bpdj dddd seOydwoO €jlsj!l
" ZOOd&ZH' dzf O' dz W Cj Bz dzj ypdzj EM BH' SjteH' w M
DSjdzjH' . [fMrDOdk BO2&Od Misr, Njt Ofr fMkzdkot:
" ZOOd&H' d& D', Ol LOyd" O2EOD' dZ W 3 ODHO2' jdz Isj

h Qtcz Oh r dzr OF HOY' dzH Ote’r df W SO&zOf lsOt™ &zO Mp2¢ j M
stsfrtcOylsr w r d&zDOdzH' dz" ¥ tjydd3 dz tojlslsj2Is' dz Isj n dat
Okzyr d&3r dz MOYIlsOf Ik "tckzOO BOOD" lsOdzEr YO jIs. 1 "dz
ssdz’ ¥ ' &zDOdz fr 260%gH dz@zy Y Bzwy B5BBBOHRON I F§W FB8dzET ¢

dOr dzH T Mz dz MEzOttk Y N22jdjt" (der) OO" dzH T
Msdz" &3j dz Yy OlsOte BjlsC' ypdzaj Ndte OMlsr MEdzOtenr w MO
CjtejC. rjte Oflsr MEzdkOKr dZ0 BOY'r &ZOE Y ltee Lk I
CdHtesRdBdWY dzr Yy BOY' dzZOk " wODr &OdzOtc 3 j dz' i 3 OMOdzO

I1"dz "wDr &30 dzOte W jdz' ' dz BEdOdzOMmIsr lz CjL " dzH §

C

Odzr dzOH'™ : MOtk Ody Of kOte’ d¥ ¥ BdzOdkOmy Odz % j ' ¢
nhr gODOdz O2BODT d2 W N dz s Mk ELC' Ljk' dz Gj s
Cjw Mls' Slkje' hjClkjte'; &OMsOdDOd 3jt Ofisr Mk

X' dZH OBH T Dr-QY Mip@pr O HBOVWHO GtedOdzOMY Oodz Mz CELH,
BOtOIs" dz dzOMilsOdzo Odz Mk d&zOtcH ™ W ©OENRIEOdz Yy sL DOdzr i)

dOr dzH" MEdzOtedzj dz Mz Oter dZOIsT dz Ok BOY IsOGHO BOY'T
Ofmlisr Mk z0ter dz" w IsOBdJODd ©OODr d3 BOD' IsT 3 D dzd YOy’
dMCjite" dzj H' . ¢ dzo Oh yr BOY'"™ &zOk "woDr d¢zOMr MOtk O©
BisdzdzO Lz T sd*' fm, Oz Cjdzj ' " Y02 B30 dzOdg, Is @ tc O@s @dz'
sStcdzOdzOMis™ o7 dzOH ™ .

Or dzn" MEOLEZ Y NnN24 M (dw r) H'"te" I )y tBOXZOd {,
Ofmlsr MOt dz" v dzOMisOdzk y Ok " Iskr dzH OBO2HT . r j to
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nHhdz bsfr cOylsr v, O @ s fn Yizfizic @ dz' yyp dayj O by jdis 1l fyls iz d
HiWGEJj2dy®YIlsy Odzj tolsls j dzlz® YOy Jls. I1"dz BOYMOLIsO E
Eyome j dzj toH j , EdzH " o' MIs' € dzf MOdzH Ote OEZ dBZODT" dzH O Y
tcOHdEMISO Isfr te@OY Ndze' dzj e Odz" dzOHT . nNdze® Odzkz ¢
BODM" slsOter jMCijte" dzjH' YDdgj BdzOt L jtlslsjdjls' dz Ok
cteB' tc ISOWHORZdA dall C by Qg ta@2y r dztlztz® J @' 3 8P BOter 3 b dzj
CdLJd WHIjldes fdzrtg O Y-1s5 winds Ox1o,dBj df ,IHj tod WH ' G ' dzj dz Il dz¢ ' dzj
dIsBsMW j cOdzh O vy @z i dze * dzj to° Hy IstsfrtcOY X Ddgj
ifm Cidzils' dg den CIsj dzj cHi > ddz@O®@ROH 'dz Orc'Ydz dd) iz B Sl
dzz zOtcHT Cjh jdgH® IsliteH] BOODOXZOEZDO Il &BS * dzH *
suquQ k"ter f Ybpdzj ®HOdz Cj2-h @t dzC§y § ez
Y-y g dzQ@l dzp )OI dz e Lt odzi H . rjtenfls’
‘dZJtQH‘\U Ndzg ' dzj te° OO" dgH' MEzdzOte IsOMISO&ZOIsT
J o' dzPwz, Y hsdzH@BIsT Mk zOter dz' v EL J dzG J Y tsf
Otcr dzOdz Odz" dzOH T .
rodgH " Mz zOtc Oty r dzr MOtk CJjL "' dzH ], JjeJte
dzj 6" LHjd IsOWH Odzin O, stsfr tcOy Y OB Ols'
"LHOdEr YORBSOBOMr L jIs' dz' f, y4dte Ofmlsr Mk
cjydd&3 MOYylOdzOHT . ¢Ekr dz h OtezOhMr dzr O HOY' dzH Ote’ &
OY Is"wOYIsr bDte' Biswn OFH2? j fg 'dadz'dyy OfZrdzd IsOtcdzr Y 3 D dzj
BOWr LH' &z D' dz SEteMjlsjH' . of &GH' Cljte OODr dgH'
LOslsOtcHT BB2" dz20 M' W' to' §f, tdzOtH' Ed BBj dz B ' t6G§
Oy OcOH " . cim'teimy SCSeEfNrdzHr Y hEfIjtoH' W HOM DO
Y Otefyr pfpjte Jls'f, ssfr tcOYIsOODT LdwadzH T BOCIsjted
EfM" BH' SIsjteH" W 9 jcjlOydw CdLJVuw daggdz Is' M, W D dzd
BjdzimjdH' dz' ¢ O2I0Otcdz’ vIsO2 bE®RjdzHj2H', EM" d&BH' €
kOL Otelsk Isd' &BH' &' ¢ dz' W Dwm tjlz' dj Ybpdzj jte Of
Cjdzz® BN B d [ M fl’]JBJlj , EM" &3H ' CIlsjtc B J dzfyj dar
o "fMisOEZzD O tsdzOdzDOdz Is" dzgH " tedZO IssDOdzH Ot
J
r

ﬁ-&o-<n§-ﬁ-g—o
UT(FI"—

S

]
OHO EM d@3H' € EMYJ2Is' dz ZOY'"  IssOttH O MEzOKE
LG’ CJLJWYUHJjtH] ZzOOdz yYytste' dz Istsdzf YIs' 6lz
Isllte" dzgH j ' MOtk IspMm' dzH j t* >1q’ Y sdzH Odz" dz

rlitee" L' dze j dz SIsOdzH "™ Y 3 D dzd hJISJdZH C Ljtlslsj 2z
OO dzH T Mz zOtcd3j dz MEz Ot dzOIsr dz % j te HJ B" dz Mk dzC
OzBOYIsrw EdHEGEj sdzcedwdzr vy jtod §h ]
DH' ' d&3j dz tsdzr w Isptels’ B IquftGOYlsf
YSLOOd f) BOOD' s dz®@ MO2 € j dzfpj, 1 dzH
[61 8].

(jeOmisr MkzdkOter dr W &OMsOdzzr dz BsdzH ' tedBOE 1 h ' d
Mz Otcr dzOIs™ dz OZOWHOWH'™ d&"yYydwls "t'Clsjlkz ybpdzgj MkO
BOWr LHT . (0" dzH' MEzdzOH' W YY" "tcOdR" dZHO BB LZOE'" dz dz
oL tsls, WtsWtste ybdzgj SCOdzd2. 1 " dz-lsivdej dgj dzlolstgjlsdinte de) : Is
CeEB' dzgj Itsfr Oyl W d&ddzj eOdzH™ BEdh jCIsjtc’ dzgf X OB
OfflsT Mk kOt dz0 N jlf j2H' . o¢d&z COdkd2 BBEMNO, MEzH’
YtsLDOdz fipr CjL " dgH] BUWO2 hO2r dzrqf GCjlsjH"; ftsdz «
BOcdzd2H' W tsteder dz BOM" §f, tMr 1 dzj dizj delslsjteH" W x| to
Mz ZOtH" W dBddzj cOdzH Oz HjWEj2' dz2 OtclslsT oz Bl B
whr gOf, bkilittd YstBOkOLHO ddlsttOlsyO® 02 ZO&OH' ,
Y dteOMlsr MEzdzOter dz dzOMIsO2 OdzOHT .

1 DIsdy j dzj 6 o39 Ue' Ge@tzH Bz dzOtcH ' YlSdZH@dZIZ Otey r dzr fr
CiL SCjidejdz yrdzr yJjto Ofglsr MezdzOtr dz" ¥ Y " tcOd" dzH C
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dzOy Isr Btsdzy Ok II1h'" dz OdzHT wWO' Y bpdzgJ BHOdz B'"ter dzgD"
O" dzH" MEkzOkzHT W B' to' dgh ' Nr dzrn dgn O 3 jte Ofmlsr MmMEzd
| Bdz HBjteels'w [10] JjMmMitlsjk pH' M d@3gj dz Odzr YIsOEZDO

lem—’; 1)

[ "dzH OQT W V' steOyd™ dzOdz0 Odz OO " wlgri W d fiyk @@y W 2O @
OD" dzH' MEdOBH' U il Oh O iafjsts OGN €1 diyl dBE O dw fils ©
Mp2CjfM Cjdzjls' dz 1l O titdn dOAHrf) qded fipl dus * edzbhej ®EjCle d@fjls TE
iz zOter d¥ W ksOBdOq (WtsdH'yY) dedlsteOls d3e dzh j t° .

kOl BOMISO®DOddzOdz C j 23 datz”  &Q g dSoj @ i) ez digh C
iz zOte’ dz¥ W dzd Is to O lsa3’ CaQizig jRZZ® OB G2 Mizh © Odz' Y s OdzOH T .

ol — 20 0
~ — , @

[ "dzH QY j 6 Ofmilsr MEzdzOte" dzf v sOBtd )i O@EG " B@tc Oxzr drn
FOyrmsifik ElkS' Ljls' dz Y OBnOilslgAdc HOfrls rE IdjzdgeO talz' dr 'YW, stels
YOdzr WHO(-D)TElsS jdz " dzD" yJjte OMlsr MEdzOtr d' w OL sls

[GJjtc OO dgHT mMzdgj dz MOtk &GOEMr BGHO j ¢ toj Is
Mz dzOtr dz" W dedIstcOls Ctsdey delstcOydw mr dz@ w ELGJ e’ Misy
NEr yYlsOdzoOdz B ODOMdZOR nh' dz OOT dzHT mMzdsy dz MEzOtkz
"L OVYIsTOr 20 Isjw H4f MOdZOZDO BtdZOHT

v OB M dzOtcdz®fyls Oz h togz® tcfidr P tc 3O TUz" dzfylz z@ e tc Oz’ dzH OO T
nd d3d W dzeizy o34 daldelg jSitglsly BO Oz e Odzd § O dafsP dzj e OlEZHW @2 sy, ™ " Is Ot
EfM' ddHOEEZ Oh r dz'yOs'dozHOQlz" fiZOfisls dlaydgH e ® gy @ tc j f O OB lis @HG'

v OB dipzddzO® B ' ddpbadta s dzOB o dgd W dalzjy d3j dzls iz figlez® dAsHE@ R EZ H T W
BOfMsttdi'lse ¢ @b @] Off s@&O dzGls tc dzO Isyd'oyisO EIOEA0 {f 1@t sdd Iz

¥ DAdgOd3ls OdzCAdE EO2 H ' dzHiD tekz | © ) I Iz dzO takz@igfds Oz IS Is Ols w i)

Y OtcY " dzgH Is @B TP H O 2 idZDdRzD ®Osjy 8 H j,tds' sdEj ts O 5, fipksjdz+tO@ 2
OzhDtckz Oh r HID YO ' dzHEDDE ' At dzO thdg Odgiz- dzts dzts & D@ fdZOdzD M ls

GO dghH" Mz dzOtedzj dz ME Otk € jL ' dgHijOLMGjlS. zhi' ' dg Cdrgdlds
Bjdz dzedlstedlslsjteH' W Y SD00tr BdceteOydwdz v YOB' dzjls' o
LOIIsSOteHT W IsiL ' dzz' dzgj " yYy{fOdz jlsk® dzgj B O2 &zOdgr fylsr .

dlz O2H" dZHOter dzgH O W MW tste e dzh | t6° dzste dzOIsd o B
BOMdZH'™ tcdzOtcH" W HOKRE" Bjdz Mz Y2 BOZOWr d2f w h OBOH
dzj ' LG’ twEdZ OlyYy OttOHT .

[ OfmisOzh LOIsOteHT U ) Bdz
YOBr d&zH QD" hIsr W Mk e d" jto' dz (
imMejtej wlsrterf jMmiflsjdzjn'. wk yOBr &ZHOD" hIsO ODT
L OslsOteH T W Csdzyd dzlstcOydw mr iz Y OB dzH Q0" h st v
BOWT LHTM dz@ D" dg@ B O2 d&zOdgr MiIsr N jCIs' Yy tdz Bjte" dzjIs' dz
tlkz yOB'™ dzH ODr hIsO@D"r MmEHTY yY"Od &jd YOMmMdjklsjt’
MzdzOte ISEG' dzjIs' dz 3 jteHjdz OOD'fp BS2r dB3jdz 1 G yOh
fzdzCIls' dzgj HJ2 dze6' Mk OO" dz" dz@ w BOY'™ dzOkz Yy d &3O dzH
YO 4ls [4].

tkOtlkz YyNnN22jdzjte' d w lsOBJdOd MeEdzOLH™ w MOY O dz
CJLJWYH] ' B OOt BdzZ' f IsOB'" dzOH ' : CeECIsj dqge ' Is C
NOLINLe' dEMjte YO0k dzHOte CjL "  dzgHj G H OoatsHESES CjLgj

sz yYyOB" ZzZHOD'" hIsOD" Yy bpdzi MEzOLBOZ OkZBOYAISOODT

BJte' dzjls' dz JwWw BDO
fizdz" dzr OF dz) Y bdaj M

—
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dste BOdzZOter d&z0 Mp2¢CjifM 10% YOXRSOBOMr L jls' dzt
&' Cls* ¢ hrOor MlsOte Yy OB'" dzH OdzgOH " .
(tMiflk" ¢ Ik"MisO (MlotcHO) Odz YIsOZzDOdz dzOMisOkz!
2 HOdzOdzkz MOdzOIs T dzO OtedzOdzOOdz M jCIs’ ytsdz B te
dzr Mis™ tor dzZOH' . GO" dgH' MEZzOted3i dz Mk Oter dzOIsr dz O dzy
BOYIsOdz lfMjls' dz2 dzOMIs OHOdz LAhE IsfOtcC jjldrkj jBdz daj @20 HZ@
tcOdzOter Y OtcOMmisr tor dzOH T : BOODM IslsOzh BEGJ]jIsls] tc,
zOtcH ' Y dzOy sODr" hIsOte ( d2OStsidlsjdz Hy tg) . r d dzO°
BOO -8 RWO@E Of Oz 1h ' dz OO0r dzH™ Mz dzOttd3j dz iz
oteDO "o jdzjm BtdzOdzOMY Odz " MOy Mk Y ddokz O dz
dzH " Mz zOteH ©OOr Ctsdzyd dzlstcOydw dzPje? J pjefgd tfels fndzj |

1 jls¢" ypdgj HtejdOYH'™Y MEdzOwH' Y ddzOYyIlsOD' hIsOft
sl tor ZzOMmlsOkzh r dzOte CHs@zz | d@dedsy ddy MMk z g 2Ok
Mlseo StcdzOte” dzgH O DOdZO MOdzr dzZOH' . [ " dzgHO jMiflsjte 5;
' dzH Ot Y Ols Oter Nh* dz ylitee" L' dzj H" . (Miflk®™ ¢ "o
Mz zOtcH OO T JVY D0t Ctsdgyj delstcOydw y OB' dzH OdzOH !
ELH' @' dgjdz sOL Otz Ypdzgj MkEdgid M"2" &z sy Misd tc°
Jjb" &z jdz zrs Njce' dzH] BBEMNO, BdHO BjIE' O0r dz Mk

[rMOdz tejls" dzHj Juw[r{R11[{ DH  MjdijMm' BB2r d&h O
Bisdzy OdgH"™ i -18]j dzls® tc' dz@ jdz [ 12

dOr dzH" Mk zZOttdzj dz Mz Ot dZzOIsr dz Odzy Of sOD O | dzc
Stz zORBj dz S EteMmjlskzecj BESAZOHT :
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" dzH OQY'i: OL tslslsT W E dz B3 dzQnei‘ ldasstj’ oY JSI©' diko dzj
O2 B3OD " dzH OO ' ¥ odzr MisOtcH@W 1 CALtdsAsy duv yARdAG@DZ ¥ ; Otoy r dz
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PREDICTIVE CALCULATION OF GROUNDWATER CONTAMINATION CAUSED BY
IRRIGATION WITH WASTEWATER

Daldabayeva G.T?, Candidate of Technical Sciences
Shomantayev A.Al, Doctor of Agricultural Science®rofessor
Umirzakov S.1.%, Doctor of Technical Sciences, Professor
Baimanov Zh. H.2, Candidateof TechnicalsciencesAssociate Professor
Otarbayev B.S?, Candidateof agricultural sciences
Kopen M.B?, 3-rd year doctoral student 8D08675 Water and Land Management

'Korkyt Ata Kyzylorda University, Republic of Kazakhstan
%, Zhakhaev Kazakh Rice Research Institute, Kyzylorda, Kazakhstan

Annotation. Under conditions of intensive developmeottirrigated agriculture, the problem of
wastewater use in agriculture is currently one of the most relevant scientific areas from the standpoint of
environmental safety, rational water resources management, and preservation of the reclamation status of
soils. In regions experiencing increasing water scarcity, including the southern and southwestern parts of
Kazakhstan, the effective use of treated wastewater for irrigation is considered an alternative approach to
water conservation. However, irrigation with wastewater leads to a number of complex processes that affect
the hydro geochemical regime of soils and groundwater.

The article provides a comprehensive analysis of the impact of wastewater irrigation on the hydro
geochemical composition of groundwater, infiltration processes, and migration of chemical elements within
the soil profile. Under different irrigation rates, the filtration properties of soils were evaluated, and the
degree of retention of the main wastewater components (nitrogen, phosphorus, calcium, magnesium,
chlorine, sulfates) was analyzed. The research results showed tfidi08 56 soil layer effectively absorbs
60i 100% of the chemical impurities in wastewater. At irrigation rates of 2000 m3/ha, a high level of
natural bio filtration and a reduced risk of groundwater contamination were observed. At the same time, it
was proven that lorterm irrigation may lead to an increase in groundwater mineralization. The article
presents scientifically grounded recommendations on groundwater quality monitoring, assessment of
hydrogeological conditions, and safe use of wastewater in agriculture.

Keywords: wastewatergroundwater, irrigation, soil, hydrogeolagy
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TRAINING BENCH FOR IN -DEPTH STUDY OF THE DESIGN OF MODERN ELECTRIFIED
GROUND TRANSPORT AND TECHNOLOGICAL VEHICLES

Didmanidze O.N1, doctor oftechni@l sciencesprofessor
Mityagin G.E.?, candidateof techni@l sciencesassociate professor
Pulyaev N.NZ, candidateof techni@l sciencesassociate professor
Bisenov M.K 2, candidateof techni@l sciences
Bekzhanov S.Zh%, PhD, associate professor

'Russian State Agrariadniversityi Moscow Timiryazev Agricultural Academy; Moscow, Russia;
Kyzylorda Open University, Kyzylorda, Republic of Kazakhstan
3Korkyt Ata Kyzylorda University, Kyzylorda, Republic of Kazakhstan

Abstract. The development of educational benches for adejpth study of the construction of
electrified ground transport and technological vehicles (EGTTVs) has become an important educational
initiative amidst growing interest in upgrading agricultural machinery through the installation of electric
drives to enhance energy efficiency and environmental sustainability. As not only car manufacturers but also
tractor, combine harvester, and farm equipment producers are transitioning to using electric motors for
driving both moving parts and working elements, there is a pressing need for qualified technical specialists
who have a thorough understanding of EGTTV technologies, includingvbitdge systems and battery
management systems. This shift underscores not just the importance of specialized education but also the
necessity to adapt curricula and infrastructure to prepare future professionals for evolving labor market
demandsSafety remains a top priority when educating technical personnel due to risks associated with high
voltage systems present in EGTTV designs. Consequently, the curriculum includes disciplines such as
«Construction and Technical Operation of Electric Vehicles and Hybrid Power Units» for undergraduate
program 23.05.01 «Ground Transport and Technological Equipment», and «Construction and Technical
Operation of Combined Energy Installations and Electric Cars» for bachelor's degree programs under code
23.03.03 «Operation of Transport and Technological Machines and Complexes». These courses emphasize
direct interaction with redife EGTTV components alongside strict adherence to safety protocols and
instructor preparation. Integrating safety measures into the structure of the benches reflects commitment to
equipping students with skills relevant to industry challenges and promoting responsible workplace habits.
Beyond developing technical proficiency, this educational resource addresses broader issues related to
energy efficiency and ecological sustainability of EGTTVSs. By utilizing contemporary teaching methods and
stateof-the-art facilities, we can contribute to building a workforce that meets current industry needs and is
prepared to lead the adoption of advanced EGTTVSs.

Keywords: electrified ground transport and technological vehicle, electric vehicle, training bench,
educational process, design, technical operation
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DEVELOPMENT OF TECHNICAL MEANS FOR PREPARATION USING HELIOSYING OF
PROTEIN-VITAMIN SUPPLEMENT FROM ALFALFA LEAF MASS IN VACUUM PACKAGING

Zhortylov O. V., Doctor of Technical Sciences, Academician of the National Academy of Sciences of the
Republic of Kazakhstan
Zhumatai G. S, Candidate of Technical Sciences, Corresponding Member of the Academy of Sciences of the

Republic of Kazakhstan

Kulshikova E. S.? doctoral student

Moshanov K. A.3, doctoral student

Balgabaev M. A%, Candidate of Technical Sciences
Sadykova A.V.5, Student of the 11th "O" class

TOO "Scientific and production center of agroengineering”, Almaty, Kazakhstan
“Kazakh National Agrarian Research University, Almaty. Kazakhstan
3kazakh National Research Technical University named after K.|. Satpdymity, Kazakhstan
“Kyzylordinsky University named after Korkyt Ata, Kyzylorda, Kazakhstan
*Nazarbayev Intellectual School of Natural Mathematics, Almaty, Kazakhstan

Annotation. The parameters of the working parts of the machine for harvesting leaf mass (thresher), drum
dryer and vacuum packer for leaf mass have been substantiated. Drawing documentation has been developed an
experimental samples of technical equipment have been manufactured.

As a result of laboratory and field tests of the machines, it was established that the machine for harvesting
leaf mass threshes alfalfa leaf mass, separates it from the stems and loads it into a storage hopper, simultaneous)
mowing the stems at a height 618 cm and placing them in swaths. At the stationary site, the leaf mass is loaded
into the hopper of a drum dryer with active mixing using a solar collector, and the leaf mass is dried to a certain
moisture content. The use of a solar collector reduces the energy consumption for dryirty(imes.

The packer packs the alfalfa leaf mass into polyethylene film containers, vacuum packs it, and places it in 25
or 50 kg bags. The leaves contaih@times more carotene32imes more protein, and2times less fibre than the
stems. When stored in vacuum packaging, there is no loss of carotene or protein.

Keywords: proteinvitamin supplement, brush, silage, leaf mass, drying unit, solar collector, packer,
vacuum.
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Manual for authors of manuscripts

Ready scientific work for publication in the journal «Bulletin of Korkyt Ata Kyzylorda
University. The series g@ricultural sciences» can be submitted by the author (authors) through the
system of online submission of articles on the site vestnik.korkyt.kz, using special instructions. The
article should be written in Word format in Windows 10 in Times New Roman font (an article not
written in accordance with this requirement will not be accepted automatically). Language of
publications Kazakh, Russian, English.

Structure and design of the article:

1) The size of the article ranges from 6 to 12 pages at least 6 pages, excluding annotations and
bibliography).

- description of the scheme of the article (page4, book orientationindents are calculated with
respect to the lefiop and bottom sidgsage margin®.5 m with right - 2.0 m, Standardont : type-

Times New Roman, size (fon 12) (Word format on Windows 10 operating system):

- the ISTIRindex is the first line at the top left (http://grnti.ru).

- DOI index (provided by the editorial office);

- title of articlei with capital letters,alignment on the centar bold, size font) 12.

- initials and last name of author(salignment on the centén bold, size font) i 11, (email
address of the authors, orsid number, the number of authors should not exceed Srdplars are
allowed to the articles written within the framework of the project (for the authors of the praject)
mark is affixed to the name of the main authpr *

- the full name of the organization, city, country, alignn@nthe center, italic, size (font)l1.

- Annotation in the original language (15200 words; retaining the structure of the article) size
(font) - 11.

- Keywords (in Kazakh, Russian, English from 5 to 8 words/phrases) size (faft)

- Main text (12 font, line spacing 1, indentation of red line#.25 cm)

- Structure:

2) Introduction: rationale for the selection of the topic; relevance of the topic or problem;
definition of the object, subject, objectives, tasks, methods, approaches, hypotheses and meanings of the
work.

3) Research materials and methodsshould consist of a description of the materials and the
progress of work, as well as a full description of the methods used.

4) In the article, only those formulas that are referenced in the text are numbered. References in
the text are indicated in square brackets.

5) Results/discussionan analysis and discussion of the results of the study is given.

6) Conclusion/conclusions summarizing and summarizing the work at this stage; confirmation
of the truth of the assertion put forward by the author.

List of references (size (point sizell, the number of used literature is at least 15). If there are
works presented in Cyrillic in the list of references, the list of references should be presented in two
versions: the first in the original, the secondin the Latinized alphabet (transliteratioffhe list of
references in the article should contain only gregrewed literary sources, literature with a DOI index.
The list of romanized literature should be prepared through the site http://www.translit.ru.

7) Information about the authors: (should contain the full name of the author (s), full

name of the organization, city, country, contact details: telephemailg orsid number) in 3
languages.

8) The article must have at least 80% uniqueness of the text for publication. If the originality of
the article is below 80%, the work will be returned to the author for correction and correction. After a
secondary check, the article gains the required indicator irpkgiarism, and is sent for consideration
by the editorial board. An article that does not meet the relevant requirements, the originality of which is
doublechecked, is not accepted for publication. After a positive feedback from the reviewers, the article
is accepted for publication in the journal and the author is sent a notification of payment. The author is
obliged to send a payment receipt to the editorial office-tmag (khabarshy@korkyt.Rz
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