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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. The article presents an innovative approach to the restoration
and stabilization of weak soils, using the example of the Turkestan region,
characterized by an arid climate and degraded soil cover. The main goal of the
study was to develop and experimentally validate a biostabilization technology
aimed at improving the physico-chemical and engineering-geological properties
of soils through environmentally safe compositions. This technology addresses
challenges such as erosion, low bearing capacity, and land degradation, which
are especially critical in arid regions. The research involved an engineering-
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geological analysis of soils using laboratory and computational methods. Evaluated
parameters included humus content, mobile phosphorus, nitrogen, exchangeable
bases, water retention, and resistance to erosion. Experimental results showed
that vermicompost significantly improves soil structure and geotechnical
stability. Potassium polyacrylamide enhances water retention, reducing the risk of
deformation and settlement. Lime-sulfur broth strengthens surface horizons and
reduces wind erosion, although its impact on mechanical properties requires further
study. The proposed biostabilization methods effectively improve the geotechnical
characteristics of weak soils, increasing their resistance to erosion and enhancing
their suitability for engineering applications such as foundation stabilization, slope
reinforcement, and land restoration. These technologies are especially relevant
in arid climates, where soil degradation is widespread. The study's findings can
be applied in geotechnical engineering, engineering geology, and sustainable
agriculture to support environmentally responsible land use and the restoration of
degraded areas.

Keywords: resource efficiency, ecological safety, soil, biostabilization,
germination technology, functional food products
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AnnoTtauus. Makanaga TypkicTan eHipiHiH TONBIparkl MbICATBIHIA KYHAPCHI3
TOIBIPAKTAP/Abl KANIBIHA KEITIPY KOHE TYpaKTaHIbIPy OOHBIHIIA HHHOBAIMSIIBIK
TOCIN YChIHBIUIFAaH. bysl aliMakThIH KIMMaThl KYpFaK >KOHE TOIBIPAK >KaMBLIFBICHI
KATTbl Jlerpajalysra yIIblparad. 3epTTeyAiH HETi3ri MaKcaTbl — JKOJOTHUSUIIBIK
Kayirci3 KOMITO3HLHUSUIApAbl KOJIaHa OTBIPBIT, TONBIPAKTHIH (HU3UKO-XHUMUSIIBIK
KOHE HHKCHEPIIK-TCONOTHSIIBIK, CHIIaTTaMallapblH JKaKcapTyFa OarbITTallFaH
OnocTaduIu3ays TEXHOJOTHSICHIH o3ipJey KoHE TKipuOe XKy3iHAE TeKcepy
Oonapl. byn TexHonmorus spo3us, TOMEH KOTEpriluTiK KabijeT >koHe KepliH
JeTpagaluschl CHSIKTBI Maceseep/i menryre OarbITTanFaH, Oyl acipece Kyprak
KIMMaTbl Oap aliMakTap YIUiH ©3€KTi. 3epTTey >KYMBICHIHJIA 3€PTXaHANbIK KOHE
ecenTey OICTEpiHIH KEUICHIH KOJNJaHa OTBIPBIN, TOMBIPAKTHIH HWHXKEHEPIiK-
TeONIOTHSUIBIK Taliayaphl sKyprizingi. ®U3NKO-XUMHSIIBIK JKOHE MEXaHUKAJbBIK
KAacHeTTep, COHBIH IMIiHAE TYMYCTBIH MOJIIepi, XbUDKbIMaNBl (ocdop, azor,
AJIIMacTBIPFBILI HET13ep, ¢y ycray Kod(Q(UIHEHTI XKoHE 3PO3USIIBIK MPOLECTepre
TO3IMIUTIK OaramaHIbl. DKCIEPUMEHT HOTHIXKEJepi BEPMHUKOMIIOCTTHI KOJJIAHY
TOIBIPAK KYPBUIBIMBIH €0Yip KaKcapTaThIHBIH JKOHE OJIAPIbIH T€OTEXHHKAJIBIK
TYPaKTBUIBIFBIH apTTHIPATBIHBIH KepceTTi. Kamuit mommakpuiamuai cy ycray
KAaCHeTTEePiH KYIICHTII, TOMBIPaKThIH AeQopManrschl MEH IIOTy KayIliH a3aiTabl.
OK-KYKIpTTi KaiiHartna OeTki KabaTTapibpl HBIFAWTYFa OH dcep €Tell JKOHE JKell
APO3USCHIHBIH JIaMybIH OOJABIpMaibl. ¥ CHIHBUIFAH OMOCTaOMIHM3aIMsl JiCTepi
QJICi3 TOTBIpAKTapAbIH T'€OTEXHHUKAJIBIK CHIIATTaMalapblH JKAKCapTy YIIiH YJIKEH
aneyerti kepceteni. Onap TOMBIPAKTHIH SPO3USIIBIK IMPOLECTEPre TOIIMIUIITH
apTTHIPBIIl KaHa KOWMaid, COHBIMEH Karap KYpbUIBICKA apHajlfaH TYPaKThl
HeTi3[ep Kypy, OeTKeiep/i HBIFAUTY JKoHE JAerpajalusra YIIbIparaH >Kepiepii
KaJIIbIHA KeJITIPy CUSKTHI HH)KECHEPIIiK MICMIIMICPTe KapaMAbUIBIFBIH apTTHIPAIBL.
By texHonorusiapapl Kyprak KIUMaT jKaFnadblHAa, TONBIPAKTAp KapKbIHIbI
JerpafaluusFa YIIblparaH Ke3iHAe KOJIJaHy ©3€KTi OONbIN caHajalbl. AJBIHFaH
HOTHXKEJIEp TCOTEXHUKANBIK WH)KEHEPHsIa, HHKCHEPIIK TeoIOTHsIa JKOHE aybll
HIapyalbUIBIFBIHA KOPLIaFaH OPTaHbl KOPFayFa )KoHE JKep pecypCcTapblH YThIMIbI
naiananyra OaFbITTaJIFaH ASKOJNOTHSUIBIK TYPaKThl IIEMIIMACPAl 93ipiey YIIiH
naianaHbUTybl MYMKIH.

Tyiiin ce3mep: pecypCThIK THIMALUIIK, SKOJOTHSUIBIK KayilCi3iK, TONBIPAK,
OnocTaduIu3ays, OHAIPY TEXHOJIOTHACHL, PYHKIIMOHAIIBIK TaFaM eHiMAepi
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AHHoOTanus. B cratbe npencraBieH HHHOBALIMOHHBINA MOAXO K BOCCTaHOBJIC-
HUIO ¥ cTaOMIM3aluy ciaObIX TPYHTOB Ha MpuMepe NouB TypKeCTaHCKOTO perno-
Ha, XapaKTePU3YIOIIEroCs apuIHBIM KIMMAaTOM M JeTrPaJUpOBAHHBIMH TOYBEHHBI-
MU NOKpoBaMu. OCHOBHOM IIETIBIO MCCIICAOBAHUS SIBIISUIACH Pa3padOTKa U JKCIIe-
pUMEHTaJIbHAsI TPOBEPKa TEXHOIOTUH OMOCTaOMIN3aK, HAITPAaBICHHON Ha yIyd-
nIeHue (PU3MKO-XUMHUYECKUX U MHKECHEPHO-TCOJIOTHUECKUX XapaKTEPUCTHK IOYB
C HCIOJIB30BAHUEM HKOJIOTHUECKH O€30IacHbIX COCTaBOB. JlaHHAsl TEXHOJIOTHUS
OPHEHTHPOBaHa Ha pelieHne NmpoliieM, CBA3aHHBIX C SPO3UCH, HU3KON Hecylueil
CIOCOOHOCTBIO M JeTpafalneii 3eMenb, YT0 0COOCHHO aKTyalbHO AJISl PETHOHOB
C 3aCyLUIMBBIM KIMMaroM. B paborte npoBenéH MHKXEHEpHO-Te€OIOTHYECKUN aHa-
JIM3 TIOYB C UCIONB30BAaHUEM KOMILIEKCA JTa0OPATOPHBIX U BBIYMCIUTEIBHBIX Me-
Tof0B. OueHnBaIuCh (PU3NKO-XUMHUUECKHUE U MEXaHHUECKUE CBOMCTBA, BKIIIOYAs
coziepKaHHue Tymyca, MOABMKHOro ¢ocdopa, a3ora, 0OMEHHBIX OCHOBaHUH, KO-
3G PULIMEHT BIaroyaepKaHus, a TAKKe YCTOMYHMBOCTb K APO3HMOHHBIM MPOLECCAM.
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o pe3ynpraTam SKCIEPUMEHTOB YCTaHOBJICHO, YTO MPUMEHEHHUE BEPMUKOMIIOCTA
CIOCOOCTBYET CYIIECTBEHHOMY YJIYYILICHUIO CTPYKTYPBI MIOYB M MOBBIIICHUIO MX
re0TeXHUUECKON cTabmibHOCTH. [lonrakpunamMu Kaiusi yCHIMBaeT BOJOYICPKH-
BaIOIIME CBOWMCTBA, CHMXKasl pUCK JeopMalnii 1 0caaku IpyHTa. M3BecTkoBO-Ccep-
HBIH OTBap OKA3bIBACT MOJIOKUTEIBHOE BIMSHUE HAa YKPEIUICHHE MOBEPXHOCTHBIX
TOPU30HTOB M NPEIOTBPAILACT pa3BUTHE BETPOBOH 3po3ud. IlpeanoxeHHbie me-
ToABl OMOCTAOMIM3ALMU JEMOHCTPUPYIOT 3HAUYUTENbHBIN MOTCHIHAN IS yIyd-
LICHUS] TEOTEXHUYECKUX XapaKTepUCTUK cialOblx IpyHTOB. OHM TO3BOJSIIOT HE
TOJIBKO MOBBICUTH YCTOWYHMBOCTD ITOYB K 3PO3MOHHBIM TPOLIECCaM, HO U YBEITHYHUTD
WX TPUTOAHOCTB ISl WH)KCHEPHBIX PEIICHUH, TAKMX KaK CO3JaHHE yCTOWYMBBIX
OCHOBAHUH Ul CTPOUTENILCTBA, YKPEIJICHUE CKJIOHOB M BOCCTAHOBJICHHE JeTpa-
JUPOBAaHHBIX 3eMelib. [IpuMeHeHne JaHHBIX TEXHOJIOTHH OCOOCHHO aKTyajlbHO B
YCIIOBHSIX apUAHOTO KJIMMara, IJie OYBbl OABEPKECHbI MHTEHCUBHOM AeTpaaliiu.
[lomy4eHHbIe pe3ynbTaThl MOTYT OBITH HCIIOJIB30BAHBI B TEOTEXHUYECCKON HWH)KEHE-
PHH, NH)KEHEPHOH I'€0JIOTHHU U CEIBCKOM XO3sICTBE AJIsl pa3pabOTKU SKOJIOTHYECKU
YCTOMYMBBIX PELICHNH, HAPABICHHBIX HA 3aIIUTY OKPYXKAIOLIEH Cpeabl U pamo-
HaJILHOE UCTIONIb30BaHUE 3EMENIbHBIX PECYPCOB.

KitroueBble cioBa: pecypcod(ddeKTHBHOCTD, IKOJIOTHUECKAsT OE30MacHOCTb,
Mo4Ba, OMOCTAOMIM3alMs, TEXHOJIOTHS MPOPAIIMBAHUS, (QYHKIHOHAIBHBIC TPO-
IYKTBI TUTAHUSI

Introduction. Modern geotechnical engineering and engineering geology are
facing increasing demands for the development of environmentally sustainable and
safe soil management methods for agricultural production. In recent years, there
has been growing attention to issues of soil degradation, fertility, and minimizing
environmental impact. In response to these challenges, interest is increasing in
biotechnologies that contribute to improving the physical and chemical properties
of soils and enhancing their agronomic value. One promising area is the use of
sprouted grains of agricultural crops such as wheat, mung bean, and black-eyed
pea, in combination with environmentally friendly soil treatment methods that
not only improve soil structure but also ensure the production of nutritionally rich
products (Wang et al., 2021; Mahmud et al., 2024).

The germination process is a natural biochemical mechanism that activates
enzymatic reactions, contributing to the breakdown of complex carbohydrates,
fats, and proteins, thereby improving their digestibility. This process enhances
the content of vitamins, minerals, and antioxidants in plants, positively affecting
the quality of the soils used for their cultivation (Barakat et al., 2024; Hoehnel et
al., 2022). However, traditional soil treatment methods, which include the use of
chemical fertilizers and pesticides, can lead to the accumulation of toxic substances
in soils, degradation of soil structure, and reduced fertility, creating risks for the
sustainability of agroecosystems (Hertzler et al., 2020; Gamage et al., 2023).

In recent decades, there has been a surge in interest toward environmentally
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safe technologies aimed at minimizing the chemical impact on soils. In particular,
geotechnical engineering and engineering geology are tasked with developing
methods that ensure the regeneration of degraded soils and improve their water
retention capacity while maintaining a minimal environmental footprint (Hassan
et al., 2022; Reed et al., 2022). The implementation of biotechnologies such as the
use of vermicompost, potassium polyacrylamide, and natural growth stimulants
represents an important step toward sustainable soil management and increased
resistance to erosion (Rehman et al., 2023; Pereira et al., 2023).

Research shows that germinating grains in combination with the application
of organic additives enhances the bioactive properties of plants and increases the
nutrient content of soils, which is especially important for regions with low humus
content and moisture deficiency (Gunathunga et al., 2024; Navarro-Vozmediano
et al., 2025). These technologies not only improve the agronomic characteristics
of soils but also contribute to the production of eco-friendly products that support
human health and reduce the risks of micronutrient deficiencies (Gunathunga, et
al., 2024).

Many studies confirm that the use of sprouted grains and environmentally safe
soil treatment methods can play a key role in increasing soil resilience, preventing
erosion, and improving their physical and chemical properties, thereby supporting
the sustainable development of agriculture (Al-Taher et al., 2025). Moreover, such
approaches minimize negative environmental impacts, making them an important
tool in geotechnical engineering and engineering geology (Danciu et al., 2023;
Demirel et al., 2024).

The aim of this study is to develop and optimize a technology for sprouting
grain crops (wheat, mung bean, and black-eyed pea) using environmentally safe
methods aimed at improving the physical and chemical properties of soils in
the Turkestan region. The study proposes various compositions (vermicompost,
potassium polyacrylamide, lime-sulfur decoction) for seed and soil treatment,
taking into account the biochemical characteristics of the grain crops and the
geological features of the region’s soils. The proposed technology is expected to
increase soil fertility, improve water retention capacity and erosion resistance, and
ensure the production of eco-friendly, nutrient-rich products. The application of
these methods will reduce the environmental footprint of agricultural production
and contribute to the regeneration of degraded soils.

Theresults of this research may serve as a foundation for developing new standards
for environmentally sustainable soil management in geotechnical engineering
and engineering geology, and may stimulate the adoption of biotechnologies in
agriculture to enhance the agronomic value of soils and meet the growing demand
for eco-friendly food products.

Objects and Methods of Research. The objects of the study are the soils
of the Turkestan region, grain and legume crops (wheat, black-eyed pea, mung
bean), drinking water, vermicompost, potassium polyacrylamide, and lime-sulfur

300



ISSN 2224-5278 4.2025

decoction (LSD). The primary focus is on the engineering-geological properties of
the soils, their composition, structure, and potential for improvement for agricultural
use and geotechnical purposes.

The research was conducted using a combination of methods, including visual
inspection (photographic documentation), laboratory analyses, and computational
techniques. The analysis of the composition and properties of soils and other
materials was carried out at the “Environmental Monitoring and Chemical
Analysis” laboratory of the “Ecology” Research Institute at Khoja Akhmet Yassawi
International Kazakh-Turkish University.

The titrimetric method was used to determine nitrogen content in the soils.

The Machigin method was applied to analyze the mobile form of phosphorus.

The Tyurin method was used to determine humus content.

The Kappen-Gilkovich method allowed for the assessment of exchangeable
base content (Sainova et al., 2023).

The physical and mechanical properties of the soils were studied to evaluate
their bearing capacity, water permeability, and resistance to deformation.

Soil Characteristics of the Turkestan Region

The soils of the Turkestan region, predominantly gray or gray-brown in color,
are characterized by the following parameters:

* Humus content: approximately 1.2%, indicating a low organic component and
limited fertility.

* Total nitrogen: about 0.16%, suggesting a deficiency in essential nutrients.

* Available phosphorus: ranges from 11.2 to 26.4 mg/kg, reflecting the
heterogeneity of the soil cover.

» Exchangeable bases: between 21.6 and 24.9 mg/100 g, which influences the
soil’s cation exchange capacity.

* Moisture content: low, indicating a water deficit and the need to improve
water retention properties.

From an engineering geology perspective, the low levels of humus and moisture
make the region’s soils vulnerable to erosion, compaction, and degradation. This
presents challenges for geotechnical projects such as the construction of agricultural
infrastructure or irrigation systems, which require stable soils.

Vermicompost as a Means of Improving the Geotechnical Properties of Soils

Vermicompost is an organic fertilizer produced through the decomposition of
agricultural waste (both plant- and animal-based) using red Californian worms
(Eisenia fetida) (Fig. 1). The vermicomposting process enhances soil structure,
water retention capacity, and microbiological activity, which is directly relevant to
geotechnical engineering.

Table 1 presents the chemical composition of vermicompost obtained from the
recycling of livestock and crop production waste. The vermicompost was produced
at the production facility of the "Ecology" Research Institute at Khoja Akhmet
Yassawi International Kazakh-Turkish University.
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The vermicompost production process at the "Ecology" Research Institute
was carefully monitored, and the final product meets all required standards and

regulations applicable to organic fertilizers.

Table 1 — Chemical composition of vermicompost

Ne Indicators of composition Content, %
1 Dry matter 51-58

2 pH 6.7-7.3

3 Moisture 40-44

4 Humus substances 27-33

5 Total phosphorus (P,0O,) 1.5-24

6 Total nitrogen 2.3-32

7 Total potassium (K O) 1.1-1.8

8 Magnesium 0.6-1.0

9 Calcium 6.0-7.8

10 Helminth eggs not detected

Vermicompost improves the physical and mechanical properties of soils
by increasing their porosity, permeability, and resistance to erosion. This is
particularly important for geotechnical applications, such as soil stabilization for
the foundations of agricultural structures or irrigation channels. The high content
of humic substances (27-33%) enhances the soil’s cation exchange capacity, which
improves soil cohesion and its ability to retain moisture, thereby reducing the risk

of settlement and deformation.

] A -
Figure 1. Vermicompost — an organic fertilizer obtained using red California earthworms
(Eisenia fetida)

Lime-Sulfur Decoction and Its Geotechnical Significance
Lime-sulfur decoction (LSD) is an aqueous solution of calcium polysulfides
used primarily for protecting plants against pests and diseases. From a geotechnical
perspective, LSD can be utilized for soil stabilization, particularly under low-
moisture conditions. Its components such as calcium polysulfides (CaS ) and
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calcium hydroxide possess binding properties that can enhance the strength
characteristics of soils.

Preparation of LSD:

To prepare 17 liters of solution, 2 kg of sulfur powder, 1 kg of slaked lime, and
17 liters of water are required.

The process involves boiling the mixture with the addition of a surfactant to
improve dispersion.

The application of LSD to soils in the Turkestan region may help reduce dust
formation and increase the resistance of the surface layer to wind erosion factors
that are crucial under the engineering-geological conditions of the region.

Experimental Study of the Effects on Soils and Crops

To investigate the impact of various formulations on the germination of
agricultural crops (wheat, black-eyed pea, mung bean) (Fig. 2) and the improvement
of soil properties, experiments were conducted using the following solutions:

Natural water (control);

Vermicompost solution (1:10, 500 ml of vermicompost per 5 liters of water);

Mixture of vermicompost and potassium polyacrylamide (500 ml of
vermicompost + 500 ml of 0.5% potassium polyacrylamide solution);

Mixture of vermicompost, potassium polyacrylamide, and LSD (500 ml of
vermicompost + 500 ml of 0.5% potassium polyacrylamide solution + 50 ml of 5%
lime-sulfur decoction).

a) b)
Figure 2. Agricultural crops used to study the effects on the physico-chemical and geotechnical
properties of soils (a: wheat, b: black-eyed peas, ¢: mung beans)

The seeds were soaked in the solutions for 2-3 hours, after which they were
placed on cotton pads in Petri dishes for germination observation. Each dish
contained 50 seeds of wheat and mung bean, and 25 seeds of black-eyed pea. 50
ml of solution was added to each Petri dish, and the germination dates and growth
intensity of the plants were recorded (Fig. 3).
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Figure 3. Appearance of seeds placed in a Petri dish

Results and Discussion

Results of Growth Intensity Measurements for Grain Crops (Wheat, Black-Eyed
Pea, Mung Bean)

According to the study results, black-eyed pea demonstrated the highest growth
intensity across all four formulations, confirming its strong adaptability to various
substrate conditions (Fig. 4).

Figure 4. Growth of black-eyed peas.

Wheat and mung bean also showed a positive response to the application of
moisturizing formulations, especially those containing vermicompost, which
improves the structure and water retention capacity of the substrate (Fig. 5).
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a) b)
Figure 5. Manifestations of growth intensity of wheat (a) and mung beans (b)

The experimental results show significant differences in the growth intensity of
cereal crops depending on the moisturizing compositions used. Four compositions
were applied during the study: natural water, vermicompost, vermicompost with
potassium polyacrylamide, and vermicompost with potassium polyacrylamide and
lime-sulfur decoction. These compositions made it possible to assess the effect of
each component on the growth of wheat, mung bean, and black-eyed pea seeds.

The data on the growth intensity of wheat, mung bean, and black-eyed pea seeds

after treatment with various moisturizing compositions are presented in Tables 2,
3, and 4.

Table 2. Growth intensity of wheat seeds after treatment with four different moisturizing
compositions, cm

Moisturizing 22.03.(25.03.]27.03.29.03.| 01.04. | 03.04. | 05.04. | 08.04. | 10.04.
compositions 2024 | 2024 | 2024 | 2024 | 2024 | 2024 | 2024 | 2024 | 2024
Natural water 1.1 2.6 3.5 6.6 | 12.0 | 147 | 202 | 27.9 | 29.7
Vermicompost 1.6 3.1 5.4 9.5 146 | 182 | 22.5 | 30.2 | 33.0
Vermicompost 1.4 2.9 43 82 | 132 | 164 | 21.6 | 294 | 318
+ potassium
polyacrylamide
Vermicompost 1.2 2.7 3.8 7.2 | 12.6 | 15.1 | 20.8 | 283 | 304
+ potassium
polyacrylamide + lime-
sulfur solution

According to Table 2, it is evident that wheat showed the highest growth
intensity when treated with vermicompost. Specifically, the growth intensity of the
seeds treated with vermicompost increased from 1.6 cm to 33.0 cm between March
22 and April 10. This exceeds the growth of seeds moistened with natural water
(29.7 cm), indicating a positive effect of vermicompost on wheat germination and
growth.

In addition, the combination of potassium polyacrylamide with vermicompost
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(31.8 cm) produced good results, although it was slightly less effective than pure
vermicompost. This may be due to the fact that potassium polyacrylamide helps
improve soil structure and increases its water retention capacity, which is especially
important for the arid soils of the Turkestan region, where low moisture limits
plant growth. However, the combination with the lime-sulfur decoction (30.4 cm)
showed less pronounced growth, indicating a possible inhibitory effect of the lime-
sulfur decoction.

Thus, it can be concluded that the optimal conditions for wheat involve the use
of vermicompost, and the addition of potassium polyacrylamide and lime-sulfur
solution has an additional effect, but it is not as pronounced as in the case of pure
vermicompost.

Table 3. Growth intensity of black-eyed pea seeds after treatment with four different moisturizing
compositions, cm

Moisturizing 22.03.125.03.127.03.|29.03. | 01.04. | 03.04. | 05.04. | 08.04. | 10.04.
compositions 2024 | 2024 | 2024 | 2024 | 2024 | 2024 | 2024 | 2024 | 2024
Natural water 1.8 2.9 4.2 7.7 134 | 155 | 21.6 | 28.7 | 30.9
Vermicompost 24 3.8 5.7 9.7 155 | 174 | 23.8 | 31.0 | 342
Vermicompost 2.2 3.5 5.0 8.9 148 | 16.7 | 22.9 | 30.1 | 32.6
+ potassium
polyacrylamide
Vermicompost 2.0 3.1 4.6 8.0 138 | 159 | 22.1 | 29.2 | 315
+ potassium
polyacrylamide + lime-
sulfur solution

The black-eyed pea showed the most significant growth among all the crops.
It demonstrated good results both when treated with vermicompost and when
combined with potassium polyacrylamide and lime-sulfur solution. The greatest
growth of the peas was recorded in the group using only vermicompost (34.2 cm),
which confirms its high biological activity and ability to stimulate growth even
under limited water supply conditions. Interestingly, the addition of potassium
polyacrylamide in combination with vermicompost also yielded good results
(32.6 cm), which may suggest that polyacrylamide improves the water-retaining
properties of the substrate and enhances growth conditions. The composition with
lime-sulfur solution (31.5 cm) also showed good results, although slightly lower,
which may be related to the chemical composition of the lime-sulfur solution,
which could interact with plants within a certain range. The minimum growth
was recorded in the group treated with natural water (30.9 cm), highlighting the
importance of using additional fertilizers to stimulate plant growth, especially in
laboratory experiments.
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Table 4. Growth intensity of mung bean seeds after treatment with four different moisturizing
compositions, cm

Moisturizing 22.03. [25.03.]27.03.]29.03.| 01.04. | 03.04. | 05.04.| 08.04. | 10.04.
compositions 2024 | 2024 | 2024 | 2024 | 2024 | 2024 | 2024 | 2024 | 2024
Natural water 0.6 1.1 1.8 4.0 9.3 120 | 174 | 21.6 | 252
Vermicompost 1.1 2.3 34 6.2 11.8 | 142 | 19.7 | 23.8 | 275
Vermicompost 0.9 1.9 2.8 57 | 11.0 | 13.4 | 189 | 23.0 | 26.7
+ potassium
polyacrylamide
Vermicompost 0.8 1.4 2.1 49 | 102 | 12.8 | 181 | 223 | 26.0
+ potassium
polyacrylamide + lime-
sulfur solution

Mung bean, like wheat, showed good results, but its growth was less pronounced
compared to black-eyed peas and wheat. The greatest growth was recorded when
using vermicompost, where the growth reached 27.5 cm. This suggests that although
mung bean responds well to vermicompost, it is not as sensitive to germination
conditions as other crops. The use of polyacrylamide in combination with
vermicompost (26.7 cm) yielded good results, but not as pronounced as with pure
vermicompost. This confirms that the addition of polyacrylamide helps improve
the soil and water structure, but for mung beans, the effect of these additives is not
as critical. The composition with lime-sulfur solution (26.0 cm) showed similar
results, confirming the neutral effect of the lime-sulfur solution on mung bean
growth. Natural water, as in other cases, showed the lowest result (25.2 cm), which
confirms the slower and more limited seed growth without additional stimulation
from fertilizers and additives.

Analysis from a Geotechnical and Engineering Geology Perspective

The experimental results demonstrate the impact of moisturizing compositions
on the physico-chemical and geotechnical properties of the substrate, which is
significant for engineering geology and geotechnical engineering:

Vermicompost increases humus content and microbiological activity, which
improves soil structure, porosity, and water retention capacity. This reduces the
risk of erosion and enhances soil resistance to deformation important factors for
constructing irrigation systems and agricultural facilities in arid regions.

Potassium polyacrylamide enhances the soil’s water-holding capacity, which
is particularly important for the Turkestan region, where moisture levels are low
(approximately 1.2% humus content). It contributes to soil stabilization, prevents
subsidence, and improves the soil’s bearing capacity.

Lime-sulfur decoction strengthens the soil’s surface layer due to the binding
properties of calcium polysulfides, reducing wind erosion and increasing resistance
to external impacts. However, its weaker effect on plant growth may indicate the
need to optimize its dosage to preserve microbiological activity.

The graphs of initial and total growth intensity (Figures 6-7) confirm that
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vermicompost and its combinations with potassium polyacrylamide create optimal
conditions for germination by improving the physical and mechanical properties of
the substrate.

3
2,5
2
1.5
1
0,5
0

natural water vermicompost vermicompost + vermicompost +

potassium potassimn
polyaciylamide polyacrylamide +
lime-sulfur solution
®wheat ®mung beans ™ black-eyed peas
Figure 6. Initial growth intensity of cereal crops during the growing season, cm
40
35
30
25
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10
5
0
natural water vermicompost vermicompost + vermicompost +
potassitmn potassiwm
polyaciylamide  polyaciylamide + lime-
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W wheat B black-eyed peas mung beans

Figure 7. Growth intensity of cereal crops during the growing season (22.03.2024-10.04.2024), cm

The results confirm that vermicompost is a key factor in improving the
geotechnical properties of soils in the Turkestan region. Its application increases
the content of organic matter, improves soil structure, and enhances its water
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retention capacity, which is critical for arid soils with low humus content (1.2%)
and moisture levels. Potassium polyacrylamide further enhances the water-holding
properties, reducing the risk of soil degradation and improving its suitability for
agricultural and engineering purposes. Although lime-sulfur decoction has a lesser
effect on plant growth, it contributes to strengthening the soil surface layer, which
is important for preventing erosion under wind exposure conditions.

Natural water showed the lowest effectiveness, emphasizing the need to use
organic and synthetic additives to improve the properties of arid soils. These
findings can be applied in geotechnical engineering for designing sustainable
agroecosystems, reinforcing soils under irrigation systems, and preventing erosion
in the conditions of the Turkestan region.

Conclusion. Based on the conducted study on the effects of various moisturizing
compositions on the physico-chemical and engineering properties of soils, the
following conclusions can be formulated from the perspective of geological and
geotechnical engineering:

1. The application of vermicompost significantly improves the physico-
chemical characteristics of soil: it increases the content of organic matter, enhances
structure and water retention capacity, and boosts microbiological activity. This
makes vermicompost an effective means for soil stabilization and the rehabilitation
of degraded areas within geotechnical systems.

2. The combination of vermicompost with potassium polyacrylamide enhances
the soil's water-retention ability and structural integrity. This is particularly
important for arid regions with low moisture content, where such mixtures help
reduce ground deformation, minimize settlement, and increase the bearing capacity
of soils.

3. Incorporating lime-sulfur decoction into the moisturizing mixture provides a
reinforcing effect on the surface soil layers due to the binding properties of calcium
compounds. This can be effectively used for wind erosion control and improving
soil resistance to external impacts; however, further evaluation is needed regarding
its influence on mechanical properties such as shear strength.

4. Using natural water without additives showed minimal improvement in
geotechnical parameters, highlighting the necessity of applying organic and
synthetic additives when working with weak or arid soils in engineering projects.

5. Comprehensive geotechnical analysis confirmed that the incorporation of
organo-mineral components into soil reduces erosion risks, improves resistance
to loading and deformation, and enhances structural stability and the durability
of engineering constructions—especially in conditions of high aridity and land
degradation.

6. The study's results can be applied in the design and implementation of
geotechnical engineering solutions such as slope reinforcement, foundation
stabilization, erosion control, and the development of stable soil bases for
infrastructure and agro-engineering facilities.
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