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The article addresses the issues of increasing the sustainability and productivity of agroecosystems
under conditions of climatic instability in Northern Kazakhstan, characterized by frequent droughts, uneven
precipitation distribution, and increased temperature stress during the growing season. Particular attention is
paid to the integration of leguminous crops, especially chickpea, as well as the use of biological preparations
within legume—cereal crop rotation systems as a promising direction in the biologization of agriculture. The
paper presents the results of field and laboratory studies aimed at a comprehensive assessment of the impact
of agrotechnological practices on soil fertility, water regime, and crop productivity. The research examined
agrochemical and agrophysical soil parameters, including humus content, macro- and micronutrient availabi-
lity, soil acidity, bulk density, and water retention capacity, as well as plant biometric characteristics, leaf area
development, and biomass accumulation dynamics. It was established that the use of biopreparations and
seed inoculation with rhizobial bacteria enhances microbiological activity in the soil, improves nitrogen availa-
bility, and increases water use efficiency. A positive effect on soil structure and biological activity was also
observed.

The application of these approaches ensures a stable increase in chickpea yield, improves product
quality, and reduces dependence on mineral fertilizers. The economic evaluation demonstrated increased pro-
fitability due to cost optimization and higher productivity. The obtained results confirm the feasibility of imple-
menting biologized technologies as an effective tool for adapting agriculture to changing climatic conditions
and ensuring sustainable agricultural development in arid regions.

Keywords: preparations; chernozem (black soil); legume crops; biodiversity; agroecosystem
sustainability.
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Makanada Conmycmik KasakcmaH xardalibiHOarbl KuMammblK mypakchi3ObiK asicbiHda azgpOosKo-
XyuenepliH mypakmblinbifbl MEH 6HIiMOiflieiH apmmbIpy Macernesnepi kapacmbipbiiadsl. by eHipee xui Kau-
marnaHambiH KYPFaKWbIbIK, XayblH-WawbIiHHbIH BipKesKi mycreyi xeHe gecemayusifibiK Ke3eHoe memrepa-
myparnbIK XyKmeMeHiH apmybi moH. 3epmmeyde bypwak dakbindapbiH, amarn almkaHda HoKammbl eHai3y,
coHOali-aK bypwak—08HAi dakbindap aybicnasbl eaic XyleciHOe buonoeusnbiK npenapammapobl KorndaHy
aegpoeHdipicmi 6uonoau3ayusnayObiH nepcriekmusarsbsi barbimbl pemiHOe KapacmbipbliraH. EH6ekme azpo-
MmeXxHO102UsANbIK MacindepdiH morbipaK KyHap/blfbifbiHa, CYy PEXUMIHE XoHe 0aKbinl 6HiMOini2iHe aCepiH Ke-
weHdi baranayra barbimmarnraH OanarsblK XOHe 3epmxaHarbiK 3epmmeynepdiH Homuxxesnepi YCbIHbIIFaH.
3epmmey 6apbicbiHOa MonbipakmbiH a2pOXUMUSITIbIK XXOHEe ag2pou3uKarblK KepCcemKiuumepi, COHbIH iwiHOe
2yMyC Mesiiepi, Makpo- XoHe MUKpoanemeHmmepldiH Kypambl, KbiWKbiiOblK OeHzaeli, Mbifbl30bifbl XoHe
blniFan cakmay kKabinemi, coHOal-aK ecimOikmepOiH buomempusinbiK napamempriepi, xanbipak 6emiHid Ka-
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nibinmacy duHamukackl MeH buomacca XuHakmanybl 3epmmenidi. buonpenapammapOb! KonidaHy XoHe my-
KbiMObI myltHek bakmepusiiapbIMeH UHOKYIsuusinay morbipakmarbl MUKpobuonoaussbik npouecmepdi 6esl-
ceHOeHOipin, azommabiH KormkemimdinieiH apmmbipbin, cyObl natdanaHy muimOinieiH xofapbliamambiHb]
aHbikmandbl. COHbIMEH Kamap, morbipak KypbiibiMbl MEH OHbIH buonoausinblK 6ernceHdinieiHiH xakcapybl
batikanoebl.

¥cbIHbinFaH agpomexHoroausnapobl KondaHy Hokam eHiMOini2iHiH mypakmasl eCyiH Kammamacsi3 emirl,
6HiM canacbklIH apmmablpadbi XoHe MUHepanodbiK mbiHalmkbiumapra mayendinikmi memeHdemeOi. XKypeaizin-
2eH 3KOHOMUKarbiK 6aranay wblfbiHOapdbl oHmalinaHobIpy XoHe eHiMOinikmi apmmbipy ecebiHeH peHma-
6enbinikmiH XofapblnaraHblH Kepcemmi. AnbIHFaH HamuXernep buornozsuldayusiiiaHFaH mexHonoausinapobl
€Hei3yOdiH ayblnl wapyauwbl/bifbiIH 632epMeri Knumam xardalnapbiHa 6elimOeydiH muimOi Kyparbl eKeHiH
)KOHe KyaH alimakmapda mypakmbi 0amyObl KaMmamachki3 ememiHiH 0anendelidi.

TytiHdi ce30ep: npenapammap; Kapa mornbipak;, bypwak Oakblndapbl; buoasyaHmypsinik; aspo-
XKylenepOiH mypakmbIfibIfbl.
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B cmambe paccmampugaromcsi 0rpocChl N08bILEHUST yecmoldugocmu U npodyKmueHOCMU a2po3Ko-
cucmemM 8 ycriosusix Krnumamudeckol HecmabunsHocmu CesepHoz2o KaszaxcmaHa, xapakmepu3yrouwielcs
yacmbIMu 3acyxamu, HepagHOMepPHbIM pacripedesieHueM 0cadkos U MosbILEeHHOU memrnepamypHoU Hagpy3-
Kol 8 seezemayuoHHbIU nepuod. Ocoboe sHuMaHue ydeneHo uHmezpayuu 60608bix Kysibmyp, 8 YacmHocmu
Hyma, a makxe rpuMeHeHuro buoroaudyeckux rpenapamos 8 cucmeme 606080-3/1aK08bIX c€80060pOMOB
Kak 00HOMY U3 NepcrekmusHbIX HarpaeneHul buosnozuszayuu 3emnedenus. [pedcmasneHsl pesynbmameol
roneebix U 1abopamopHbIx uccriedosaHul, HarpaereHHbIX Ha KOMIMIEKCHYH OUEHKY 8/USIHUS azpomexHo-
nioeudeckux npuémos Ha rnnodopodue rnoysbi, BOOHbIU PEXUM U ypoxxalHoOCMb Kyrnbmypbl. B xode uccrnedo-
8aHUll u3y4eHbl azpoXUMUYEcKUe U aspoghusudecKkue rnokasamesu ro4ysbl, 8KoYas cooepxaHue eymyca,
Makpo- U MUKPO3/IeMEHMO8 nMumaxusi, ypo8eHb KUC/IOMHOCMU, MIOMHOCMb CIIOXEeHUs U 8000y0epXu-
8aloWy0 CrnocobHOCMb, a makxe buoMempudyeckue napamempsbl pacmeHul, OUHaMUKy bopMupo8aHusi
Jsiucmoeoul rogepxHocmu U HakorsneHuss buomMacchl. YcmaHo8/1eHo, Ymo ucronb3o8aHue buornpenapamos u
UHOKYIAYUs1 CeMSIH KIybeHbKo8bIMU bakmepusiMu criocobecmeayrom akmugu3sayuu MUKpobuoioau4ecKux rnpo-
ueccos 8 rio4se, yryHuweHUo a3omH{o20 numaxus pacmeHul U MosbILeHUr0 KoaghghuyueHma ucrnosib308aHus
enaeu. OmmeyYyeHo NooXumersibHoe 8/1UsHUE OaHHbIX MPUEMO8 Ha CMPYKMYypy Mo4yebl U e€ buonoauqyecKyto
aKkmueHoOCMb.

lpumeHeHue npednoXeHHbIX agpomexHoioaull obecrnedyusaem ycmouyusbilt pocm ypoxaliHocmu Hy-
ma, yny4qweHue KayecmeeHHbIX rokazamesnel rMpodyKyuu U CHUXeHUe 3asucuMocmu Om MUHeparbHbIX
y0obpeHruli. [lposedéHHas sKOHOMUYECKasi OUEHKa roKasarna nosbiweHue peHmabernbHocmu npouseodcmea
3a cyém onmumu3sayuu 3ampam U rosbiweHus npodykmusHocmu. lonyyeHHsble pe3ynibmambi Mo0meepx-
darom yerniecoobpasHocmb gHedpeHuUs1 BUOI02U3UPO8aHHbIX MEeXHOIo2ul KakK 3¢hgheKmueHO20 UHCMPYMEH-
ma adanmauyuu 3emnedenusi K USMEeHSIIOWUMCS KITUMamu4yecKuM ycrosusiM u obecrneyeHusi ycmou4yugoeo
passumusi cesibCKo20 x035licmea 8 3acywsugbiX PpeauoHax.

Knrodeenie crnioea: npenapamel, 4epHo3em, 60b608bie Kyrbmypbi, buopa3Hoobpasue, ycmol4ueocms
aspocucmenm.

Introduction

Under current conditions of global climate change, the agricultural sector faces a number of significant
challenges that directly affect the sustainability and productivity of crop production. Rising average annual
temperatures, changes in precipitation patterns, increasing frequency of extreme weather events (droughts,
heavy rains, temperature anomalies), as well as soil degradation, necessitate a reconsideration of traditional
approaches to farming. In this context, the development and implementation of adaptive agricultural
technologies that not only increase crop yields but also conserve natural resources and restore the ecological
balance of agroecosystems is of particular importance [1, p. 23].
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One promising direction for sustainable agriculture is the use of scientifically based crop rotation
systems that include legumes and cereals. These crops possess a range of biological and agroecological
advantages, enabling effective regulation of soil fertility, optimization of water and nutrient use, and increased
resilience of agrocenoses to environmental stress factors. Leguminous crops, such as chickpeas, lentils, peas,
and others, play an important role in the biologization of agriculture due to their ability to fix atmospheric nitro-
gen symbiotically with the help of Rhizobium bacteria. This leads to the accumulation of bioavailable nitrogen
in the soil, reducing the need for mineral fertilizers and decreasing anthropogenic environmental pressure. In
turn, cereal crops (wheat, barley, oats) are highly adaptive and efficiently utilize natural resources, contributing
to a stable structure of agro-phytocenoses [2,3, p. 32].

The combination of legumes and cereals within crop rotation creates a pronounced synergistic effect,
manifested in improved agro-physical, agro-chemical, and biological properties of the soil. The extensive root
systems of cereals enhance soil structure and water retention, while legumes contribute to organic matter
accumulation and increased humus content. As a result, more resilient and productive agroecosystems are
formed, capable of effective functioning under limited water availability and climatic instability. These process-
ses are especially important for regions with a sharply continental climate, such as Northern Kazakhstan. This
area is characterized by frequent drought periods, high temperature amplitudes, and limited soil moisture re-
serves. In these conditions, introducing drought-tolerant crops, such as chickpeas, in combination with adapted
cereals is a key strategy for enhancing agricultural resilience. The relevance of this study is determined by the
need to develop effective and environmentally sustainable farming systems capable of adapting to modern
climate changes and ensuring stable agricultural production. Under conditions of water scarcity and declining
soil fertility, the implementation of agronomic practices aimed at biologization and rational use of natural re-
sources is particularly important. Crop rotations including legumes and cereals are considered among the most
effective tools for enhancing the biodynamics of agroecosystems. Such systems promote soil microbiological
activity, increase organic matter content, improve soil structure, and enhance water retention. This is especially
critical under increasing climatic stress, where the resilience of agroecosystems becomes a key factor in
ensuring food security [3,4, p. 72].

Another important aspect is the economic efficiency of these agronomic practices. Reduced costs for
mineral fertilizers through biological nitrogen fixation, decreased need for plant protection agents, and increa-
sed crop yields contribute to higher profitability. At the same time, there is an environmental benefit through
reduced chemical load on the soil and surrounding environment. The use of biological agents and growth
stimulants further enhances the positive effects of crop rotations, activating physiological processes in plants
and increasing their resilience to adverse environmental factors. Their integration into cultivation technology
improves resource use efficiency and ensures more stable yields [4, p. 62].

Thus, the development and scientific justification of crop rotation systems involving legumes and ce-
reals, as well as the improvement of their cultivation technologies, are highly relevant tasks for modern agri-
cultural science. Implementing these approaches contributes to the formation of resilient agroecosystems,
increased soil fertility, and long-term ecological and economic stability in agriculture.

Objective of the study: Implementation of sustainable agronomic technologies for legume cultivation
to increase productivity and enhance the stability of agroecosystems.

Tasks:

1) To determine the meteorological and soil conditions of the experimental site;

2) To determine the content of nutrients (humus level, soil density, pH, etc.) affecting chickpea producti-
vity and soil fertility improvement;

3) To evaluate the effect of biological agents;

4) To determine biometric parameters of crops (field germination, plant height) and chickpea yield de-
pending on the use of biological agents;

5) To conduct an economic assessment of the effectiveness of new agronomic practices, including yield
increase and improvement of environmental indicators.

Materials and Methods

Experimental studies were conducted at the stationary base of the Department of Agronomy following
generally accepted methodological approaches for establishing and conducting field experiments according to
B.D. Dospekhov [5, 6, p. 23], as well as in accordance with the methodology of state variety testing of
agricultural crops. In Kostanay Region, Altynsarin District, Zhanasu village.

The object of study was the regionally adapted chickpea variety (Cicer arietinum L.) — Volgograd 10.
This early-maturing variety has a vegetation period of approximately 75 days, demonstrates resistance to
major diseases, and is adapted to adverse climatic conditions. Field experiments were established with
temporal replication over the period 2025-2027. The experimental design included three replicates. The total
area of each plot was 120 m?, with a working area of 100 m2. Sowing was carried out in the second decade of
May when the soil reached physical maturity, during the regionally optimal agronomic period. The preceding
crop was spring wheat, sown after a clean fallow. The experimental site was selected based on soil maps,
agrochemical maps, and historical field data. Additional information from the farm agronomy service regarding
predecessors, applied agronomic practices, fertilization, and liming was also considered. Seed quality
assessment was conducted in the laboratory in accordance with current state standards (GOST 12036-85 —
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12042-80) [7, p. 23]. Parameters determined included germination energy (7th day), laboratory germination
(14th day), and seed purity. Soil samples were collected from a 0-100 cm profile at 20 cm intervals to analyze
soil moisture and nutrient content. To evaluate the impact of biological agents and fertilizers on soil fertility,
additional samples were taken from depths of 0—20 and 20—40 cm at five points per plot. The following
indicators were measured in the collected samples [8,9,10,11]:

- Soil moisture — by gravimetric method;

- Humus content — by Tyurin method (GOST 26213-91);

- Soil pH - by ionometric method;

- Nitrate nitrogen — using a nitrate analyzer;

- Available phosphorus and exchangeable potassium — by Machigin method,;

- Absorbed calcium and magnesium — by titrimetric method.

During the growing season, plant samples (50 plants per plot along the diagonal) were collected to
determine dry matter accumulation and chemical composition. All laboratory analyses were performed in dupli-
cate. Humus content was determined before the experiment, mid-rotation, and at the end of the crop rotation.
Total nitrogen was analyzed using the Kjeldahl method (macro- and micro-methods), and total phosphorus by
the Lebedyantsev method with colorimetric determination. Fractional phosphate composition was studied
using Chirikov and Chang-Jackson methods (modified by Ginzburg and Lebedeva). Phenological observations
included field germination, plant density (measured diagonally on 0.25 m2 sampling areas), and assessment
of crop condition at different developmental stages. Aboveground biomass was measured by cutting plants at
soil level every 10 days, starting from the full emergence phase. Weed infestation was assessed quantitatively
by weight at tillering, flowering, and maturation stages using a 1 m2 sampling frame at four diagonal points per
plot. Plant height was measured at key developmental stages: emergence, third leaf, budding, flowering, end
of flowering, and full maturity.

Agronomic Practices

Soil preparation included early spring harrowing to conserve moisture and destroy weed sprouts at the
“white thread” stage (late March—early April). Prior to sowing, cultivation with harrowing and rolling was perfor-
med. Seeds were inoculated with strains of Rhizobium spp. five hours before sowing on a tarpaulin surface
(4x6 m), avoiding direct sunlight. The inoculant used was “Rhizovit AKS,” containing highly active Rhizobium
strains on a peat base enriched with biologically active substances, applied at 400 g per hectare of seeds.
During the growing season, the biological preparation “Baikal M” was applied using a backpack sprayer at a
rate of 250 L/ha of working solution.

Data Processing

Reliability of the experimental data was ensured through mathematical statistics and correlation analysis
to identify relationships between crop productivity and applied agronomic practices. Statistical analysis was
performed using Microsoft Excel 2021 (ANOVA), as well as specialized statistical software packages
“Snedecor” and “STATISTICA.” For all laboratory tests, a significance level of p < 0.05 was applied.

Results and Discussion

Meteorological observations of air temperature and precipitation were conducted at the experimental
site. In January, the average air temperature was —9.1 °C, with a minimum of —-23.1 °C, a maximum of +1.3 °C,
and precipitation of 27 mm. In February, the average temperature was —9.5 °C (min -24.3 °C, max +2.2 °C),
precipitation 66 mm. In March, the average temperature was —-1.6°C (min -20.9°C, max +14.5°C),
precipitation 86 mm (Figure 1).
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April showed an average of +11.6 °C (min 0.8 °C, max +25.5 °C), precipitation 144 mm. In May, the
average temperature was +16.6 °C (min +2.8 °C, max +32.0 °C), precipitation 176 mm. June had an average
of +21.0°C (min 8.6 °C, max +34.1 °C), precipitation 132 mm. July recorded +20.5°C (min +11.4 °C, max
+31.1 °C), precipitation 170 mm. In August, the average was +19.1 °C (min +8.3 °C, max +33.7 °C), precipita-
tion 179 mm. September: average +13.7 °C (min —-6.2 °C, max +29.9 °C), precipitation 147 mm. October:
average +5.9 °C (min —2.8 °C, max +16.6 °C), precipitation 97 mm.The hydrothermal coefficient (HTC) for the
growing season (May—August) was calculated based on temperature and precipitation data, yielding K= 0.21.
This coefficient, representing the ratio of cumulative temperature differences (between mean and minimum
temperatures) to the temperature range (maximum minus minimum), indicates a moderately humid and tempe-
rate climate, typical of regions with mild to moderately continental conditions. Summer months (May—August)
show a wide temperature range (+2.8 °C to +34.1 °C), reflecting warm to hot weather. Minimum temperatures
in August (8.3 °C) indicate a relatively mild late summer. Monthly precipitation (86—179 mm) confirms moderate
moisture and rainfall presence, particularly in summer. The moderate HTC (~0.21) indicates favorable condi-
tions for growing legumes, supporting normal development without excessive stress, promoting high yield and
quality, and ensuring sustainable legume production in crop rotations.

Soil samples from 0-20 cm and 20—-40 cm layers were analyzed for humus content, nitrate nitrogen,
available phosphorus, exchangeable potassium, and pH. The soils are southern chernozems, characterized
by low humus content (3.30 %), available phosphorus (24.6 mg/kg), nitrate nitrogen (2.32 mg/kg), and high
exchangeable potassium (527 mg/kg). Soil pH was slightly alkaline (7.47). Based on temperature and moisture
analysis, optimal sowing dates for legumes were determined (second decade of May), along with application
rates for biological agents. Soil bulk density was 1.1-1.2 g/cm?, optimal for legume and cereal growth.

After cultivation, legumes (chickpeas) positively influenced soil agrochemical and physical properties.
Symbiotic nitrogen fixation increased nitrate nitrogen in the arable horizon by 15-20 % compared to the control,
and humus content rose to 3.6—3.8 %. Improved soil structure and aggregate stability enhanced water-holding
capacity by 8-10 %. Cereals (wheat), with developed root systems, promoted topsoil loosening and organic
matter accumulation from root residues. Combined legume—cereal rotations stabilized pH to near-neutral
values (7.1-7.2) and formed a more robust granular structure. Overall, legume—cereal cultivation improved soil
nitrogen and carbon content, stabilized pH, enhanced structure, and increased water retention, thereby impro-
ving fertility. To enhance soil biological activity and nitrogen fixation, biological agents were applied. “Rhizovit
AKS” inoculated seeds five hours before sowing with Rhizobium spp., on a 4x6 m tarpaulin to prevent direct
sunlight. The inoculant contained highly effective rhizobial strains on a peat substrate enriched with carbo-
hydrates, vitamins, and micronutrients, applied at 400 g per hectare of seeds. During the growing season, foliar
sprays of “Respect” (active ingredients: imidacloprid, pencycuron) were applied at 250 L/ha to suppress patho-
genic microflora, protect against bacterial infections, and stimulate nodule formation, phosphorus mobilization,
and root development. Additionally, “Baikal M” (250 L/ha) containing lactic acid, photosynthetic, nitrogen-fixing,
and other microorganisms, was applied to activate soil microbiological processes. These treatments increased
microbial activity in the 0-20 cm soil layer by 20-25 % and raised organic carbon by 0.12-0.15 %, improving
decomposition of plant residues and humus formation. Thus, biological agents enhanced soil organic carbon,
beneficial microflora, plant nutrition, and overall soil biological activity [12, p. 3]. (Figure 2)
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Figure 2 — Phenological stages of chickpea (Cicer arietinum)

Phenological observations showed positive effects of biological agents on chickpea growth, develop-
ment, and yield formation. Field germination ranged from 85.4-91.0 %, indicating favorable growth dynamics
during the vegetative period. Economic evaluation of new agronomic practices was conducted to assess yield
increases, ecological benefits, and overall sustainability. Production costs were calculated, including seeds,
fertilizers, fuel, plant protection, labor, and equipment depreciation. Gross yield was computed as crop pro-
ductivity x selling price, net income as gross yield minus costs, and profitability (%) as a production efficiency
indicator. Ecological effects were assessed by reduced nutrient loss, decreased fertilizer use, and improved
soil structure. Adaptive agronomic measures (optimized sowing dates, green manure, minimal tillage, predicti-
ve yield models) reduced production costs by 10—15 %, increased legume yields by 8-12 % and cereals by 6—
10 %, and raised net income by 15-20 % compared to conventional practices. Ecologically, integrating legu-
mes reduced mineral fertilizer use by 10-20 %, enhanced soil structure and humus content, minimized degra-
dation and nutrient leaching, and increased the biodynamics of crop rotations. Combined economic and ecolo-
gical criteria showed that the integrated efficiency of innovative practices increased by 18-25 %, demonstrating
high effectiveness [13, p. 4].

Correlation and regression analysis revealed strong positive relationships between yield and net income
(r = 0.86-0.92). Mathematical processing confirmed significant dependencies of yield on weather conditions
and agronomic factors. Regression and predictive models (R? > 0.8) can guide crop rotation planning, optimi-
zing yield and enhancing agroecosystem biodynamics.

Funding Information: This research has been is funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. AP27509433 Development and eva-
luation of sustainable crop rotation systems using legumes and cereals to increase the biodynamic efficiency
of agroecosystems)»

Conclusion

The results of the study demonstrate that the introduction of legume—cereal crop rotations combined
with biological agents significantly improves soil fertility, enhances agroecosystem stability, and increases
chickpea yield under the arid and climatically unstable conditions of Northern Kazakhstan. The integration of
chickpea into crop rotations activates soil microbiological processes, improves nitrogen availability, and
strengthens soil structure and water retention capacity.

Overall, the proposed biologized agronomic practices provide both economic and ecological benefits,
ensuring higher productivity, reduced dependence on mineral fertilizers, and long-term sustainable develop-
ment of agricultural systems under climate change conditions.
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BUOIrMAPOrENbAIH XXA3AbIK APMA (HORDEUM VULGARE L.)
T¥KbIMOAPDBIHbIH OHTILWTIFIHE ©CEPIH BAFANAY

bocmybaesa M.B.* — PhD, ara okbimywsl, «C. CelgynnuH ambiHOarbl KasaK aspomexHuKasbiK
3epmmey yHueepcumemi» KeAK, AcmaHa K., KasakcmaH Pecrniybnukacsi.

XKarnabepeeHos A.O. — ara okbimywbl, «C. CeligbynnuH ambiHOarbl Kazak azpomexHukarbiK 3epmmey
yHusepcumemi» KeAK, AcmaHa K., Kazakcma+ Pecrybriukachbl.

MakeHoea M.M. — PhD, ara okbimyuwibi, «C. CeligpynnuH ambiHOarbl Kazak azpomexHUKasibIK 3epmmey
yHusepcumemi» KeAK, AcmaHa K., Kazakcma+ Pecrybriukachbi.

XKymbicma CaCl, xoHe nUMOH KblWKbIbl apKblibl mopnaHraH KML], anbeunam xoHe NBC HeziziHOeai
buoaudpoeensdiy apna (Hordeum vulgare L.) mykbimOapbiHbIH 6HYiHe xoHe eckiHOepdiH epme ecyiHe acepi
3epmmendi. TykbiMOap KypambiHOa 2udpozenbOid sapmypri KOHUeHmpauusnapbl 6ap KYyM mosmbipbliFaH
koHmeltiHepnepde eHIi: 0, 0,1, 0,25, 0,5 xoHe 0,7 %. OHy sHepausiCbl MEeH MorbiK 6Hy kepcemkiwmepi (GPs,
GP;), eHyiHiH uHmeepandbik uHdekci (Gl), opmawa eHy yaksimsi (AGT), eckiHOepdiH emipweHOik uHdekcmepi
(SVI 1, SVI 1l), coHlau-ak cabakmap MeH mambipsiapdbiH y3biHObIFbI baranaHObl. TOMeH XoHe opmalua KOH-
ueHmpauyusidarbi cudpoeernbdep (0,1-0,5 %) mykbiMOapObiH 6HYIH dHe 6cKiHOepOiH ecyiH biIHmanaHObIPhbIr,
Gl xoHe SVI uHmeepandbik KepcemkilumepiHiH XoFapbliaybiHa biKnan ememiHi aHbiIkmarnosbl. 0,25 % KOHUeH-
mpauusicbl eH Xofapbl 6Hy nalbi3biH XoHe Gl MoHOepiH Kammamacski3 emir, 6y pemme mambip Xyteci MeH
Xxepycmi 6erieiHiH damybi BipKesKi xeHe mexery 6eneinepiHcia xypdi. [udpozeribdiH eH Xofapbl KOHUeHmMpa-
yuscbi (0,7 %) 6aprnbik emipweHlik KepcemkilumepiHiH memeHOeyiHe, opmalwia eHy yaKkbimbiHbIH Y3apybiHa,
mambiprap meH cabakmapObiH y3biHObIFbIHbIH KbICKapybiHa akendi, byn cybcmpamma nonuMmepsik mampu-
UaHbIH apmbIK Mernwepi ke3iH0e aya MeH binFandbiH KormkemimoOinigiHiH wekmenemiHiH kepcemedi. XKarnbl
anfaHOa, anbiHFaH Hemuxenep KML|, anbeuHam xoeHe NBC HeziziHOeai sudpozensdiH 0,1-0,5 % oHmalinsi
KOHUeHmpauyusinap Ouana3oHbiHOa apriaHbiH epme ecyiH muimOi biHmManaHOblpambiHbIH, an 6yn wekmeH
acnlin kemyi mykbim0apOobiH eHyi MeH ecimOikmepdiH bacmankbl 0amybiHa mexeywi acep emyi MyMKiH €KeHIH
Oanendeloi.

TytiHdi ce30ep: xa30biK apra, buosudpozernb, kKapbokcumemunuernmonosa (KML), anbauHam, nonueu-
Hun cnupmi (MBC), erHeiwumik uHdekci (Gl), eckiHOepdiH mipwinikke kabinemminik uHoekci (SVI).

OLIEHKA BINMUAHNA BUOTMOPOIensA HA NPOPACTAHUE
CEMSAH APOBOIo AMMEHA (HORDEUM VULGARE L.)

bocmybaesa M.B.* — PhD, cmapwul npenodasamenb, HAO «Ka3axckuli azpomexHudeckul uccrie-
0osamernbckuli yHugepcumem umeHu C. CeligpynnuHay, 2. AcmaHa, Pecriybniuka KasaxcmaH.

XKanabepeeHos A.O. — cmapuwuli npenodasamerns, HAO «Kasaxckul aspomexHudeckul uccrnedosa-
menbckuli yHugepcumem umeHu C. CeligpynnuHar, 2. AcmaHa, Pecrniybriuka KazaxcmaH.

MakeHoea M.M. — PhD, cmapwut npenodasamerb, HAO «Kasaxckul azpomexHu4deckul uccredosa-
mesnbckul yHugepcumem umeHu C. CeligpynnuHa», 2. AcmaHa, Pecniybriuka Kasaxcman.

B pabome usydyeHo snusiHue buozudpoeens Ha ocHose KML, anbeuHama u lNBC ¢ cwuskol CaCl, u
JIUMOHHOU KUCII0MbI Ha rpopacmaHue u paHHUl pocm rpopocmkos ssymeHsi (Hordeum vulgare L.). CemeHa
rnpopawusanuck 8 KOHmMelHepax ¢ eckom ¢ codepxxaHueMm pasnuyHbiX KoHUeHmpauul audpoeens: 0, 0,1,
0,25, 0,56 u 0,7 %. OueHusanuck 3Hepaust u norHoma npopacmanusi (GP;, GP;), uHmeeparnbHbIl UHOEKC
npopacmaHus (Gl), cpedHee epems npopacmarus (AGT), uHdekchl xu3zHecrocobHocmu ripopocmkos (SVI |,
SVI 1), a makxe OnuHa nobeaos u KopHel. YcmaHo8neHo, Ymo HU3KUe U cpedHuUe KOHUeHmpayuu audpozerns
(0,1-0,5 %) cmumynupyrom npopacmaHue U pocm fMpopocmKos, rnosbiwas uHmeepasrbHeie nokazamenu Gl
u SVI. KoHueHmpauyus 0,25 % obecniequsana mMmakcumarbHbIU MPOYEHM npopacmaHusi u Haubosiee 8bICOKUEe
3HaveHus Gl, npu amom pa3sumue KOpHee8oU cucmembl U Ha03eMHOU Yacmu rpoucxoousio pagHOMEPHO U
6e3 npusHakos yeHemeHus. Haubonbwas koHyeHmpauus eudpoeens (0,7 %) npusoduna K CHUXEHUI 8cex
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