AYblJ1 WAPYALWBUIbIFbI FbJIbIMOAPDI CEJIbCKOXO3ANWCTBEHHbIE HAYKU

Akumbekoe AmuH Puuyapdosud — OQoKmop cefnbckoxosslcmeeHHbIx Hayk, HAO «3anadHo-
KasaxcmaHckul aspapHO-mexHuU4Yeckuli yHugepcumem umeHu >aHeaup xaHa», Pecnybnuka KazaxcmaH,
090000 e. Ypansck, men.: 8-701-208-77-66, e-mail: amin.akimbekov@bk.ru.

YckeHoe Pawum baxumxaHoguY — kaHOuOGam cesibCKOX035lcmeeHHbIX HayK, accoy. npogpeccop, HAO
«Kasaxckull azpomexHu4deckul uccrnedogsamensckuli yHugsepcumem umeHu C.CelipynnuHa», Pecnybruka
Kazaxcman, 010011, 2. AcmaHa, nip. >KeHuc, 62., men.: 87014327973, e-mail: ruskenov@mail.ru.

UcxaH Kalpam XXanenosuu* — kaHOUOam CeJibCKOXO35UCMBEHHbIX HayK, rpogeccop, HAO
«Kasaxckuli HauuoHasbHbIl agpapHo-uccriedogamernbckull yHusepcumemy, Pecnybnuka KasaxcmaH,
050000 e. Anmamel, npocriekm Abasi 8, men.: +7-701-454-79-95, e-mail: kayrat_iskhan@mail.ru.

OpsbiHanues KopzaHbati Annacbaesuy — PhD dokmopaHm, HAO «Kasaxckul HayuoHarnbHbIU azpapHo-
uccnedosamernbcKkull yHUgepcumemy, Pecnybrnuka KasaxcmaH, 2. Anmamei, Abasi 28. men.: 87780904146,
e-mail: Ornalin.korgan@gmail.com.

Axkumbekos AMUH Puyapdosud — aybinl wapyauwblibifbl fbiiibiMOapbiHbiH OOKMOpsbI, «XKeHeip xaH
ambiHOarbl bambic KazakcmaH agpapribik-mexHukanbsik yHusepcumemi» KEAK, KasakcmaH Pecrniybrnukacsi,
Opan K, mesn.: 87012087766, e-mail: amin.akimbekov@bk.ru.

YckeHos Pawum baxumxaHosu4y — aybin wapyawbinbifbl fbliibiMOapbiHbiH KaHOuOamsl, KaybimO.
npogpeccop, «C.CelpynnuH ambiHOarbl Ka3zak aspomexHukarnblKk 3epmmey yHugepcumemi» KEAK,
KasakcmaH Pecnybnukacsl, 010011, AcmaHa K, JXeHic OaHf, 62, men.. 87014327973, e-mail:
ruskenov@mail.ru.

UcxaH Katipam >Kanenynb!™ — aybin wapyauwblibifbl FoliibiMOapbiHbiH KaHOUOamsl, npogeccop «Kasak
ynmmelIK agpapibik 3epmmey yHusepcumemi» KEAK, Kazakcmar Pecrniybnukacel, 050000, Animamel K., Abal
OaHr,.28., men.: 87014547995, e-mail: kayrat_ishan@mail.ru.

OpebiHanues KopeaHbali Annacbaesud — aybin wapyauwbinbifbl fblibiMOapbiHbIH Mazucmpi «Kasak
ynmmelK agpapsisik 3epmmey yHusepcumemi» KEAK, Kazakcmar Pecniybnukacel, 050000, Animamei K., Abal
Oanr.28., men.: 87780904146, e-mail: Ornalin.korgan@gmail.com.

Akimbekov Amin Richardovich — Doctor of Agricultural Sciences, Zhangir Khan West Kazakhstan
Agrarian-Technical University NPJSC, Republic of Kazakhstan, 090000, Uralsk, tel.: 8-701-208-77-66, e-mail:
amin.akimbekov@bk.ru.

Uskenov Rashit Bakhitzhanovich — Candidate of Agricultural Sciences, Associate Professor, Zhangir
Khan West Kazakhstan Agrarian-Technical University NPJSC, Kazakhstan, 010011, Astana, 62 Zhenis Ave.,
tel.: 87014327973, e-mail: ruskenov@mail.ru.

Iskhan Kairat Zhaleluly* — Candidate of Agricultural Sciences, Professor, Kazakh National Agrarian
Research University NPJSC, Republic of Kazakhstan, 050000, Almaty, 8 Abai Ave., tel.: 87014547995, e-mail:
kayrat_ishan@mail.ru.

Orynaliyev Korganbai Allasbayevich — PhD Student, Kazakh National Agrarian Research University
NPJSC, Republic of Kazakhstan, 050000, Almaty, 8 Abai Ave., tel.. 87780904146, e-mail:
Ornalin.korgan@gmail.com.

MRNTI 68.35.31
UDC 631.95
https://doi.org/10.52269/KGTD2531126

THE ROLE OF LEGUMES AND CEREALS IN INCREASING THE BIODIVERSITY
AND BIODYNAMICS OF AGRICULTURAL SYSTEMS

Ansabayeva A.S*. — PhD, Associate Professor of the Department of agronomy, Akhmet Baitursynuly
Kostanay regional University, Kostanay, Republic of Kazakhstan.

Issayeva Zh.B. — PhD, Associate Professor, Innovative University of Eurasia, Pavlodar, Republic of
Kazakhstan.

Makhambetov M.Zh. — PhD, Associate Professor, K.Zhubanov Aktobe Regional University, Aktobe,
Republic of Kazakhstan.

Peiling Zh. — PhD, Associate Professor, College of Agronomy, Northwest A&F University, Yangling,
People's Republic of China.

Modern agricultural production is increasingly focused on enhancing soil fertility and improving the
resilience of agroecosystems. Crop rotations involving legumes and cereals play a crucial role in this regard,
contributing to improved soil structure, stimulation of soil biota development, and reduced dependence on
chemical fertilizers. An assessment of the bioclimatic indicators of the study area revealed that the first half of
the 2025 agricultural year was marked by uneven precipitation distribution during the growing season.
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Calculations of the hydrothermal coefficient (HTC) based on temperature regimes and total precipitation during
the vegetation period (HTC = 0.9), characterize the meteorological conditions as slightly arid. The content of
key soil nutrients at the experimental site was determined as follows: humus — 3.13%, available phosphorus
(P205) — 10.22-10.97 mg/kg, nitrate nitrogen (N-NO;) — 3.12—-3.27 mg/kg, exchangeable potassium (K,0) —
523.1 mg/kg, soil pH — 7.35-7.47. Biometric parameters were analyzed: laboratory germination of chickpea
seeds was 97.0%, germination energy — 75%, seed purity — 97.0%. Field germination rates of chickpea plants,
depending on the experimental variant with the application of biological products, ranged from 73.3% to 84.2%,
while the control variant showed a rate of 70.0%. Plant survival ranged from 72.7% to 84.7%, compared to
79.2% in the control. Chickpea yield was also determined: biological yield across treatment variants ranged
from 8.2 to 17.2 c/ha (centners per hectare), actual grain yield varied from 7.79 to 16.3 c/ha, depending on the
treatment applied.
Key words: biodiversity, soil biota, leguminous crops, cereal crops, agroecosystem resilience.
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Kasipeai 3amanrbi agpapribiK ©HOIpic MonbipakKmblH KYHap/iblblFbiH apmMmMmbipyFa xoHe agpoxyuenepdin
mypakmbinbifbiHa barbimmanraH. bypwak mykbimOac xoHe 0oHOI OakbindapmeH aybicrarnbl e2icmepdiH
KYPbIbIMbIH €H2i3y mOorbIpak KypblfibIMbIH XaKcapmyfra, mornbipak buomachiHbIH daMybiHa XOHE XUMUSITbIK
mbiHalmkblumapra mayendinikmi azatimyra biKnan ememiH MaHbi30b! hakmop 60sbin mabbinadsl. XKepai-
nikmi xepdiH 6uoknumammblK KepcemkilumepiH 6aranay HomuxeciHOe 2025 aybin wapyauwbifbifbl Xbiflbi-
HbIH 6ipiHWi xxapmbixbindbifbiHOa eecemauyusinblK Ke3eH iwiHde XXayblH-wallbIHHbIH GipKeski mycrnezeHi
aHbIKmanobi. KanbinmackaH memrnepamyparsbiK PexXuM XeHe eesemauyusiibiK KedeHoeai xaybIH-walbIH
menwepi (I'TK-0,9) HeaiziHOe xypeisineeH eudpomepmMusinibiK Ko3ghchuyueHmmiH ecernmeyrnepi Memeoposo-
eusinbiK xardalnapObl wamarbl Kyprak den cunammaddbl;, 3KCrepUMEHMMIK y4YacKeHiH morbiparbIHOafbl
Kopekmik 3ammapObiH Meswepi aHbikmasnobl: aymycmsbiH menwepi -3,13%, P205-10,22-10,97 mea / ke, N-
NO3-3,12-3,27 me/ke, K20 523,1 me / ke, PH-7,35-7,47; buomempusisibiK Kepcemkiuimepeae masday xypei-
3indi: HoKammbiH 3epmxaHarbiK eHaiumiai — 97,0%, eHy aHepausicbl-715%, mykbiM ma3anbirbi-97,0%; Hokam
ecimOikmepiHiH 0ananbiK eHeiwmiei buonoausnbiK npenapammapOb! KondaHy maxipubeci 6olbiHwa 73,3% —
OaH 84,2,7%-ra OeliH, bakbinayda 70,0% — ra OeliiH, an ecimOikmepdiH cakmarsybi 72,7%-0aH 84,7%-ra OeliH,
bakblnaymeH canbicmbipraHda 79,2%-ra OeliH 632epdi; Hokam ecimOikmepiHiH eHimOiniai aHbIKMasnobl: MoXi-
pube HyckanapbiHa 6altnaHbicmbl buoioausnbiK 6HiM 8,2-17,2 u/za, KondaHbinamelH npenapammapsra bad-
nlaHbICMbl acmbIKMbIH Hakmbl eHimoirniei 7,79 u/2a-daH 16,3 u / ea-Fa OeliiH 632epdi

TyliiHdi ce30ep: 6uornozusinbIK apmypinik; monsipakK buomacsl; bypwak 0akbindapsl; [oHOi daKbii-
Oap; aspoxylienepldiH mypakmabIiblfbl.
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CospeMeHHoe azpapHoe Mpou3soOCm80 OPUEHMUPOBAHO Ha rosbiuieHue 1000podusi Moys u
ycmoutdueocms agpocucmem. BaxxHoU poribio 8 amom s8n1siiomcesi cesoobopomel ¢ 60608bIMU U 311aKO8bIMU
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Kynbmypamu, criocobecmeyrowue yryHweHU0 CmpyKmypbl no4Yebl, pasgumuro rnoYeeHHol buomsbl U CHU-
JKeHUK 3agucumocmu om xumudeckux ydobpeHul. OueHka buoknumamu4yeckux rnokazamenel mecmHocmu
rnokasana, Yymo 1 nonyzodue 2025 ceribCcKOX0358UCmM8EHHO20 200a omru4yasnock HepagHOMEPHbLIM pacrpe-
OeneHuem ocadkoe 8 medyeHUe eezemayuoHHo20 nepuoda. Pacyémabl 2uOpomepmMu4ecko20 KoaghguyueH-
ma, NposedEHHO20 Ha OCHOBE CI0XUBLWIE20CS meMiepamypHO20 PEXUMA U KOTu4ecmaa 8binasuiux 0cadkos
3a nepuod sezemauvuu (I'MTK-0,9) xapakmepu3sytom MemeoposioaudecKue ycrioeusi Kak He3Ha4umesbHO 3a-
cywrnusbie; ornpedesieHo codepxxaHue numamesibHbIX 37IEMEHMO8 8 1048 IKCMePUMEHMaribHO20 yYyacmka:
codepxxaHue eymyca — 3,13 %, P205 — 10,22-10,97 me/ke, N-NO3 — 3,12-3,27 ma/ke, K20 — 523,1 ma/ke, pH
— 7,35-7,47; nposedeH aHanu3 buomempudeckux rnokazamersnel: nabopamopHas 8CX0Xecmb Hyma cocma-
suna — 97,0%, sHepausi npopacmaHusi — 75%, yucmoma cemsiH — 97,0%, nonesasi 8cxoxecmb pacmeHul
Hyma o eapuaHmam orbima C fpuMmeHeHuem buorpenapamos eapbuposana om 73,3% 0o 84,2,7%, Ha
koHmpore do 70,0%, a coxpaHHocmb pacmeHul om 72,7 % 00 84,7 %, e cpasHeHUU C KOHMPOIIbHbIM —
79,2%,; onpedeneHa ypoxalHocmb pacmeHull Hyma: buonosudeckul ypoxal 6 3asucumocmu om
gapuaHmos orbima cocmaerssinn om 8,2 do 17,2 u/ea, hakmuyeckasi ypoxalHoCmb 3epHa eapbuposasiach
om 7,79 0o 16,3 u/za 8 3agucumocmu om MPUMEHSIEMbIX fpernapamos.

Knro4deenbie cnoea: buornozuyeckoe pasHoobpasue; rnovyeeHHass buoma; 60608bie Kynbmypbi; 3/1a-
Ko8bl€e Kyfibmypbl; ycmoliyugocmbs azpocucmen.

Introduction

One of the top priorities in modern agricultural production is the improvement of soil fertility and the
resilience of agroecosystems. In this regard, increasing attention is being paid to the implementation of crop
rotation systems that include legumes and cereals. These systems contribute to improved soil structure and
function, enhance biological activity, and reduce dependence on synthetic fertilizers [1, p. 85]. The influence
of legume — cereal rotations on soil biota and fertility has become a focus of intensive research. These studies
have revealed the mechanisms through which such rotations enhance soil biodiversity, promote beneficial soil
organism communities, and improve soil structure, while simultaneously reducing reliance on agrochemicals
[2, p. 110]. The introduction of legume-based rotations leads to increased microbial activity, higher organic
matter content, and better physical soil structure through the development of diverse root systems. These
processes enhance the soil's inherent self-regulatory capacity and support the restoration of soil fertility.
Recent research highlights the positive impact of legume crops — particularly chickpea — on soil biota. These
crops stimulate the growth of beneficial microorganisms and improve nitrogen content in the soil due to
symbiotic interactions with nitrogen-fixing bacteria. In Kazakhstan, cereal crops are cultivated on tens of
millions of hectares, making the adoption of crop rotation systems crucial for maintaining soil productivity and
sustainability. At the same time, the cultivation of leguminous crops such as chickpea, peas, and bean is rapidly
expanding in the country. These crops are nutritionally valuable and contribute to reducing dependence on
imported feed and food products [3, p. 253]. Chickpea cultivation, in particular, not only supports improved soil
fertility but also contributes to the diversification of agricultural output, the improvement of environmental
conditions, and the strengthening of national food security. Legume-based rotations help reduce the need for
chemical fertilizers and pesticides, thereby decreasing environmental pressure and enhancing the ecological
sustainability of farming systems. Studies show that such rotations improve soil structure through the formation
of aggregates and pore spaces, increase humus content, and stimulate the activity of soil biota, including
microorganisms, earthworms, and fungi. In addition, the integration of legumes into crop rotations aids in the
restoration of soil microbiota, promoting greater biological activity and enhancing the soil's resistance to
erosion and degradation [4, p. 521]. Importantly, these systems also improve fertilizer use efficiency, lower
production costs, and reduce environmental risks. In summary, the adoption of crop rotation systems involving
legumes and cereals represents a promising approach to improving soil fertility and the overall resilience of
agricultural systems in Kazakhstan and other countries with developed agricultural sectors.

The relevance of this topic is underscored by the urgent need to identify ecologically sound methods
for improving crop productivity and maintaining soil fertility under conditions of climate change and resource
constraints. Research in this field contributes not only to the efficiency of agricultural production but also to
long-term environmental sustainability and the resilience of the agricultural sector. Particular attention should
be given to the study of structural and functional changes in soil under legume-based crop rotations, which will
inform the development of optimized agronomic practices. Ultimately, such research plays a vital role in
shaping ecologically sustainable, productive farming systems capable of ensuring food security and
environmental stability.

Research objective: to implement sustainable agronomic practices for the cultivation of leguminous
crops to enhance the biodynamic stability of agroecosystems and improve their ecological resilience.

Research tasks: to assess the productivity of chickpea plants under the meteorological conditions of
the Kostanay region; to determine the content of essential nutrients in the soil of the experimental plot; to
conduct an analysis of biometric parameters and evaluate the yield of chickpea plants.

Materials and methods
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The experimental research was conducted at the permanent research site of the Department of
Agronomy in accordance with the field trial methodology developed by B.D. Dospekhov [12], as well as the
official methodology for state variety testing of agricultural crops [13]. The object of the study was a chickpea
cultivar (Cicer arietinum L.) approved for cultivation — Volgogradsky 10. This is an early-maturing variety with
a vegetation period of 75 days, characterized by high resistance to diseases and adaptability to climatic
conditions. The field trials were established for the period 2025 — 2027 and conducted with three replications.
The total plot area was 120 m?, with an accounting area of 100 m2. Chickpea sowing was carried out in the
second ten-day period of May, under conditions of physical soil maturity and within the agronomically
recommended timeframes for the region. The preceding crop was the second crop (wheat) after clean fallow.

Description of research methods:

- site selection: experimental plots were selected based on soil maps, agrochemical cartograms, and
field history records. Consultations with agronomic personnel were conducted to obtain information regarding
previous crops, agronomic practices, and the application of organic and mineral fertilizers, as well as liming
history;

- assessment of seed quality: the sowing qualities of chickpea seeds were evaluated under laboratory
conditions in accordance with GOST standards 12036—-85 to 12042—-80. Germination energy (on days 7 and
14) and seed purity were determined [14]

- soil sampling and analysis: to study the moisture dynamics and nutrient content, soil samples were
collected from 0-100 cm depth at 20 cm intervals. For evaluating the impact of treatments/fertilizers on soil
fertility, additional samples were collected from all treatment plots at 0—20 cm and 20-40 cm depths from five
sampling points per plot. The following parameters were analyzed: soil moisture content by gravimetric
method, humus content by Tyurin’s method (GOST 26213-91), soil pH (aqueous extract) by potentiometry
using an 1-160MI ionometer (GOST 26483-85), nitrate nitrogen using nitrate analyzer 150.1 Ml (GOST 26951—
86), available phosphorus and exchangeable potassium using Machigin's method (GOST 26205-91),
exchangeable calcium (Ca2*) and magnesium (Mg?*) by trigopnometric method (GOST 26428-85). During the
growing season, plant samples (50 plants per plot) were collected diagonally across all treatments to determine
dry matter accumulation and chemical composition. All laboratory analyses were performed in duplicate: soll
nutrient analyses over crop rotation: humus content was assessed before trial establishment, at mid-point, and
at the end of the crop rotation using Tyurin’s method. Total nitrogen was measured by the Kjeldahl method
(macro and micro variants). Total phosphorus content was determined using the Lebedyantsev method
(colorimetric detection) in the plow layer. The fractional composition of phosphates was analyzed using the
Chirikov method and the modified Chang—Jackson, Ginzburg, and Lebedeva methods at three points in the
rotation (initial, mid, and final stages).

- phenological observations: Field germination and plant density were recorded across all replications
by counting plants diagonally within 0.25 m2 quadrats after full emergence and before harvest.

- aboveground biomass assessment: Plants were cut at the soil surface from all treatment plots every
10 days after the full emergence phase to measure aboveground biomass accumulation.

- weed survey: Weed infestation was assessed by quantitative-weight method during the branching,
flowering, and maturation stages. A 1.0 m2 frame was placed at four diagonal points within each plot, with four
replications per treatment.

- plant height measurements: Plant height was recorded at key phenological stages: emergence, third
leaf, inflorescence initiation, flowering, end of flowering, and physiological maturity.

Agronomic practices used in the field trials

Preparation of the experimental plots for sowing included early spring harrowing to retain soil moisture,
using tooth harrows, and the mechanical destruction of early spring weeds at the “white thread” stage during
the period of physical soil maturity (late March to early April). Pre-sowing cultivation was performed with
simultaneous harrowing and rolling using mounted cultivators. Seed inoculation was carried out five hours prior
to sowing using Rhizobium 8pp strains. For this purpose, a tarpaulin (4*6 m) was used to prevent sunlight
exposure. The inoculant Rizovit AKS is a biological product containing highly effective nodule-forming bacteria
cultivated on a peat substrate enriched with carbohydrates, vitamins, and micronutrients. The applied dose
was 400 g per seeding rate per hectare. Biological treatments during the vegetation period were applied using
a knapsack sprayer. Baikal-M, a liquid biological formulation, was used for foliar application at a working
solution rate of 250 L/ha.

The reliability of field and laboratory results was ensured through statistical processing and correlation
analysis aimed at identifying the quantitative relationship between crop productivity and applied agronomic
practices. Statistical analysis of the experimental data was conducted using Microsoft Excel 2021 (ANOVA),
as well as specialized statistical software packages such as Sneedecor and/or STATISTICA. For laboratory
measurements, a significance level of p < 0.05 was used.

Results

The assessment of the thermal regime during the vegetation period revealed that average daily air
temperatures throughout the study period exhibited only minor monthly deviations from long-term climatic
norms. In 2022, the average daily temperature in the Kostanay district ranged from +12°C in May to +25°C in

129



AYblJ1 WAPYALWBUIbIFbI FbJIbIMOAPDI CEJIbCKOXO3ANWCTBEHHbIE HAYKU

July and August. Precipitation during this period totaled approximately 180 mm, which corresponds to a
moderate level for the region. In 2023, the thermal regime was comparable, with temperatures ranging from
+13°C in May to +26°C in July, and precipitation amounting to around 160 mm — slightly lower than the previous
year, yet within the regional climatic range. In 2024, the values remained stable: the mean temperature in May
reached +14°C, while the peak temperature of +27°C occurred in July and August. Precipitation during this
period was approximately 170 mm, indicating a level typical for the area.

A comparative analysis over the three-year period suggests that the vegetation season in the Kostanay
district was relatively stable in terms of both temperature and rainfall, providing favorable conditions for crop
growth and development. However, early 2025 shows signs of climatic shifts. Preliminary forecasts indicate a
trend toward higher average daily temperatures — by approximately 1-2°C compared to previous years.
Precipitation in the first half of 2025 was recorded at 140-150 mm, which is 10-15% below the average of the
past three years. These changes may negatively impact crop emergence and potentially reduce chickpea
yields, as elevated temperatures combined with reduced precipitation could lead to accelerated soil drying and
increased plant stress.

Soil. The experimental site is situated in the southern chernozem subzone, where soils have a relatively
shallow profile, not exceeding 90-100 cm, and a humus horizon (A + B) measuring 45-47 cm. These soils are
moderately humified, containing 3.13—-3.24% humus in the A horizon with a light loamy texture. Carbonate
accumulation is observed beginning at a depth of 28-30 cm. The bulk density is approximately 1.25 g/cm3.
Agrochemical analysis of the topsoil revealed the following nutrient contents: humus — 3.13%, available
phosphorus (P,0s) — 10.22-10.97 mg/kg, nitrate nitrogen (N-NO3) — 3.12-3.27 mg/kg, exchangeable
potassium (K,0) — 523.1 mg/kg, and pH — 7.35-7.47.

Thus, the analysis of bioclimatic indicators in the study area demonstrated that the first half of the 2025
agricultural year was characterized by an uneven distribution of precipitation during the vegetation period.
Calculations of the hydrothermal coefficient (HTC), based on the recorded temperature regime and total
precipitation during the growing season, yielded a value of 0.9, indicating slightly arid meteorological
conditions.

The quality of chickpea (Cicer arietinum L.) seeds was evaluated according to GOST standards 12037—
85 and 12038-84, assessing purity, germination energy (on days 3—4), and laboratory germination rate (on
days 7-8). Laboratory germination reached 97.0%, germination energy was 75%, and seed purity was also
97.0%. Field emergence of chickpea plants in the experimental plots treated with biological products ranged
from 73.3% to 84.2%, while in the control variant it did not exceed 70.0%. Plant survival rates ranged from
72.7% to 84.7%, compared to 79.2% in the control.

Weed infestation poses a considerable threat to chickpea cultivation, particularly during the early stages
of growth, when the crop develops slowly and is easily suppressed by weed competition [9, p. 104].

Figure 1 — Conducting research at the experimental site

During the growing season, the predominant annual dicotyledonous weed species observed on the
experimental plots included: Amaranthus retroflexus L. (redroot pigweed), Chenopodium album L. (common
lambsquarters), and Malva pusilla (low mallow). Among annual monocotyledonous weeds, Avena fatua L. (wild
oat) was most common. Perennial dicotyledonous weeds included Convolvulus arvensis L. (field bindweed),
Cirsium arvense L. (Canada thistle), Euphorbia virgata L. (leafy spurge), and Plantago lanceolata (narrowleaf
plantain). According to the weed infestation scale developed by V. Maltsev, the density of weeds was within
the range of 1 point (no more than 5 plants per 1 m?), which is classified as a low level of infestation.
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One of the key indicators used to evaluate the impact and effectiveness of biological or chemical
treatments is crop yield. Yield represents the cumulative outcome of all yield structure components (Table 1)
[5]- The number of chickpea plants at harvest varied across experimental treatments from 32.0 to 45.0 plants
per square meter. The number of pods per plant ranged from 6.9 to 8.5, depending on the treatment. Grain
weight per plant varied from 218.6 to 229.8 g. The biological yield of chickpea ranged from 8.2 to 17.2 centners
per hectare (c/ha), while the actual grain yield varied between 7.79 and 16.3 c/ha across the experimental
variants.

Table 1 - Yield structure components of chickpea under the influence of biological treatments

Number of Seed
Treatment plants at Number of pods Number of . Biological yield
: weight per
variant harvest per plant seeds per pod lant (g) (c/ha)
(plants/m?) P J
Control 32 6,9 1,7 218,6 8,2
Baikal EM-1 45 8,5 4,2 312,2 17,2
Risovit AKS 39 7.8 2,1 229,8 14,5
HCPos 0,25 0,32 0,14 0,14 0,12
Discussion

On the experimental site, the amount of precipitation was sufficient to ensure uniform chickpea
emergence, and air temperature conditions were optimal for subsequent plant growth and vegetative
development. The identification of weed species composition revealed the presence of both annual and
biennial weed species. According to the scale developed by V. Maltsev, their impact on crop development was
classified as very low.

In the field trials, a biological preparation was applied with the aim of accelerating the interphase
development of chickpea plants and mitigating stress caused by abiotic factors. The application of the
bioproduct Baikal-EM 1 had a positive effect on yield structure components, which ultimately led to a significant
increase in chickpea yield. The yield increment compared to the control was +9.0 c/ha. Application of Rizovit
AKS also contributed to yield improvement, resulting in an increase of +5.5 c/ha relative to the control.

Conclusion

Experimental findings demonstrated that the meteorological conditions of the year had a positive effect
on the productivity of chickpea plants. The assessment of the bioclimatic indicators of the study area showed
that the first half of the 2025 agricultural year was characterized by uneven precipitation distribution during the
vegetation period. The calculated hydrothermal coefficient (HTC = 0.9), based on temperature regimes and
total rainfall during the growing season, indicates that the meteorological conditions can be classified as slightly
arid.

- The nutrient content of the soil in the experimental plot was determined as follows: humus — 3.13%,
available phosphorus (P,0Os) — 10.22-10.97 mg/kg, nitrate nitrogen (N-NO3) — 3.12-3.27 mg/kg, exchangeable
potassium (K,0O) — 523.1 mg/kg, and pH — 7.35-7.47.

- Biometric characteristics of the seeds and plants were analyzed. Laboratory germination of chickpea
seeds reached 97.0%, germination energy — 75%, and seed purity — 97.0%. Field germination of chickpea
under different biological treatments ranged from 73.3% to 84.2%, while in the control variant it was up to
70.0%. Plant survival ranged from 72.7% to 84.7%, compared to 79.2% in the control.

- Chickpea yield was evaluated across treatment variants. The biological yield ranged from 8.2 to 17.2
c/ha, while actual grain yield varied from 7.79 to 16.3 c/ha, depending on the treatment applied.

Funding information. «This research was is funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. AR27509433) «Development and
evaluation of sustainable crop rotation systems using legumes and cereals to increase the biodynamic
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CONTYCTIK KASAKCTAHHbIH AYbIN WWAPYALLBIbIFbI MAHbI3bl BAP CY KOUMATAPbIHbIH
TYNTIK WeriHAMePOEr OPFAHUKANDbIK 3ATTAPAbIH KYPAMbIH BAFAJIAY
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byn makanada Conmycmik KasakcmaHOa opHanackaH )Koraprbl Tobbin xoHe Kapamomap cy Kolima-
napbliHbIH Xaranay almarbiHOarbl mynmik weaiHoinepiHdeai opaaHuKarnbiKk 3ammapibiH KypaMbiH 3epmmey
Hemuwxenepi kenmipinaeH. [Jana xxymbicmapsbl KbiC Me32iniHOe My3 kabambl acmbiHaH cbiHama asyObiH belim-
OenzeH adicmepiH KondaHy apKblibl Xypeidindi, 6yn memeH memrepamypa xardalbiHOa ceHimOi Oepekmep
anyra MymKiHOik 6epdi. 3epmmey bapbicbiHOa weeiHdi yneinepiHdeai opeaHukarnbiKk 3ammapOblH CcaHObIK
Kepcemkiwimepi aHbiKmarbir, onapObiH canasbik KypamMbl MEH Cy opmachiHa biIKmumars acepi baranaHosbl.

AnbiHFaH Maniimemmep KOHbIpxal Knumammblk 6endeydeai mywbl cy KolManapblHbiH Mynmik
XKyUernepiHiH 3KonoaussbIK xal-KyUiH baranay yWwiH aHbiIkmamarsblKk Mamepuars pemiHoe KondaHbiybl MyMKIH.
COHbIMEH Kamap, Hamuxesep peHmeaeHog1yopecueHmmik criekmpockonusi a0iciMeH Kammbl ¢ha3sarbl
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rnatdanaHbliiamblHbIH €CKepe OmbipbIf, 3epmmey HamuXXernepi aspoaKonocusbiK wapanapobl xocrap-
nay0a xoHe alimakma mypakmai xep natidanaHydbl Kammamachi3 emyode Oe KondaHyra 6onadbl. COHbIMEH
Kamap, mynmik weaiHinepdi opeaHoMuHepanobl mbiHalmkbi pemiHOe Hemece Oy3biniFaH xepsepdi
KannbiHa Kenmipy makcamasiHOa aneyemmi pecypc pemidde natidanaHyra 6onadsbi.
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