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STUDY OF PROPERTIES OF VERMICOMPOST BASED ON COW DUNG

Abstract

Unprocessed waste from agriculture sector, especially animal husbandry, causes of
environmental problems. Therefore, efficient use of animal husbandry waste is relevant. In the
scientific work, the main substrate is cow manure and its qualitative properties were analyzed.
Experiments were carried out to study vermicompost (biohumus). The experiment used cow dung
and organic waste (food waste and leaf litter). Cow dung is very rich in macro and micro elements.
Accordingly, after the process of vermicomposting in biohumus, a balanced content of elements was
determined (N, P, K, Mg, Ni, Cd, Zn, Cu, Cr and etc.). Earthworms absorb unnecessary toxic
substances and pathogenic microflora and produce coprolites with useful elements. In the article, for
the determination of analyzes, the ultraviolet spectrometric method and optical emission spectrometry
with inductively coupled plasma were used. The aim of the work is - to investigate the theoretical and
applied aspects of the rational use of the bioresource of technological Californian red earthworms and
the potential of the microbial community of organic waste for the development of scientific
foundations of vermicomposting and reproduction of soil the fertility.

Keywords: Earthworms, vermicomposting, organic waste, soil, biohumus, cow dung, elements,
microorganisms.

Introduction

Vermicomposting is the processing of organic waste. Unlike traditional composting, where the
conversion of organic matter into fertilizer occurs mainly under the influence of soil microorganisms,
earthworms also participate in vermicomposting. Vermitechnology is aimed at fulfilling two main
tasks: the prevention and elimination of environmental pollution and the efficient direct use of waste
or products.

The efficiency of earthworms in the vermicomposting makes it more rapid and fundamental
process in amendements of physicochemical parameters, increments of the nutrients content and
reduction in heavy metals [1-2]. People in rural areas face problems relating to the infestation of
weeds mainly because their livelihood is largely dependent on agriculture (Singh, 2021) [3].
Earthworms have been successfully used in the vermicomposting of urban, industrial and agricultural
wastes in order to produce organic fertilizers and obtain protein for animal feed. Vermicompost
contains highly enriched nutrients (nitrogen, potassium, phosphorus) and this process gradually
makes them easily available to plants [4-5].

Vermicomposts also contain a large amount of humic substances. The ability of vermicomposts
to increase plant growth is attributed to variety of physico-chemical factors, since vermicomposts
have high porosity and water-holding capacity, have large surface area, providing strong absorption
capacity and nutrient retention.

Mechanisms by which earthworms increase the availability of plant nutrients is still debated,
but some researchers suggest that they depend on the activity of microorganisms in the intestines of
earthworms. The hypothesis that microbial metabolites, especially plant growth regulators, could be
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responsible for the stimulatory effect of earthworm coprolites was first put forward by foreign authors
[6-7] based on the experiments of etc. [8], who found that the addition of live and dead earthworms
to the soil was associated with an increase in the growth of the tested plants. Then [9] hypothesized
the participation microorganisms in stimulating plant growth, and subsequent microbiological,
physical and chemical changes in maturing coprolites confirmed that earthworms and their coprolites
stimulate soil fertility by increasing the stability of aggregates through polysaccharides of bacteria
and by increasing the rate of decomposition of organic material by microflora.

The effectiveness of vermicomposting depends on the type of earthworm used in the process.
In the process of vermicomposting, the use of epigean earthworms, which feed on any organic waste,
quickly adapt to the substrate and have high reproductive capacity, is recommended .

Earthworms are one of the most famous and well-studied groups of soil invertebrates and
belong to the Annelida phylum - annelids. The phylum Annelida includes the subphylum Clitellata
girdle rings. This subtype, in turn, includes the class of oligochaete worms, Oligochaeta. The order
haplotaxida, which includes the suborder earthworms (Lumbricina) belongs to the oligochaetes . The
suborder Lumbricina includes 8 genera - Eiseniella, Eisenia, Bimastus, Eophila, Octolasium,
Allobophora, Lumbricus. Earthworms are an extremely important taxonomic group in aquatic and
terrestrial ecosystems [10-11].

Eisenia fetida is a common earthworm used in vermicomposting worldwiden. According to the
ecological classification, earthworms Eisenia fetida belong to the epigeic category.

During the vermicomposting process, earthworms and microorganisms secrete various
enzymes that break down molecules. Molecules of organic wastes are covalently or non-covalently
linked to form polymeric structures during biosynthesis. The effect of biological catalysts contributes
to the separation or binding of components of macromolecules [12].

Leaf litter contains some mineral elements in a hard-to-reach (poorly soluble) form.
Composting greatly facilitates the extraction of these substances and uptake by plants. This makes it
possible to use recycled litter as fertilizer. One of the most problematic elements of mineral nutrition,
in terms of extraction from the litter and return to the root horizons, is calcium.

In addition, cow manure, plant residues increase the survival of earthworms. Many literature
sources reported that the concentration of heavy metals decreased in wastes treated with earthworms.

One of the most important agrotechnical advantages of vermicompost over traditional bedding
manure is the absence of helminth eggs, pathogenic microflora and high fertilizer and technological
properties.

Coprolites, being a humus-like product, have characteristics similar to humus: stimulate plant
nutrient uptake and metabolism, have a positive effect on protein synthesis with hormone-like
activity, and influence soil properties through soil colloids and buffering properties. Earthworms
stimulate microbial activity and metabolism, and also influence microbial abundance, thereby
releasing more available nutrients and microbial metabolites into the soil.

Vermitechnology or vermicomposting carries out biodegradation of complex organic
substances based on the synergistic effect caused by the action of earthworms and microorganisms.

Materials and Methods

Raw material

Substrates for vermicomposting were created in several versions. For vermicomposting,
substrates were prepared in the production workshop of the Institute of «Ecology» at the International
Kazakh-Turkish University named after Kh.A. Yasawi. The bulk of the substrate is semi-rotted cow
manure. The basic physico-chemical parameters of the raw materials are shown in Table 1.

Table 1 - Basic physico-chemical parameters of the raw materials

Parameters Substrate (cow manure)
pH/H,O 8.2+0.1

pH/CaCl, 8.5+0.3

Ec (uS/cm) 1252+201.1

C.% 17.15+0.02

N, % 0.87+0.01
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C/N ratio 19.71£0.5
C/H ratio 6.69+0.2

H, % 2.564+0.02
S, % 0.716+0.04
Total nutrients (mg kg™! DW)

P 7905+104.5
Mg 15700+1201
K 8560+122.0
Available nutrients (mg kg™! DW)

P 15694201
Mg 1400120
K 1510147
Total micronutrients (mg kg™ DW)

As 6.721+0.4
Cd 0.512+0.02
Cr 30.125+1.4
Ni 17.422+0.9
Pb 23.023+1.2
Zn 220.147+12.1
Cu 20.478+2.4
Available micronutrients (mg kg™! DW)

As 1.201+0.14
Cd 0.243+0.01
Cr <0.005

Ni 0.357+0.02
Pb 6.470+0.9
Zn 68.405+7 .4
Cu 1.02+0.08

Manure in any condition (fresh, semi-rotted, humus) is a source of macro- and microelements
such as nitrogen, phosphorus, potassium, calcium, silicon, sulfur, chlorine, magnesium, boron,
manganese, cobalt, copper, zinc, molybdenum.

Experimental Design

For activation of composting with worms and vermiculture process the calcium peroxide is
inserted into the support medium composition. Calcium peroxide, having dissolved slowly in water-
containing system, disengages oxygen and contributes to aeration of whole support medium areas.
In this case anaerobic zones are eliminated, which are environmental pollution sources with harmful
substances, working capacity of producer-worms becomes better. Final products, generating during
decaying of calcium peroxide, are harmless for biological resources (O2, H20O, CaCO:s).

Worms were introduced only on neutral substrates. There should be an average of 1500 worms
per 1 m® of substrate. In our work, for vermicomposting we used bins with dimensions of 47x38, each
of which was filled with 1000 pieces of Californian red worms. The climatic conditions were
favorable and temperature and moisture were maintained by sprinkling water regularly.

The odor intensity of the substrates before processing by worms was 4-5 points, and after the
addition of calcium peroxide it was reduced to 2 points on a scale of organoleptic indicators.

Red California worms (E.foetida) acted as producers in this process. The cow manure were
used as the main substrate. In order to enrich the cow manure with nutrients, special attention was
paid to the composition of the substrates.

The biological decomposition process takes place in an oxygen (aerobic) and oxygen-free
(anaerobic) environment with the participation of microorganisms. Aerobic biological decomposition
(composting or vermicomposting) with the participation of microorganisms is a complex process that
takes from 1 month to 1.5-2 years at a temperature of 30-60°C and a humidity of 30-70%. And the
biohumus presented in the research work was made with an accelerated version of vermitechnology.
In order to obtain biohumus or vermicompost, the process is carried out in an aerobic environment.
Substrates should be fully aerated to avoid anaerobic conditions. In an airless environment, the
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productivity and performance of earthworms decreases sharply. In this regard, calcium peroxide was
used to aerate the entire volume of the substrate, that is, to eliminate anaerobic zones [13].
Vermicomposting
The steps for defining analysis are shown in Figure 1. Semi-rotted cow dung washed with
water and placed in boxes with organic substrates for vermicomposting, then after vermicomposting
the obtained biohumus is determined for chemical analysis.

analysis
1. j Y
lg-lmil : w';'d

s ICP-OES UV-Vis

FigurAewli . The steps for defining analysis

| 4

Manure was brought from farms. Before fermentation began, they were first dried and washed
with running water.

Three composting variants were prepared.

— 50 % cow manure + 45% vegetable waste + 5 % CaO; (VC I)
— 70 % cow manure + 30 % vegetable waste (VC II)
— 60 % cow manure + 40 % leaf litter (VC I1I)

In our work, for the compositions of the substrate we used cow manure, leaf litter, vegetable
waste, which are organic feed for earthworms. Calcium peroxide (CaO3) is a tetragenous white
crystal, odorless, has the following physico-chemical parameters: it decomposes at a temperature of
275 °C, the density is 600 kg/m3. Calciumperoxide (CaO2), a kind of traditional solid inorganic
peroxide,can generate hydrogen peroxide (H202) when dissolves in aqueous solution, thereby
initiating advanced oxidation process. Owing to stable oxidation capability, CaO2 has been commonly
used in the field of agriculture,medicine and wastewater treatment as preservative, bactericide and
oxidant. Application of calcium peroxide (Ca0O>), additives to processed support medium reduces the
content of generated toxins smelling strong while rotting the plants, pH of environment is regulated,
additional oxygen and calcium entry to worms’ organism is ensured, which maintain their vigorous
activity. Applied calcium peroxide helps to Californian worms to conduct the microorganisms’
selection process more active, the eggs of insects and helminthes collapse [14-15].

Agrochemical analysis

The pH value and EC were determined from the aqueous solution. The 8 g sample was weighed
and subsequently filled with 40 ml of demineralized water. The suspension was shaken using a
mechanical shaker. The pH was then measured using a WTW pH 340i pH meter. Subsequently, the
suspension was filtered to determine the EC according to EN 15933. The EC was measured using a
WTW Cond 730 inoLab® conductometer. The total carbon and nitrogen content were determined
using a CHNS Vario MACRO cube analyzer (Elementar Analyser Systeme GmbH, Germany). The
total contents of macroelements and microelements were determined by wet decomposition using a
closed microwave heating system Ethos 1, MLS GmbH, Germany. Furthermore, the available
contents of macroelements for plants (K, Mg, P) were determined. The contents were measured in
extracting reagent (NHsNOzand 0.002 mol/L EDTA ethylenediaminetetraacetic acid). Measurements
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of total and available element contents were made using inductively coupled plasma optical emission
spectrometry (ICP - OES Agilent Technologies 700).
Statistical Analysis
Values are arithmetic means of three to six values (according to repeatability of analysis) +
standard deviations. Based on the results of normality and homogeneity tests, the non-parametric
Wilcoxon test (P < 0.05) was chosen for statistical analyses.
Results and discussion
Selected physico-chemical properties
Table 2 shows the agrochemical properties measured in the three variants after the
vermicomposting process.

Table 2 - Values of basic agrochemical properties of vermicomposts

Variant (VO) 1 Variant (VC) 11 Variant (VC) 111
pH/H20 8.62+0.3 8.27+0.1 7.60+0.2
pH/CaCl, 8.0+0.2 7.59+0.1 7.33+0.2
Ec (uS/cm) 1417+1.2 13314£2.5 2016+2.4
C,% 14.61 13.98 12,13
N, % 0.92 0.95 0.97
C/N ratio 15.8309 14.7542 12.4881
C/H ratio 7.8645 8.0406 7.9523
H, % 1.858 1.739 1.526
S, % 0.358 0.279 0.268

The pH values were almost identical in variants | and 11, and in variant Il the pH values were
neutral. Electrical conductivity (EC) expresses the content of soluble salts including potassium ions,
ammonium, nitrate ion and others. Table 2 shows that the highest electrical conductivity of extracts
is characteristic of vermicompost based on manure and leaf litter (option Ill). The electrical
conductivity of extracts from different types of vermicompost is determined by different ion pools:
easily mobile forms of inorganic nitrogen predominate in manure, calcium and magnesium ions
predominate in litter, and phosphates and sulfates may be present among inorganic anions.

EC, pH values indicate a suitable material for fertilization. The content of nutrients, especially
macro and microelements necessary for plant nutrition, is a key parameter of the agronomic value of
vermicompost. Figure 2 shows the total and available content of phosphorus, potassium and
magnesium in the variants of vermicompost.
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Figure 2 - Total and available content of phosphorus, potassium and magnesium elements in
vermicomposts
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Phosphorus anions attract negatively charged cations. Phosphorus increases the absorption of
heavy metals. In addition, the availability of phosphorus depends on the pH. The high amount of
magnesium element depends on the composition of the substrates.

The total phosphorus content varied from 3450-9300 mg/kg, the available phosphorus content
ranged from 705 to 2209 mg/kg. The highest total phosphorus content in variant 1l reached an average
of 9300 mg/kg, and the available content was 2267 mg/kg. The lowest potassium content (total) 9540
mg/kg, the (available) potassium content of 941 mg/kg was in option I11. The highest total magnesium
content of 19500 mg/kg is shown in option Ill, the available magnesium content of 2577 mg/kg was
shown in option I1.

UV-vis spectroscopical analysis

Formation of humic acids (HC) humic and fulvic acids (FC) fulvate complexes determines the
presence of mobile types of heavy metals. Binding and retention of many heavy metals depends on
the category of organic acids. In this regard, a detailed analysis of the nature of humic acids and their
properties in compost, biohumus and other organomineral fertilizers-ameliorants is of significant
economic importance. According to the literature, molecules of humic acids in the soil consist of
aromatic nuclei, naphthenic rings, aliphatic chains, as well as functional groups with various oxygen
content. Electronic absorption spectra in the visible region are widely used to estimate the ratio of
carbons in the aromatic groups and aliphatic groups of humic acids.

Electronic absorption spectra in the visible region characterize the condensation of aromatic
structures and have an important role in evaluating the ratio of carbons in the aromatic groups and
aliphatic groups of humic acids.

UV/Vis spectrometer by recording the absorption spectra between 220 and 665 nm. Samples
were measured in a 10 ml cylinder vials and with a standard phosphate buffer blank (NaOH).

The absorbance ratio of A465/A665 has been used to understand the qualitative enrichment
of humic acids among the VC I, VC II, VC |1l vermicompost samples (table 3).

The UV/Vis absorbance spectra of Has isolated from all studied samples were typically
featureless and characterized by the absence of identifiable maxima and/or minima with decreasing
absorbance at increasing acquisition wavelength.

Table 3 - UV/Vis calculated ratios

UV/Vis ratios
Variant E4/E6 Ratio
VCI 9,675
VC I 9,918
VClIl 7,417
25
2
15
< et \/1
1 =l \/2
05 V3
O T T T T
220 253 265 280 465
A
Figure 3 - Electronic absorption spectra of humic acids obtained from substrates of different
composition

As can be seen from the data obtained (Figure 3), the values of optical densities of HA solutions
in all cases depend on the wavelength D = f (A) and gradually increase as they move to the long-wave
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part of the spectrum. The highest value of optical density HA belongs to vermicompost variant 11
(Figure 3).

The ratio of the E4:e6 and E2:E4 excitation coefficients was used to characterize the spectra of
electron absorption HA. The values of these coefficients for humic acids obtained from vermicompost
are 7.4 and 9.9, respectively. The values of HA obtained when adding CaO. to the substrate and
excluding CaO> when taking biohumus were 9.6 and 9.9, respectively. The ratio under consideration
does not depend on the concentration of the solution and the thickness of the absorbing layer that
absorbs light, it characterizes the relative degree of condensation of humus substances. As it turned
out, the higher the E4: EG6 ratio, the more developed the peripheral part of the molecule, and the
smaller the proportion of the aromatic nucleus is the particle. The decrease in optical densities of
humus acids also depends on the substrate used to obtain biohumus.

Table 4 - Content of risk elements in vermicomposters at the process end (available)

mg/kg of dry matter
Elements As Cd Cr Ni Pb Zn Cu
VCI 0.954 0.0382 <0.005 0.198 3.68873 56.3636 3.2
vC1l 0.766 0.068 <0.005 0.141 3.90931 65.4545 3.2
VC III 0.772 0.116 <0.005 0.148 5.6375 27.5 1.9

Table 5 - Content of risk elements in vermicomposters at the process end (total)

mg/kg of dry matter
Elements As Cd Cr Ni Pb Zn Cu
VCI 5.215 0.324 23.731 12.148 | 14.981 198.015 30.668
vC1I 4.595 0.423 22.882 | 12.413 19.331 | 215.754 33.686
VCIII 5.545 0.373 28.875 15964 | 18.193 113.507 24.175

The content of risk elements was measured in options I, Il and I1I (table 4 and 5). None of the
contents exceed the limit values. The highest total content of Pb, Zn and Cu elements was shown in
variant Il. The highest total content of elements Cr, As and Ni was shown in variant I1l. The available
content of Zn and Cu according to the variant was as follows: VC 11l < VC | < VC Il. The available
content of cadmium was according to the variant VC I < VC Il < VVC III.

In addition, earthworms can alter soil pollutants and reduce heavy metal levels. Chlorocyte cells
of earthworms are able to detoxify harmful chemicals and heavy metals, are presented in the
literatures.

Some toxic substances (including heavy metals) have the ability to accumulate in the body
(cumulation effect or bioaccumulation). The body of red Californian worms consists of chloragogenic
epithelium (tissue). Chlorogenic tissue is the main center in which glycogen and fat are synthesized
and stored. Chlorogenic tissue (inside glycogen and fat) slowly metabolizes toxic substances, which
explains the possibility of the bioaccumulation potential of the biomass of Californian red worms.
Therefore, the content of heavy metals in vermicompost is reduced compared to the initial options.

Conclusion

In the substrates obtained by vermicomposting, the highest index in the E4/E6 (465/665 nm)
region in versions I and Il indicates that the functional groups of humic components are high and the
peripheral part of the molecule is more developed. After vermicomposting, all heavy metals were
slightly reduced compared to the original substrate. these studies were conducted in order to
determine the qualitative characteristics of biohumus, and according to the study it was found that
cow manure is a good substrate. The values for pH, EC, and macro- and micro- elements indicate
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suitable material for fertilization, and therefore the phytotoxicity test using seed germination was not
carried out. The research work will continue.
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N3YUYEHHUE CBOMCTB BUOI'YMYCA HA OCHOBE KOPOBBEI'O HABO3A

Annomauusn

HenepepaboTanHbie OTXOMABI CEJIBCKOTO XO35AHUCTBA, OCOOCHHO B c(epe KUBOTHOBOJCTBA,
NPEJCTABISAIOT CO0OM 3HAYMTENBHYIO OSKOJIOTHYECKYIO YIpo3y, TMPHBOAS K 3arps3HEHUI0
OKpY’Karolllel cpepl U notepe Ononoruyeckux pecypcon. [loaTomy shdexTuBHOE NCTIONB30BaHNE
OTXOJIOB >KMBOTHOBO/ICTBA CTAHOBUTCS aKTyallbHOM 3a1aueil. B nanHoi#l Hay4HOI paboTe OCHOBHBIM
cyOcTpaToM sIBISIeTCS KOPOBHM HaBO3, M IMPOBEACH aHAJIM3 €ro KAaueCTBEHHBIX CBOMCTB. Bbutn
BBITIOJTHEHBI SKCTIEPUMEHTHI 110 U3YUYEHHIO BEPMUKOMIIOCTa (0MOTYMYC), B KOTOPBIX HCIIOIb30BAINCH
KOPOBHIA HABO3 U OPTaHUYECKUE OTXO/IbI, TAKHE KaK MUIIECBBIC OCTATKH U OIAaBIIUE JTUCThs. KopoBuii
HABO3 SIBJISIETCA HCTOYHUKOM Pa3IUYHBIX MaKpO- U MHKPOAJIEMEHTOB, TakuX Kak a30T (N), pocdop
(P), xanmuii (K), marauii (Mg), a Tak)ke MUKPOIJIEMEHTOB, BKiItouas Hukenb (Ni), kaamuii (Cd), muHK
(Zn), meap (Cu) u xpom (Cr). DTH 3JI€MEHTHI MIPAIOT BAXHYIO POJb B NMUTAHUH PACTCHUH H
BOCCTAaHOBJICHHH TUIOOpoauss TouB. KammdopHuiickue n0XaeBble YepBH AKTUBHO MOTJIOMIAIOT
TOKCUYHBIE BEIECTBA, MATOTCHHYIO MHKPO(IOpYy U OpraHMYecKHe OCTaTKH, IMpeBpaias UX B
KOTIPOJIUTHI, KOTOpPBIE 00OTaIIeHbI IOJIE3HBIMU JIeMeHTaMHu. J{J1st aHasm3a cocTaBa UCIIOIb30BaIHNCh
yIbTPapUONETOBBIN CIEKTPOMETPUYECKHI METOJ, M ONTHUKO-dYMUCCHOHHAS CIIEKTPOMETPHUS C
MHIYKTUBHO CBSI3aHHOHM mia3Moil. Llenbio paboOThl - SIBISIETCS HMCCIIEOBAaHHE TEOPETHUECKUX H
MIPUKJIAIHBIX aCMEKTOB PAIlMOHATBLHOTO MCIOJIb30BaHHUS OMOPECYPCOB TEXHOIOTUYECKUX KPACHBIX
KaTu(OPHUNCKHX JTOK/IEBBIX YEPBEH, a TAK)Ke MOTEHITUAIA MUKPOOHOTO COOOIIIECTBA OPraHUIECKIX
OTXOJIOB ISl Pa3pabOTKH HAyYHBIX OCHOB OMOTYMYCOBOT'O KOMIIOCTHPOBAHUS M BOCCTAHOBICHHS
TUTOIOPO/INS TIOYB.

Knwuesvie cnoea: ] oxneBble 4epBU, BEPMUKOMIIOCTHMPOBAHUE, OPraHUYECKUE OTXOJbI,
MOoYBa, OMOTYMYC, KOPOBHI HaBO3, DJIEMEHTBI, MUKPOOPTaHU3MEI.
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CHUBbIP KOHI HET'I3IHAE AJIBIHFAH BEPMUKOMIIOCTTBIH KACUETTEPIH

3EPTTEY

60


mailto:esenbaeva.j@mail.ru
mailto:aknur.berkinbayeva@satbayev.universit
mailto:mambetova_manshuk@list.ru
mailto:moti14@mail.ru
mailto:aubakirov.nurimzhan@yandex.ru
mailto:esenbaeva.j@mail.ru
mailto:aknur.berkinbayeva@satbayev.universit
mailto:mambetova_manshuk@list.ru
mailto:moti14@mail.ru
mailto:aubakirov.nurimzhan@yandex.ru

I3nenicrep, Hotmxkenep — MccnenoBanus, pesynbratsl. Nel (105) 2025, ISSN 2304-3334

Anoamna

AybBUl mapyanibUIBIFBIHBIH, dcipece Mall [IapyanlbUIBIFBIHBIH CajachblHAa Maiiia OoJaThiH
OHJIeNIMETeH KOH KaJIBIKTaphl Ka3ipri TaHAa 3KOJOTHSIIBIK TYPFhIIAH MaHbI3bl Macenenepain O0ipi
0ol TaObuTabl. COHABIKTAH J1a Mall MIapYallbUIbIFbl KAIJIBIKTAPHIH THIMII TaliaaHy ©3eKTi
MiHAeTTepAiH Oipi Oonbin canamansl. by Makamaga cHbIp KOHI HEri3iHjaeri KeH Herisri cyocrpar
OOJIBIN TaOBLIA bl )KOHE OHBIH CallaJIbIK KAaCHETTEPiHE 3ePTXaHAIBIK TaJ/Iay )KYMBICTAPhI KacallFaH.
Cuplp KeHI JKOHE OpraHUKAJIbIK KaJAbIKTap (TaFaM KaJABIKTapbl, JKambIpak TyciMzepi)
nal1aaHbUIaTEIH BEPMUKOMITOCTTHI (OMOTYMYC) 3epTTey OOMBIHIIA TOKIpUOEIep KYPri3uil.

Cublp KeHIHIH KypaMbIHJa MAaKpO - KOHE MHUKPO3JIEMEHTTEP/AIH MOJI Mejiepi 0ap eKeHIiri
aHBIKTAIBl. BepMuKOMIOCTTAay yaAepici HOTHXKeciHae BepMmuKommocTTa N-azor, P-dochop, K-
kanui, Mg-maruuii, Ni-aukensb, Cd-kaamuii, Zn-iiuaK, Cu-menb, Cr-XpoM CUSKTHI 3JIEMEHTTEPAIH
TEHrepiMIi MeJepl aHbIKTAIIbl. bysl 3JeMeHTTep OcCIMIIKTEep YIIIH MaHBI3bI SJIEMEHTTEP
ca”anajapl. BepmukommocTray yaepicinae Kamm(OpHHUSUIBIK KbI3bLIT XKaybIH KYPTTapbl MAHBI3BI POIT
aTkapazsl. Onap TOKCHHJEP MEH MaTOTCHIIK MUKPOOPTraHU3MIEP/Ii 63 JISHEIepiHe CIHIPII, OJIApbIH
OCEpiH KOSl KOHE OPTaHUKAIBIK KAIIBIKTApJaH KOPEKTIK 3aTTapMEH OallbITBUIFAH KOIIPOJIUTTEP
IbIFapaabl.  AJIBIHFAaH ~ BEPMHUKOMIIOCTTHI  (OMOTyMycC)  Tajjay  VIIIH  yJBTPaKyJTiH
CIICKTPOMETPHUSUIBIK OJIIC KOHE WHAYKTHUBTI OaWIaHBICKAH TUIA3MAJBIK ONTHKAIBIK-IMHUCCHSIIBIK
CIIEKTPOMETPUSI 9/1iCI KOJIAHBLIIBI.

JKyMBICTBIH MaKcaThl TEXHOJIOTHSUIBIK KaTU(OPHUSUIBIK KBI3BLI JKAYBIH KYPTTAPBIHBIH
OuopecypcTapblH YTHIMIbI TaiIaIaHy IbIH TEOPHUSIIBIK JKOHE KOJJIaHOAJbl acleKTiIepiH 3epTTey,
COHJIali-aK OPTaHUKAIIBIK KaJJBIKTAPIbIH MHKPOOTHIK KAybIMIIACTHIFBIHBIH BEPMUKOMITOCTTAY IBIH
FBUIBIMU HET13/IepiH 93ipJey >KOHE TOIbIPAaK KYHApIBUIBIFBIH KaJIblHA KENTIPY SJeyeTiH Oaranay
00JIBII TaOBLIAEL.

Kinm ce30ep: xayblH KYpTTapbl, BEpPMHUKOMIIOCTTAY, OPTaHHKAIBIK KaJJIBIKTap, TOIBIPAK,
OMOTYMYC, CUBIP KOHI, 3JIEMEHTTEP, MUKpOAF3aJiap.
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AJIMATBI OBJIBICHI KAFJIAMBIHIAFBI ACEBYPIIAKTBIH CAHBIPAYKYJIAK
AYPYJIAPBIHA TO3IMAIJIII'IH 3EPTTEY

Anoamna

3eprrey 2021-2023 xbiaapsl AmMaTsl o0bICkIHIaFEI CaliMacaii arponapki MeH "KasEOF 311"
KUIC Toxipubenik yyackenepine eTKI3UIAL.

267 cypbINTHIK YJTiAeri 6acTankbl CENEKIHMUIBIK MaTepUAIbl 3€PTTEY KOHE aHBIKTAY YILUIH
JOH/TI-OYPIIAKTHI JAKBIIAAP JKUHAFBI KYPBUIIBI, OHBIH immiHae: 79 acOypiak ynrici.

OciMIIIK aypyJapbIMEeH KYPECY/IIH THIM/II CTPATETHsIChI MaTOTeHAEP/Il, COHBIH 1ITIHE OJap IbIH
OMOJIOTUACBHIH, OJKOJOTHACHIH JKOHE ©3TepriliTiriH MyKMAT Oimyni Taman  eTeni. byprrak
JNaKbUIIApbIHBIH ~ aypyJiapbl OHIMIUTIKTI, JeMeK, ¢epMmepiepIiH KipicTepiH aiTapiblKTai
teMmenzereni. CaHplpayKylaK OCIMIIKTEpIHIH KO3IBIPFBIIITAphl  OYyKUT —anemae  Oypiuak
TaKbUINAPBIHIA aTapIIBIKTall MIBIFBIHAAD TYABIPATHIHBI Xa0apiaaHael. bypinak makbUIIapbIHBIH €H
KOII TapaJIFaH CaHbIPayKYJIaK KO3IbIPFBIIITApBI: Kapamnaibiv Tamblp mipiri (Aphanomyces euteiches),
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