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OailTaHpICKa KOPPESAIUSIBIK Tanaay kyprizuimi. No-Till xyieci kenm karmaiijga OopraHUKaJIbIK
3aTTapAblH JKMHATYbIHA BIKHAT €TeTiHi aHbIKTanael. [lap ankanTtapeiama Copr. MeH NKaumbl
apacbeIHa )xorapbl oH kKoppessinus (r = 0.78), an Crk men Cdxk apacbinaa kymTi 6ainansic (r=0.978)
TipKenai. 3epTTey HOTHXKENIEepl TONBIPAKTaFbl OPraHUKAJIBIK 3aTTAP/IbIH JKUHAKTAY MEXaHU3MJIEPiH
TEepEHIPEK TYCIHYTE JKOHE arpOoTEXHOJOTHSIAPbIH KOMIPTEK-a30T TEHIrepiMiHe ocepiH Oaranayra
MYMKIHJIIK Oepei.

Kinm ce30ep: TONBIPAKThIH OPTaHUKAIBIK KOMIPTETi, TOMBIpAaKTarbl xaumbl a3oT, Crk/Cdx
apakaThIHACHI, TocTYpii TexHonorus, No-Till, arporexnonorusinap, rymyc, GpaKusuIbIK KYpambl.
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CORRELATION ANALYSIS OF CHANGES IN ORGANIC CARBON AND HUMUS
COMPONENTS UNDER VARIOUS AGRICULTURAL TECHNOLOGIES IN ORDINARY
CHERNOZEMS OF KOSTANAY REGION
Abstract
A field experiment conducted on typical chernozem soils of Kostanay Region investigated the
effects of different soil tillage systems and crop types on the content of organic carbon, total nitrogen,
and the fractional composition of humus. The study was carried out on spring wheat, pea crops, and
fallow land under traditional and zero tillage (No-Till) systems. A correlation analysis was performed
between the contents of organic carbon and total nitrogen, as well as between humic acid carbon
(HAC) and fulvic acid carbon (FAC). It was found that the No-Till system generally promotes the
accumulation of soil organic matter. A strong positive correlation between organic carbon and total
nitrogen was observed in fallow soils (r = 0.78), and a close relationship was found between HAC
and FAC (r =0.978). The findings contribute to a deeper understanding of the mechanisms of organic
matter accumulation and the influence of agrotechnologies on the carbon-nitrogen balance in soils.
Keywords: soil organic carbon, total soil nitrogen, HAC/FAC ratio, conventional tillage, No-
Till, agrotechnologies, humus, fractional composition.
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OPTIMIZATION OF THE INTRODUCTION OF EXPLANTS OF APPLE TREES OF
VARIOUS GENETIC ORIGIN INTO THE INITIAL IN VITRO NUTRIENT MEDIUM

Abstract
The research was conducted with the aim of optimizing the introduction of apple clonal
rootstocks (M.9, MM.106) and varieties (Golden Delicious, Zarya Alatau) into the initial in vitro
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nutrient medium. As a result, the most favorable time for introducing apple explants into the in vitro
medium was found to be March - April. A sterilization scheme was developed for one-year-old shoot
tips and dormant axillary buds used as initial explants. The most active development of microshoots
occurred in the MS-1 nutrient medium. The addition of polyvinylpyrrolidone (PVP) as an antioxidant
to the nutrient medium contributed to the inhibition of phenolic compound release and demonstrated
that frequent medium renewal was not necessary. The analysis of the obtained data revealed that the
development of microshoots depends on the genotypic characteristics of the apple varieties and clonal
rootstocks. The highest growth rates of explants were observed in the following apple varieties and
clonal rootstocks: Zarya Alatau (98% regeneration ability), Golden Delicious (77%), and clonal
rootstocks M.9 (80%). The lowest growth rate was observed in the clonal rootstock MM.106 (43%).
The effect of the duration of the vegetative period of apple varieties and clonal rootstocks on the
induction of microshoot growth and development has not been investigated.

Keywords: apple, cultivar, clonal rootstock, micropropagation, in vitro, microshoot,
morphogenesis, regeneration.

Introduction

In vitro plant cultivation is currently one of the most widely used methods and is extensively
applied worldwide to address various practical issues. Its effectiveness lies in the fact that when plants
are propagated by seeds, it is impossible to obtain a uniform population with desirable traits.
Therefore, in vitro propagation is the method of choice to obtain new, fast-growing, quickly ripening,
and disease-resistant lines.

Recently, this method has been widely adopted in fruit farming. The production of virus-free
fruit, vegetable, field, and ornamental crop seedlings, as well as their rapid propagation, has gained
momentum. It is also of great importance for obtaining genetically uniform offspring and propagating
highly valuable, elite plants [1].

In general, in fruit farming, the establishment of virus-free mother orchards through in vitro
processes is crucial.

Plants grown in vitro retain all the biosynthetic properties inherent to natural plants, and as
such, they are also used for the production of economically valuable substances [2-4]. Thanks to the
totipotency of plant cells, new technologies are being developed for plant farming, which simplify
and accelerate the selection and propagation of valuable plants and allow for the production of virus-
free seedlings [5].

When plants are grown in vitro, they undergo various changes at the cellular level, including
genetic, morphological, and physiological changes. Even offspring derived from a single seed, that
is, a clone of the cell, quickly becomes heterogeneous due to chromosomal variability. Therefore,
increasing biological potential involves expanding the gene pool of apple cultivars and clonal
rootstocks with new qualitative traits [6-8].

The aim of the study is to optimize the process of introducing and adapting genetically diverse
apple cultivars and clonal rootstocks into the initial in vitro nutrient medium. To achieve this, the
following tasks will be addressed: developing the proper sterilization protocol for microcuttings,
selecting the appropriate nutrient medium composition, and monitoring their regenerative ability [9].

The article examines apple cultivars with a focus on their biological potential. In particular, the
study involves the cultivars Golden Delicious and Zarya Alatau. Golden Delicious is a widely
cultivated variety in the southern regions of Kazakhstan, especially in Almaty oblast. It originated in
the United States and is known for its sweet taste, good storability, and high yield. It has several
clonal types and is officially included in the State Register of the Republic of Kazakhstan [10].

Zarya Alatau is a domestic Kazakh cultivar developed at the Kazakh Research Institute of Fruit
and Vegetable Growing (KazRIFVG) through hybridization of Suislepskoe and Wealthy. It is well
adapted to the local climate and valued for its early ripening, stable yield, frost resistance, and
aromatic fruits. This variety is also registered in the State Register of the Republic of Kazakhstan.
The article highlights the importance of indicating the origin and official naming of the studied
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cultivars in accordance with the national register or breeder's denomination to ensure scientific
accuracy and reproducibility.

In this study, two clonal rootstocks were used: M.9 (Malling 9) and MM.106 (Malling-Merton
106), both widely applied in modern apple production systems.

M.9 is a dwarfing rootstock originally developed at the East Malling Research Station in the
United Kingdom. It is characterized by its ability to produce small-sized trees, approximately 30—
40% of the standard size, and promotes early fruiting (typically within 2-3 years). M.9 requires
staking due to weak root anchorage and performs best in well-drained, fertile soils. However, it is
susceptible to fire blight (Erwinia amylovora), collar rot (Phytophthora spp.), and woolly apple aphid
(Eriosoma lanigerum).

MM.106, a semi-dwarf to semi-vigorous rootstock, was developed through the Malling-Merton
breeding program by crossing M.2 with the Northern Spy cultivar. It produces trees approximately
60-70% of the standard size, suitable for semi-intensive orchards. MM.106 promotes early bearing
(within 3—4 years), provides good root anchorage (staking often unnecessary), and adapts well to a
range of soil types. It is resistant to woolly apple aphid but moderately susceptible to collar rot [11-
15].

Both rootstocks are included in orchard practices in Kazakhstan, particularly in the southern
regions, where they support high-density planting systems and contribute to improved productivity
and orchard manageability.

Experimental

The introduction of apple explants into the in vitro nutrient medium was carried out at the
Institute of Molecular Biology and Biochemistry named after M.A. Aitkhozhin, Biotechnology and
Molecular Genetics Laboratory, using the necessary equipment and reagents.

As research objects, two apple cultivars and two clonal rootstocks were selected. For clonal
micropropagation, one-year-old shoots with a length of 5-6 cm were used as the initial material. The
apical tips of young shoots, ranging in size from 0.5 to 2.0 cm, were taken from branches in early
spring (March—April, 2024) from dormant buds, and segments of axillary buds during the active
growth phase (May—June, 2024) were also used. In total, 200 explants were introduced into the
nutrient medium.

The first stage is the preliminary sterilization. In this stage, the explants were soaked in a soap
solution for 30 minutes and then rinsed under running water for 40 minutes. The second stage is the
actual sterilization. The explants were immersed in a 15% hydrogen peroxide (H202) solution for 5
minutes and then washed three times with autoclaved distilled water. The subsequent sterilization
process was carried out in an aseptic environment (in a laminar flow hood): they were disinfected in
70% alcohol for 2 minutes and treated with a 10% CuSO4 solution for 5 minutes. Afterward, the
explants were washed three times with autoclaved distilled water. Finally, the explants were
immersed in 10 mg/l ceftriaxone antibiotic solution for 5 minutes, three times.

The third stage involves washing the object from the sterilizing solutions (post-sterilization). In
this case, the plant material was washed 3—4 times with special sterile autoclaved water.

The introduction of apple explants into the initial in vitro medium was carried out in two
different nutrient media (MS-1; MS-2). Polyvinylpyrrolidone (PVP) with an adsorption capacity was
added to the Murashige and Skoog (MS-1) nutrient medium at a concentration of 10 g/l. In both
nutrient media, the concentrations of macro- and microelements were halved, and 6-
benzylaminopurine (BAP) was added at 0.5 mg/l. The media were prepared without agar, meaning
they were liquid nutrient media.

The exposure of the explants lasted for 72 hours. The microcuttings were grown at a
temperature of 25+2°C in a chamber with a 16-hour photoperiod. The humidity of the air was
maintained at 55-60%.

The transfer to a new agar-based nutrient medium was performed after 4 weeks. According to
long-term studies, the nutrient media used and the concentrations of growth regulators contained
within them are optimal for growing many fruit crops, including apple, under in vitro conditions.
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The experiments were repeated three times, with 50 explants introduced into the nutrient
medium in each trial.

Results and Discussion

According to the studies by I|.R. Rakhimbaev and D.K. Dzhumashev, in clonal
micropropagation, the apical tips of young shoots and axillary buds are most commonly used. The
rate of regeneration in vitro depends on the plant species, meaning the genotype has a strong influence
[16].

To improve the efficiency of introducing initial explants into the in vitro medium, we
investigated different options that varied in terms of sterilizing agents, their concentrations,
sterilization time, and the modes and stages of sterilization. The best results were obtained through
step-by-step sterilization of one-year-old shoots with dormant buds. The process of obtaining
sterilized plant material (free from epiphytic and rhizospheric microorganisms) consists of several
stages.

The plant part from which the explants are taken is also important for micropropagation. The
size of the explant influences its morphogenic ability. The smaller the explant, the lower its ability to
undergo organogenesis. Larger explants show greater genetic stability, but in these cases, viruses
might remain in their cells [17]. Therefore, antibiotics are used to sterilize plant material that has been
damaged by bacterial infections in the internal tissues.

Apple synthesizes significant amounts of phenolic compounds. As a result of their oxidation,
tissues darken, and growth is inhibited. Methods to remove these compounds include frequently
transferring the explants to a new medium or adding substances that adsorb them to the nutrient
medium.

In general, the regeneration capacity of microshoots was considered to depend on the
composition and combination of phytohormones in the nutrient medium. The composition of
phytohormones in the studied nutrient media remained unchanged.

The initial microcuttings were placed on bridges made of filter paper in test tubes containing
the Murashige and Skoog (MS) liquid nutrient medium (Figure 1). It was found that the shoots
released phenolic compounds intensively. In the MS-2 liquid medium without PVP, all the
microcuttings were transferred to fresh liquid nutrient medium daily until they stopped releasing
phenolic compounds, which took about 1-2 weeks. Often, the composition of the liquid medium
resembled that of the agar-solidified medium. After 1.5-3 weeks, the surviving explants were
transferred to the agar-based MS nutrient medium, which retained its composition.

The survival rate of microcuttings in the MS-2 liquid nutrient medium without PVVP reached
only 34%. This means that the higher the concentration of phenolic compounds in the nutrient
medium, the greater the risk of explant death.

It was determined that polyvinylpyrrolidone (PVP) in the MS-1 liquid nutrient medium, as an
antioxidant, has a high adsorption capacity for phenolic compounds released from microshoots and
serves as a factor inhibiting their release.

In this medium, the survival percentage of the studied microcuttings was higher (Table 1).

Table 1. Regeneration efficiency of apple explants collected in spring and summer

Types of nutrient media

Ne Apple varieties . MS-1 . MS-2

PP MS-1 (Spring) (Summer) MS-2 (Spring) (Summer)
Apple varieties
1 Zarya Alatau 98 50 82 45
2 Golden Delicious 77 40 71 35
Clonal apple rootstocks
1 M.9 80 45 65 38
2 MM.106 44 15 43 12
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Figure 1. Micro-cuttings in MS-1 liquid medium: A — general view, B — micro-cuttings
placed on bridges made of filter paper.

Thus, for the development of clonal apple rootstocks and cultivars in the initial stage, a liquid
nutrient medium with half the concentration of macro- and microelements, 0.5 mg/l 6-
benzylaminopurine (BAP), 10 g/l polyvinylpyrrolidone (PVP), and without agar, was considered the
most suitable medium. The viability of explants was determined based on their growth and
development, with the growth rate measured as a percentage (Figure 2).
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Figure 2. Seasonal comparison of apple explant regeneration
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The table presents two nutrient media (MS-1 and MS-2) and regeneration percentages for
different apple varieties and clonal rootstocks. We performed a statistical comparison between these
two nutrient media (MS-1 and MS-2) using a t-test. The bar chart below illustrates the significant
reduction in regeneration efficiency for explants collected in summer compared to those collected in
spring (Table 2).

Table 2. Comparison of regeneration efficiency in spring and summer (statistical analysis t-test

results)

Comparison t-value p-value
MS-1 (Spring vs. Summer) 8.93 0.00296
MS-2 (Spring vs. Summer) 14.10 0.00077

The obtained p-value (0.00296) is significantly below 0.05 (p = 0.00296 < 0.05), indicating a
statistically significant difference between spring and summer explants. Explants collected in spring
demonstrated a markedly higher regeneration efficiency compared to those collected in summer.

The optimal time for introducing apple explants into in vitro culture is March—April (spring)
rather than May-June (summer). Seasonal factors significantly influence tissue viability, with higher
contamination rates and reduced regeneration efficiency observed in explants collected during
summer.

The highest survival percentage of microcuttings was observed in the following: Zarya Alatau
(98% regeneration capacity), Golden Delicious (77%), and the clonal rootstock M.9 (80%). The
lowest percentage was found in the clonal rootstock MM.106 (43%).

The duration of the vegetative period of the apple cultivars and clonal rootstocks did not
significantly affect the induction of microshoot development.

Conclusion

As a result of the study, it was determined that the most suitable time for introducing apple
cultivars and clonal rootstocks of different genetic origins into the initial in vitro nutrient medium is
March-April. The results showed that in March, one-year-old shoots with axillary buds were sterilized
as follows: washing in soapy solution for 30 minutes; rinsing with running water for 40 minutes;
washing with a 15% hydrogen peroxide solution for 5 minutes; rinsing three times with autoclaved
distilled water. Under aseptic conditions, the sterilization procedure included: soaking in 70% alcohol
for 2 minutes; treatment with a 10% CuSO4 solution for 5 minutes; washing three times with
autoclaved distilled water; and treatment in a 10 mg/l ceftriaxone antibiotic solution for 5 minutes,
three times.

In the initial phase, the most suitable medium for the development of clonal apple rootstocks
and cultivars was a liquid nutrient medium with half the concentration of macro- and microelements,
0.5 mg/l 6-benzylaminopurine (BAP), 10 g/l polyvinylpyrrolidone (PVP), and without agar.

The inclusion of an antioxidant in the nutrient medium contributed to the inhibition of phenolic
compounds. Analysis of the obtained data showed that the development of microcuttings is highly
dependent on the genotypic characteristics of the cultivar and clonal rootstocks. The highest survival
percentages of microcuttings were observed in the following: Zarya Alatau (98% regeneration
capacity), Golden Delicious (77%), and clonal rootstock M.9 (80%). The lowest percentage was
found in clonal rootstock MM.106 (43%).

The duration of the vegetative period of the apple cultivars and clonal rootstocks did not affect
the induction of microshoot development, and this requires further investigation.

In conclusion, the liquid culture medium without agar, consisting of 6-benzylaminopurine
(BAP) at 0.5 mg/l and polyvinylpyrrolidone (PVP) at 10 g/l, was found to be the most suitable
medium for initial in vitro propagation. The results of this medium revealed high regeneration
capacity in the Zarya Alatau variety.
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IT'EHETUKAJIBIK HIBIFY TEI'T OPTYPJII AJIMA SKCIIJIAHTTAPBIH
BACTAIIKBI IN VITRO KOPEKTIK OPTACBIHA EHI'I3Y I OHTANUJIAHJIBIPY

Anoamna

3epTTey KYMBICHI ajIMaHbIH KIOHIBIK Tenitymiaepi (M.9, MM.106) men coprrapbiH (Zarya
Alatau, Golden Delicious) Oacramkel In VItr0 KOpPEKTIK OpTachlHa CHIi3y/Ai OHTAMIaHIBIPY
MaKcaThlHAa Kyprizingi. HoTmwkeciHae anMa SKCIIAHTTApbIH IN VItr0 oprachlHAa EHTI3YdiH €H
KOJAMJIBI YaKbITBl HAypbhl3 — COyip aijaapbl €KeHI aHBIKTAIABL. bacTamkbl 3KCIUIAHT PETiHJE
KOJIZIaHBUIFaH Oip KBUIJABIK JKaCc OPKCHISPAIH YIITAphl XKOHE YHKBIIAFbl KOJITHIK OYpIIiKTEpAl
3aJaNChI3IAaHABIPy cXxemachl d3ipienni. EH Oencenai MukpoeckiHaepAiH namybl MS—1 KopekTik
OpTachIHA XKYP/i. AJl aHTHOKCUJIAHT PeTiHlEe KOChUIFaH nonuBuHmImupponuaon (I1BIT) kopekTik
opTara eHOIBIK KOCBUTBICTAP/IBIH IIBIFY JEHI€HiHIH TEXKETYiHE BIKITAJ €TTI )KOHE KOPEKTIK OPTaHBI
KU1 OJKaHAPTYIbl KaKeT eTHeHIIriH KepceTTi. AJBIHFAaH MOIIMETTEepAl Tannay OapbIChIHAA,
MUKPOOCKIHJICPAIH JaMybl ajiMa COPTTapbl MEH KIOHJABIK TENITYIIUIEPIIH TEeHOTHUITIK
€peKILeTIKTepiHe TOYyeNAi eKEHAINH alKbIHAaAbl. DKCIUIAHTTApJbIH ©Cy JCHIEHIHIH €H >KOFaphl
MaibI3bl KeJleci alMaHbIH COPTTAphl MEH KJIOHIBIK TENiTYyIIIepinae Oalkanapr: Zarya Alatau (98%
pereneparust Kabinerine ue), Golden Delicious (77%), knouabik TemiTymizepaeH M.9 (80%). Ocy
JIeHreii eH TeMeH NaibI3 KepceTkimn KIOHIBIK Temitymi MM.106 (43%) opbiH annel. AnMa
COpPTTapbl MEH KJIOHABIK TEIITYIIUIEPIHIH BEreTalusIblK K€3€HIHIH Y3aKThIFbl, MUKPOOCKIHAEPIH
OCy JKOHE JaMYBIHBIH HHIYKIUSICBIHA OCEP1 3epTTEIMETeH.

Kinm ce30ep: anma, copt, KIIOHIBIK TENITYIII, MUKPOKJIOH/IBIK KOOEHTY, IN VItro, MUKPOOCKiH,
Mopdorenes, pereneparusi.

A. Paxamkovizor*L, JI.C. Epoonoea*?, K.II. Aybaxuposa®,
K.H. Bakvimacanoea', H.H. I'anuaxnapoe*
! KH MHBO PK «HMncmumym monexynapnoii 6uonozuu u 6uoxumuu um. M.A. Atimxoxcunay,
Pecnybnuxa Kazaxcman, 2. Armamei, akbotarahatkyzyl@gmail.com*, karla_78@mail.ru,
bakytzhanovazhibek@gmail.com, nurbol.gal@gmail.com
2 HAO «Kazaxckuti Hayuonanvnwiii meouyunckuil ynusepcumem umenu C.JJ.Acgpenousposay,
Pecnybnuxa Kasaxcman, 2. Anmamsi, yerbolova.laura7@gmail.com
ONTUMMU3ALIMSA BBEJAEHUS DOKCIIJIAHTATOB SIBJIOHb PA3JIMYHOTI'O
TFEHETUYECKOTI'O MIPOUCXOXJIEHUS B HAYAJIBHYIO IN VITRO
IMUTATEJBHYIO CPEY
Annomauus
UccnenoBatenbckas pabota Obula MpoBEAEHA C IEIBI0 ONTUMU3AIUN BBEICHUS KJIOHOBBIX
nonBoeB(M.9, MM.106) u coptoB sioions (Zarya Alatau, Golden Delicious) B mHagansHyto in Vitro
MUTATENbHYIO cpely. B pesynmbrate OBUIO yCTAaHOBJICHO, YTO HawOoliee MOAXOJIIee BpeMs s
BBEJICHUS DKCIUIAHTATOB S0JOHB B IN VItro cpemy — Mapr-ampenb. beiia pa3paboraHa cxema
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CTepUJIM3ALUH JJIs1 BEPXYILIEK OJJHOJETHUX MOOETOB U CIISIIIUX OOKOBBIX MOYEK, UCIOIb30BAaHHBIX B
KaueCTBE MCXOJHBIX KCIUIAaHTATOB. Hanbonee akTHBHOE pa3BUTHE MUKPOOTPOCTKOB MPOUCXOTUIIO
B mnuTaTenbHOW cpene MS-1. JloGaBnenne mnonuBuHIIIUppodaugona (IIBIT) B kauecTBe
AQHTUOKCHJIaHTa B MHTATEIbHYIO Cpeay CIOCOOCTBOBANO 3aJep)KKe BbIIEICHUS (PEHOIBHBIX
COEIMHEHMI U MOKa3allo, YTO yacTas 3aMeHa Cpellbl He TpeOyeTcsl. AHAIU3 MOJTYYEHHBIX JaHHBIX
MOKa3aJl, YTO Pa3BUTHE MUKPOOTPOCTKOB 3aBUCUT OT TEHOTHITMYECKUX OCOOEHHOCTEH COPTOB SI0JIOHD
U KJIOHOBBIX MOJBOEB. Hambonpiimii NpOLEHT pocTa 3KCIUIAHTAaTOB ObUl 3aUKCUpPOBaH B
CIICAYIOIIMX COpTax sIOJMOHb M KJIOHMPOBAaHHBIX mojaBoeB: Zarya Alatau (98% cmocoOHOCTh K
pereneparun), Golden Delicious (77%), wionupoBanubie moaBoun M.9 (80%). Haummenbiuuii
MPOLIEHT pOCTa OBLIT 3aPErHCTPUPOBAH Y KIOHUPOBAHHOTO 10B0sI MM.106 (43%). [nutensHOCTh
BEreTallMOHHOTO IEepUoJia COPTOB sIOJOHb M KIIOHOBBIX IIOJBOEB HE OKa3blBaja BIIMSHUS Ha
MHAYKIUIO POCTa M Pa3BUTHI MUKPOOTPOCTKOB U TPeOyeT AabHEHITNX UCCIIeIOBAaHUM.

Kntouesvie cnosa: s065n0HS, COpPT, KIOHHUPOBAHHBI JBOMHHMK, MHKPOKJIOHAIBLHOE
pa3MHOKeHue, N Vitro, MukpocaxeHel, Mop(GoreHes3, pereHepamusi.
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regorl984@rambler.ru

2 HAO «Hayuonanvhas akademus Hayk Pecnyonuku Kaszaxcman npu Ilpezuoenme

Pecnybnuku Kaszaxcmany, e. Anmamul, Pecnybnuxa Kazaxcman, Almanovad4@mail.ru*,
Akylbekkk 17@mail.ru

3 TOO «Hayuno-npouseodcmeennuiii yenmp 3eproeozo xossaiicmea um. A. M. Bapaesay,
n. Hayunwiti, Pecnyonuxa Kazaxcman, savintimur_83@mail.ru

PASPABOTKA KAPT TPUT'OJTHOCTH CEJIBCKOXO3AMCTBEHHBIX KYJIBTYP
IO KATETOPUSM 3EMEJIb ITPU IPOEKTUPOBAHUU AJIC3 B CTEITHOM 30HE
KOCTAHAMCKOM OBJIACTH

Annomayus

B crarbe mpexacraBieHa KOMIUIEKCHAs arpod’KOJIOTMYECKas OLeHKa 3emenb Kocranailckon
00J1acTH ¢ UCNOJIb30BaHNEM reonHpopmanoHHbIX TexHonoruil (I'MC) u cratucTuyeckoro aHaau3a
JUIS IPOEKTUPOBAHUS a/JalTUBHO-JTAHAIA(THBIX CUCTEM 3eMJIeAeNus. ArpoIKOIOTHYECcKas OleHKa
3emMenb Obla mposesieHa 2024 rory Ha yepHo3eMax 10xkHbIX KocTanalickoit o6nactu, Kocranaiickoro
paiiona Ha momaau 1500 ra, Ui npoBeAeHUs aHaiIM3a, ObUIM OTOOpaHbI MOYBEHHBIE 0OPA3IIbI C
riyounsl 0-20 cM 1Mo 3JIeMEeHTapHbIM ydacTkaMm B 25 ra. Ha ocHOBe arposkoJOrHuecKux Ipymi U
BUJIOB 3€MeNlb CIPOEKTHUPOBAHbl KapPThl MPUTOJHOCTH CEJIbCKOXO3SIMCTBEHHBIX 3E€MENb II0
KaTeropusiM.

Co3znaHbl 2JIEKTPOHHBIE KAPTOTPAMMBI COJIEP KaHMS TyMyca, HUTPATHOTO a30Ta, MOJIBUKHOTO
dochopa, xanus, pH mouBeHHO#l cpenbl U cepbl. Takke MPOBEAECH KOPPENSIUOHHBIA aHaIu3,
KOTOPBIA BBISBHJI CHJIBHYIO TIOJIOKHUTEIBHYIO CBSI3b MEXKIY conaepxkaHueM rymyca (r = 0.978),
HUTPATHBIM a30ToM (r = 0.965), moxBmwkHBIM dochopoMm (r = 0.930) u moABMKHBIM KanmueM (r =
0.942) c ypoxaitHocThI0. PerpeccnoHHbIN aHaIM3 MOATBEPAN, UTO COJEpKaHUe TymMyca BIUsSET Ha
95.7% Bapuanuu ypokaiiHOCTH, a coaepxkanue Qochopa u kamus — Ha 86.4% wu 88.7%,
cooTBeTcTBeHHO. Buenpenune AJIC3 crnocoOCTByeT YCTOWYMBOMY YIPABICHUIO 3€MEIbHBIMHU
pecypcamy, TOBBIIICHUIO YPOKAWHOCTH W COXPAaHEHHIO IUIOJIOPOJUS TOYB B  YCIOBHSX
KOHTHHEHTaJIbHOTO KinMaTta Kocranalickoit o0nacTu.
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