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The experience of agriculture in the Republic of Kazakhstan and other
countries shows that high and sustainable agricultural productivity is possible only
with a comprehensive soil examination in order to control and assess changes in
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fertility and the level of pollution caused by anthropogenic factors to prevent land
degradation.

The article provides a brief description of the soil cover and an assessment of
the current state of soil fertility of the Kostanay region, which allows to solve
problems with resources and limiting factors of soil fertility, heat, moisture and
potential for development of degradation processes, the formation of environmental
infrastructure of the agricultural landscape, etc. Morphological and physical and
chemical analysis of soils was carried out in the research. The data of previous years
have also been studied and the change in soil properties over the course of long-term
agricultural use has been analyzed. The analysis of the current state of soils is given

and the assessment of soil fertility is carried out.

Keywords: black soil; soil morphology; soil structure;

fertility; humus.

Introduction

The involvement of steppe zone
lands in agricultural use is the main
factor, as a result of extended plowing
of soils, morphological properties of
the profile, humus content,
agrochemical, physical and chemical
properties of the soil change, which
ultimately affects their fertility.

With long-time agricultural use
of soils, the structure of the soil is
mechanically disturbed, the structure of
surface layers is destroyed and the
subsurface horizon is over-compacted,
the humus content decreases due to soil
deflation, water and wind erosion,
mineralization of humus and the
removal of nutrients with the harvest of
Crops.

The black soil steppe zone is an
agricultural zone of grain direction. On
average, 19-22% of black soil and 28-
30% of humus in Kazakhstan were lost
during plowing over 50 years [1].

Today there is a global problem
of deterioration of fertility, which leads
to degradation of the soil cover [2-10].

Materials and methods
The research was carried out on
the black soils of ordinary rural

agriculture; soil

The purpose of our research is to
study the changes in the morphological
and physical and chemical properties of
ordinary black soils of Kostanay region
during prolonged agricultural use.

The purpose of the research is to
study the effect of long-term
agricultural use on the change in
morphological, physical and chemical
properties of black soils of Kostanay
region.

The research was carried out
within the framework of the scientific
and technical program: "Development
of organic farming technologies for
growing crops, taking into account the
specifics of the regions, digitalization
and export" for 2021-2023, project
topic: "Assessment of the
agroecological state of agricultural land
from the effects of anthropogenic
factors and determination of the degree
of soil pollution and agricultural
systems of steppe and dry steppe zones
of Kostanay region" for 2021-2023.

districts of the Karabalyk district of the
Kostanay region. Soil sections (keys),



digs and semi-pits were laid, according
to which a detailed morphological [11]
and physical and chemical examination
was carried out.

Soil layers were sampled by
sections, in which soil-agrochemical
indicators were determined according
to generally accepted methods. The
following analyses were carried out in
the selected soil samples:

Determination of physical and
chemical properties (pHmo by the
potentiometric method, the sum of
absorbed bases by the
complexonometric method, humus by
the method of LV. Tyurin in the
modification of TSINAO (GOST

Results

26213-2021), nitrate nitrogen by the
ionometric method, mobile forms of
phosphorus by the method of
B.P.Machigin in the modification of
TSINAO (SS 26205-91), exchangeable
potassium on a flame photometer) [12].
According to "State Research
and Production Center of Land
Resources and Land Management" of
the Agency of the Republic of
Kazakhstan for Land Management, a
comparative analysis of changes in the
morphological and physical and
chemical properties of the soil was
carried out to identify their changes
during prolonged agricultural use.

According to the results of the survey, the main morphological characteristics
were obtained, which are presented below (the article presents sections selectively).

Section No. 1 was laid on a slightly undulating plain of the Smirnovsky rural
district of the Karabalyk district of the Kostanay region, on arable land (2021).

Morphological description of ordinary medium-sized low-humus heavy loam

black soil on cover loams:

Dark gray with a faint brownish tinge, medium-coarse structure,

and fresh, compacted, heavy loamy, a large number of roots of
herbaceous plants, does not boil from hydrochloric acid, the

Brownish-gray, coarse-medium lumpy, heavy loamy, fresh,

dense, sparse roots of herbaceous plants, boils from HCI, the

structure, heavy loamy, dense,

moistened, single grass roots, strongly boils from HCI,
carbonates in the form of single spots, the transition to the next

A 0-24 cm
transition is clear in color.
B: 24-56cm
transition to the next horizon is gradual.
B,  56-69cm  Grayish-brown, lumpy
horizon is gradual.
BC 69-85 cm

Light grayish-brown, lumpy, moist, dense, sparse roots of

herbaceous plants, boils from hydrochloric acid, the transition
to the next horizon is gradual.
C 85-130 cm  Yellow-brown, lumpy, moist, heavy loamy, dense, boils

violently.

The morphological profile of ordinary black soil is characterized by a
heterogeneously colored upper humus-accumulative horizon, a medium-coarse
structure, a large number of plant roots; the B, horizon differs from the upper horizon



by boiling from hydrochloric acid, denser addition, and brownish-gray color. The
thickness of the humus layer of the soil is 56 cm. Below the horizon B; is the horizon
B., which has single spots of carbonates, lumpy structure and rapid boiling of the soil
from hydrochloric acid. The particle size distribution of the soil is heavy loamy.
Carbonate soils were also studied.
Morphological description of ordinary carbonate black soil - section No. 2. The
section is laid on a slightly undulating plain.

Morphological description of ordinary carbonate low-humus light-loamy black
soil on cover loams:
A 0-22 cm Dark gray, lumpy structure, light clay, moist, dense, a large
number of roots of herbaceous plants, boils from hydrochloric

acid, the transition is clear in color.
Brownish-gray, fine-medium-lumpy, light-clay, moist, dense,
sparse roots of herbaceous plants, boils from HCI, the transition
to the next horizon is gradual.
Gray-brown, lumpy, light-clay, dense, moist, dense, fractured,
single roots of herbaceous plants, boils strongly from HCI, the
transition to the next horizon is gradual.
Light gray-brown, lumpy, moist, dense, sparse roots of
herbaceous plants, carbonates in the form of spots, the transition
to the next horizon is gradual.

C 92-130 cm  Yellow-brown clay, moist, structureless, moist, dense, there are

spots of gypsum with a depth of 100 cm.
Soil name: Ordinary carbonate black soil, medium-sized, low-humus, light-

loamy on cover loams.

B, 22-46 cm

B> 46-64 cm

BC 64-92 cm

According to the results of a
comparative analysis of  the
morphological properties of soils with
previous surveys of State Research and
Production Center of Land Resources
and Land Management, a number of
changes were identified. For 15 years
of agricultural use of ordinary black
soils, the capacity of the arable horizon
of the profile has noticeably decreased
to 2 cm, the capacity of the humus
horizon of A+ B, has decreased and the
humus content has decreased, which is
associated with annual plowing, over-

compaction of soils by machinery,
destruction of agronomically valuable
structure, removal of nutrients, etc.

The annual negative
transformation of soil properties leads
to soil degradation and low
productivity of agricultural crops.

As a result of the laboratory
surveys, analytical studies of the
agrophysical and physical and chemical
properties of the soil were carried out,
as well as comparative data from
previous years on the same areas of
seeding were presented (Table 1).

Table 1 - Agrochemical and physical and chemical characteristics of ordinary
black soils of the Karabalyk district of Kostanay region.

Horizon Hum | Nitrat | Mobile, mg/kg

Absorbed bases, mg/eq per

Absorbed bases in %




and depth | us, e of soil 100 gr. of soil of the amount or
of % nitrog | Phosp | Potass capacity
sampling, en, horus | ium Ca™ | Mg®* | Na" | The Ca*" Mg** | Na*
cm mg/kg amoun
t

Ordinary medium-sized black soil, 2021
A 0-24 4,60 | 16,4 15,7 330 | 23,6 |52 0,10 | 28,90 | 81,67 |17,99 | 0,34
B,24-56 3,12 6,3 7,7 650 |20,0 |60 0,13 | 26,13 | 76,54 | 22,96 | 0,50
B, 56- 7,1 9,5 500
69 1,75

Ordinary medium-sized black soil, 2006
A 0-25 4,92 - - 360 | 27,6 |52 0,16 | 32,96 |83,74 | 15777 | 0,49
B 25-56 3,26 - - - 244 | 6,4 0,13 | 30,93 | 78,81 |20,69 | 0,42
BC 56-85 | 2,03 - - - - - - - - - -

Ordinary carbonate black soil, 2021
A 0-22 4,70 8,2 16,1 420 | 31,0 {436 [ 047 |3583 |86,52 | 12,17 | 1,31
B, 22-46 | 3,22 | 104 8,5 600 [255 [8,16 |0,25 |3391 |7520 |24,06 |0,74
B, 46- 4,3 10,5 654 | 16,6 | 10,1 | 1,67 | 28,40 | 58,45 | 35,67 | 5,88
1,75
64 3
Ordinary carbonate black soil, 2006

A 0-22 4,46 - 16,0 504 32,0 |60 0,26 | 38,26 | 83,64 | 15,68 |0.68
B,22-48 3,86 - . - 272 19,6 0,97 37,77 72,01 |2542 |2)57
B,48-62 | 2,74 - - - - - - - - - -

The data indicate that over the
years of soil use in agriculture, the
process of dehumidification has
increased, especially on ordinary
medium-sized black soils, where,
compared with 2006, the humus
content has decreased from 4.92 to
4.60% in the upper arable horizon, the
same pattern has remained in the
underlying horizons. At a depth of 24-
56 cm and 56-85 cm of the soil profile,
the humus content decreased from
3.26% to 3.12% and from 2.03% to
1.75%, respectively (Table 1). The
content of humus is largely determined
by the applied farming system and
natural conditions. When cultivating
grain crops, 0.5-1.0 t/ha of humus is
consumed annually from the soil,
almost twice as much when growing
row crops. On average, the annual
decrease in humus in the soils of the
main agricultural areas is about 0.6
t/ha. The decrease in humus reserves in
arable soils of the steppe zone is caused

by the deflation process - blowing out
the thinnest, organic matter-rich
particles and irrational use of soils.

In the upper horizon (A 0-22 cm)
of ordinary carbonate black soil, the
humus content over a 15-year period,
on the contrary, increases from 4.46%
to 4.70%, but a different picture is
observed in the lower horizons of the
soil profile, and according to 2021, the
humus content decreases from 3.86%
to 3.22% in the horizon B, 22-46 cm
and from 2.74% up to 1.75%, in the B,
horizon 46-64 cm, respectively. The
loss of humus in the lower horizons is
associated with the removal of crop
residues with yield, which leads to a
reduction in biomass in the fields and a

decrease in the intake of organic
residues into the underlying soil
horizons.

The content of nitrate nitrogen in
the surveyed soils in the arable horizon
ranges from 8.2 mg/kg to 16.4 mg/kg,



in the horizon B, its content was 6.3
mg/kg and 10.4 mg/kg, respectively.

The content of  mobile
phosphorus in ordinary medium-sized
and carbonate black soils is low and
amounts to 7.7 mg/kg and 8.5 mg/kg,
in the B, horizon from 4.3 mg/kg to 7.1
mg/kg.

In general, for the period from
2006 to 2021, there is a tendency to
increase the content of mobile
phosphorus in ordinary carbonate black
soils by 0.1 mg/kg, which does not
significantly show a difference over the
years.

The content of exchangeable
potassium in black soils was high from
330 mg/kg to 504 mg/kg. Over the past
15 years, there have been decreases in
the amount of exchangeable potassium
in black soils, which may be due to the
blowing of fine particles from the
upper horizons.

Fairly clear results were obtained
for absorbed bases (Table 1). Over a
15-year period of agricultural use of
black soils, some changes in the
amount of absorbed bases resulted.

The cation exchange capacity of
ordinary medium-sized black soil
according to State Research and
Production Center of Land Resources
and Land Management (2006) in the
upper arable horizon (A 0-25 cm) was
3296 mg-eq per 100 g, in the
transitional horizon (25-56 cm) 30.93
mg-eq per 100 g of soil. Whereas
according to the research data (2021),
the capacity of cation exchange varied

Discussion

Studies have shown that in the
territory of the Karabalyk district of the
Kostanay region, common black soils
are ordinary ordinary and carbonate
medium-sized low-humus, where the

in arable A and B, horizons from 28.90
mg-eq per 100 g to 26.13 mg-eq per
100 g of soil. The degree of saturation
of calcium cation reached according to
2006 data was 83.74% in the arable
horizon and 78.81% in the transition
horizon. A slight decrease in the
proportion of calcium cation in the soil-
absorbing complex occurred in 2021,
where it was 81.67% in the arable
horizon and 76.13% in the sub-arable
horizon, but the proportion of
magnesium ion increased in these
horizons, which is also confirmed by
the results of research by other
scientists [13].

The sum of exchange cations of
ordinary carbonate black soil according
to 2006 data was 38.26 mg-eq per 100
g in the upper arable horizon and 37.77
mg-eq per 100 g of soil in the sub-
arable horizon. The same tendency to
decrease the amount of cations in the
soil persists as in ordinary black soils
in 2021, where the capacity of cation
exchange decreases to 35.83 mg-eq per
100 g in the arable horizon and 33.91
mg-eq per 100 g of soil in the sub-
arable horizon. In the soil-absorbed
composition of ordinary carbonate
black soil, the proportion of calcium
decreased compared to 2006 data and
amounted to 83.64% - 75.20% in the
arable horizon and 72.01% - 58.45% in
the sub-arable horizon due to an
increase in  the proportion of
magnesium in the composition of the
soil-absorbing complex.

following set of horizons s
distinguished in the structure of the
morphological profile of soils: A — B, —
B, — BC — C and the thickness of the
humus layer (A+B;) is 46-56 cm. In the



profile of ordinary medium-sized black
soils, carbonates are observed already
in 24-25 cm depth, and in the section of
ordinary carbonate black soils from
hydrochloric acid boil already from the
surface. During the 15-year period of
agricultural use of ordinary black soils,
there were noticeable decreases in the
capacity of the arable horizon of the
profile by 1 cm (A 0-24 cm), a separate
allocation of the horizon B, 56-69 cm,
as well as a decrease in the humus layer
by 2 cm.

In the conditions of agricultural
production, the problem of preserving
humus has become one of the most
urgent. In our studies, over a 15-year
period of agricultural use, there is a
tendency to decrease humus in ordinary
black soils due to the blowing of thin,
organic-rich particles.

The availability of the arable
horizon of soils with mobile
phosphorus — to a very low and low
degree, with exchangeable potassium -
to a high, very high (more than 330
mg / kg in the A horizon). The content
of nitrate nitrogen in the surveyed soils
in the arable horizon ranges from 8.2 to
16.4%.

By the amount of the sum of the
exchange bases, ordinary black soils

Conclusion

are estimated as high. Over the 15-year
period of soil use in agriculture, the
cation exchange capacity of ordinary
black soils decreased, in the arable
horizon by 2.43-4.06 and in the sub-
arable horizon by 3.86-4.80 mg-eq per
100 g of soil and the degree of
saturation of calcium cation in the soil-
absorbing complex of ordinary black
soils decreased by 2.07-8.44% in the
arable horizon and by 2.68-13.56% in
the sub-arable horizon, respectively.

Based on the conducted research,
it 1S necessary to carry out a set of
measures for the preservation and
reproduction of soil fertility in
Kostanay region: to conduct an
agroecological assessment of the entire
territory, identify the degree of soil
degradation, apply agrotechnologies
taking into account soil characteristics,
apply fertilizers and others.

Soil surveys were carried out
within the framework of the Program
"Assessment of the agroecological
condition of agricultural lands from the
effects of anthropogenic factors and
determination of the degree of soil
pollution and agricultural systems of
steppe, dry-steppe zones of Kostanay
region" for 2021-2023.

The ordinary black soils studied by us over a 15-year period of agricultural use
have undergone a number of changes in the morphological profile and in the physical
and chemical properties of soils. A decrease in the capacity of the humus horizon was
revealed, the deterioration of the soil structure, as well as the humus content
decreased along the soil profile, the content of plant nutrition elements decreased and
the composition of the soil-absorbing complex changed.
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E-mail: saya keng@mail.ru

KamxkapoB Ackap AMaHXO0JIOBUY

Kannunar cenbCKoX03siCTBEHHBIX HayK

Kazaxckuit arporexunueckuii yuusepceuretr umenn C.Celdyninna
r. Acrana, Kazaxcran

E-mail: kashkarov.70@mail.ru

Hazaposa Ailiman JKagsirepoBHa

Maructp cenbCKOX035UCTBEHHBIX HAYK

Kazaxckuii arporexandeckuit yauBepcutetr umenn C.Ceridymmaa
r. Acrana, Kazaxcran

E-mail: naz_159@mail.ru

KakenoBa Aibkan TypiibioexoBHA

JloxTopaHT

Kazaxckuii arporexunueckuit yuuBepcutetr umenn C.Celiynrna
r. Acrana, Kazaxcran

E-mail: aizhan zhakenova@mail.ru

AHHOTAIMA

OnwIT BeleHUs ceabCKoro xossiictBa B PecnyOnuke Kazaxcran u npyrux
CTpaHax CBHUJIETEIbCTBYET, UTO BBICOKASI U YCTOMYMBAs MPOLYKTUBHOCTD 3€MIIEIETUS
BO3MO)KHA JIMIIb MPH KOMIUIEKCHOM OOCJIEJOBAaHMM TOYB C IEJIbIO KOHTPOJS U
OLICHKM W3MEHEHHs IUIONOPOAMS, YPOBHSA MX 3arpsi3HEHUS IOJ BO3JACHCTBUEM
AHTPOIOT€HHBIX (PAKTOPOB, YTOOBI HE TOMYCTUTD JErPAJALUI0 3EMEb.

B crarbe nmpuBeneHa Kparkas XapakTEpUCTHKA MIOYBEHHOT'O MOKPOBA U OLIEHKA
COBPEMEHHOI'0 COCTOSIHUS Tuiogopoaus nouB Kocranaiickoil oOnactu, KoTopas
MO3BOJISIET PeIllaTh 33Jaud MO pecypcaM M JIMMUTUPYIOUIUM (DakTopaM MOYBEHHOTO
IJIOIOPO/MS, TEIUIa, BJIATM M MOTEHUHANA PAa3BUTHS JErPANALMOHHBIX MPOLECCOB,
dbopMHpOBaHUS MPUPOJOOXPAHHON WHEGPACTPYKTYphl arpojangmadpra u 1ap. B
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UCCIIEIOBAHUSX MPOBEIEeH MOpP(orIoruueckuii 1 PU3NKO-XUMUYECKUI aHAJIU3 TOYB.
Takyke M3y4deHbl JaHHBIE MPOLUIBIX JIET U NPOAHAJIU30POBAHO W3MEHEHUE CBOMCTB
MOYBBl C TEYEHHEM [UIMTEIIBHOIO CEJIbCKO303IiCTBEHHOIO WCIONb30BaHusA. JlaH
aHaJIM3 COBPEMEHHOI'0 COCTOSIHUS TIOYB U MPOBEACHA OLEHKA IIOA0POIUS [TOYB.
KuaroueBble cjioBa: 4epHO3eM OOBIKHOBEHHBII; MOP(OJOrHYECKHe CBOMCTBA
MOYB; CTPYKTypa IOYBBI, CEIbCKOXO3SHUCTBEHHOE WCIONb30BAHUE; IUIOAOPOINE

IIOYB; TyMYC.

KOCTAHAT OBJIBICBIHBIH KOJAIMI'T KAPA

TOIIBIPAKTAPBIHBIH K¥YHAPJIBIJIBIK KOPCETKIIUTEPIHE AYBILJI

Tyiiin

IIAPYAIIBLIBIFBIHA TAHJAJAHY JIBIH OCEPI

AamanoBa ’Kanna CapcembaeBHa

PhD

C.Ceiipynnun ateiHgarsl Kazak arpoTeXHUKaIbIK YHUBEPCUTETI
Acrana K., Kazakcran

E-mail: almanova44@mail.ru

Kenxerynosa Casryns OmkxabaeBHa

AybllIapyanbuIbIFbl FHUTBIMIAPBIHBIH KaHIUIAThI
C.Ceitdpynnun ateigarsl Kazak arpoTeXHUKaNbIK YHUBEPCUTETI
Acrana K., Kazakcran

E-mail:saya keng@mail.ru

KamxkapoB Ackap AMaHXO0JIOBUY

AybUlapyalbUIbIFbl FbUIBIMIAPBIHBIH KaHIUIAThI
C.Ceiipynnun atsingarsl Kazak arpoTexXHUKaNIbIK YHUBEPCUTETI
Acrana K., Kazakcran

E-mail: kashkarov.70@mail.ru

Hazaposa Ailiman JKaasirepoBHa

AybUTIapyanibUIbIFbl FEUTBIMIAPBIHBIH MarucTpi

C.Ceitdpynnun ateingarsl Kazak arpoTeXHUKANBIK YHUBEPCUTETI
Acrana K., Kazakcrtan

E-mail: naz_159@mail.ru

Kakenona Aibkan TyprbioexoBHa

JlokTopaHT

C.Cetipynnun arbiaaarsl Kazak arpoTexXHUKaNbIK YHUBEPCUTETI
Acrana K., Kazakcran

E-mail: aizhan_zhakenova@mail.ru
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Kazakctan PecnyOnukacbiHaa skoHe Oacka enjeplie aybul MIapyallbUIbIFbIH
KYPrizy TOKIpUOECi eriHIIUTIKTIH KOFaphl KOHE TYPAKThI OHIMJIUIITI KEePAIH TO3ybIH
OonmpipMay YIIIH aHTPOMOTEHIIK (DaKTOpIApAbIH SCEpiHEH KYHApPIIBLUIBIKTHIH
©3repyiH, OJap/blH JacTaHy JCHIeWiH Oakbulay >KoHe Oarajay MakKcaTblHJIa
TOMNBIPAKTHI KEIIEH 1 3€PTTEY KE31H]I€ FaHa MYMKIH OOJIaThIH/IbIFbIH alFaKTanIbl.

Makanana KocrtaHail OOJNBICBIHBIH TONBIPAK KaMBUIFBICHIHBIH KbICKAIIA
CUMAaTTaMachl XOHE TOIBIPAK KYHApPIBUIBIFBIHBIH Ka3ipri jKarJalbIHBIH Oaraiaybl
KeNTIpireH, Oyl TOMBIpaK KYHAPJBUIBIFBIHBIH, JKbUTYABIH, BUIFAIIBIH JKOHE
JerpalalysablK  MPOLECTEPAIH JAaMy QJIEYETIHIH pecypcTapbl MEH IIEKTeylIll
¢dakropnapbl,  arpojaHAmIaQTTBIH  TaOUFATTBI  KOpFay  MHQPaKYpPHUIBIMBIH
KAJIBINTACTBIPY JKOHE T.0. OOWBIHIIA MIHAETTEP/Il IICNIyre MYMKIHJIIK Oepei.
3epTTeyiepae TONbIPAKTbIH MOP(OJIOTUSIIBIK KOHE (PU3UKATBIK-XUMUSIIBIK Tajl1aybl
Kypriziagi. CoHmai-ak, ©TKEH KbUIJapAarbl JEpeKTep 3€pTTENilN, Y3aK YaKbIT
aybUIIapyallbUIBIK MaKcaTTa NaiiianaHy Ke3iHJie TONbIpaK KaCUETTEepiHIH e3repyiHe
Tannay okacannabl. TOMBIPAKTHIH Ka3ipri JKarAaiiblHa 3€pTTENiN, TOMBIPAKTHIH
KYHapJIbUIBIFBIH Oaraliay >Kypri3iiil.

Kint ce3aep: komiMri Kapa TOMNBIPAK; TOMBIPAKTHIH MOP(OIOTUSIIBIK
KACHETTepl; TOMbIpaK TYWIPTIEKTUIIr; aybUIIapyallblIblK KOJIJIAHBUIYbI, TOMBIPAK
KYHapPJIbUIBIFBL; KapaIipiHIi.



