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CHANGES IN MORPHOGENETIC AND PHYSICAL PROPERTIES OF LEACHED BLACK
SOILS

Abstract. The deterioration of physical properties of soil and destruction of soil structures of soils in the
North Kazakhstan region is one of the most pressing problems due to the inadequate control of the cultivation
technology of agricultural crops with the intensive occurrence of soil erosion. This paper considers the
processes of physical and structural properties ofleachedblack soilsin the North Kazakhstan region.The article
comparatively studies the physical and structural properties of virgin soils and arable lands used in agriculture
for more than 30 years.Drought of spring climate for the last 2 years has a significant impact on the decline
in crop yields in the North Kazakhstan region. If the land is not used properly for many years in agriculture,
the structural, water and physical properties of the soil will deteriorate. As a result, resistance to dry climates
and moisture retention are reduced and loss of organic matter occurs because erosion washes away topsoil
and humus. To date, soil humus has decreased from 8.6% to 27.7% as a result of improper organization of soil
protection farming systems in the widespread use of land for agricultural purposes in the region. One of the
main reasons for the dehumidification of soil cover is the long-term use of monocultures in the agricultural
system and the disruption of the crop rotation system, the lack of introduction of organic and biofertilizers.

Key words: leachedblack soil, soil physics, soil morphology, soil structure, soil erosion.

Introduction. The current state and prospects of development of the agro-industrial complex of the Republic
of Kazakhstan are closely linked with the proper use of soil cover [1]. Soil protection and conservation is one
of the main environmental problems today. Preservation and increase of soil fertility is the main condition for
ensuring the ecological sustainability of the entire biosphere on the planet [2-7].

Compression of soil structures, soil agroeis one of the ecological problems. In the black soils of the North
Kazakhstan region, which is the main agricultural resource of the country, the negative balance of humus was
from 620 to 1650 kg / ha, the humus content decreased by 20-25%. Due to the intensive use of black soil in
agriculture in the North Kazakhstan region, it leads to thinning of the A + B layers of the soil, changes in soil
structure, reduction of basic nutrients, resulting in erosion processes [8-10].

Mass development of virgin and fallow lands in the steppe zones of North Kazakhstan was carried out
in 1954-1960. By 1990, the «cultivated land» in the region was 47 million hectares (36 million hectares of
arable land and 11 million hectares of land in need of improvement as a whole) [11]. In the sixties, after the
development of light and carbonate southern black soils in the northern regions, soil erosion took place, and
the balance of mineral nutrients and organic matter in the soil began to be disturbed. Over the last 30-40 years,
due to the rapid spread of such processes, there have been significant changes in the composition of humus in
the soil and changes in the structural properties of the soil, resulting in deterioration of soil water and physical
properties and moisture depletion.

North Kazakhstan region is the main grain-growing area of the country, aimed at agricultural production.
Therefore, the study of physical, structural properties of soil is very important in maintaining and improving
soil fertility. In this way, we will consider ways to preserve and increase soil fertility, creating opportunities
for quality and abundant production.

Materials and methods. The North-Kazakhstan region is located in the Northern part of the Republic.
The continentality of the climate was estimated by the L. Gorchinsky index (k) [12]. According to this index
k <20 in mild ocean climate, in a moderate ocean mantle - k = 20.1-30%, in a moderate continental climate
- k =30.1-50%, in continental climate - k = 50.1-70%, in harsh continental climate - k = 70.1-90%, in strong
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continental climate k> 90% (in Verhoyansk k = 100%). In the region’s territory the continentality index
ranges from 59.1 to 70. Therefore, the regions climate is considered to be as continental. The rainfalls range
from 300-340 mm, % of which occurs during the warm season of the year. The northernmost point is 55° 26’
N, the southern - 52° 13°N, western - 65° 57 East, Eastern - 74° 02’East. The maximum distance between
the North to the South is 375 km, and from the West to the East - 602 km. The total area of the region is 98
thousand km?, from which 58,8 thousand km? are croplands, which accounts for 60% of the territory [13]. For
the description of soil sections according to the methodology «Classification and diagnostics of soils of the
USSR 1977» [14] soil physics according to N.A. Kachinsky method 1965 [15].

Results and discussion. Leached medium-humus chernozem is found in the northernmost part of the
region, confined to drained areas in the forest-steppe subzone, the parent rocks for them are medium brown
loess-like loams and sandy loams, formed under rich forb-cereal meadow steppes.

Soil section 0 (virgin lands) was laid near the experimental site of the Agrobiological Station. Vegetation
- Forb-wormwood-cereal, projective vegetation cover 90%.

0-20 cm, dark gray, dry, light loam, poorly compacted, lumpy-granular-silty structure, roots of herbaceous
plants, the transition is noticed by the addition.

20-47 cm, gray-brown, dry, medium loam, dense, lumpy-nutty structure, found by walking insects and
earthworms, numerous coprolites, plant roots, the transition is noticed by the addition.

47-54 cm, yellowish brown with a tint, dry, medium loam, dense, noticeable transition.

61- 113 cm, light brown, whitish in places with carbonates, fresh, moist, heavy loam, boils violently with
HCI. The transition is gradual.

113-152 cm, yellowish brown, fresh, moist, medium loam, dense, boils violently with HCL.

Fig. 1 - virgin land, soil section 1

Soil section 1 was laid in the middle part of the experimental site of the Agrobiological Station in the fields
of spring wheat.

0-11 cm, dark gray, loose, dry, lumpy-silty, light loam, the transition is noticed by the density.

11-31 cm, dark gray, compacted, fresh, moist, lumpy-fine-grained-silty, medium loam, found by insects
and earthworms. The transition is clear.

31-45 cm, brownish-gray, compacted lumpy, fresh, moist, coprolite; root passages, wavy border, clear
transition.

45-66 cm, light gray, fresh, moist, nutty-silty, medium loam, slightly compacted, penetrated with root
hairs, the transition is noticed by the addition.

66-92 cm, yellowish-brown, fresh, moist, dense, penetrated with fine root hairs, boils violently with HCL
The transition is gradual.

93-123 cm, gray-fawn, fresh, moist, dense, clayey, boils violently with HCI.
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Fig. 2 - arable land, soil section 2

A comparative study of the morphogenetic and water-physical properties of the soil profile of the excavated
soil section 1 and the virgin soil section 0 in the field of leachedblack soil has been carried out for more than
30 years.

The profile of leached chernozem is well differentiated into soil-genetic horizons gradually replacing each
other: Anax — A — AB — B - C. The profile is characterized by a uniform dark gray color with a brownish tint,
starting from the AB horizons.

On the cut0 (virgin land) shows significant changes in soil layers in the soil profile. Especially in the upper
layers, there is no biogenicity, the structure is disturbed, and very dusty fractions prevail. This leads to erosion
processes. The thinness of the A layer is observed in comparison with virgin soil. The thickness of the A layer
in section 0 is 54 cm, and the thickness of the A layer in soil section 1 is 45 cm.

Density characterizes the ability of the soil to accumulate reserves of available moisture for plants, as well
as air. Soil density affects moisture absorption, gas exchange in the soil, the development of plant root systems,
the intensity of microbiological processes.The density of the soil in the section 0 of the arable horizon is 1.26
g/ cm3 and increases with depth to 1.4-1.48 g/ cm?®. The lowest density of the solid phase is characteristic of
the arable horizon (2.65 g/ cm3), in section 1, the soil density in the section of the horizon is 1.24 g / cm?® and
increases with depth to 1.50-1.41 g/ cm®. The lowest density of the solid phase is characteristic of the arable
horizon of 2.66 g/ cm? (Tables 1). With the depth of the profile and the increase in the density of the addition
of the soil, the values of the indicators characterizing its physical properties decrease markedly. This nature
of their change is associated with a decrease in the content of humus in the soil to the bottom[16].

In terms of soil density, soil section 0 in the 0-20 cm soil layer is 1.26 g/ cm?, in soil section 1 it is 1.24
g/ cm’, the density increases to 1.51 g/ cm?® in the lower layer, and the relative density in section 0 is low. It
is noted that the soil moisture in section 0 is higher by 1.9% in the 0-20 cm layer and in the lower layer by
2-2.5% compared to section soil section 1 (Tables 1).

The soil profile is washed from calcium carbonates up to the C horizon and has a moderately compacted
structure.

Soil porosity -one of the most important properties of the soil, which mainly determines the water and air
regime. The density of the soil affects the growth of plant roots, since the compacted soil is a significant barrier
to their penetration. The movement of water in the soil, water permeability and water-carrying capacity, and
water mobility depend on the size of the pores, and the ecological significance of soil density is to ensure the
optimal functioning of vegetation and soil fauna.In compacted soil with a high value of soil density, porosity
is low, hence the lack of soil moisture.

As for the porosity of the soil, it is observed that section 0 is 3.5% higher in the surface layers and 1-1.5%
higher in the lower layers than section 1,by the porosity of soils, fluctuating in virgin lands from 52.0 in the A
horizon to 46.6% in the parent rock, in the section fluctuating 50.2 in the Apah horizon to 45.3% in the parent
rock(Tables 1).
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Table 1 - Physical properties of soils 20.05.2021

Place of selection Depth cm Field moisture Vol.ume Porosity Por0§ity of Soliq phase
% weight g/ cm® | % aeration, % | density, g/ cm3
P-0
0-20 12.9 1.26 52.0 36.8 2.65
20-47 13.7 1.31 51.0 32.2 2.68
Virgin 47-54 14.4 1.43 48.6 28.0 2.69
land 54-113 15.6 1.46 43.3 25.5 2.71
113-152 19.5 1.48 46.6 17.7 2.73
P-1
0-11 10.3 1.24 50.2 374 2.66
11-32 12.6 1.39 49.2 31.7 2.69
32-45 9.5 1.49 474 33.2 2.70
32-66 10.0 1.50 46.2 31.2 2.73
Arable land 66-92 11.2 1.51 453 28.4 2.75

According to the results of the study, in the conditions of the North Kazakhstan region, the water and
physical properties of Leachedblack soil used for many years in agriculture have deteriorated. There is a
tendency of thinning of topsoil, destruction of soil structures and wind erosion, so it is necessary to consider
ways to improve the structural and physical properties of soil by introducing organic and biofertilizers.

Conclusions. In comparison with virgin soils, the soil structures of arable lands are disturbed, soil density
increases in the areas where plant roots are distributed, soil moisture is 2.0-3.0% lower than in virgin lands,
soil porosity is reduced by 2-2.5%.

The thickness of the soil layers A is thinner than in virgin lands and the soil structure is disturbed, there are
processes of soil erosion by wind.
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CIITVIEHT'EH KAPA TOIIBIPAKTBIH MOP®OI'EHETUKAJIBIK ’KOHE ®U3UKAJIbIK
KACHUETTEPIHIH O3I'EPYI

Annoramus. Contyctik KazakctaH oONBICBIHIA TOMBIPAKTHIH (PU3UKAIBIK KACHETTEPIHIH Hallapiaysl
JKOHE TOMBIPAK KYPBUIBIMBIHBIH OY3bIIybl TOMBIPAK JPO3USICHIHBIH KAPKBIHIbBI Takaa Oomybl Ke3iHje
aybUl MIAPYAIIBUIBIFBl JAKbUIIAPbIH OHJIEY TEXHOJOTHSCHIH MKETKITIKCI3 OakbuiayFa OalIaHbICThI ©3CKTi
npobnemanap/siH O0ipi 6oibIm TadbuIaABl. byn makanaga Conryctik Kazakcran oOnbICBIHAAF Ta3apPTHUIFaH
Kapa TOIBIPAKTHIH (DU3MKATBIK KOHE KYPBUIBIMIBIK KACHETTEPIHIH ©3repy MpOoLecTepi KapacThIPbLIaJIbI.
Makanasa aybi1 mapyambuibiFbiHa 30 )KbUIIaH acTaM NaialaHbUTFaH ThIH TOIBIPAK TEH ETiCTIK XKeplepaiH
(U3UKAITBIK HKOHE KYPBUIBIMIBIK KACUETTEPI CABICTRIPMAIIbI Typae 3epTTeireH. COHFbI 2 KbI/Ia KOKTEMT1
KITUMATThIH Kyprakmbuibirbl Contyctik KazakcTan oONBICHIHIA aybUl IMIAPYallbUIBIFBl JAKbLIIAPbIHBIH
IIBIFBIM/IBUTBIFBIH  TOMCHJICTYIe aWTapibIKTai ocep eremi. Erep jkep KemTereH >Kbuiiap OOHBI aybul
HIapyanbUIBIFBIHA TYPBIC Al IalaHbLUIMAca, TOMBIPAKTHIH KYPBUTBIMABIK, CY JKOHE (H3UKAIIBIK KACHETTEPI
Hamapianapl. HoTrmkecinme Kyprak KIMMarka Te31MIUTIK MEeH bIIFAI/IBIH CAKTalybl TOMCHICH I, COHBIMECH
KaTap OpraHuKajbIK 3aTTap/IbIH KOFamybl OaliKasa/bl, OUTKEeHI 3PO3Hs TOMBIPAK MEH KAPAIIIPIKTIH KOFaPFbI
KabarbiH Kyaznpl. ByriHri TaHga aliMakTarbl aybUINIApPYalllbUIBIK JKepJiepiH KeHiHeH MaijalaHy Ke3iHze
TOTIBIPAKTHI KOPFAUTHIH TIHIIIIK )KYHECIH TYPBIC YHBIMIACTRIPMAY HOTH)KECIH/IE TONBIPAKTAFbI Kapallipik
meuepi 8,6% - man 27,7% - ra neitin TomeHaei. TombIpak ;KaMbUTFBICBIH KYPFATY/IBIH HETi3T1 ce0enTepiHin
Oipi-aybLIIIapyalibUIbIK JKYHECIHIC MOHOKYJIBTYpAIap/bl Y3aK YakbIT MaljalaHy »OHE aybICHallbl eric
YKYHECiHIH OY3bLUTYBI, OPraHUKAJBIK )KoHE OMO THIHAUTKBIIIITAPIBIH OOIMayHhI.

Tyitinai ce3mep: CinTiICHreH Kapa TOMbIPaK, TOMBIPAK (PU3UKACHI, TOMBIPAK MOP(OIOTHSICHI, TOMBIPAK
KYPBUIBIMBI, TOMBIPAK 3PO3HUSCHI.
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U3MEHEHUS MOP®OTEHETUYECKUX U ®U3NYECKHUX CBOMCTB BbILIEJIOUYEHHbIX
YEPHO3EMOB

AHHOTanus. YXynauieHue (PU3NYecKHX CBOMCTB MOYBBI U Pa3pylICHHE MOYBEHHBIX CTPYKTYp IOYB B
Cesepo-KazaxcTanckoii 00:1acTH SIBISETCS OJHOM W3 HanOOJIee aKTyaIbHBIX IPOOJIEM M3-3a HEI0CTaTOYHOTO
KOHTPOJISI TEXHOJIOTUU BO3/EIIBIBAHUS CEIILCKOXO3SHCTBEHHBIX KYJIBTYp P MHTEHCUBHOM BO3HHKHOBEHHUU
9pO3UM TIOUBBL. B naHHOMW cTaTbe paccMaTpHBalOTCs MPOIECChl M3MEHEHHS (U3MUECKUX M CTPYKTYPHBIX
CBOMCTB OUMILIEHHBIX YepHBIX TI0uB B CeBepo-Kazaxcranckoii obnactu. B cTartbe cpaBHUTENBHO U3Y4alOTCS
¢u3nueckrue U CTPYKTYPHBIC CBOIMCTBA LENUHHBIX MOYB M MAaXOTHBIX 3€MEJb, HCIONb3YEMbIX B CEIbCKOM
xo3stiictBe Oomee 30 jer. 3acyxa BECEHHEro KiIMMara 3a IMOCIEAHHE 2 TOfla OKa3blBaeT CYIIECCTBEHHOE
BIIMSIHME Ha CHU)KEHHE YPOXKalHOCTH CeJIbCKOXO3HCTBEHHBIX KylIbTyp B CeBepo-Ka3zaxcranckoil obnacTi.
Ecnu 3emis He OyneT MCHONIB30BATHCS JOIDKHBIM 00pa3oM B TEUCHHE MHOTHX JIET B CEIbCKOM XO3SHCTBE,
CTPYKTYPHBIE, BOAHbBIC U (PM3MUYECKUE CBOMCTBA MTOYBBI yXyAlIaTcs. B pe3ynbsrare cHHKaeTcsl yCTOMUUBOCTh
K CyXOMy KJIMMaTy M yAepKaHHE BJIarM, a TaKKe IPOUCXOJUT MOTEpsl OPraHUYECKOro BEIECTBa,
IIOCKOJIBKY 3PO3Hsl CMBIBA€T BEPXHMU CIIOM IOUYBBI U rymyc. Ha cerogHsmHuil AeHb COAEpKaHUE r'yMyca
B TMOYBE CHU3WIOCH ¢ 8,6% 10 27,7% B pe3ynaprare HEMpPaBUIbLHONW OpraHU3al[Mi CUCTEM IOYBO3ALIUTHOTO
3eMJIe/IeHsl TP IIUPOKOM HCIIOJIb30BAaHUH 3EMENTb CEJIbCKOX03HCTBEHHOTO Ha3HaYeHUs B pernone. OnHoit
13 OCHOBHBIX PUYMH OCYIIEHHS IOYBEHHOT'O TOKPOBA SIBJIETCS JJIMTEIbHOE HCII0JIb30BaHNE MOHOKYIIBTYD B
CeJIbCKOX03HCTBEHHOMN CHCTEME U HAapyILIEHHUE CUCTEMBI CEBOOOOPOTA, OTCYTCTBUE BHECEHHS OPTaHUUYECKUX
u OnoynoOpeHuii.

KioueBble ciioBa: BbIIETOYCHHAs 4YepHas MO4YBA, (PU3UKA MOYBBI, MOPQOIOTHUS IMOYBBI, CTPYKTypa
MIOYBBI, DPO3US TTOUBBHI.
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MEMORY OF SCIENTISTS

29.09.1932 r. -16.09.2021 r.
J.x.H., npoeccop Hurmerona Poza Lllykypraiuesna

HurmeroBa Poza IllykypramueBHa, kotopas 18 meT ObLia 3aBeAyromIel JrabopaTopueil CBEPXYMCTHIX
metamoB MOKD HAH PK, a 3atem — maBHBIM Hay9HBIM COTPYIHHUKOM 3TOH T1a00paTOpHH.

Hurmerosa P.I1I. pomunack 29 centaopst 1932 1. B 1955 r okonumnna xumudeckuit paxynsrer Kazaxckoro
TocynapcrBennoro Yuusepcutera um. C.M. Kupopa. B 1955-1958 r. yuunace B acnupantype MHcTuTyTa
xumuyeckux Hayk AH Ka3CCP mon pykoBoxnctBom akanemuka Kosznosckoro M.T. B 1958-1961 rr. -
cTapmuii 1abopaHT JabopaTopuy aHATMTHIECKON XuMHH. 1962-1966 TT. — MIaAmuil HAyIHBIH COTPYIHUK
nabopaTopuu amManbraMHoOW XUMUU MHCTHTyTa XUMHUYecKHX HayK. 1966-1969.rr. - crapmmii HaydHBIH
COTPY/AHUK J1a00paTOPUU CBEPXUYHUCTHIX METaJUIOB VHCTUTYyTa OpraHU4ecKoro Karaiusa 1 anekrpoxumun AH
Ka3CCP. B 1980 r. P.I1I. HurmeroBa Bo3mitaBmia 3Ty J1a00OpaTOpHUIO U MOCBATHIIA €€ paboTe U Pa3BUTHIO BCIO
KH3Hb, KAK KPYIHBIH CIIEUAIUCT B 00JIACTH (PU3UKO-XMMHUH U TEPMOANHAMMKH amMajibraMHbIx cuctem. P11
HurmeroBa npuHrMaa ydyacTye B IPOBEACHUH BHEIPEHUYECKUX PadOT Ha CBUHLIOBOM 3aBozae UM. Kannnuna,
. UuMkeHT. JluccepTannio Ha COUCKaHME CTENEHU JIOKTOpa XMMHUYECKHX HayK «TepMoguHamMuueckue u
(U3UKO-XMMHUYECKHIE HCCIEIOBAaHNS )KUAKUX CIUIABOB PTYTH ¢ MeTaiuiamu [I-V moarpynn nepuonuueckoi
cuctemsl 3nemenToB» P. III. Hurmerona 3anmutiiia B 1984 r. Ha yueHom cosere MOKD, . Anma-Ara. P.II.
HurmeTtoBoii BriepBble IPOBEAECHO CUCTEMATUYECKOE N3YUEHUE TEPMOIUHAMUYECKUX U (PU3NKO-XUMHUYECKHX
CBOMCTB JIBOWHBIX M TPOHHBIX (22 cHCTEMBI) aMaJIbTaMHBIX CUCTEM C UCIIOIb30BaHUEM OOJIBIIOTO KOJUYECTBA
(U3UKO-XMMHUYECKUX METOJOB HcCcienoBaHus. V3ydeHbl TepMOOMHAMHYECKUE CBOMCTBA pa30aBICHHBIX
KUJKUAX aMalibraM KaJMMs, WHOUSl, CBUHIIA, OJIOBA, BUCMYTAa, LMHKAa Ipu Temmeparypax 25-200°C.
YcraHoBIEHA 3aBHCUMOCTh TEPMOJMHAMHUYECKUX M (PU3MKO-XMMHUYECKHUX CBOWMCTB JKUAKHMX aMallbl'aM OT
MOJIOKEHHUS METAJIOB B IEPHOAMYECKON CHUCTEME 3JIEMEHTOB, YTO MO3BOJMJIO NMPOrHO3MPOBATh CBOICTBA
elle HEeM3yYeHHbIX cHUcTeM. Ha OCHOBaHMH MNOJIyYEHHBIX TEPMOAMHAMHMYECKHX IaHHBIX amajiblaMHBIX
CHCTEM YCTaHOBJICHBI KPUTEPHHU MOBEJCHNUS MHOTOKOMIIOHEHTHBIX aMajblaM B JJIOMUHECLEHTHBIX JIaMIlax.
B 1992 1. P1I. HurmeroBa momyumia 3Banue npodeccopa. P.II. Hurmerooit omybmmukoBano oxono 200
Hay4yHBIX CTaTei U MOATOTOBJIECHO COBMECTHO C I.T.H. Kozunbim JI.®. 7 kanauaaroB xumuueckux Hayk. P.III.
HurmeroBa paborana ydeHbIM cekpeTapeM aucceprarmonHoro copera MOKD. Komnern coxpanunm o Heit
aMsITh, KaK O MPUHLIUIINAIBHOM YYCHOM U OT3bIBUNBOM UEIIOBEKE.

CoTpyasHMKH U KOJLJIeTH.
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