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«A3UA OANANAPBIHOAF bl BUONTOTUANDBIK SPTYPJIIK»
IV XAJIbIKAPATIbIK FblNIbIMU KOH®EPEHLUUAHBIH MATEPUATIOAPDI

ABUNDANCE AND STRUCTURE OF SOIL INVERTENRATES (MACROFAUNA)
OF THE VIRGIN STEPPE OF THE SOUTHERN CHERNOZEM ZONE
(KOSTANAY REGION)

Yucnennocmoy u cmpyKkmypa nou6eHHoil Makpopayrnvl (6ecno360H0YHbBIX) YETUHHOI CIenu
Ha 10)1cHoM yepHoszeme Kocmanaiickoii oonacmu

T.M. Bragina', G. Guggenberger’, M.A. Bobrenko',
F. Doreenz, M.M. Rulyoval, 0.B Schibistova’
T.M. Epamnal, I'. I'yrren6eprep, M.A. Boﬁpeﬂlcol,
. I[opmlz, M.M. PynéBal, O.B. lllu6ucrosa’

' 4. Baitursynov Kostanay Regional University, Kostanay, Kazakhstan
*Institute of Soil Science, Leibniz, Universitit Hannover, Germany

Annortauus. Tonblpak ¢ayHackl — TONBIPAKTHIH HETI3T1 Tipi KOMIIOHEHTTEPiHiH Oipi, OHBIH JKYMBICHIHIA
MaHBI3IBl pei aTKapansl. bizmiH 3eprreynepimizmiy Makcathl KocTaHalf OOJBICHIHBIH OHTYCTIK Kapa
TOMBIPAKTHI aliMaFrbIHbIH THIH TONBIPAKTaPBIHAAFBI TONBIPAK Me30(ayHachl KaybIMIACTBIKTaPbIHBIH CAHbIH,
KYPBUIBIMBIH JKOHE MEKEHIeYy OpBIHAApblH Tangay Oonnael. Tomblpak MHKpPOOTHI TYpICHAIPUITeH
OpraHUKaJIBIK 3aTTap MEH METa0OJIMKAJIbIK KATHOHAAPIABIH KOFaphl KYpPaMBIMEH CHIATTananbl. TombIpaK
OMBIPTKACHI3AApHIHEIH  (Me30(ayHaHBIH) KaybIMAACTHIKTApBIHAA IKOHIIKTEp OackiM Oommel (89,0%),
OJIapJIbIH apachiHa KojeonTepa 6ackiM 0osl (54,0%). DBpHUOUOH TYpJIepiHiH OachkiM 00ybI KIIMMAT TCH
OCIMIIKTEP/iH allyaH TYPJUIITriH KepceTei.

Tyidinai ce3mep: me3odayHa, XKOHIIKTEP, OMBIPTKAach3dap, KocraHail aymaHbl, TBIH, OHTYCTIK Kapa
TOTIBIpaKTap.

AnnoTtauus. [louBeHnas ¢ayHa mpexacrtaBnsier co0OW OIUH U3 OCHOBHBIX JKMBBIX KOMIIOHEHTOB IOYB,
UTPAIOLIN BaXKHYI0 pojb B €¢ (PyHKIMOHMpOBaHMM. llenpro HAmMX HCCIENOBaHUM OBIT aHAIN3
YHCIIEHHOCTH, CTPYKTYpPBl H MECTOOOUTaHHH COOOIECTB MOYBEHHOW Me30(ayHbl Ha IETHMHHBIX MOYBaX
I0)KHOW 4epHO3eMHOU 30HBI KocraHaiickoit oOmactu. [louBa XapakTepusyeTcs BBICOKHM COJIEpIKaHHEM
MHKpPOOHO TpeoOpa30BaHHOTO OPTraHWYECKOTO BEIIECTBA M OOMEHHBIX KaTHOHOB. B cooOmecTBax
MOYBCHHBIX OECMO3BOHOYHEIX (Me3odayHa) mnpeoOmagamu HacekoMble (89,0%), cpemu KOTOPBIX
JOMHUHHUPOBAIH KEeCTKOKpBLUIbIE (54,0%). lpeobnamaniie 3BpUOMOHTHBIX BHIOB OTpa)kaeT OCOOCHHOCTH
KJIMMaTa U pa3HooOpa3ue pacTUTENbHOCTH.

KuroueBsle cnoBa: me3odayHa, Hacekomble, KocTaHaiickuii paiioH, neiarHa. KOxKHbIe 4epHO3EMBI.

Abstract. The soil fauna represents one major living constituent of soils, being important for the
functioning of soils. The goal of our research was to analyze the abundance, structure and habitat of soil
macrofauna communities on virgin soils of the southern chernozems zone of the Kostanay region. The soil
is characterized by high contents of microbially transformed organic matter and of exchangeable cations.
Soil invertebrate communities (macrofauna) were dominated by insects (89,0%), among which Coleoptera
predominated (54,0%). The predominance of eurybiont species reflects the peculiarities of the climate and
the diversity of vegetation.

Key words: macrofauna, Insects, Invertebrates, Kostanay region, virgin soil, Southern chernozems.

Introduction.

Soils are the vulnerable skin of the Earth, being connected to all neighboring spheres by
energy and matter exchange. Soils have always been the most important natural productive
resource of human societies as they are the basis of food production. In recent years, other
services of soils are considered important, including their role in mitigating climate change, in
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buffering pollutants and being a source of biodiversity. Hence, soils have long been the subject of
studies, dealing with issues such as conservation and restoration of this resource.

Soils can be considered as living metaorganisms, being formed by biotic processes and at
the same time providing the habitat for life. Thus, soils are inhabited by a diverse community of
organisms [4-7], which directly or indirectly depend not only on the habitat, but also on the food
resource.

The most important soil properties largely depend on the vital activity of soil organisms,
which are an essential component of soil ecosystems. At the same time, the soil macrofauna is
greatly influenced by the physical and chemical properties of soils, for example, the granulometric
composition, soil aggregation, the content and nature of plant residues, the amount of humus,
acidity, carbonate content, hydrological and salt regimes.

This paper presents the results of a study of the species composition, structure and habitat
of the soil macrofauna (invertebrates) of virgin lands on the southern chernozems of the Kostanay
district of the Kostanay region (Kazakhstan).

Material and methods. The study was carried out on the virgin steppe on the southern
chernozem of Kostanay oblast on May-June 2019. The northern parts of the Kostanay oblast is
located in the northern flat part of the Turgay Valley, in the zone of its confluence with the
southern outskirts of the West Siberian lowland. Compared to other plains in the south of Western
Siberia, Kostanay is relatively elevated and better drained. The absolute heights of flat undulating
interfluves range from 170-230 m with. The study site is located 5 km to the west from the village
of Aleksandrovka, 43 km north of Kostanay. The geographical coordinates are 53°31' N, 64°47' W
(Fig. 1), and the site is located is at an altitude of 510 meters above sea level. The relief at the
investigated plots is slightly undulating.

Figure 1 — Location of the study in the norther part of the Kostanay oblast, Kazakhstan

According to the data KA3TMJAPOMET (Kazhydromet) [9], the average annual
temperature for the Kostanay district is +2.8° C. The average temperature of the coldest month
(January) is — 16.4°C, and on some days in the most severe winters, the temperature drops to -
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44°C. The warmest month is July, with an average temperature of 20.5°C, and in some years, the
daytime air temperature rises to up to 42.5°C. The average annual rainfall is about 330 mm. The
precipitation is more abundant in warm period (April-October) than the in colder one; summer
precipitation amounts to about 130 mm on average. The growing season is about 170 days.

The plant association is fescue- feather grass-cereal (Stipa lessingiana — Festuca
valesiaca) virgin steppe [1].

To characterize the soil in the study area, a soil profile was dug down to 1 m depth,
characterized by field methods. The description of the soil profile was carried out with the
registration of the following characteristics: coordinates, relief, vegetation, land cover, climate,
parent material. Afterwards, a record was made of the distribution along the horizon of such
indicators as colour, moisture, pores and cracks, texture (FT), rooting depth, root distribution and
soil structure. The colour was determined according to the Munsell soil color scale. After soil
description, samples were taken by horizon (in the satellite samples in depth increments of 0-10
cm, 10-20 cm, 20-30 cm), the excavated soil was refilled and the pits were carefully closed again.

The samples were air-dried and subsequently analyzed for texture determined in the
laboratory (LT), analysis for carbonate content using the Scheibler method, cation exchange
capacity with the Hendershot and Duquette (1986) [2] method with extraction by BaCl, and
measurement of the cations by ICP-OES (inductively coupled plasma-optical emission
spectrometry), pH and electrical conductivity. In addition, three satellite samples with 3 depths 0-
10 cm, 10-20 cm and 20-30 cm were taken to assess soil organic matter of the A horizon. The
satellite samples were dried at 60°C and measured for C, N, 8"°C and 8"°N on an element analyser
coupled to an isotope ratio mass spectrometer (EA-IRMS). Before analysis, carbonate was
removed by vaporization over 37% HCI for 48 h.

The soil classification was done according to the World Reference Base for Soil Resources
(WRB) [3].

The landscape with its vegetation in which the soil profile is located is shown in Fig. 2.

Figure 2 — Plant association of research site: fescue — feather grass — cereal
(Stipa lessingiana — Festuca valesiaca)
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Soil invertebrates (macrofauna) were selected by the method of soil-zoological sampling
in the field [8]. Before sampling, the vegetation was cut from the sampling spot, a litter layer
transferred onto a plastic sheet and sorted the visible invertebrates manually. After that, a soil
block of 25 cm x 25 cm and 10 cm thickness as excavated every 10 cm by cutting along edges
first and avoiding cutting inside a block down to a depth of 30-50 cm. Each soil block was
distributed on a plastic sheet, manually sorted invertebrates were recovered and placed in labeled
plastic or glass containers. After that, the sorted soil was returned into the soil pit and the spot as
left in an undisturbed state. All objects were labeled and placed in test tubes with 90-99% ethanol.
Further, in the Research Center for Ecology and Biology of the Kostanay Regional University
named after A. Baitursynov, all invertebrates underwent a morphological determination. In the
process of studying soil invertebrates, 429 objects of the different systematic groups were
processed from 16 samples. Groups of invertebrates, the relative abundance of which was more
than 10% of the total number of collected invertebrates, were classified as dominants, 5-10% — as
sub-dominants.

Results and discussion. The soil profile is shown in Fig. 3 and consists of four horizons

[3].

Figure 3 — Texture and photo of profile

Horizon 1 — Ah, was 33 cm, with a wavy and diffuse horizon boundary. The colour of the
first horizon corresponds to the Munsell colour scale of 10YR 2/2. The soil was moist and the
aggregate structure was subangular blocky. There were dry cracks and the texture was classified
as sandy clay loam (FT). In this horizon the fine root density was high.

Horizon 2 — AB, was 19 cm, with some tungues stretching into the horizon underneath.
The colour of the horizon corresponds to the Munsell colour scale of 10YR 2/2 and 10YR 2/3.
The soil was dry and the aggregate structure was clumpy to sub angular blocky. The texture (FT)
was classified as sandy clay loam, and the fine root density was intermediate.

Horizon 3 — 2Ccl, was 13 cm, with a clear boundary to the horizon underneath. The colour
of the horizon corresponds to the Munsell colour scale is 10YR 4/4 and 10YR 2/3. The soil was
dry and the aggregate structure was sub angular blocky. The texture (FT) was classified as sandy
loam, and the horizon had a intermediate fine root density.

Horizon 4 — 2Cc2, was 49+ cm. The colour of the horizon corresponds to the Munsell
colour scale is 10YR 4/4 and 10YR 7/3. The soil was very dry and the aggregate structure was
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weak subangular blocky. The texture (FT) was classified as sandy clay loam with much carbonate

and carbonate concretions. In this horizon a weak fine root density was given.

In view of the results presented, the soil can be classified is a Southern Chernozem, and

according to WRBB [3] as a Caclic Chernozem (Arenic, Tonguic).

Table 1 — Results of pH and conductivity, shown is the course of the pH-values in CaCl, solution

and distilled water depending on soil horizons

Ne horizon | pH CaCl, | pH water Electrical conductivity
[uS em™]

1 Ah 6.1 6.5 67.3

2 AB 6.8 7.3 40.8

3 2Cc; 8.9 8.6 91.6

4 2Cc, 8.3 8.7 109.2

Laboratofy texture data (LT) confirm field analysis, and showed an increase in the sand
content and a decrease in the clay and silt content from the Ah horizon to the 2Cc; (Fig. 3). In the
horizon 2Cc; the sand content decreases and the clay and silts content increased. Analysis of the
obtained data shows that the soil type is sandy clay loam and in C¢; sandy loam.

The pH and conductivity are important parameters for many chemical and biological
processes in the soil, as they are the main variables for nutrient availability and salinity. Result of
pH and conductivity are shown Table 1.

The soil showed slightly acidic conditions in the Ah horizon, neutral pH in the AB
horizon, and slight to moderate alkalinity in the subsoil; the electrical conductivity absence of
salinity.

The results of the study of nutrients and the base saturation as well as the effective cation
exchange capacity are presented in the Table 2.

Table 2 — Results of exchangeable nutrient; shown are effectiv cation exchange capacity (CEC.g)
with the exchangeable nutrients Ca, Mg, K, and Na (all parameters in cmol, kg™), and base saturation (BS;
%) in the soil horizons

Ne | horizon | CEC.y Ca Mg K Na BS

[cmol. kg™] [cmol.kg'] | [cmol.kg'] | [cmol.kg'] | [cmol.kg™] | [%]
1 |Ah 21.9 18.0 3.5 0.4 0.0 100
2 | AB 18.0 14.7 3.1 0.1 0.0 100
3 |2Cc 11.0 9.5 1.4 0.1 0.0 100
4 | 2Cc, 16.1 11.8 4.1 0.1 0.0 100

The effective cation exchange capacity was 21.9 cmol. kg™ in the topsoil, which is
relatively high, and decreased moderately ith soil depth. Carbonates were only identified in the
subsoil, and according to Scheibler analysis had a content of 4% in 2Cc; horizon and 7.3% in the
2Cc; horizon.

Organic carbon (OC) and total nitrogen (TN) are important parameters for determining soil
quality and degradation grade. The average value and the standard mixture of the parameters
organic carbon (C,,), total nitrogen (N), C/N, 8'"°C and 8'°N are presented in Tab. 3.
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Table 3 — Organic carbon (OC) and total nitrogen (N) contents, C/N ratios, and 3"°C and §"°N
values of the soil. Mean (n=3) and standard deviation are shown.

depth | OC TN C/N 8"C "N

[ecm] | mean | standard | mean | standard | mean | standard | mean | standard | mean | standard
[%] | deviation | [%] | deviation | [%] deviation | [%o] | deviation| [%o] | deviation
[%] [%o] [%] [%0] [%0]
0-10 | 2.8 0.4 0.2 0.0 12.0 |0.7 2541 0.2 6.2 0.4
10-20| 2.2 0.4 0.2 0.0 11.7 0.7 -25.11 0.3 6.8 0.4
20-30 | 1.7 0.3 0.2 0.0 11.3 0.7 -23.0| 04 7.0 0.4

The soil organic matter is one of the most essential elements of life on Earth and it is a
master variable for water content and nutrient storage. In general, the OC content is moderate and
a decrease of the organic carbon content from 2.8% to 1.7% with soil depth can be seen. The
carbon stock shows to what extent the soil serves as a carbon sink, and was calculated as 92.0 t ha
! for the first 30 cm of the soil.

Nitrogen belongs to the macro nutrients, therefore it is essential for plant growth. Total N
content was 0.2% and total nitrogen stock was 7.9 t ha”'. When considering a mineralization rate
of 0,5% per year, this corresponds to a release of mineral nitrogen of about 40 kg ha™.

The C/N ratio provides information on the activity of the microorganisms and the fertility
of the soil. The C/N ratio is quite narrow and slightly decreased with soil depth, indicating a high
microbial contribution to the soil humus.

The natural abundance 8"°C and 8"°N ratios also indicate microbial transformation of the
organic matter. The 8"°C increased from -25.4%o to -23.0%o, indicating a C3 plant origin of the
organic matter and its pronounced microbial transformation, thus agreeing with the narrow C/N
ratios. Also the high 8"°N ratios of 6.2%o to 7.0%o suggests pronounced microbial recycling

The total density of soil invertebrates in the virgin steppe soils were 187 individuals/m?
excluding ants (Table 4) and 1085.0 individuals/m®.

Table 4 — Composition, density (individuals/m?), abundance (% of total abundance), mass (g/m?)
of soil invertebrates (excluding Formicidae) of a virgin steppe soils in the subzone of the southern
chernozems of Kostanay district of Kostanay oblast. May — June, 2019

Composition Population density (individuals/mz) /%
of the total number excluding ants

1 2

ARANEI 11.0/5.9

HETEROPTERA 47.0/25.1

COLEOPTERA 101.0/54.0

- Carabidae, imago 14.0/7.5

- Elateridae 23.0/12.3

- Scarabaeidae, imago 2.0/1.1

- Chrisomelidae 1.0/0.5

- Curculionidae 49.0/26.2

- Coccinelidae, imago 4.0/2.1

- Staphilinidae, imago 7.0/3.7
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- Other beetles 1.0/0.5
DIPTERA 20.0/10.7
LEPIDOPTERA 3.0/1.6

HYMENOPTERA (without Formicidae) | 1.0/0.5
TOTAL (individual /m®) without ants 183.0

Quantity per sample (individuals/0,0625 | 11.69 + 1.40
m?) without ants (M + m)

TOTAL (individuals m™) with ants 1085.0

CV (%) (coefficient of variation) 47.97
TOTAL mass (g/m°) 3.35
g/0.0625 m* (M +m) 0.21+0.07

The dominant taxa were Coleoptera (54.0%), Heteroptera (25.1%) and Diptera (10.7%),
and a sub-dominant taxa were Aranei (X.y%). In the structure of the Coleoptera, the dominants
were representatives of such families as Elateridae (12.3%), Coccinelidae (26.2%), and the co-
dominants were Carabidae (7.5%). Other Coleoptera accounted for 0.5-3.7% of the total number
of beetles.

Conclusion. In this paper, for the first time, information on the properties of virgin soils of
the southern chernozems of the Kostanay region is presented. Soil invertebrate communities
(macrofauna) were dominated by insects (89.0%), among which Coleoptera predominated
(54,0%). The density of the soil macrofauna community in the studied area was 1085.0
individuals/m®, and its biomass was 3.35 g/m”. The ecological structure of the soil macrofauna of
the study area is characterized by the predominance of eurybiont species. This is due to the
peculiarities of the climate and the diversity of vegetation.
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OIIBIT OIIPEJAEJIEHUA ITIOPO/IbI N‘!EI[OHOCHOI‘/'I ITYEJIBI APIS MELLIFERA
LINNAEUS, 1758 B KOCTAHAUCKOH OBJIACTH 110 ) KUJIKOBAHHIO KPBIJTA
C IOMOIIIBIO KOMITBIOTEPHOM NPOT'PAMMBI A.B. KAPTAIIIEBA

The experience of determining the breed of the honey bee Apis mellifera Linnaeus,
1758 in Kostanay region by wing venation using the A.B. Kartashev computer program

T. M. bparuna L2 E. JI.Tapacenko !
T.M. Bragina 2 E. L. Tarasenko'

"Kocmanaiickuii pecuonanvuwli ynueepcumem umenu A.batimypcoinosa, Kocmanau, Kasaxcman;
? A3060-Yeprnomopckuii punuan ®TEHY « BHUPO» («AsHUHUPX»), 2. Pomos-na-Iony, Poccus
e-mail: tm_bragina@mail.ru

AnHotamusa. byn xymeicra Apis mellifera Linnaeus 1758 0anm apamapblHBIH TYKBIMIBIK KYpamblH
Kapramestig A.b. "Kanarrapb! OolbIHIIA TYKBIM" KOMIBIOTEPIIIK OaFaapiaMachiH KOJIAaHa OTBIPHIIT KoHE
TpsDig2 mopdomeTpusnblk emmey OargapiaMachlH KOCHIMINA KOJAaHA OTBHIPBIN, KAaHATTHIH CHIPTKBI
Oenrisepi OOMBIHIIA aHBIKTAY S/iCi MEH 3epTTEY HOTIDKENEpl KeNTipiireH. by sKyMBICTHI JKa3y YIIIiH jKeKe
JajaiblK 3epTTeyiepain Marepuanmapsl, Apis mellifera Linnaeus 1758 TyprnepiHiH Tapaidybl Typajbl
KOJUICKIMSUTBIK  JKOHE o/e0M MoNiMeTTepAl Tanjay maimananeuiabl. JKYpri3iireH KYMBICTapIIbIH
HoTKeciHae exi ynriHiH Apis mellifera mellifera Linnaeus 1758 Oam apamapblHBIH OPTaIBIK OPBIC
TYKBIMBIHA KATaTBIHBIFbl AHBIKTAJIIBL.

Tyiinai ce3nep: 6an apacsl, Kocranait 00JbICk, TYKBIM, aHBIKTAY, KOMIIBIOTEPITIK Oaraapiama.

AnHoTanus. B Hactosmel paboTe mpencTaBicHa METOAWKA W PE3YJbTAThl HCCIEIOBAHUN ONMpPeIeICHHSI
MTOPOTHON MTPUHAIISHKHOCTH METOHOCHEIX maen Apis mellifera Linnaeus 1758 mo skcrepheHOMY NTPU3HAKY
JKUJTKOBaHUSI KpbUIa C HCIOJB30BaHMEM KOMIbIOTepHOH mnporpammbel Kapramesa A.b «Ilopoma mo
KPBUIbSIM» W JIOTIOJHHUTENBHBIM TMPHUMEHEHHEM MPOrpaMMbl Ui MOP(HOMETPUYCCKUX H3MEPEHHH —
TpsDig2. Jlns Hammcanus JaHHOW paOOTHl OBUIM HMCIOJB30BAHBI MAaTEPHANIBl COOCTBEHHBIX ITOJCBBIX
WCCIIeIOBaHUH, aHATN3 KOJUIEKIIMOHHBIX U JINTEPATYPHBIX TAHHBIX MO PACHPOCTPaHSHHIO BUAOB poja Apis
mellifera Linnaeus 1758. B pe3ynpTare mpoBeaeHHBIX pa0OT OblIa yCTAaHOBJIEHA MPHHAIIICKHOCTh ABYX
IK3EMIULIPOB K CPEAHEPYCCKOM mopoie MeIoHOCHBIX aen Apis mellifera mellifera Linnaeus 1758.
KawueBblie cioBa: MenoHocHas muena, Kocranaiickas obnacte, mopoja, onpeieieHne, KOMIbIOTepHas
nporpaMma.

Annotation. This paper presents the methodology and results of studies of determining the breed
affiliation of honey bees Apis mellifera Linnaeus 1758 by the external sign of wing venation using the
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