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Abstract

The soil population (macrofauna) is a good indicator of the ecological status of the
ecosystem. Large soil invertebrates are sensitive to changes in the chemical and physical
properties of soils, the reaction of soil solutions, which leads to changes in their
population structure, abundance, and biomass. The pu-rpose of this work is to analyze changes in
the population structure of soil inver-tebrates (macrofauna) under the influence of prolonged
plowing and fallowing of agricultural lands in conditions of southern black soil (chernozem)
on loams. The material was collected using the method of soil and zoological samples. The
com-position and the population density of the macrofauna in the virgin land and agri-
cultural clean cultivation fields were analyzed. Changes in the population structure on the
virgin plot and on agricultural land with different modes of use are noted.

Key words: soil invertebrate, macrofauna, southern black soil (cherno-zem), Kostanay
region, virgin steppe, clean cultivation.

1 Introduction

Soil as habitat is a unite system with populations of various organisms inhabiting it. To
assess the change of ecological state of natural and economically used ecosystems the various
methods of analysis were used. Large invertebrate animals (Macrofauna) present a high indication
value [1-3] because they respond to changes of chemical and physical features of soil, distribution,
and composition of air, soil consistency, which, in turn, leads to changes in the structure of their
population, abundance and biomass.

This paper is focused to the analysis of the comparative composition of the communities of
soil invertebrates (macrofauna) on virgin and cultivated lands, which are located in the subzone of
southern black soil (chernozem). There are a number of publications by Bragina TM, which reflect
the issues of species composition, distribution, density and structure of soil invertebrates of the
steppe areas of the Kostanay region [3-9].

2 Materials and methods

The works were carried out at three sites that are managed by Aleksandrovskoye LLP, Ale-
xandrovsky Rural District, Kostanay District, Kostanay Region (Picture 1).
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Picture 1 — Stationary sites of soil-zoological sampling. Kostanay district, Kostanay region. 2018
1 — virgin steppe; 2 — fertilized agriculture field with clean cultivation;
3 —non-fertilized agriculture field with clean cultivation

The geobotanical description of the work sites has been carried out.

The study of macrofauna was made by the method of soil-zoological samples [10]. A total
of 16 samples of 25 cm x 25 cm in size were collected at each site up to the depth of occurrence of
invertebrates. A total of 48 samples were collected and analyzed. Samples were collected by hand
sorting layer by layer: 0-10 cm, 10-20 cm, 20-30 cm, 30-50 cm. All collected objects were fixed in
70% ethanol and labeled. Further processing and identification of invertebrates were carried out in
the laboratory of the Research Center Problems of Ecology and Biology (SRC PEB) of the KSPU.
Samples of the virgin steppe (first) site were taken on 22nd May, 2018, on cultivated lands with
clean cultivation (second and third) on 6th June, 20186 and 6th June, 2018.

The following scale of dominance was applied for the analysis of the communities of soil
invertebrates: invertebrates belonged to the group of dominants, the number of which was 10% or
more of the total number of invertebrates collected, and subdominant groups included groups that
ranged from 5% to 10% of the total number of invertebrates. Materials are processed statistically.

3, 4 Results and discussion

Description of the sites:

Site 1. The virgin steppe. The site is located on the territory of the Aleksandrovsky rural district of
Kostanay district, 43 km north of Kostanay. The geographical coordinates are 53°53 ', 63°79". The
site has a slightly undulating relief. Fescue — feather grass — cereal (Stipa lessingiana — Festuca valesia-
ca) virgin steppe Community edificator (cops) is Festuca valesiaca Gaud. Coedificators (cop;) are
Stipa lessingiana Trin. & Rupr. and Stipa capillata L. Phleum phleoides (L.) Karst was marked in
fewer cereals (sp). Motley grass in the community is represented by the following species: Carex
humilis Leyss., Artemisia dracunculus L., Artemisia austriaca Jacq., Potentilla argentea L., Galium
ruthenicum Willd, Thymus marschallianus Willd., Thymus sp., Centaurea sp., Veronica incana L.,
Achillea millefolium L., Tanacetum sp., Plantago minuta Pall., Salvia sp., Nonea rossica Steven,
Astragalus danicus Betz., Scorzonera sp., Euphorbia sp. The soil is southern black soil (cherno-
zem), light loamy.

Site 2. The clean cultivation since the 2017 year. The site is located on an agriculture field
with a total area of 117 hectares (sector number 43). The geographical coordinates — 53°51', 63°78'".
Applied fertilizer «c Ammophos» (150 kg/ha). On this site in 2017 a subsurface tillage was carried
out as follows:

» 1 tilling (after field-seeded, end of May) — Seeder-cultivator grain stubble (SZS-2,1) —
depth 5 — 6 cm.;
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» 2 tilling (middle of June) — Seeder-cultivator grain stubble (SZS-2,1 — depth 8-10 cm.;

» 3 tilling (beginning of July) — flat-top cultivator (KPSh-9) — depth 12—14 cm.;

» 4 tilling (middle of August) — fertilizer distribution SZS-2,1 (depth 14—-16 cm.);

» 5 tilling late September after harvesting by subsurface plow PG 3-5 (depth 18-23 cm.).

In 2018, the field was sown with wheat. Before sowing, seeds were treated with «the
Vikingy» systemic fungicide (WSC water suspension concentrate, carboxin 170 g/l + thiram 170 g/l)
of controlling a complex of seed, soil and aerogenic infections in a volume of 10 1 per 1 ton of
seeds, consumption rate 2 1/ha.

Site 3. The clean cultivation since the 2017 year. The site is located on an agriculture field
with a total area of 180 hectares (sector number 68). The geographical coordinates — 53°50', 63°78'.
Fertilizers and chemicals and chemical weeding did not take place. Soilless tillage was carried out
in 2017 according to the scheme of the previous field with the exception of fertilization:

» 1 tilling (after field-seeded, end of May) — Seeder — cultivator grain stubble (SZS-2,1) —
depth 5-6 cm.;

» 2 tilling (middle of June) — Seeder-cultivator grain stubble (SZS-2,1 — depth 8—10 cm.;

» 3 tilling (beginning of July) — flat-top cultivator (KPSh-9) — depth 12—14 cm.;

» 4 tilling late September after harvesting by subsurface plow PG 3-5 (depth 18-23 cm.).

Before sowing, seeds were treated with «the Viking» systemic fungicide (WSC water
suspension concentrate, carboxin 170 g/l + thiram 170 g/l) of controlling a complex of seed, soil
and aerogenic infections in a volume of 10 | per 1 ton of seeds, consumption rate 2 I/ha.

In the period of research in the first site, the average daytime temperature was 18° C, night
temperature 22° C. The average daily atmospheric pressure is 750 mm. Hg Art. During the period of
work on the second and third sites, the average daily temperature was 30° C, and the nighttime
temperature was 20° C. The average daily atmospheric pressure was 742 mm. Hg Art.

During the period of work, invertebrates belonging to 2 Phylum, 5 Orders were collected.
The represetatives of Class Insecta were the most diverse. The coleopterans was presented by 11-12
families (table 1).

In the virgin area the total density of the soil invertebrate community amounts to 112,0
ind./m”* excluding ants (table 1), including ants 429,0 ind./m”.

Table 1 — Comparative composition, density (individuals/m”), and abundance
(% of total abundance) of soil invertebrates (macrofauna) on virgin and cultivated lands
in the subzone of the southern black soil (chernozem) of Kostanay district
of Kostanay region (excluding Formicidae). May-June, 2018 year

Composition Population density (ind./m”) / % of the total number excluding ants
Fescue — Fertilized agriculture Non-fertilized
feather grass-cereal field with clean agriculture field with
(Stipa lessingiana — cultivation. clean cultivation.
Festuca valesiaca) Alexandrovsky rural Alexandrovsky rural
virgin steppe. Southern district, Kostanay district, Kostanay
chernozem. Light district district
loamy. Kostanay district
ARANEI 9,0/8,0 3,0/3,1 7,0/4,1
MYRIAPODA - 1,0/1,06 -
HETEROPTERA 25,0/22,3 7,0/7,4 20,0/11,9
COLEOPTERA 61,0/54,4 55,0/58,5 135,0/80,3
- Carabidae 12,0/19,6 25,0/45.4 90,0/66,6
imago 8,0 22,0 85,0
larvae, pupa 4,0 3,0 5,0
- Elateridae 16,0/26,2 16,0/29,0 18,0/13,3
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- Scarabaeidae 10,0/1,6 4,0/7,2 4,0/2,9
imago - - -

larvae, pupa 1,0 4,0 4,0
- Tenebrionidae - 4,0/7,2 4,0/2,9
- Coccinelidae 13,0/21,3 2,0/3,6 2,0/1,4
- Chrysomelidae 6,0/9,8 1,0/1,8 6,0/4,4
- Curculionidae 4,0/6,5 1,0/1,8 5,0/3,7
- Staphylinidae 1,0/1,6 - 2,0/1,4
- Meloidae - - 2,0/1,4
- others coleopterans 8,0/13,1 2,0/3,6 2,0/1,4
DIPTERA 15,0/13,3 27,0/28,7 5,0/2,9
LEPIDOPTERA 1,0/0,8 - -
HYMENOPTERA 1,0/0,8 - 1,0/0,5
TOTAL (ind./m%) 112,0 94,0 168,0
Quantity per sample 7,0 5,88 10,5
(ind./0,0625 m* M,,. + m)
CV (%) 76,5 43,45 44 4
(coefficient of variation)

Taxonomic groups such as Coleoptera (54,4%), Heteroptera (22,3%) and Diptera (13,3%)
dominated in the virgin area (site 1). In the structure of the Coleoptera order, the dominants were
representatives of such families as Elateridae (26,2%), Coccinelidae (21,3%) and Carabidae
(19,6%). Chrysomelidae (9,8%) and Curculionidae (6,5%) were sub-dominants. Scarabaeidae and
Staphyinidae were accounted for 1,6% of the total number of beetles.

The density of soil invertebrates (macrofauna) community in the fertilized agriculture field with
clean cultivation (site 2) was 94,0 ind./m*. Coleoptera (58,5%) and Diptera (28,7%) is the dominant
group. In the coleopteran order structure Carabidae made up 45.,4% of the total number of
individuals of the order, Elateridae — 29,0%, Scarabaeidae — 7,2% and Tenebrionidae — 7,2%, Coc-
cinelidae — 3,6%, Chrysomelidae — 1,8% and Curculionidae — 1,8%. Representatives of the order
Heteroptera are classified as subdominants (7,4%).

The population density of soil invertebrates (macrofauna) in the non-fertilized agriculture field
with clean cultivation (site 3) was 168,0 ind./m”. The dominants were represented by the following
groups: Coleoptera (80,3%), Heteroptera (11,9%). Subdominants were not identified, since the re-
maining groups accounted for less than 5,0% of the total. Representatives of Carabidae (66,6%) and
Elateridae (13,3%) dominated among Coleoptera. The order Heteroptera was represented by a
group of Thyreocoridae.

According to the results of the work, it was found that during the study period, the highest
density of macrofauna were observed in the virgin area and reached 429,0 ind./m* (excluding ants —
112,0 ind./mz), whereas on cultivated land ants were not observed.

The density of macrofauna (excluding ants) was higher in the non-fertilized site with clean
cultivation due to the high activity of ground beetles's imago (Coleoptera, Carabidae), which
accounted for up to 70,0% of the total number of collected invertebrates.

During the period of work in all three sites in the work area representatives of the Carabidae
(127 ind., 18,3%) dominated; Elateridae (50 ind., 7,2%), Heteroptera (52 ind., 7,5 %) and Diptera
(47 ind., 6,80%) were as sub-dominants; the remaining groups accounted for less than 3,0% of the
total were noted. Larvae and imago of pests of the Elateridae (Picture 2) were found on agricultural
fields, for example, Selatosomus latus and Selatosomus aeneus and Agriotes sputator.
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Picture 2 — Selatosomus latus (site 2, Kostanay district, 06.07.2018)

The number of phyto-saprophagous (Scarabaeoidae, Tenebrionidae) — Scarabaeoidae —
sharply decreased from 10,0 ind./m® in the virgin area to 4,0 ind./m” in the cultivated lands;
Tenebrionidae — from 13,0 ind./m? to 2,0 ind./m” on the cultivated lands. On the other hand, the
number of pests of agricultural crops did not change or became higher (from 16,0 ind./m* to 18,0
ind./m” in the site with clean cultivation). Generally, it consists of the previously obtained data for
the subzone of dark chestnut soils in the region, where such changes were more pronounced [3 — 9].

5 Conclusion

Under the conditions of southern black soil (chernozem) on loams, the density of commu-
nities of the large soil invertebrates (macrofauna) in the late spring period (before planting crops) in
2018 ranged from 94,0 ind./m” on a clean cultivation site to 429,0 ind./m” (excluding ants — 112,0
ind./m?) on a virgin site with a fescue — feather grass — cereal (Stipa lessingiana Trin. — Rupr. +
Festuca valesiaca Gaud.) virgin steppe.

The density of phyto-saprophagous (Scarabaeoidae, Tenebrionidae) — Scarabaeoidae — signi-
ficantly decreased from 10,0 ind./m” in the virgin steppe to 4,0 ind./m* on the cultivated lands; Te-
nebrionidae — from 13,0 ind./m” in the virgin steppe to 2,0 ind./m” on the cultivated lands. At the sa-
me time, the number of pests of agricultural crops did not change or became higher (Elateridae —
from 16,0 ind./m* to 18,0 ind./m” in the area with clean cultivation).

In the clean cultivation sites during this period no ants were observed. Apparently, they co-
lonize them later. The survival refugium for ants is represented by preserved virgin steppe areas.
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BPATUHA, :l“.M., BPAT'UH, E.A., BOIEPEHKO, M.A., PYJIEBA, M.M.

KOCTAHAMU OBJIBICBI KOCTAHAU AYJAHBIHBIH TbHIH )KOHE OHAEJIETIH KXEPJIEPIH/E
TOIIBIPAK OMBIPTKACBI3/IAPBIHBIH (ME3O®AYHA) OPHBIT'YBIH CAJIBICTBIPMAJIBI TAJIIAY

Tonvipax Kayvimoacmouiesbl (Me30payHa) dKOAUCYUEHIH IKOI0SUANBIK HCAROAUBIHbIY HCAKCHL KOpcen-
Kiwi 6oabin mabwinadvl. Ipi moneipax oMblpmKacsbl30apbl MONBLIPAKMbIY XUMUSIBIK HCIHE (PUSUKANBIK Ka-
cuemmepinoeci e32epicmepee ce3iMmai, Mmonvlpax epimiHoiIepiniy peakyusacsl, o1apobly KayblMOACMblK KY-
PBLIBIMBIHOA ©32epicmepae, MOMUBLILIKKA dicone buomaccasa axenedi. Ocbl HCYMbICIMbIY MAKCAMbL CA30aK-
mapoagvl OYMYCMIK Kapa mMonvipax #a20aublH0a Y3aK HCblPMy HCIHE aybli Wapyauibliblebl aiKanmapbi-
HbIH OYIaHYbl 2CepiHeH MONbIPAK, OMbIPIMKACHI30apbl (Me30PayHa) KayblMOACbK KYPbIIbIMbIHbIY 032ePYil
manoay boavin mabdwviaovl. Mamepuan JHcuHay mMonvlPaKmuvl-300102USIbIK Yaciiepi 20iciMen OpblHOAI0bI.
Toiy yuackecinoe dicone 6y acmbIHOAZbL AYbLL WAPYAUBLIbIZEL ATKANMAPBIHOA Me30(hayHa KayblMOaCmulabl-
HbIH KYpambl MeH Mblebl30bleblHa manday xHcypeizindi. Kayvimoacmulk KYpbliblMblHOA MblH u2epy icepiepi
MeH apmypai naidaiany pexcumoepinoesi ayvli wapyauvlivlk ca30aKkmapoa o32epy aHblKmaniobl.

Kinm ce30ep: monvipakmul ombipmraculzoap, me3o(ayna, oymycmik xapa monsipaesi, Kocmanaii
001bichl, mbly 0ana, oyiay.

BPATHHA, T.M., BPATHH, E.A., BOBPEHKO, M.A., PYJIEBA, M.M.

CPABHUTEJIbHBIN AHAJIN3 HACEJIEHUA IMOYBEHHBIX EEUCHO3BOHO“I‘HLIX
(ME30(I)A31HA) l-{A HNEJIMHHBIX U OBPABATBIBAEMBIX 3EMJISIX KOCTAHAUCKOI'O PAUOHA
KOCTAHAHUCKOMU OBJIACTH

Tlousennoe nacenenue (me3ohayna) sa6iaemcsa XoOpowum UHOUKAMOPOM IKOIOSUYECKO20 COCTNOSHUS
akocucmemvl. Kpynuvie nougennsie 6€Cno360HOUHbIE YYECMBUMENbHBL K USMEHEHUAM XUMUYECKUX U Qu3u-
YecKux C60UCME Nous, peakyul NOUGEHHbIX PACHEOPO8, YO NPUBOOUM K USMEHEHUAM @ CMPYKmype ux Ha-
cenenus, wucreHHocmu u buomacce. Llenvio 0anHoU pabomel A619eMCs AHANU3Z USMEHEHUL CIMPYKMYpPbl Ha-
CelleHUsi NOYGEHHBbIX 0eCno380HOUHLIX (Me30(hayHa) nod eiusHueM OAUMENbHOU PACNAWKU U NAPOBAHUS
CeNbCKOXO03AUCMBEHHBIX Y20OUll 8 YCI0BUAX I0HCHLIX YepHo3emos Ha cyenunkax. Coop mamepuana nposo-
OUnCs MEmMoOOM NOUEeHHO-3001102u4eckux npod. Ilposeden ananuz cocmasa u niOMHOCMU HACENEHUS Me30-
@ayHbl HA YETUHHOM YUACTIKE U CENbCKOXO3AUCMBEHHBIX NOAX N00 napom. Ommeyensvl USMEHEHUs 8 CPYK-
mype HaceneHus Ha YeauHHOM YUacmKe U HA CEeNbCKOXO3AUCMBEHHBIX Y200bAX C PAZHBIM PEHCUMOM UCHOTIb-
306aHUSL.

Knrouesvle cnoea: nougennvle Oecno3eoHoyHbvle, Me30()ayHa, 10xCHbIU YepHosem, Kocmanaiickas
obnacmu, YeruHHAas Cmenb, NapoeaHue.
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