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[Ipencrasiens! pe3yabTaThl HCCIESIOBAHKI 10 H3YYCHUIO U3MEHEHHsI OMOJI0rHIecKoi 1 pepMeH-
TaTWBHOW aKTMBHOCTH MOYBBI B 3aBUCHUMOCTHU OT aHTPOIIOI€HHOT'O BIMSHUS U pa3Mepa IHOUYBEHHbBIX
arperatoB. Pabota Bemosnaena B 2015-2021 rr. B ycioBusix toro-Boctoka LlenTrpanmsaoro YepHo-
3eMbs. [louBa ONBITHOTO ydacTKa — YepHO3eM OOBIKHOBEHHBIN (CErperaliioOHHbIN) CpeIHEMOIIHbINA
CPEIHEryMYCHBIH TSDKENOCYNTMHUCTRIA. OObEKThl UCCIeq0BaH i — maniHs ¢ 1952 T. u 3a51exp, uc-
noJsib3yemast moj ceHokoc ¢ 1882 1. [Tokazano koaTu4eCcTBEHHOE H3MEHEHUE OTACIBHBIX TPYIIT MUKPO-
OpPTraHMU3MOB, OIPEENIIEMOe XapakTEPOM BO3ICHCTBUSA Ha MIOYBEHHBINA MOKPOB. OO0I1I€e KOTMIECTBO
MHUKPOOPTraHU3MOB KaK Ha MaIllHe, TaK ¥ B YePHO3EMax 0] €CTECTBEHHON PACTUTEILHOCTBIO OBLIIO
Ha ogHoM ypoBHe — 40,0 u 39,3 man KOE cootBercTBeHHO. OTMEUEHBI CYLIECTBEHHBIE Pa3INYMs
OMONIOrMYECKOI aKTMBHOCTH YEPHO3EMOB 110 OTAEIBHBIM IPYIIIaM CTPYKTYpPbl MUKPOOHOTO LIEHO3A.
BrusiBreHo yBennyeHne KoimuecTBa OakTeprii aMMOHU(HUKATOPOB B TAXOTHOM aHAJIOTE B CPEJHEM
Ha 30,7%, MUKPOMUIICTOB — Ha 4,4, IICJTHOJIO30JUTHKOB — Ha 46,4, HUTpUGUKATOPOB — Ha 46,9, pac-
yetHOro ko3 dunuenTa rymypukanuu — Ha 45,4%. 1o qpyriuM KOMIIOHEHTaM MUKPOOHOTO IIeHO32
OTMEUYEHO NPEUMYILECTBO 3aJE€KHBIX CTENHBIX IOYB: aKTUHOMMLETOB Ha 18,5%, MuHepamu3aro-
poB rymyca Ha 11,8%. IlokazaHo yBenudeHne akTHBHOCTH OOJIBIIMHCTBA TPyl MUKPOOPTaHU3MOB
B CTPYKTYPHBIX OTHEJIBHOCTSIX MEHbILEro pasmepa — 1-5 mMm. B Oosee kpymHBIX Me3oarperarax
yucaenHocts KOE camxkaercs. Hanbonee penbedHO JaHHAsS 3aKOHOMEPHOCTD MPOCIICKUBACTCS B
arporeHHO M3MEHEHHBIX MoYBaxX. B mouBax, 3aHATBHIX €CTECTBEHHON PacTUTEIbHOCTHIO, OTMEUeHa
OoJee BBICOKAasi aKTHUBHOCTh OMOXUMHYECKHUX MPOIIECCOB.

Ki1roueBble ci10Ba: 4epHO3EM, 3aJ1€Kb, HALH, [IOYBEHHBIE arperarbl, MUKPOOHOIOTHUECKas aK-
TUBHOCTb, (DEPMEHTATHBHAS AKTUBHOCTh
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The results of the studies of changes in biological and enzymatic activity of soils depending on
the anthropogenic influence and the size of soil aggregates are presented. The work was carried out
in 2015-2021 in the conditions of the south-east of the Central Chernozem region. The soil of the ex-
perimental site is ordinary (segregational) medium—sized medium-humus heavy loamy chernozem.
The objects of research are long—used arable land and the layland used for haying since 1882. The
quantitative change of individual groups of microorganisms, determined by the nature of the impact
on the soil cover, is shown. The total number of microorganisms in both arable land and chernozems
under natural vegetation was at the same level of 40.0 and 39.3 million CFU, respectively. Signifi-
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cant differences in the biological activity of chernozems by individual groups of microbial cenosis
structure were noted. An increase in the number of ammonification bacteria on the arable analogue
was revealed by an average of 30.7%; micromycetes by 4.4%; cellulolytics by 46.4%; nitrifiers by
46.9%; calculated humification coefficient by 45.4%. According to other components of microbial
cenosis, the advantage of layland steppe soils is noted: actinomycetes by 18.5%; humus mineralizers
by 11.8%. An increase in the activity of most groups of microorganisms was shown in the smaller
structural units of 1-5 mm. In larger mesoaggregates, CFU numbers tend to decrease. This pattern
is most clearly traced in agrogenically altered soils. In the soils occupied by natural vegetation, there

is a higher activity of biochemical processes.

Keywords: chernozem, layland, arable land, soil aggregates, microbiological activity, enzymatic

activity
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INTRODUCTION

Chernozems, which are the predominant
background soils of the Central Chernozem
Zone, possess high natural fertility. Prolonged
agricultural use leads to changes in their
properties and quality, primarily affecting the
agrochemical and agrophysical parameters
of the plow layer of soil. As a result of
intensive agrogenic impact, the bulk density,
structural and granulometric composition,
microaggregate condition, biological activity,
tillable land productivity, and other indicators
undergo significant transformations [1-5].

Higher crop yields are achieved under
optimal soil density conditions [6]. Soil
fertility regulation affects multiple aspects.
The application of mineral fertilizers [7] is a
radical and effective means of enhancing plant
nutrition. Their use reduces the negative risks
associated with drought, which is particularly
relevant in the steppe regions of Russia with
insufficient moisture [8].

Physical indicators, in turn, determine the
direction and flow of soil processes responsible
for the chemical, physicochemical, and
microbiological aspects of fertility. Increased
soil density can act as a restraining factor on

their biological activity [9, 10]. The structural-
aggregate condition is closely related to the
soil's humus content [11]. Several authors have
noted changes in microbial activity and fertility
indicators depending on the soil's structural
condition [12, 13].

The purpose of this study is to investigate
the changes in the microbial cenosis structure
of chernozem soil depending on the size of soil
aggregates as a result of anthropogenic impact.

MATERIAL AND METHODS

The research was conducted at the Voronezh
Federal Agricultural Scientific Centre named
after V. V. Dokuchaev from 2015 to 2022. The
study objects were a natural soil deposit formed
in 1882 and a cultivated plot established in 1952.
The soil deposit area has been annually used for
haymaking over the course of 140 years, while
the cultivated plot follows a grain-fallow crop
rotation. The soil was plowed to a depth of 20-
22 cm. The soil type is medium-loamy ordinary
chernozem on heavy carbonate clay loams. The
organic matter content is 10.2% in the deposit
and 6.7% in the cultivated plot, with a pH of
the soil extract ranging from 6.8 to 7.2. The
exchangeable calcium content is 30-32 mmol
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(eq.)/100 g of soil, and magnesium content
is 5-7 mmol (eq.)/100 g. Favorable moisture
conditions prevailed during the years of the
study, with annual precipitation exceeding 500
mm, compared to the long-term average of 430
mm.

Microbiological activity was determined
using the following method'; ammonifying
bacteria were cultivated on the meat-peptone
agar (MPA), bacteria utilizing mineral forms of
nitrogen and actinomycetes were cultivated on
starch-ammonium agar (SAA). Soil plates were
used to assess the quantity of nitrogen-fixing
bacteria. The population of nitrifying bacteria
was estimated through cultivation on alkaline
agar, while humus mineralizers were assessed
on nitrate agar.

Soil enzymatic activity was determined as
follows: catalase activity was measured using
the Johnson and Temple method, invertase
activity was measured using the V.F. Kuprevich
method, urease activity was measured using
the A.Sh. Galstyan method modified by F.Kh.
Khaziev on a photoelectrocolorimeter KFK-
2-UHL4.2, and phosphatase activity was

measured using the F.Kh. Khaziev method on
KFK-2-UHLA4.22.

The structure of the microbial cenosis was
determined using fresh soil samples. In the field
conditions, soil samples were dispersed into
fractions of 1-2, 2-3, 3-5, 5-10, and more than
10 mm.

RESULTS AND DISCUSSION

The results of the conducted research indicate
significant differences in the structure of the
microbial community depending on the size of
soil particles. The most noticeable differences
are characteristic of arable soils. The maximum
total microbial population is observed in
aggregates with a minimum size of 1-2 mm -
43.1 million CFU (see Table 1). Increasing the
size of soil particles to 10 mm and larger leads
to a decrease in the total microbial population
to 37.0 million CFU.

In chernozem soil deposits used for
hayfields, the total number of microorganisms
per fraction varied to a lesser extent, ranging
from 38.2 to 40.8 million CFU. The exception

Taoda. 1. Crpykrypa mukpoOHoro nexosa (2015-2021 rr.)
Table 1. Structure of microbial cenosis (2015-2021)

. Hum . 1lu- Nitri- ;
o | | i | | st | | Mt | | s
mm mln CFU thous. CFU C(i:g:l:t lil
Arable land | 12 43,1 10,3 17,9 2,69 12,1 24,8 64,7 0,47 16,4
since 1952 | 5 3 41,7 10,4 18,1 | 2,84 103 | 242 | 65,1 0,47 16,6
3-5 36,1 8,7 15,5 2,29 9,5 24.4 61,3 0,47 13,7
5-10 | 42,1 10,5 17,3 2,99 11,3 26,0 57,5 0,45 17,1
>10 37,0 9,2 17,0 2,94 7,9 30,0 68,5 0,50 14,7
Layland 1-2 38,2 7,7 17,4 3,09 10,1 24,0 36,9 0,34 11,0
since 1882 | 5 3 40,8 7,0 181 | 348 | 123 | 255 | 432 | 033 9,7
3-5 40,1 7,4 18,3 3,20 11,3 23,7 442 0,30 10,4
5-10 37,8 7,8 15,9 2,93 11,2 23,5 45,5 0,34 11,7
>10 39,4 7,6 15,9 3,59 12,2 27,1 46,8 0,32 11,2

LSDy g5 0,25 0,12 0,32 0,08 0,51 0,22 0,92 0,03

Tepper E.Z., Shilnikova V.K., Pereverzeva G.I. Microbiology Practicum. Moscow: Drofa, 2005. 256 p.

*Khaziev F.H. Methods of soil enzymology. Moscow: Nauka, 2005. 252 p.
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was particles ranging from 5 to 10 mm, which
had a population of 37.8 million CFU.

It is necessary to note a general pattern
- an increase in all groups of the microbial
cenosis structure in smaller soil aggregates.
Microorganisms that grow on meat-peptone
agar (MPA) made a significant contribution
to the immobilization of organic carbon.
Higher numbers of these microorganisms were
observed in agrogenically transformed soils,
ranging from 8.7 to 10.5 million CFU/g of soil
(see Table 1). In the uncultivated section of
ordinary chernozem, the number of ammonifiers
varied within narrower limits, from 7.0 to 7.8
million CFU. Similar values were observed for
soil aggregates regardless of their size.

Microorganisms that grow on starch-
ammonium agar (SAA) actively participated in
the reutilization of mineral forms of nitrogen.
Higher activity of amylolytic microorganisms
was observed in mesoaggregates with a size
of 1-5 mm, both in the deposits and in the
plowed analog. The number of microorganisms
growing on SAA under natural vegetation
varied within the range of 17.4-18.3 million
CFU. Similar values were observed in the
plowed field, ranging from 17.9 to 18.1 million
CFU. It is worth noting a lower activity of this
group of microorganisms in soil aggregates
with an increase in their size.

Transformation coefficient of organic
matter, Pm = (MPA + SAA) x (MPA/SAA),
reflecting humus accumulation processes, had
higher values in anthropogenically influenced
chernozem soils, ranging from 13.7 to 17.1.
In hayfield deposits, the values of the Pm
coefficient were significantly lower, ranging
from 9.7 to 11.2. Higher values of this
coefficient are characteristic of agriculturally
valuable fractions. Thus, plowing the soil
and optimizing its physical condition with a
dominance of smaller-sized fractions enhance
humus accumulation processes.

Humus mineralizers had higher population
numbers in the chernozem soil deposits, ranging
from 10.1 to 12.3 million CFU. The plowed
analogs slightly lagged behind in this regard.
Higher values are characteristic of agriculturally
valuable aggregate fractions, ranging from 9.5

to 12.1 million CFU. It should be emphasized
that bacteria responsible for organic matter
mineralization had the highest activity in arable
soils within the fractions of the smallest size
(1-2 mm), gradually decreasing with an increase
in aggregate size. In deposit soils, on the other
hand, a decrease in activity was observed with
an increase in soil particle size.

Nitrogen nitrifiers play a significant role in
soil fertility stabilization. In hayfield soils, their
baseline activity was slightly lower compared
to plowed analogs. The number of nitrifiers
in hayfield deposits ranged from 0.30 to 0.34
thousand CFU. Plowing, due to the activation
of microbiological processes, increased their
numbers to 0.45-0.50 thousand CFU. In plowed
fields, the activity of nitrifiers was similar
between fractions, with the exception of the
dense part of structural units with the highest
quantity. In deposit analogs, the activity of
nitrifiers was nearly independent of particle
size, showing minimal fluctuations around the
average value.

Higher content of actinomycetes was found in
deposit soils, ranging from 3.09 to 3.59 million
CFU. Plowing led to a noticeable decrease in
this group of microorganisms, to 2.29-2.99
million CFU. In this case, there was no clear
regularity in the change of actinomycete activity
depending on the size of mesoaggregates.
In plowed fields, the maximum content of
microorganisms was observed in aggregates
sized 5-10 mm and larger, ranging from 2.94 to
2.99 million CFU. In chernozem deposits, no
clear regularity was identified.

Bacteria involved in cellulose decomposition
play an important role as cellulolytic bacteria.
Higher total baseline values were characteristic
of plowed soils, ranging from 57.5 to 68.5
thousand CFU. In deposit soils, their activity
was significantly lower, ranging from 36.9 to
46.8 thousand CFU. The activity of cellulolytic
bacteria varied depending on the size of soil
aggregates and showed peculiarities across
different land types. In plowed fields, a higher
population of cellulolytic bacteria was observed
in aggregates sized 1-3 mm and in the dense
part of soil fractions larger than 10 mm. In
deposit soils, the activity of cellulolytic bacteria
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increased with an increase in aggregate size.

The fungal microflora belongs to the group
of microorganisms responsible for the deep
decomposition of organic matter. Higher levels
of fungal population were observed in arable
chernozem soils, ranging from 24.2 to 30.0
thousand CFU (colony-forming units) per gram
of soil. In comparison, the activity of fungi in
residual soils was lower, ranging from 23.7 to
27.1 thousand CFU. Similar fungal population
densities were found in the agriculturally
valuable fractions of both residual and arable
soils, with the highest activity observed in
structural aggregates.

Enzymatic activity is an important soil
property. Changes in the activity of urease,
phosphatase, invertase, and catalase were
evaluated.

Catalase activity was higher in the long-
fallow chernozem soils, ranging from 5260 to
6238 mg NH;/100 g soil (see Table 2). Tillage
practices reduced catalase activity to 4600-4812
mg NHj;. Overall, there was a general decrease
in catalase activity with increasing size of soil
particles.

A similar trend was observed for phosphatase
activity. In layland soils, phosphatase activity
was observed at levels of 122.5-160.0 mg
glucose/100 g soil, while in arable chernozem
soils, itranged from 44.0t0 92.5 mg glucose/100

Taba. 2. depmeHTaTUBHAS AKTUBHOCTH TTOYBHI
Table 2. Soil enzymatic activity

g soil. Higher values were found with increasing
size of mesoaggregates.

Urease refers to enzymes involved in the
transformation of proteins. The ammonia
generated through urease activity contributes
to soil fertility. Mowing layland soils exhibited
higher urease activity, ranging from 268 to
354 mg phenolphthalein/100 g soil. Tillage
practices results in a significant reduction
in urease activity, reaching 148-174 mg
phenolphthalein/100 g soil. Increased urease
concentrations were observed in larger linear-
size aggregates in both layland and arable soils.

Enzymes belonging to the class of
oxidoreductases, such as catalase, actively
participate in the transformation of humic
substances. Our data showed higher catalase
activity in arable chernozem soils, ranging from
20.45 to 23.75 O, in 3 minutes. In layland steppe
soils, catalase activity was slightly lower, ranging
from 18.75 to 20.30 O, in 3 minutes. There was
a weak trend of decreasing catalase activity with
increasing size of soil particles, particularly
evident in the layland chernozem soils.

Physical parameters of soil structure are
important indicators of soil fertility. Agrogenic
influences can alter the structural-aggregate state
of chernozem soils. The size of soil aggregates
is a key factor determining the abundance
and intensity of soil biological processes’.

Option Soil pa;tlilclle size, N%E\/;?ggzeb?sgoﬂ géf;ﬁ%é{;%?ﬁ ggeg' E?Zﬁg};%gz?bgqg Catala;elzino2 in3
Arable land since 1-2 4812 148 44,0 22,25
1952 2-3 4910 152 47,5 20,75

3-5 4600 152 66,0 20,45
5-10 4750 174 90,0 23,75
>10 4812 160 92,5 23,05
Layland since 12 6238 268 122,5 20,3
1882 2-3 6180 332 137,5 19,85
3-5 5710 334 145,0 19,95
5-10 5600 354 160,0 19,3
>10 5260 276 147,5 18,75

*Vasilenko E.S., Kutovaya O.V,, Tkhakahova A.K., Martynov A.S. Change in the number of microorganisms depending on the
size of aggregates of humus horizon of migration-micellar chernozem // Bulletin of the V.V. Dokuchaev Soil Institute. 2014. N

73. pp. 150-173.
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Transformation of complex organic compounds
occurs more intensively in small aggregates due
to the higher microbial population involved in
the carbon cycle.

Aggregates of small size fractions are
characterized by high diversity rates®.
Increasing linear dimensions of structural units
lead to increased nitrogen oxide emissions,
anaerobic conditions, and negative effects
on biological processes®. The reason for the
formation of anaerobiosis in the aggregate is
the physical processes of swelling - shrinkage
of the aggregates, which contribute to the
almost constant maintenance of a lack of air in
the aggregates®.

CONCLUSIONS

1. Tillage and intensive agricultural use
of chernozem soils lead to changes in the
physical parameters of soil fertility and the
direction of soil biological and biochemical
processes. Biological activity is directly related
to the nature of land use. The highest number
of major groups of microorganisms is observed
in structural units of mesoaggregates, which are
considered agriculturally valuable fractions. As
the size of soil particles increases, the activity
of soil microflora significantly decreases. The
application of agronomic practices aimed at
improving the structural condition of arable
soils and optimizing the composition ratio of
chernozem mesoaggregates during tillage can
serve as a means of improving soil fertility.

2. The number of ammonifiers increases
in structural units of smaller size (1-3 mm) in
agrogenically transformed soils. In this regard,
the layland soil variant is more conservative
with a lower population of the considered
bacteria regardless of the fractions size.

3. The maximum population of soil
amylolytic bacteria (SAA) is characteristic of
the aggregates ranging from 1 to 5 mm. Both

in arable chernozem soils and in layland soils,
their sizes were approximately the same order
of magnitude.

4. Significantly higher numbers of
actinomycetes are observed in layland soils. The
highest values are characteristic of the clumpy
part of the aggregates. It can be assumed that
in cultivated soils, certain processes occur more
rapidly.

5. Regarding the quantity of humus
mineralizers, structural fractions in the 1-3 mm
range have an advantage in cultivated soils.
In layland soils, no differences were found
depending on the fraction size, indicating the
similarity of mineralization processes in all
fractions.

6. The maximum number of microfungi
is found in the clumpy part of the aggregates.
This is due to the high sensitivity of soil fungal
microflora to aeration.

7. Phosphatase, invertase, and urease
show higher activity in the soils occupied by
natural vegetation. Catalase activity is higher in
agricultural soil ecosystems.
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