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It was conducted the comparative analysis of numerical and functional diversity of
microbial complex of typical chernozem, which is involved in the transformation of soil carbon
compounds. It is studied the accumulation of microbial biomass and microbiological activity from
emission of CO; in the rhizosphere of sugar beet in different farming systems and soil tillage. It is
found that the application of the surface soil tillage is optimizes the condition of soil microbial
coenosis, which is reflected in the number and proportion of bacterial and fungal organisms, which
includes functional groups of microorganisms.
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Introduction. Soil microorganisms are an important component of any agroecosystem.
They define the various key functions of circulation of substances in the soil, due to the complicated
and intensive enzymic activity. It is contributes to the construction of trophic chains with specific
functions, that allows to provide the constant functioning and homeostasis of the ecosystem as a
whole [1]. Thus, the functional role of microbial cenosis provides the organization of the course of
biological cycles of nutrients and, as a result, it defines «soil health» [2]. However, there are
qualitative and quantitative changes in structure of soil microbiota, which are not always controlled
and have a positive effect, under conditions of increased pollution, due to intensive use of
agricultural technologies [3]. Therefore the study of functioning of microbial cenosisis is necessary
for understanding of the processes which occur in soil, in order to preserve soil fertility and prevent
the decrease of crop productivity.

The aim of researches was to study a numerical and functional diversity of microbial
complexes of typical chernozem, which are involved in transformation of carbon-containing
substances, microbial biomass and intensity of CO, emission in the rhizosphere of sugar beet at the
various agrarian systems.

Materials and methods. Sampling and microbiological analysis of soil samples of typical
chernozem were conducted on the stationary field experiment of Agriculture and Herbology
Department of NUBIP of Ukraine «Agricultural Experiment Station» (v. Pchenychnoe, Vasilkovsky
area, Kyiv region) in the sugar beet rhizosphere (Beta vulgaris) (phase of the leaves closing in space
between rows) in grain-beet crop rotation during 2012-2013 years.

The scheme of experiment includes three agrarian systems (AS) and two soil tillage (ST):

1) industrial AS (it is includes an applying of 12 tons of manure, 300 kg of NPK fertilizers
per one hectare of crop rotation, intensive using of chemical measures of plant protection);

2) ecological AS (it is includes the applying of 24 tons of organic matter (12 tons of manure,
6 tons of not commodity part of crop, 6 tons of stubble remains), 150 kg of NPK fertilizers per
hectare of crop rotation, the using of chemical and biological products of plant protection according
to the criterion of ecological - economical threshold of harmful microorganisms);

3) biological AS (it is includes the applying of 24 tons of organic matter per hectare of crop
rotation, using of biological means of plant protection);

a) surface ST (tillage is conducted by disk implements to a depth of 8-10 cm under all
cultures of crop rotation);



b) differentiated SP (it is includes the conducting of the plowing by 6 times on different
depth, 2 times the surface tillage under winter wheat after pea and silage corn and 1 time — the flat-
cat tillage under barley per crop rotation) [4].

The content of labile carbon was determined by the method of E. Schultz and M. Cershesn
[5], the number of bacteria and micromycetes - by the inoculation of soil suspension on the solid
nutrient medium (the method of Zvyagintsev and Chapek) [6], microbial biomass and the intensity
of CO, emission - by the method of substrate-induced respiration [7], the number of
microorganisms which utilize of carbon sources in their metabolism - by the method of
multisubstrate testing [2]. Statistical data processing was performed in the program Exel.

Results and discussion. The labile carbon is one of the indicators of soil organic matter in
terrestrial ecosystems. It influences on the processes of mineralization and intensity of heterotrophic
respiration and can limit the processes of catabolism of organic matter. It has been revealed that a
typical chernozem has the optimum indicators of labile carbon (302,1-354,8 mg/kg) [8]. The
content of labile carbon on the typical chernozem was higher by 11,3 % at application of surface
tillage (ST) than at differentiated ST. The influence of agrarian systems (AS) on the content of this
element in the soil was insignificant.

The ratio of number of bacterial and fungal microflora is an important factor that determines
soil processes, including the transformation of organic and mineral substances in the soil and is also
an indicator of its phytosanitary status. The study of microbial complex of typical chernozem has
shown that the number of bacteria was varied within 13,1-26,1 million, micromycetes - 6,4-24,3
thousand CFU/g a.d.s. (pic.1). Thus, the application of surface ST is promoted to increase the
number of bacteria and fungi in 1,7 and 2,4 times in comparison with the differentiated ST. The
application of industrial and ecological AS is promoted to increase the number of bacteria on 11,1
% and 9,2 %, and to decrease the number of micromycetes on 42,5% and 39,0 % in comparison
with the biological AS.

There is a close correlation between the indicators of microorganisms quantity and stocks of
the labile carbon in soil (r = 0,80 (bacteria) and 0,92 (micromycetes)). That is, the number of
microorganisms is being increased with the increasing of content of organic carbon in the accessible
form to microorganisms.
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Pic. 1.The number of bacterial and fungal microflora in the rhizosphere
of sugar beet at the various agrarian systems and soil tillages

Microbial biomass is the important living and labile component of soil. The ratio of bacteria
and micromycetes in soil microbial biomass gives a notion about accumulation (sequestration) of
carbon in soils and can be characterized metabolic properties of soil microorganisms and can be the
factor that regulates the emission of CO, and N,O in soils [9]. The highest content of the total active
microbial biomass in rhizosphere of sugar beet was identified at the surface ST with the industrial



and ecological AS (264,3 and 245,1 C mg/kg) (pic. 2). The close correlation between indices of the
total microbial biomass and the number of bacterial microflora (r = 0,82) has been revealed. The
application of surface ST promotes to increase of the total microbial biomass on 58,9 % due to
increases of bacterial biomass, that corresponds to the general tendencies of course of metabolic
processes in the soil. It is established, that the number of active microbial biomass is higher at the
industrial and the ecological AS on 64,3 % and 51,9 % compared to the biological ST. That is
connected with the activity of microorganisms which is directed at insertion of mineral compounds
in biological cycling of nutrients.
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Pic. 2. The influence of agrarian systems and soil tillage on the content of active microbial biomass
in the rhizosphere of sugar beet

The integral indicator of stability of soil microbial complex can be the microbial metabolic
coefficient, which is varied within 0,38-0,7 (table. 1) [10]. There is an inverse correlation between
the indicator of microbial metabolic coefficient, the total microbial biomass (r = - 0,94) and the
number of bacteria (r = - 0,72), i.e. experiments with high active of the microbial biomass and large
number of the bacterial microflora have a slight metabolic rate, and vice versa.

Emission of CO, from a soil surface is one of the important indicators of carbon exchange of
plant communities due to microbial activity [11]. The main source of natural income of carbon in
the atmosphere is the total soil respiration. It is determined by the activity of interactions between
microorganisms and breath of the root system of plants [12]. The intensity of microbial respiration
at the expense of CO; emissions in the rhizosphere of sugar beet is 62,1 - 111,2 mg C-CO,/kg/day
(table. 1). The microbiological activity and the CO, emission at the industrial and the ecological AS
were on 22,7 % and 15,5 % more than at the biological AS.

Table 1

The influence of various agrarian systems and soil tillage on the intensity of CO,

emission and microbial metabolic coefficient in the rhizosphere of sugar beet

Experimental variants
Index Industrial AS Ecological AS Biological AS
Sur. ST Diff. ST Sur. ST Diff. ST Sur. ST Diff. ST
C0; emission, 1106 73,6 11,2 62.1 79,6 70,5
mg/kg*day
Metabolic 0,38 0,53 0,48 0,62 0,62 0,70
coefficient

It has been established that there is a close correlation between the indicator of CO,
emission and the number of bacterial (r = 0,96), fungal microflora (r = 0,72), the activity of
microbial biomass (r = 0,85), the metabolic coefficient (r = - 0,83), the functional biodiversity (r =
0,7) (see below) and the content of labile carbon in the soil (r = 0,67). The obtained results has been



shown, that the number of microorganisms, their biomass and soil respiration are increasing with
the increase of organic matter stocks in the soil in accessible form for microorganisms. Thus, the
favorable conditions for the microbiota functioning are being created, the trophic mode and the
ecological condition of soil, the conditions for growth and crop development are being improved.

The functional biodiversity is the main feature of soil microbial complex, which
characterizes the activity of microbial systems on biosphere level and determines a way of
transformation of soil organic matter in the global cycles of carbon and nitrogen. Researches of
scientists-microbiologists testify that in different soils with the application of various agrarian
systems are complexes of soil microorganisms which differently use the carbon sources in their
metabolism [13]. It has been established by multisubstrate testing, that the total number of
functional groups of microorganisms in the rhizosphere of sugar beet was higher on substrates that
contain sugar glucose (1,24 million ) and oxalic acid (1,18 million CFU/g a.d.s.) (pic. 3, 4). The
greatest number of microorganisms-transformers of carbon of all functional groups in the
rhizosphere was found in experimental variant of ecological AS + surface ST (5,29 million), that
reveals the activation of the transformation of organic carbon. The least number was found in
variant of biological AS + surface ST (0,63 million CFU/g a.d.s.). The increase of the total number
of microorganisms in chernozem typical was found at the ecological AS (6,05 million CFU/g a.d.s).
This indicates that the use of organic fertilizers contributes to maintain ecological and trophic
relationships and to raise the functional activity of soil microorganisms. It has been established that
the number of microorganisms, which use the carbon sources in the metabolism, was higher in 2,8
times at the surface ST than at the differentiated ST. It is connected with the accumulation of
organic compounds and nutrients in the upper layer of soil.
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Pic. 3. The influence of agrarian systems and surface soil tillage on the number of
microorganisms of various functional groups in the rhizosphere of sugar beet
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Pic. 4. The influence of agrarian systems and differentiated soil tillage on the number of
microorganisms of various functional groups in the rhizosphere of sugar beet

Conclusions. Thus, the application of different agrarian systems and soil tillage promotes
differentiation of number, redistribution of functional activity of the soil microbial component,
structure of the microbial biomass, change of the intensity of CO, emission, the number of
microorganisms and direction of the microbial metabolic processes of transformation of carbon
compounds. It is established, that the application surface ST of chernozem typical helps to increase
the numbers of bacteria in 1,7 times, the numbers of micromycetes in 2,3 times, the functional
groups of microorganisms in 2,8 times, the total microbial biomass in 1,6 times and the intensity of
microbial emission of CO, in 1,5 times.
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Anomauin

Mockaneecvka IO.11., Ilamuxa M.B.

Mikpoona mpancgopmayia ey2neubeéMicHux peuosun puzocgepu UyKpoeozo Oypaka 6
PIBHUX aZPOoyeHo3ax

Ilpogedeno  nopieusibHull  ananiz — KiIbKICHO20 1 (DYHKYIOHANILHO20 — pPI3HOMAHIMMS
MIKDOOHO20 KOMNJIEKCY YOPHO3eMy Munogozo, AKuul bepe yuacmv y mpancgopmayii gyeneyeeux
cnonyk 1pynmy. Bueueno naxonuuenns 6 puzocgepi 0ypaka yykpogozo MikpoOHoi biomacu ma
MIKpobiono2iuny akmusHicms no inmencusnocmi emicii CO; 3a pizHux cucmem 3emiepoocmea ma
cnocobie 00pobimKy IpyHmy. Bcmanogneno, wo npu 3acmocy8anHi NOBEpXHe8OMY 00pOOImKYy
IPYHMY ONMUMI3VEMbCA CMAH MIKPOOHO20 YEeHO3Y TPYHMY, WO 6UPAXCAEMbCA ) 30i1bUleHH]
yycenvHocmi i CnieBIOHOWEHHIO OakmepianbHoi [ 2pubHoi Mikpogiopu, 6 momy uyucai i
@DYHKYIOHAILHUX 2Py MIKDOOP2AHI3MIE.

Kniouosi cnosa: mikpobHutl yeHo3s, YuceibHicms i (hYHKYIOHAbHE PIZHOMAHIMMSL, MIKPOOHA
biomaca, emicia CO;, uyopHO3eM munoguil, OYpsAK YYKpoeuil, cucmemu 3emaepoocmed, cnocoou
00pO6IMKY IpyHmMYy

Annomayus

Mockaneeckan IO.11., Ilamwvika H.B.

Mukpoonaa mpancopmayusa y2nepoocooeprcauiux eeuiecme puzocghepovt caxapHou
C6EKJIbl 6 PA3NIUYUHBIX AZPOYUEHO3AX

Ilposeden cpasHumenvhvlli AHAIU3 YUCIEHHO20 U  (DYHKYUOHATLHO2O pA3HO0ODA3UsL
MUKPOOHO20 KOMNIEKCA 4epHO3eMA MUNUYHO20, YHACMEYIoue20 8 mpaHc@opmayuu yeiepooHblx
coeOuHenutl nousvl. M3yueHo nakonieHue 8 puzocgepe caxapHoll c8eKivl MUKPOOHOU buomaccyl u
MUKPOOUONIO2UYECKYIO AKMUBHOCMb no uHmeHncuenocmu smuccuu CO» npu pasiuyHulx cucmemax
3emnedenuss u cnocooax obpabomxu noysvl. Ycmanosneno, ymo npu NpuUMeHeHuu no8epxXHOCMHOU
06pabomku  nouvbl  ONMUMUBUPYEMCS.  COCMOAHUE MUKPOOHO20YEeHO3d NOYBbl, KOMOpoe
8bIPANCACTNCA 8 YUCIEHHOCMU U COOMHOWEHUU OAKMEPUATbHOU U SPUOHOU MUKDPOGIOpbLL, 8 MOM
yucne u QYHKYUOHANbHBIX 2PYAN MUKDPOOP2AHUSMOS.

Knrwouegvle cnoea: mMuxpoOHbvlll yeHo3, YUCIEHHOCMb U (QYHKYUOHANbHOE pPA3HOOOpasue,
Mukpobuas ouomacca, smuccus CO; yepHo3eM MUNUYHBIL, CAXAPHAS CBEKId, CUCMEeMbl
3emaedenuss, cnocoovl 0opabomxu



