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Goal. To develop a comparative correlation model of the interconnections of ecological-trophic groups of soll
microorganisms with agrophysical, physicochemical indicators, humus condition, the productivity of the degraded
chernozem and to determine the energy efficiency of the use of intensive, low-intensive, and organic fertilizer
systems using the by-products of crops as organic fertilizers in the 5-field grain-spray crop rotation for the
conditions of the Central Right-Bank Forest-Steppe. Methods. Field and laboratory experiments, statistically an-
alytical method. Results. Taking into account that use of the intensive fertilization system causes an overdrying
of a layer of degraded chernozem 0 — 20 cm, and the use of an organic system increases the level of moisture, it
can be argued that the best conditions for preserving the organic substance of humus are created for an organic
fertilizer system. For organic and low-cost fertilization systems, the saturation of the soil complex Ca2+ is carried
out by reducing the chemical load on chernozem. That leads to a decrease in the level of metabolic acidity and
amplification of biogenicity due to the growth of the number and activity of ammonifying, amylolytic, pedotrophenic,
oligotrophic microorganisms and the decrease in the activity of the humus-extraction groups of microorganisms,
which provides reproduction of humus in the agrocnosis of short-crop rotation. Conclusions. For an intensive
fertilizer system, the density of the structure increases when the drainage of soil conditions increases, which
enhances the process of mineralization of humus due to the growth of the activity of humus extraction
microorganisms. For organic and low-intensive fertilizer systems, there is a loosening of a 0 — 20 cm layer of
chernozem, which stimulates the increase in the activity of ammonifying and pedotrophemical groups of
microorganisms. To a lesser extent, it influences the biogenicity and activity of amylolytic and oligotrophic groups
of microorganisms.
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In modern agriculture of the Forest-Steppe zone of Ukraine there is an increasing human intervention in natural
processes, which leads to changes in the functioning of soil agroecosystems. Anthropogenic impact on the
agroecosystem should be assessed on the basis of many soil indicators, which include the reaction of soil
microorganisms [1-2], which are actively involved in the decomposition of plant residues, nitrogen fixation,
stabilization of soil phytosanitary conditions and accumulation of active substances [3- 4].

Organic farming is a management system, the purpose of which is a balance between the productivity of the
agrocenosis and environmental degradation in order to ensure the preservation of soil quality [5-6]. The General
Assembly of the International Federation of Organic Agriculture Movements (IFOAM, 2005) has adopted basic
principles, one of which is the principle of health: organic agriculture is designed to maintain and improve the
condition of soil, flora and fauna as indivisible whole; the health of people and their communities cannot be
separated from the health of ecosystems, because a healthy crop is formed on healthy soil, which supports the
health of animals and humans;
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Analysis of recent research. The results of long-term research show that intensive agriculture leads to
mineralization of soil organic matter and, as a consequence, changes biodiversity, increases the emission of
greenhouse gases (CO2, CH4, N20) from the soil due to humus mineralization [5, 7]. In the process of transition
to organic farming, the content of organic matter in the soil is first restored, and later even increases [8], the
number of easily accessible forms of nitrogen decreases, but its total content increases and taxonomic and
functional soil biodiversity increases [9, 10]. microbial biomass and its activity, first of all, the number of nitrogen-
fixing bacteria and mycorrhizal fungi [11]. As a result, the structure of the soil, aggregate composition, water
holding capacity and cation exchange capacity and humus state change and improve, which contributes to soil
loosening and the development of soil mesofauna [12]. In general, the soil in agroecosystems in organic farming
is most consistent with healthy soil [5, 13, 14].

In the transition from intensive to organic farming there are several agroecological and technological stages
[15]. The most noticeable is the spread of low input agrotechnology, which consists in moderate, reduced, limited



use of mineral fertilizers, and then complete abandonment of them with the increasing use of organic fertilizers in
the form of manure, green manure, or the use of by-products as organic fertilizer. The simplest way to maintain
soil health in organic farming systems is to follow all the recommendations for ensuring its fertility: - crop rotation,
crops of symbiotrophic crops, green manure, etc. [16].

Oligotrophication of agroecosystems with an organic fertilizer system, as a way to rehabilitate and maintain
soil health should (and should!) Be used to support and rehabilitate the soil ecosystem [5]. In an oligotrophic soil
ecosystem, the concentration of easily utilized forms of biophilic elements (C, N, P, K, etc.) is insignificant, while
their gross content, diversity and numbers of biota are relatively high [17]. Organic farming is a special, knowledge-
intensive technological system of agriculture, agroecologically tolerant to the soil agroecosystem. The concept of
soil quality and soil fertility is supplemented by a new category - soil health, and gives importance to the most
important, general soil characteristics, because soil quality (health) is mainly humus, agrophysical and
physicochemical characteristics of soil agroecosystems, and fertility - its consumer component [13].

The relationship between physical, physicochemical properties and humus of chernozem with the activity of
soil and biological processes in different fertilizer systems in the transition from intensive to organic farming,
occupy an important but insufficiently studied place in research [11]. In this regard, the establishment of the
relationship between physical, physicochemical properties of chernozems with the intensity of soil-biological
processes in the study of soil biodynamics for different fertilizer systems, which reflects the state of the system
"soil - microorganisms - plants", is becoming increasingly relevance.

The aim of the study. To develop a comparative correlation model of relationships of physiological groups of
soil microorganisms with agrophysical, physicochemical parameters, humus condition, productivity of podzolic
chernozem using by-products of crops as organic fertilizers in the 5-field grain-row crop rotation of Ukraine.

Materials and methods of research. The research was conducted in a stationary field experiment of the
Cherkasy State Agricultural Research Station NSC "Institute of Agriculture NAAS", laid in 2010 on an area of 0.75
ha number of fields 5 with a size of 30 m2, the plot contains four repetitions. The experiment studies rotational
crop rotation with saturation of cereals, legumes and industrial crops. Soil - chernozem degraded in the carbonate
forest. The content of humus in the arable layer is 2.76-3.22% according to Tyurin, the sum of absorbed bases is
24.5-28.1 mg.-eq. per 100 g of soil, hydrolytic acidity 1.99-2.19 mg.-eq. 100 g of soil, pH of salt extract - 6,0-7,1.
The degree of saturation of bases is 92.8-93.3%, the content of mobile forms of phosphorus (according to Truog)
- 9.0 mg per 100 g of soil, exchangeable potassium (according to Brovkina) - 12 mg per 100 g of soil.

Tillage system in crop rotation: surface tillage with disc implements, shelfless tillage to the depth of plowing
and plowing. The experiment studied a 5-type grain-row crop rotation: peas - winter wheat - corn - soybeans -
spring barley. The saturation of legumes is 40%.

Intensive system (organo-mineral) fertilizer provides the following doses of fertilizers: peas NsoPsoKso, winter
wheat - N3oPgoKeo + Nso + Nao, soybeans - N2oPsoKso + Nao. Corn - N20PgoKso + N1oo, spring barley - N2oPsoKso.

The low-consumption fertilizer system provides the following doses of fertilizers: peas - N3oP30K3o, winter wheat
- N3oPeoKeo + Nao, soybeans - N2oP4oKao. Corn - NeoP70Keo + N2o, spring barley - NaoP4oKao + Nas.

Organic fertilizer system: without mineral fertilizers and using by-products of the predecessor as fertilizer (14
t/ha), with grain treatment with nitrogen-fixing, phosphorus-mobilizing biological preparations, growth regulators,
humates and fertilization with humates, plant growth regulator or biological product.

To study the physicochemical and agrochemical parameters, mixed soil samples (12—14 individual samples)
were taken with a cane drill from a depth of 0—20 cm with subsequent preparation for analysis in accordance with
DSTU ISO 11464—-2001. Soil moisture - thermogravimetric method for the main periods of crop growth (DSTU
ISO 11465: 2001); particle size distribution - according to NA Kaczynski (DSTU 4730:2007), density of addition
(structure) - by the method of cutting rings in the modification of NA Kaczynski (DSTU ISO 11272:2001); pHKI -
potentiometrically (DSTU ISO 10390:2007); hydrolytic acidity - according to G. Kappen in the modification of
CINAO (GOST26212-91); the amount of absorbed bases - Kappen-Gilkovytsia method (GOST 27821-88); the
degree of saturation of the bases - estimated. The content of humus in IV Tyurin in the modification of VM Simakov
was determined in soil samples (DSTU 4289:2004); labile organic matter (DSTU 4732:2007).

Selection, preparation and storage of soil samples for the study of aerobic microbiota in the laboratory were
performed in accordance with DSTU ISO 10381 - 6-2001. Determination of the number of different groups of soil
microorganisms was performed according to the method of DG Zvyagintsev by sowing the soil suspension on
solid nutrient media. Meat-peptone agar (MPA) was used to determine the total number of microorganisms that
decompose organic compounds that contain nitrogen. Microorganisms that assimilate mineral forms of nitrogen
were determined on starch-ammonia medium (KAA). Counting, isolation of bacteria and actinomycetes was
performed by surface sowing of 0.05 ml of soil suspension from the fourth dilution on Zvyagintsev's medium. The
number of microorganisms that destroy cellulose was calculated on Hutchinson's medium with fiber,
polysaccharides were synthesized on Martin's medium, melanins were synthesized on Chapek's medium at pH =
5.0, humates were decomposed on sodium humate, and pedotrophs on soil. The direction of microbial processes
in the soil was assessed using the coefficients of mineralization-immobilization of nitrogen, oligotrophic,
pedotrophic, transformation of soil organic matter. The level of energy efficiency of production was calculated by
OV Kalinichenko [19]. Statistical processing of experimental data was performed according to generally accepted
methods in soil science and soil microbiology using computer programs Microsoft Excel and Statistica 10.

Research results. Correlation dependence of physiological groups of soil microorganisms with chernozem
moisture in the layer of 0-20 cm shows a direct correlation at the level of strong correlation (R = + 0.85-0.90 +
0.03; R? =0.73-0.81) with ammonifying, pedotrophic microorganisms, and their number by 73-81% is determined
by the level of moisture 0-20 cm layer of chernozem (Table 1). The dependence between soil moisture and
micromycetes decreases to the correlation of the average level (R = + 0.61 £ 0.03; R? = 0.31), and moisture



determines their number by 31%. The number of humate-decomposing microorganisms with a moisture factor
was at the level of inverse strong correlation (R = -0.84 £ 0.02; R? = 0.72), and a decrease in the level of humidity
by 1% contributed to an increase in the number of this group of microorganisms by 0.06 million. CFU (1)/g of sail.
The least number of amylolytic and oligotrophic groups of microorganisms reacted to the change in humidity of O-
20 cm layer of chernozem: R = -0.28-0.39 £ 0.02; R? = 0.08-0.15.

A direct correlation was found between the moisture level and the biogenicity of chernozem (R =+ 0.79 + 0.02;
R? = 0.62). The growth of biogenicity is determined by the activity and number of ammonifying, pedotrophic and
the number of micromycetes in the soil, the connection of which with the level of moisture was also at the level of
direct strong correlation (Table 1).

1. Dependence between agrophysical indicators and the number of physiological groups of
microorganisms

. . Odds:
Group of microorganisms Regress_lon Squation correlations determination
y=axtc R ; R? )
LWinbHicTb Byaosw, ricm®
Ammonifying y=1499,8-1150x -0,84 0,71
Amylolytic y=236,8-175x -0,55 0,30
Pedotrophic y=2292,4-1775x -0,87 0,75
Oligotrophic y=241,1-185,3x -0,45 0,21
Micromycetes y=1178,6-825x -0,69 0,48
Humatodecomposing y=-10,7+8,75x +0,85 0,72
Biogenicity y=4272,6-3287x -0,85 0,72
Bonorictb I'pyHTY, %
Ammonifying y=-97,8+8,73x +0,88 0,77
Amylolytic y=-2,26+1,11x +0,,45 0,20
Pedotrophic y=-168,5+13,21x +0,83 0,69
Oligotrophic y=-10,1+1,07x +0,30 0,09
Micromycetes y=42,2+5,7X +0,61 0,34
Humatodecomposing y=1,44-0,067x -0,83 0,68
Biogenicity y=-279,5+24,1x +0,79 0,62

By a similar principle, the relationship between the level of humidity and the coefficient of pedotrophic (Kpdt)
(R=0.68 £ 0.02; R?=0.46), and the coefficient of mineralization of immobilization (Km /i) with the level of humidity
correlates at the level of inverse strong correlation (R = -0.76 + 0.02; R? = 0.58) and is associated with an increase
in the number of humate-decomposing microorganisms.

Calculation of correlations of different physiological groups of microorganisms with a structure density in the
0-20 cm layer of chernozem showed that the number of amino-fixing, pedotrophic microorganisms with a structure
density correlated at the level of inverse strong correlation (R = -0.85-0.88 + 0, 03; R? = 0,73-0,79), and the
number of micromycetes - at the level of inverse correlation of the average level: R = -0,61 + 0,02; R2=0.37. The
increase or decrease in the density of the structure in the layer of 0-20 cm determines by 71-73% the number of
ammonifying and pedotrophic microorganisms, and micromycetes - by 37% (table 2).

2. The relationship between physicochemical parameters and the number of ecological and trophic

groups of microorganisms in the 0-20 cm layer of podzolic chernozem

. ) Odds:
Group of microorganisms Regression equation
g — . —
y=ax*c correlations, determination,
R R?
pHen
Ammonifying y=-359,4+73,4x +0,7 0,76
Amylolytic y=-54,1+12 5% +0,58 0,34
Pedotrophic y=-587+114,9x +0,83 0,69
Oligotrophic y=-70,3+13,9x +0,48 0,24
Micromycetes =-173,9+55,9x +0,76 0,57
Humatodecomposing y=3,39-0,56x -0,88 0,77
Biogenicity y=-1071,8+214,6x +0,89 0,79
Cyma nornuHyTux ocHoB, Mr-ekB Ha 100 r rpyHTY
Ammonifying y=-259,7+11,5x +0,85 0,72
Amylolytic y=-31,0+1,75x +0,55 0,39
Pedotrophic y=-423,3+17,8x +0,89 0,79
Oligotrophic y=-42,2+1,85x +0,45 0,28
Micromycetes y=-83,7+8,25x +0,71 0,58




Humatodecomposing y=2,66-0,09x -0,87 0,75
Biogenicity y=-757,3-32,9x +0,86 0,74

The biogenicity of 0-20 cm of the chernozem layer is subject to the established regularity: the connection with
the moisture level was at the level of direct strong correlation (R = 0.86 + 0.03; R2= 0.74). A direct strong
correlation (R = 0.70-0.86 + 0.02; R? = 0.49-0.74) was established between the density of the structure and the
content of humanodegradable microorganisms and Km /i (mineralization / immobilization coefficient).

The relationship between the number of ecological and trophic groups of microorganisms and physicochemical
parameters: metabolic and hydrolytic acidity and the amount of absorbed bases (Table 2).

It was found that a direct strong correlation (R = + 0.76-0.82 + 0.03; R? = 0.57-0.67) was found between
metabolic acidity (pHNI) and the number of ammonifiers, pedotrophs and micromycetes, and with amylolytic and
oligotrophic groups of microorganisms, the correlation was weakened to a direct average level (R = + 0.49-0.58
+ 0.02; R? = 0.24-0.34). The level of soil biogenicity with metabolic acidity was correlated at the level of direct
strong correlation (R = + 0.82 + 0.03; R? = 0.67), which is associated with an increase in the number and activity
of ammonifying, pedotrophic, to a greater extent, and amylolytic groups microorganisms and micromycetes, to a
lesser extent.
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The relationship between the yield of feed units in crop rotation and the number of ecological and
trophic groups of microorganisms in chernozem podzolic strongly degraded

The correlation dependence between productivity of crop rotations on an output of k. per 1 ha with different
groups of soil microorganisms. It was found that between the release of k. O. and ammonifying, pedotrophic and
myxomycetes, biogenicity and pedotrophic coefficient revealed an inverse strong correlation (R = -0.79-0.87 +
0.02; R2 = 0.62-0.76), and with amylolytic and oligotrophic groups of microorganisms The language was at the
level of the inverse correlation of the middle level. Per unit of increase or decrease in productivity at the output of
k.o. accounted for 30-60 and 6.9-7.0 units of the number of these groups of microorganisms. The growth of the
yield to. per 1 ha of crop rotation correlated at the level of direct strong correlation with the content of humus-
decomposing microorganisms (R = 0.86 + 0.03; R2 = 0.74), and with the coefficient of mineralization of
immobilization the connection weakened to the average level of correlation (Fig.).
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