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Abstract

The research was conducted by the Chair of Agricultural Chemistry and Crop Farming of the Mari State University.
The model experiment helped to study the influence of temperature, moisture, and density on nitrifying and ammonifying
capacity of sod-podzol midclay low-humic soil. It was found out that change of physical properties factors of sod-podzol
soil influenced nitrifying and ammonifying capacity and mineral nitrogen content. Maximum content of nitrate and mineral
nitrogen and the biggest nitrifying capacity were at a soil temperature of +15°C and had the following corresponding
values: 74.4, 81.3, and 31.9 mg/kg. Moistening conditions optimal for developing nitrifying and ammonifying bacteria
were formed at a soil moisture of 20-25% (60-75% WFC). At this moisture there were the biggest figures of nitrifying
capacity (31.5-35.0 mg/kg) and maximum values of content of nitrate nitrogen (74.0-77.5 mg/kg) and mineral nitrogen
(78.7-82.3 mg/kg). Soil firming had a negative effect on the microflora of soil. With soil density increase from 1.1 t0 2.0 g/cm?®
nitrifying capacity decreased from 21.0 mg/kg down to 10.4 mg/kg, while nitrate nitrogen content in soil decreased
from 63.5 to 32.1 mg/kg. The best conditions for nitrification and ammonification in sod-podzol soil were as follows: soil
temperature of +15°C, soil moisture of 20-25%, and soil density of 1.1 g/cm?®. Dependence of mineral nitrogen content
in soil on its temperature and moisture was curvilinear and was described by a second-order regression equation, while

dependence on its density was linear and was described by a first-order regression equation.
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Introduction

Agricultural methods applied for crop growing have a great
impact on the physical and agrochemical properties of soil and its
microbiological activity [1]. The activity of soil microflora is connected
with humus synthesis and decomposition processes, mobilization
of nutritional chemicals that are hard-to-reach for plants in soil, and
transformation of fertilizers introduced into soil [2]. Ammonifying
and nitrifying capacity is the important soil parameter that determines
nitrogen status and conditions of plants’ nitrogenous nutrition. They
are sensitive enough to the change of ecological situation and depend
on soil and climate conditions to a large extent. It has been established
that these processes are intensified by introduction of moderate doses of
mineral and organic fertilizers [3]. High doses of mineral fertilizers and
pesticides reduce their activity [4]. Soil reaction plays a critical part in
these processes. The studies have determined that chalking intensifies
the activity of nitrifying agents and strengthens mineralization
processes of organic compounds, which improve nitrogenous nutrition
of plants [5]. Soil density defining air conditions has a great impact on
the activity of nitrifying and ammonifying bacteria. The studies of some
authors [3,6] have found out that the increased level of man-caused
load decreases their activity. In such a way, microorganisms’ life activity
is inseparably associated with environment while ecological situation in
this or that soil impacts greatly on nitrifying and ammonifying capacity
ofsoil.

This article presents the results of research of temperature, moisture,
and density influence on nitrifying and ammonifying capacity of sod-
podzol soil in the east of nonchernozem zone.

The main aim of this study is to determine the factors of physical
properties of sod-podzol soil that are optimal for nitrifying and
ammonifying processes.

Materials and Methods

The research was conducted by the Chair of Agricultural Chemistry
and Crop Farming of the Mari State University. The model experiment
helped to study the influence of temperature, moisture, and density on
nitrifying and ammonifying capacity of soil.

Factors under study:

soil temperature: -10; -5; 0; +15; +25; +35; +45°C;

soil moisture: 0; 5; 10; 15; 20; 25; 30% in absolutely tight soil;
soil density: 1.1; 1.2; 1.3; 1.4; 1.5; 1.6; 2 g/sm®.

Sod-podzol midclay low-humic soil was used for the research. At
the establishment of a trial, the soil had the following agrochemical
properties: pH salt of 6.7, level of humus of 1.98%, labile phosphorus
and potassium of 325 and 213 mg/kg correspondingly. Mineral nitrogen
forms consisted of 42.5 mg/kg of nitrate (N-NO'3 12.7 mg/kg of
ammonium (N-NH*) and 55.2 mg/kg of minerals (N-min). Water
field capacity (WFC) of soil was 33.3%.

Nitrate nitrogen was defined by potentiometry using ion-selective
electrode and ammonium nitrogen by colorimetric method using
Nessler’s reagent. Nitrifying and ammonifying capacity of soil was
estimated after two-week composting [2,7,8]. To simulate soil
conditions, the soil was firmed with hand-operated press to get design
values. Necessary moisture was created by soil drying or moisturizing
to get design values. Temperature influence was studied by placing
samples into cold storage boxes and thermostats with a preset
temperature.
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Results and Discussion

The study of temperature influence on nitrifying and ammonifying
capacity of soil has shown that at temperatures below zero (-10...-5°C)
nitrate nitrogen content was not high and did not exceed 43.9 mg/kg,
which is explained by inactivity of nitrifying microorganisms. In these
conditions ammonium nitrogen content was 16.0-16.1 mg/kg (Table 1).
When soil temperature rose up to +15...+35°C, nitrate nitrogen content
increased, while ammonium nitrogen content decreased. Maximum
content of nitrate nitrogen and mineral nitrogen was 74.4 and 81.3 mg/kg
correspondingly at a soil temperature of 15°C. Nitrifying capacity of
soil was the biggest at this temperature—31.9 mg/kg. The content of
ammonium nitrogen in soil rocketed at a temperature of +45°C, with
decrease of microorganisms. It is obvious that microorganisms died out
at this temperature which led to nitrogen release in the ammonium form.

Dependence of mineral nitrogen content in soil on the temperature
is curvilinear and described by second-order regression in Equation (1).

N-min. mg/kg=64.6+0.55X-0.004X?(r=0.87) @)
(X-soil temperature, °C)

Studies showed that nitrifying process starts at a soil moisture of
5% (15% WFC). With further rise in soil moisture, content fncreased
reaching a maximum at a moisture level of 20-25% (60-75% WFC)
(Table 2). At the same time ammonium nitrogen content decreased.
Further increase in soil moisture up to 30% (91% WFC) led to
nitrifying process retardation, which had an effect on nitrate nitrogen
content reduction and ammonium nitrogen content rise in sod-podzol
midclay soil.

Dependence of mineral nitrogen content on soil moisture is
described by second-order regression in Equation (2).

N-min. mg/kg=50.90+2.78X-0.08X?(r=0.77) (2)
(X-soil moisture, %)

Content in 14 days Nitrifying Ammonifying

T,°C | N-NO| N—Nl'!: N-min. capacity capacity
210 43.3 16.0 59.3 0.7 3.3

25 43.9 16.1 60.0 1.4 3.4

0 46.9 16.0 62.9 4.4 3.3
115 74.4 6.9 81.3 31.9 25.8
125 65.0 6.8 71.8 22.5 26.0
135 65.8 7.4 73.2 23.3 25.3
145 44.3 41.5 85.8 1.8 28.8

Table 1: The influence of temperature on the content of mineral nitrogen and
nitrifying and ammonifying capacity of sod-podzol midclay soil (mg/kg in
absolutely tight soil).

Contentin 14 days Nitrifying Ammonifying
Moisture, % N-NO'  N=NH ' N-min.  capacity capacity
0 41.9 15.2 57.1 20.6 2.5
5 45.1 12.6 57.7 2.6 20.1
10 49.5 13.3 62.8 7.0 0.6
15 69.0 7.5 76.5 26.5 25.2
20 74.0 4.7 78.7 31.5 27.9
25 77.5 4.8 82.3 35.0 27.9
30 50.3 6.1 56.4 7.8 26.6

Table 2: The influence of moisture on the content of mineral nitrogen and
nitrifying and ammonifying capacity of sod-podzol midclay soil (mg/kg in
absolutely tight soil).

Page 2 of3
Density, Content in l+4 days Nitrifying Ammonifying
glcm? N-NO’3 N-NH4 N-min capacity capacity
1.1 63.5 7.1 70.6 21.0 -5.6
1.2 50.8 12.4 63.2 8.4 -0.3
1.3 44.9 13.4 58.3 2.4 0.7
1.4 45.3 13.4 58.7 2.8 0.7
1.5 46.2 13.4 59.6 3.7 0.7
1.6 44.5 13.4 57.9 2.0 0.7
2.0 32.1 13.8 45.9 -10.4 11

Table 3: The influence of density on the content of mineral nitrogen and
nitrifying and ammonifying capacity of sod-podzol midclay soil (mg/kg in
absolutely tight soil)

The increase in soil density had a negative effect on nitrate nitrogen
content and its nitrifying capacity (Table 3). With soil density increase
from 1.1 to 2.0 g/cm?® nitrate nitrogen content in soil decreased, which
is connected with air quantity decrease in soil, leading to worsened
conditions for nitrifying agents’ development. Maximum content of
nitrate nitrogen of 63.5 mg/kg was at density of 1.1 g/cm?, minimum of
32.1 mg/kg at density of 2.0 g/cm?®. Nitrifying capacity of soil decreased
inthesameway. Soil firming led tothe increase inammonium nitrogen
content. Thus, with the density of 1.1 g/cm® ammonium nitrogen
content was 7.1 mg/kg, and with the density of 2.0 g/cm? the content
was 13.8 mg/kg.

Dependence of mineral nitrogen content in soil on its density was
linear and is described by first-order regression in Equation (3).

N—min. mg/kg=92.270-22.94X (r=0.93) 3)
(X—soil density, g/cm?)

The correlation of the undertaken studies allowed calculating the
level of multiple regression of mineral nitrogen content dependence in
sod-podzol midclay soil on its temperature, moisture, and density (4).

N-min. mg/kg=86.81+0.34 X,+0.48 X ,—32.64 X, (r =0.75) 4)
(X,—soil temperature, °C; X,-soil moisture, %; X,-soil density,
g/cm?®)

This equation allows forecasting mineral nitrogen content
depending on definite values of soil temperature, moisture, and density.

Conclusions

1. Change of physical properties factors of sod-podzol soil
influenced the developing nitrifying and ammonifying bacteria,
nitrifying and ammonifying capacity, and mineral nitrogen
content.

2. Maximum content of nitrate and mineral nitrogen and the
biggest nitrifying capacity were at a soil temperature of 15°C
and had the following corresponding values: 74.4,81.3, and
31.9 mg/kg.

3. Moistening conditions optimal for developing nitrifying and
ammonifying bacteria were formed at a soil moisture of 20-25%
(60-75% WFC). At this moisture there were the biggest figures
of nitrifying capacity (31.5-35.0 mg/kg) and maximum values
of content of nitrate nitrogen (74.0-77.5 mg/kg) and mineral
nitrogen (78.7-82.3 mg/Kkg).

4. Soil firming had a negative effect on the microflora of sod-
podzol soil. With soil density increase from 1.1 to 2.0 g/cm?®
nitrifying capacity decreased from 21.0 to 10.4 mg/kg,
while nitrate nitrogen content in soil decreased from 63.5 to
32.1 mg/kg.
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5. Dependence of mineral nitrogen content in soil on its
temperature and moisture was curvilinear and was described by
a second-order regression equation, while dependence on density
was linear and was a described by first-order regression equation.

6. The best conditions for nitrification and ammonification in
sod-podzol soil were as follows: soil temperature of +15°C,
soil moisture of 20-25%, and soil density of 1.1 g/cm?.
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