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ABSTRACT

The effect of zeolite and biohumus on the biological activity of irrigated grass-gray soils under beans
of the subtropical zone was studied. It was determined that the biological activity of the irrigated
grass-gray soils changes depending on the growth phase of the bean, the applied biohumus and
zeolite rate. Based on complex biological indicators (activity of enzymes, the number of
microorganisms, abundance of carbon dioxide released from the soil, intensity of the nitrification
process, intensity of decomposition of cellulose), bio-diagnostics of irrigated meadow-gray soils
were given, an integral indicator of the biological condition of the soil was determined, and a
biological assessment was carried out.

The purpose of the work is to determine the effect of biohumus and zeolite on the biological activity
of irrigated grass-gray soils used under the bean plant, and to conduct a biological evaluation based
on complex biological indicators.

The research object is irrigated meadow-gray soils (in WRB - Irragic Calsisols) of the subtropical
zone, various doses of biohumus and zeolite, small bean-mung bean (Vigna Angularis) plant.
Scheme of the experiment: 1. control (without fertilizer); 2. biohumus 5 t/ha; 3. zeolite 5 t/ha
(clinoptilolite); 4. biohumus 5 t/ha + zeolite 5 t/ha; 5. biohumus 7.5 t/ha; 6. zeolite 7.5 t/ha; 4.
biohumus 7.5 t/ha + zeolite 7.5 t/ha.

Chemical composition of zeolite: Na,0-0.55; MgO-1.49; Al,03-11.86; SiO,-66,0; P,05-0.11; SOs-
0.01; K,0 -9.02; Ca0-6.61; TiO,-0.51%; Mn0O-0.07; Fe,03-3.77.

*Corresponding author: E-mail: n.orucova@tai.science.az;
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Chemical composition of biohumus: humus 16%, pH 7, total azot (N) 3.2%, total phosphorus (P)
2.6%, total potassium (K) 2%, Ca 4.3%, Mg 0.6%, Fe 0.45%, Cu 0.5%, C:N 13.

Mathematical-statistical calculation of the numbers obtained as a result of the research was carried
out based on the Anova programma. The obtained results show a significant difference between the

variants and compared to the control.

Keywords: Irrigated meadow-gray soils; biological activity; small vegetable bean plant; biohumus and

zeolite; biological assessment.

1. INTRODUCTION

In order to maintain the level of soil fertility and
predict it, it is necessary to study the soil
comprehensively, including the  microbial
population and biological activity, so it is very
important to study the biological state of the soil
and its changes due to various external
influences [1]. Recently, indicators of biological
activity are used as bioindicators in determining
long-term agrotechnological impact [2].
Microbiological (number, composition of various
groups of micro- and meso-organisms, biomass
of microorganisms, etc.) and biochemical (level
of enzyme activity, nitrification ability, cellulose
decomposition intensity, soil respiration, etc.)
indicators are used in the complex assessment
of soil biological activity and fertility [3,4].

The complex study of soil biological activity,
physical, chemical, microbiological  and
biochemical properties allows us clarify their
ecological-genetic characteristics, as well as the
influence degree of natural and ecological factors
on soil fertility [5].

Indicators of biological activity are more
informative in soil condition monitoring and bio-
diagnostics, the number of microorganisms
related to nitrogen cycle and enzymatic activity
are the main indicators in soil condition
assessment [6], so the authors suggest
evaluating soils according to enzyme activity and
microbial biomass [7].

The purpose of the work is to determine the
effect of biohumus and zeolite on the biological
activity of irrigated meadow-gray soils used
under the bean plant, and to conduct a biological
evaluation based on complex biological
indicators.

2. MATERIALS AND METHODS
2.1 Research Object

The object of the research is irrigated meadow-
gray soils (in WRB - |Irragic Calsisols).

The hydrological conditions of the territory,
especially the mode and level of groundwater,
the duration and intensity of artificial irrigation
play a significant role in the genesis of meadow-
grey soils. Signs of salinization and siltation are
often found in the morphological structure of
meadow-gray earth irrigated soils. The arable
horizon contains 1.3-2.8% of humus with a
natural increase from newly irrigated low-culture
to oasis-irrigated high-culture. In poorly cultivated
varieties, the content of exchangeable Na
increases from a depth of 30-40 cm, which,
against the background of increased alkalinity,
contributes to the saltiness of these soils.

2.2 Methods

Experiments were carried out with small bean-
mung bean plant (Vigna Angularis) in 7 variants
and each variant in 3 replicates. The scheme of
the experiment is as follows: 1. control (without
fertilizer); 2. biohumus 5 t/ha; 3. zeolite 5 t/ha
(clinoptilolite); 4. biohumus 5 t/ha + zeolite 5 t/ha;
5. biohumus 7.5 t/ha; 6. zeolite 7.5 t/ha; 4.
biohumus 7.5 t/ha + zeolite 7.5 t/ha.

The activity of invertase, phosphatase and
catalase enzymes was determined according to
FX Khaziyev [8], the amount of microorganisms
of the Moscow Institute of Microbiology, the
amount of carbon dioxide released from the soil
according to VI Titova [9], the intensity of the
nitrification process and the intensity of cellulose
decomposition according to the method of IS
Vostrov [10]. The mathematical-statistical report
of the actual numbers obtained as a result of the
research was made based on the Anova
programma.

3. RESULTS AND DISCUSSION

3.1 Biodiagnostics of Meadow-gray Soils
Irrigated under Bean Plants

3.1.1 Invertase enzyme activity

Soil enzymes play an important role in the cycle
of basic nutrients, energy flow and formation of
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physical and chemical properties of soils [11].
Thus, information on the activity of enzymes can
be used to determine changes in soil properties
due to environmental changes and to control
processes in the soil ecosystem [12].

Actual numbers obtained for biological indicators
in irrigated meadow-gray soils under bean plants
were mathematically and statistically processed,
and bio-diagnostics were given based on them.

As can be seen from the obtained figures, the
activity of the invertase enzyme varied from 7.46
to 9.78 mg of glucose in 10 g of soil in 24 hours,
depending on the variants. This indicator in the
0-25 cm layer is 7.46 in the control variant, 8.86
in the biohumus 5 t/ha variant, 7.65 in the zeolite
5 t/ha variant, 9.52 in the biohumus 5 t/ha +
zeolite 5 t/ha variant, 9.46 in the biohumus 7.5
t/ha variant, zeolite glucose was 7.64 in the 7.5
t/ha option and 9.78 mg in the biohumus 7.5 t/ha
+ zeolite 7.5 t/ha option (Table 1).

Mathematical-statistical calculations show that
the activity of invertase enzyme in irrigated
grass-gray soils in the 0-25 cm layer x mean -
8.64 mg/glucose, dispersion coefficient 2.174,
means square deviation S-1.475, variation
coefficient -17.1%, average quantity absolute
error S=0.186 mg, relative error Sx=2.15%, 95%
confidence lies in the interval 8.27+9.01
mg/glucose, 7.10 in the 25-50 cm layer,
respectively; 2,434; 1,560; 22.0; 0.196; 2.76 and
6.71+7.49. During the research period,
Ffac>Fcrit was, which confirms the reliability of
the research results.

From the obtained figures, it can be seen that the
activity of invertase enzyme was relatively high in
the variants where biohumus was given alone
and together with zeolite, but it was not
significantly different from the control in the
variants where zeolite was given alone.

3.1.2 Phosphatase enzyme activity

Soil enzymes are among the most active organic
components of the soil, they participate in all
biochemical processes occurring there, therefore
their activity is more sensitive than physical and
chemical indicators and can accurately reflect the
conditions of soil regeneration in different
ecosystems [13]. In addition, many researchers
show that human economic activities, such as
land use and fertilization, significantly affect the
activity of soil enzymes [13]. The activity of
urease, alkaline phosphatase and catalase
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enzymes is more sensitive to environmental
changes [14].

In irrigated grass-gray soils, the activity of
phosphatase enzyme under the bean plant in the
0-25 cm layer was 1.55 in the control variant,
1.80 in the biohumus 5 t/ha variant, 2.25 in the
zeolite 5 t/ha variant, 2.75 in the biohumus 5 t/ha
+ zeolite 5 t/ha variant, 1.95 in biohumus 7.5 t/ha
variant, 2.31 in zeolite 7.5 t/ha variant and 2.95 in
biohumus 7.5 t/ha + zeolite 7.5 t/ha variant, 1.37
in 25-50 cm layer respectively; 1.61; 1.97; 2.43;
1.70; 1.96 and 2.60 mg of P205. In all variants,
the activity of phosphatase enzyme increased
with the increase in fertilizer rates.

Mathematical-statistical analysis of the actual
numbers obtained from the studies on the activity
of the phosphatase enzyme in grass-gray soils
was as follows: in the 0-25 cm layer - average
amount - 2.25 mg P205; dispersion — 0.363;
mean square deviation — 10.602; coefficient of
variation — 26.7%; average sampling error —
0.0766; relative error - 3.38%; final limits of
sampling error — 2.25+0.150(2.10+2.40); 1.94
P205 in a layer of 25-50 cm; 0.340; 0.583;
30.0%; 0.073; 3.76% and
1.94+0.145(1.80+2.09); 2.10 mg P205 in 0-50
cm layer; 0.343; 0.586; 27.9%; 0.049; 2.33%;
2.10+0.097(2.00+2.20).

The activity in the options where zeolite was
applied was higher than in the options where
biohumus was applied alone, and the activity
fluctuated between 1.37-2.60 mg P,Os for all
options. From this, it can be seen that nutrients
are absorbed by zeolite during the growing
season of the bean plant and released into the
environment when the plant needs to use them.

3.1.3 Catalase enzyme activity

Depending on the complexity of soil organic
matter (SOM), microorganisms produce different
hydrolases and oxidoreductases [15]. The
activity of urease, alkaline phosphatase and
catalase enzymes is more sensitive to
environmental changes [14].

In irrigated meadow-gray soils, an increase in the
activity of catalase enzyme was observed under
the bean plant, depending on the variants,
relative to the control, and the activity in the 0-25
cm layer fluctuated between 5.7-7.8 cm?® O,. In
irrigated meadow-gray soils, the activity of
catalase enzyme in the 0-25 cm layer was 5.7 in
the control variant, 6.9 in the biohumus 5 t/ha
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variant, 5.9 in the zeolite 5 t/ha variant, 7.1 in the
biohumus 5 t/ha + zeolite 5 t/ha variant,
biohumus 7.5 t 7.6 in the /ha variant, 6 in the
zeolite 7.5 t/ha variant and 7.8 cm?® O, in the
biohumus 7.5 t/ha + zeolite 7.5 t/ha variant.

The activity of catalase enzyme was 1.2 units
(23.5%) in the B5 t/ha variant, 1.7 units (33.3%)
in the B5+S5 t/ha variant, 2.4 units (47.1%) in the
B7.5 t/ha variant and B7.5+S7 2.3 units (45.1%)
were more in the 5 t/ha option. According to the
activity of catalase enzyme, the possible limits of
the average amount with a probability of 0.95
ranged between 6.5-7.1 in the 0-25 cm layer,
5.5-6.2 in the 25-50 cm layer and 6.0-6.6 cm O2
in the 0-50 cm layer.

The activity of catalase enzyme was significantly
lower in the sub-crop layer than in the crop layer.
In the variants where zeolite was applied, the
activity was less compared to the variants where
biohumus was applied alone.

3.1.4 Amount of microorganisms

Soil microorganisms and enzymes are actively
involved in the decomposition of organic matter
and humus, providing plants with nutrients
[16,17]. Some authors show that there is
evidence that the loss of the microorganisms
diversity can lead to the decline of many
functions of the ecosystem [18].

Microorganisms form part of soil biomass and
contribute to soil nutrient enrichment, which is
mainly called microbial biomass [17].

The quantity of microorganisms in the control
variant was 1,8 x 10° CFU/g, biohumus 5 t/ha
variant - 2,1 x 10° CFU/g, zeolite 5 t/ha variant -
2,0 x 10° CFU/g,, biohumus 5 t/ha + zeolite 5
t/ha variant - 2,3 x 10° CFU/g, biohumus 7.5 t/ha
variant - 2,4 x 10° CFU/g, zeolite 7.5 t/ha - 2,3 x
10° CFU/g and and biohumus 7.5 t/ha + zeolite
7.5 t/ha - 2.5 x 10° CFU/g soil on the tillage layer
(0-25 sm), on the under tillage layer (0-50 cm)
accordingly; 1,5 x 10°; 1,5 x 10°% 1,8 x 10% 1,9 x
10% 1,8 x 10° and 2.0 x 10° CFU/g in dry soils.

The total amount of microorganisms in the 0-25
cm layer compared to the control is 11.8% (208
thousand) in the biohumus 5 t/ha option, 6.5%
(120 thousand) in the zeolite 5 t/ha option, 23.4
in the biohumus 5 t/hatzeolite 5 t/ha option. %
(434 thousand), biohumus 7.5 t/ha option —
27.9% (518 thousand), zeolite 7.5 t/ha option —
23.85 (442 thousand) and biohumus 7.5 t/ha +
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zeolite 7.5 t/ha option — 33.0% (612 thousand),
11.2% (155 thousand), 7.4% (102 thousand),
27.5% (381 thousand), 31.3% (434 thousand),
26.8% (372 thousand) and 43% (596 thousand)
in the 25-50 cm layer, respectively), the amount
of microorganisms was higher in the upper layers
than in the lower layers in all variants.

From the obtained figures, it can be seen that the
increase compared to the control is 182
thousand (10.1%) in the option of biohumus 5
t/ha, 111 (6.4%) in the option of zeolite 5 t/ha,
408 (20.1%) in the option of biohumus 5 t/ha +
zeolite 5 t/ha, 476 thousand (22.8%) in biohumus
7.5 t/ha variant, 407 thousand (20.1%) in zeolite
7.5 t/ha variant and 604 thousand (27.1%) in
biohumus 7.5 t/ha + zeolite 7.5 t/ha variant. In
comparison, the largest amount of
microorganisms was recorded in the options
where biohumus was applied. As a result of the
application of zeolite, there was a significant
increase in the amount of microorganisms
compared to the control. It seems that the reason
for this is unfavorable soil conditions, zeolite
retains water and regulates plant development.

3.1.5 Decomposition intensity of cellulose

Cellulose degradation intensity should be the first
step in assessing the physical and chemical
properties and suitability of irrigated soils before
various agricultural operations [19].

There was no significant difference between the
variants in terms of cellulose degradation
intensity. So, this indicator varied between 23.3-
30% depending on the options, in comparison,
the highest indicator was recorded in the
biohumus 7.5 t/ha + zeolite 7.5 t/ha variant. The
intensity is 23.3 in the control variant, 25.4 in the
biohumus 5 t/ha variant, 26.7 in the zeolite 5 t/ha
variant, 28.7 in the biohumus 5 t/ha + zeolite 5
t/ha variant, 27.5 in the biohumus 7.5 t/ha
variant, 29.1 in the zeolite 7.5 t/ha variant and
biohumus 7.5 t/ha + zeolite 7.5 t/ha made 30%.
The increase in cellulose decomposition intensity
was higher in the variants where zeolite was
applied alone and together with biohumus
compared to the variants where biohumus was
applied alone, which is related to the adsorption
capacity of zeolite. 15% increase compared to
control in biohumus 5 t/ha variant, 8% in zeolite 5
t/ha variant, 27% in biohumus 5 t/ha + zeolite 5
t/ha variant, 23% in biohumus 7.5 t/ha variant,
zeolite 7.5 t/ha 22% in the option and 33% in the
option of biohumus 7.5 t/ha + zeolite 7.5 t/ha.
From the obtained figures, in the biohumus 7.5
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t/ha option, the increase is 8% compared to the
biohumus 5 t/ha option, in the zeolite 7.5 t/ha
option, 4% compared to the zeolite 5 t/ha option,
in the biohumus 7.5 t/ha + zeolite 7.5 t/ha was
6% more than the variant biohumus 5 t/ha +
zeolite 5 t/ha (Table 1).

The final limits of cellulose decomposition
intensity with a probability of 0.95 fluctuated
between 26.4-28.4 in the 0-50 cm layer during
the period of the study.

3.1.6 Intensity of sequestration of carbon
dioxide from the soil

When the plants die or are harvested, the leaves,
stems and roots of the plant left in the soil rot,
and the carbon is then converted into Soil
Organic Carbon (SOC) [20].

In the irrigated meadow-gray soils, the intensity
of carbon dioxide release from the soil in the O-
25 cm layer varied between 2.4-5.7 mg CO,/10 g
of soil/l24 hours, depending on the options. The
intensity of carbon dioxide release from the soil is
2.4 in the control variant, 4.4 in the biohumus 5
t/ha variant, 3.2 in the zeolite 5 t/ha variant, 5.3 in
the biohumus 5 t/ha + zeolite 5 t/ha variant, 4.9
in the biohumus 7.5 t/ha variant, zeolite 7.5 t /ha
option 3.4 and biohumus 7.5 t/ha + zeolite 7.5
t/ha option was 5.7 mg CO,/10 g soil/24 hours.
Variants in  which biohumus was applied
significantly affected the intensity of carbon
dioxide release from the soil and the increase
was 2.0-2.5 times higher. The reason for this
seems to be the rapid development of plants and
root systems, the rapid growth of microorganisms
and the respiration of the living system in the soll
during the application of biohumus.

The results of mathematical and statistical
calculations show that the average amount of
carbon dioxide released from the soil is 4.2 mg of
NH4 per 0-25 cm layer; variance — 1.869; mean
square deviation — 1.367; coefficient of variation
— 32.7%; average sampling error — 0.172;
relative error — 4.10%; final limits of sampling
error — 3.8-4.5 mg CO2; 2.9 according to the 25-
50 cm layer; 1,192; 1,092; 37.5%; 0.138; 4.76%
and 2.7-3.2; 3.6 per 0-50 cm layer; 1,475; 1,214;
34.0%; 0.153; It was 4.25% and 3.3-3.9 mg of
CO..

In the studied soils, a decrease in the intensity of
soil "respiration” was observed along the profile,
which indicates that the intensity of soil
"respiration” depends on the speed of the soil
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compaction processes and the properties of the
soil [5].

Variants in which biohumus was applied alone
and together with zeolite had a significant effect
on the intensity of carbon dioxide release from
the soil, but in the variants in which zeolite was
applied alone, the intensity did not differ
significantly compared to the control.

3.1.7 Intensity of the nitrification process

The intensity of the nitrification process
fluctuated between 10.3-14.6 mg/kg N-NOj3
depending on the options in irrigated meadow-
gray soils. In irrigated meadow-gray soils, the
intensity was 10.8 in control, 12.6 in biohumus 5
t/ha variant, 10.3 in zeolite 5 t/ha variant, 13.7 in
biohumus 5 t/ha + 5 t/ha variant, biohumus 7.5
t/ha variant 14.2, zeolite 7.5 t /ha was 10.7 and
biohumus 7.5 t/ha + zeolite 7.5 t/ha was 14.6
mg/kg NOs.

The reason for the decrease in the intensity of
the nitrification process when mixing zeolite with
soil seems to be that NH," is adsorbed by the
zeolite mineral cage, which prevents leaching of
mineral nitrogen [21,22]. Efficient use of nitrogen
is important in crop cultivation. In modern
agricultural science, biological fertilizers slow
down the nitrification process and increase soil
fertility [22,23]. As a result of the mathematical-
statistical calculation of the intensity of the
nitrification process in the irrigated grass-gray
soils used under beans, the following numbers
were obtained according to the planting and sub-
planting layers: average amount per 0-25 cm
layer - 12.5 mg NO3; dispersion — 5.339; mean
square deviation — 2.311; coefficient of variation
— 18.5%; the average error of the sample —
0.291; relative error — 2.33%; final limits of
sampling error — 11.9-13.1 mg NO3; 10.5
according to 25-50 cm layer; 2,830; 1,682;
16.1%; 0.212; 2.02% and 10.1-10.9; 11.5 per O-
50 cm layer; 3,926; 1,981; 17.2%; 0.249; 2.17%
and 11.0-12.0 mg of NOs.

Biohumus and zeolite were involved in all stages
of bean development, as confirmed by dispersion
calculations. The obtained results show that
Ffac>Fcric was for all indicators, that is, the
activity was different in the options where
biohumus and zeolite were applied.

The intensity of the nitrification process was not
significantly different in the variants where zeolite
was applied compared to the control, but it was
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higher in the variants where biohumus was given
alone and in complex with zeolite.

3.2 Integral Indicator of the Biological
Status of Irrigated Meadow-gray Soils
under the Bean Plant (lIBSS) and
Biological Evaluation

In order to combine multiple biological indicators
of soils, a method of using the integral indicator
of the ecological and biological condition of the
soil (1IBSS) was developed. This method allows
to evaluate the sum of biological indicators. For
this, the maximum value of each indicator in the
soil sample is evaluated as 100%, and the value
of the same indicator is expressed as a
percentage in the remaining samples. B1 = (Bx /
Bmax) x 100%, (1) where B1 - the relative score
of the indicator, Bx - the actual value of the
indicator, Bmax - the maximum value of the
indicator [8]. According to the most informative
indicators of the biological condition of the soil, it
is recommended to determine the integral
indicator of the ecological and biological
condition of the soil, the decrease of the integral
indicator of the ecological and biological
condition of the soil directly depends on the
degree of influence of anthropogenic factors [24].

Assessment of the biological condition of soils is
determined by the activity of hydrolytic and
oxidation-reduction  enzymes involved in
humification and mineralization processes,
because their activity is the main criterion of sail
fertility [25]. Enzymatic activity of soils is an
important diagnostic indicator that is often used
to assess the condition of various agricultural
soils [26]. Biomonitoring, biodiagnostics and
bioindication of soils are of greater importance in
terms of carrying out scientific research and
implementation of experimental measures [27].

In the irrigated meadow-gray soils of the
research object, 1IBS was determined both
according to the options and the crop and sub-
crop layers, and a biological evaluation of the
soils was carried out according to biological
indicators. The activity of invertase, phosphatase
and catalase enzymes, the intensity of cellulose
decomposition and the release of carbon dioxide
from the soil, the nitrification ability of the soil and
the amount of microorganisms were used in the
calculation of IIBSS.

In the irrigated meadow-gray soils of the
research object, 1IBSS varied between 76-100%
due to the activity of the invertase enzyme under
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the bean plant. This indicator is 76 in control, 91
in biohumus 5 t/ha variant, 78 in zeolite 5 t/ha
variant, 97 in biohumus 5 t/ha + zeolite 5 t/ha
variant, 97 in biohumus 7.5 t/ha variant, 78 in
zeolite 7.5 t/ha variant. and biohumus 7.5 t/ha +
zeolite 7.5 t/ha was 100%.

It is clear from this that in the options where
biohumus is given alone and together with
zeolite, 1IBSS is higher than the control due to
the activity of the invertase enzyme, and in the
options where zeolite is given alone, this
indicator did not differ significantly compared to
the control.

IBSS fluctuated between 53-100% due to
phosphatase enzyme activity in irrigated
meadow-gray soils. In all options, the activity of
phosphatase enzyme increased with the
increase of fertilizer rates, and the increase
varied from 8-47% depending on the options
compared to the control.

According to the activity of catalase enzyme,
depending on I1IBSS variants, the increase
compared to the control fluctuated between 15-
87%. In the variants where zeolite was applied,
the increase compared to the control was
between 3-4 units.

According to the amount of microorganisms,
IIBSS varied between 75-100 units depending on
the options, in comparison, the highest indicator
was recorded in the options where biohumus
was applied.

The calculation of I1IBSS according to the
intensity of cellulose decomposition shows that
there was no sharp difference between the
variants. Thus, this indicator changed in the
range of 78-100%, the highest indicator (100%)
was recorded in the option of biohumus 7.5 t/ha
+ zeolite 7.5 t/ha. According to the intensity of
cellulose decomposition, the growth of [IBSS
biohumus and zeolite either alone or in a
complex application of both was higher than the
control. This is related to the adsorption capacity
of zeolite.

Depending on the variants, |IBSS varied
between 42-100% depending on the carbon
dioxide abundance in irrigated meadow-gray
soils.  Options  for  applying  biohumus
significantly affected the intensity of carbon
dioxide released from the soil, and this indicator
fluctuated between 42-100% depending on the
options.
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Table 1. Biodiagnostics of irrigated grass-gray soils

Variants Depth, Invertaze, Phos-phatase, Catalaze, Decompos. mg CO,/10 g Nitrifi-cation, Amount of
cm mq glucose mg P,0s cm® 0, intensity of soil/24 hours mg N-NOs microorga-nisms,
cellulose, % CFU/g in dry soils
Control 0-25 7,46 1,55 57 23,3 2,4 10,8 1.8 x 10°
25-50 5,53 1,37 4,5 1,8 9,1 1.4 x 10°
0-50 6,50 1,46 5,1 2,2 9,9 1.6 x 10°
Biohumus 0-25 8,86 1,80 6,9 254 4.4 12,6 2.1 x10°
5 t/hec 25-50 7,21 1,61 5,7 3,0 10,4 1.5 x 10°
0-50 8,01 1,71 6,3 3,7 11,5 1.8 x 10°
Zeolit 5 t/hec 0-25 7,65 2,25 5,9 26,7 3,2 10,3 2.0 x 10°
25-50 6,08 1,97 4,9 2,1 9,1 1.5 x 10°
0-50 6,87 2,11 54 2,7 9,7 1.7 x 10°
Biohumus 0-25 9,52 2,75 7,1 28,7 5,3 13,7 2.3x10°
5 t/hec + 25-50 7,95 2,43 6,4 3,6 10,9 1.8 x 10?
zeolit 5 t/hec 0-50 8,74 2,59 6,8 4,4 12,4 2.0x10°
Biohumus 0-25 9,46 1,95 7,9 27,5 4,9 14,6 2.4 x10°
7.5 t/hec 25-50 7,90 1,70 7,1 3,6 12,3 1.8 x 10?
0-50 8,67 1,82 7,5 4,3 13,5 2.1x10°
Zeolit 7.5t/hec  0-25 7,64 2,31 6.0 29,1 3,4 10,7 2.3 x 10?
25-50 6,08 1,96 5,3 2,3 9,5 1.7 x 10°
0-50 6,86 2,14 5,7 2,9 10,1 2.0x10°
Biohumus 0-25 9,78 2,95 7.8 30,0 5,7 14,6 2.5x10°
7.5 t/hec + 25-50 8,68 2,60 7,1 4,0 12,0 2.0 x 10°
zeolit 7.5 t/thec  0-50 9,24 2,78 7,5 4,9 12,9 2.2 x 10°
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Fig. 1. Integral indicator of the biological condition of irrigated meadow-gray soils
(0-25 and 25-50 cm layers)

Due to the intensity of the nitrification process,
IIBSS changed between 74-100 units. This
indicator was weaker in the variants where
zeolite was applied. This is due to the adsorption
of nutrients in the soil by zeolite and their gradual
assimilation by plants.

The calculation of I1IBSS according to the
obtained biological indicators shows that the
biological assessment of the irrigated meadow-
gray soils under beans was between 67-100%. In
the biological evaluation, TBVIG was 67% in the
control variant, 82% in the biohumus 5 t/ha
variant, 75% in the zeolite 5 t/ha variant, 94% in
the biohumus 5 t/ha + zeolite 5 t/ ha variant, 90%
in the biohumus 7.5 t/ha variant, 79% in the
zeolite 7.5 t/ha variant and 100% in the
biohumus 7.5 t/ha + zeolite 7.5 t/ha variant
(picture).

Thus, in the options where biohumus and zeolite
are applied at the rate of 7.5 t/ha in the irrigated
grass-gray soils, the increase in 1IBSS compared
to the control was less compared to the options
where biohumus and zeolite were applied at the
rate of 5 t/ha.

4. CONCLUSIONS

The application of zeolite and biohumus in the
irrigated meadow-gray soils of the subtropical
zone led to changes in biological indicators in
different directions.

The complex application of biohumus with zeolite
significantly affected the activity of biological
indicators.

Based on complex biological indicators,
biodiagnosis of irrigated meadow-gray soils is
given.

Based on the complex biological indicators, the
integral indicator of the biological condition of the
irrigated grass-gray soils was high according to
the evaluation scale in the option of complex
application of biohumus with zeolite.
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