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1. Introduction

nvironmental problems for the territory of Azer-
baijan, as well as for the whole world, associated
with population growth, bio-and energy consump-

tion, production intensification are not reduced. Already in
the 80s of the last century, the Absheron industrial region

ranked third in the former USSR on the module of man-
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Azerbaijan is a country with a huge range of different soil types, which
is due to its geographical location. The country is located in two climatic
thermal zones, subboreal and subtropical, characterized by a peculiar hy-
drothermal regime, diverse vegetation and soil fauna. For proper zoning
of the soil cover of bioclimatic landscape zones and the development of
effective organization of management systems, assessment of assimi-
lation potential is of great importance, i.e. self-cleaning potential. The
purpose of our research was to assess the actual assimilation capacity and
self-cleaning ability of alpine and subalpine meadow soils and meadow
steppes in case of their contamination with organic pollutants based on
a comprehensive system analysis of biogenic and abiogenic factors. The
collected material was comprehensively analyzed from the standpoint of
the biogenicity and self-purification capacity of soils of various biocli-
matic landscape zones from the standpoint of the danger of soil contam-
ination with organic matter, based on the natural features of the soil and
biogenic and abiogenic factors, and appropriately grouped according to
the landscape feature. The analysis of the obtained data allows us to posi-
tion the soils of the Alpine and subalpine meadows and meadow steppes
on the growth of the assimilation potential in relation to organic pollut-
ants in the following sequence:

Mountain-meadow chernozem-like> Mountain-forest meadow> Moun-
tain-meadow steppe> Mountain-meadow sod

made oil pressure - more than 100 tons / km® per year .

Currently, the areas of land polluted by oil and oil prod-
ucts exceed 12 thousand ha, chemical industry waste is
more than 100 hectares ™",

In addition to oil and oil products, the country's ecosys-
tem is polluted by other organic substances, among which
foreign compounds are xenobiotics: pesticides, DDT,

phenols, chlorinated benzfurans, polycyclic hydrocarbons,
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herbicides, detergents, etc., that occupy an important place
Y] Many of the xenobiotics are difficult to decompose
and accumulate in the environment - soil cover, surface
and groundwater.

According to the zoning data on the distribution of
toxic waste, in a number of regions of the republic, for ex-
ample, on agricultural objects of Ismaili, Shamakhi, Guba,
Siyazan and other regions of the republic, the amount of
toxic waste is 250-1000 thousand tons., Absheron penin-
sula accounts for more than 1 million tons '”. At the same
time, as noted, the use and disposal of hazardous waste
in the republic as a whole is practically non-existent; no
more than 10% of this waste is disposed of.

In hot climates and irrigated agriculture, many organic
substances that pollute the soil cover as a result of evapo-
ration with air streams, such as petroleum hydrocarbons or
pesticides, can be transferred to adjacent areas and pollute
them. So, even such a low volatile pesticide, as DDT en-
ters the air in significant quantities - more than 60% of the
pesticide used . This leads to the transfer of DDT over
long distances and secondary pollution of environmental
objects (rivers, soil, vegetation) in places remote from the
areas of application.

In the end, pollution causes a violation of the natural
equilibrium, a drop in soil fertility, there is a potential
danger of mutagenic activity appearing near the soil as a
natural substrate *”.

The territory of Azerbaijan is determined by the di-
versity and complexity of the combination of natural and
anthropogenic-evolutionary landscapes, in which the ver-
tical zoning of the soil cover is uniquely combined with
anthropogenic soil formation.

On the one hand, they are connected with the uneven
mixing of forests, the development of pasture-meadow
spaces, on the other hand, the intensification of farming
using water and chemical amelioration, as well as man-
made disturbances of the soil cover.

Azerbaijan is a country with a huge range of different
soil types, which is due to its geographical location. The
country is located in two climatic thermal zones, subbore-
al and subtropical, characterized by a peculiar hydrother-
mal regime, diverse vegetation and soil fauna.

The purpose of our research was to assess the actual as-
similation capacity and self-cleaning ability of alpine and
subalpine meadow soils and meadow steppes in case of their
contamination with organic pollutants based on a compre-
hensive system analysis of biogenic and abiogenic factors.

2. Material and Methods

The object of research was the soils of alpine and sub-
alpine meadows and meadow soils. The soils of alpine,
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subalpine meadows and meadow steppes are confined to
altitudes from 2000 to 4500m above sea level. The total
area is 8200-8700 km?2, which is 10.2% of the total area
of the country. Soil formation takes place under the condi-
tions of a leaching regime and with a lack of heat and high
humidity. Vegetation cover is represented by alpine and
subalpine meadows. This zone belongs to a moderately
cold climate zone, the climate is extremely severe. The av-
erage annual temperature ranges from 4.2 to 5.1 degrees,
the temperature of the hot month is 10.9-11.2 degrees, the
amount of active temperatures>10 degrees ranges from
1280-1780 degrees, the average annual rainfall is 1200-
1600mm., evaporation is low , the coefficient of moisture
(according to Ivanov) is more than one.

Information on the physico-chemical and soil-climatic
conditions of the study area was obtained in the course of
field studies, as well as published and stock materials ™'

Soil temperature was measured directly in the field us-
ing the SF-4 field device.

Microbiological studies were carried out according to
generally accepted methods ">,

Soil sampling was performed by the envelope method.
In accordance with the scheme, representative soil sam-
ples of a mixed mass of 1.0 kg from a horizon of 0-20 cm
were taken at key points from different soil horizons.

In the selected samples, the total number of microor-
ganisms as well as microorganisms capable of decompos-
ing hydrocarbon substrates, cellulose and pesticides was
determined %,

In our studies of the assimilation potential of the soil
cover of Azerbaijan, we analyzed one of the most massive
pollutants of the soil - hydrocarbons and pesticides within
the framework of the geochemical carbon cycle. This is
explained by the fact that they have a significant impact
on the biogeochemical processes in the biosphere, since
they directly influence due to a pronounced toxic effect on
living organisms.

As an indicator of soil assimilation capacity, we use
three indicators of soil biogenicity — the total number of
microorganisms, the number of microorganisms capable
of using petroleum hydrocarbons, cellulose, and pesticides
as the sole carbon and energy source. N-hexadecane was
used as the petroleum hydrocarbon, and carat as the pes-
ticide. When choosing the type of pesticide to assess the
assimilation capacity of the soil to these substances, we
took into account that in adaptive farming it is necessary
to use pesticides with the shortest decomposition period in
the soil.

The biomass of microorganisms in the soil and their
assimilation potential for hydrocarbon substrates were
determined in accordance with the needs of the biomass

DOI: https://doi.org/10.30564/re.v1i1.602



Research in Ecology | Volume 01 | Issue 01 | March 2019

of soil microorganisms to maintain ", The biomass of
microorganisms in the soil was determined based on the
average volume of the microbial cell in the soil, equal to
0.1 um3 (10"°cm?). In a natural habitat the mass of one
cell is approximately equal to 10™°g. This is in terms of
dry matter is 0.02pg (2.10"*g). and the carbon content of
0,01pg (10"*g). When calculating the assimilation capac-
ity of the soils, it was assumed that to maintain 1 kg of
microbial biomass during the year, approximately 25,03
kg of organic substrate is required.

Assessment of the assimilation potential of the soil was
determined by the formula:

B=NxK (1)

Where, B is the value of bacterial biodegradation of pe-
troleum hydrocarbons (mg HC/ g x day), N is the number
of hydrocarbon-oxidizing bacteria (CGU / ml), K is the
amount of hydrocarbons that are oxidized by a single bacte-
rial cell, calculated by Sobella (3.76 x 10®* mg / ¢ x day) ™.

The mineralization coefficient of KM cultures was
determined by the ratio of the intensity of carbon dioxide
production (A) to the intensity of oxygen absorption (B):
KM = A/B. The value of this indicator shows the ability of
the microorganism to carry out the process of degradation
of the hydrocarbon up to the complete mineralization of
the substrate and the intensity of this process ''*..

In order to solve the tasks, the methods of system analysis,
chemical, physicochemical, biological methods, risk theory,
etc. were used. The collected material was comprehen-
sively analyzed from the standpoint of the biogenicity and
self-cleaning ability of soils of various bioclimatic landscape
zones from the standpoint of the danger of soil contamination
with organic substances, based on the natural features and
physicochemical and biological properties of the soil, and is
accordingly grouped according to the landscape feature.

Static processing of the results was carried out using
Statistica V6.0 for Windows, Excel - 2003.

3. Results and Discussion

The soil cover of alpine, subalpine meadows and mead-
ow steppes is represented by: mountain-meadow, moun-
tain-forest-meadow and mountain meadow-steppe soils.
Their area is presented in table 1.

Table 1. Highland soils

Soils ha %

Mountain meadow sod 301 7,0
Mountain meadow chernozem 509 1,3
Mountain meadow steppe 255 2,6
Mountain-forest meadow 653 2,7
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The soils of the alpine — subalpine meadows and mead-
ow steppes are characterized by relatively weak assimila-
tion potential due to the fact that with increased moisture
(Coefficient of moisture KM> 1) and leaching regime for
forest and mountain-forest type soils, it slowly undergoes
hydrolytic decomposition under conditions of weak sever-
ity of microbiological processes, at a weakly acidic and
acidic reaction of the surroundings. Such ecological con-
ditions of soil formation cause a decrease in the intensity
of microbiological processes.

The main sources of pollution of these landscapes
can be road transport, as well as organic pollutants - pe-
troleum hydrocarbons, pesticides, etc. carried by atmo-
spheric flows (air and atmospheric precipitation) from the
territories of their active use in the agroecosystems of the
country’s foothill and arid areas.

Analysis of the physicochemical and biological indi-
cators of alpine, subalpine meadows and meadow steppes
shows that the mountain-meadow chernozem-like and
mountain-forest-meadow and mountain-meadow steppe
meadows are characterized by the highest potential assim-
ilation index, which is primarily due to the high humus
content, absorption capacity, pH close to neutral, most
favorable for the functioning of soil microorganisms "
(Table 2).

Table 2. Indicators of biogenicity and assimilation poten-
tial of the soils of alpine, subalpine meadows and meadow

steppes
Soils / Mountain | Mining mead- |Mountain for- Mountain
- meadow
indicators meadow sod | ow chernozem | est meadow
steppe
Humus,% 11,3-14,7 6,3-7,0 6,0-8,4 5,2-7,4
Humus, t/ ha 180-380 200-260 310-320 350-450
pH-water 6,0-6,4 6,7-7,8 6,0-6,8 7,0-7,3
Absorption
capacity (mEq) 45-55 37-75 40-55 39-65
Total number
of microor- 4 5 5 5
ganisms, CFU, 2,5.10 2,5.10 2,2.10 2,0.10
titer
The number of 3 3 3 3
CDM, titer 3,1.10 5,5.10 5,0.10 4,7.10
The number of 2 3 3 3
HOM, titer 3,4.10 3,8.10 3,2.10 3,0.10
The number of 2 2 2
PDM, titer 2,1.10 4,3.10 3,6.10 3,1. 10

Note: CDM is the number of cellulose decomposing microorganisms;
HOM-number of hydrocarbon-oxidizing microorganisms; PDM-the
number of pesticide decomposing microorganisms.

The higher the content of humus in the soil, the capaci-
ty of absorption, the clay fraction, with neutral pH indica-
tors in the soil; the number of microorganisms, cellulose
decomposing, destructive microorganisms of hydrocar-
bons and pesticides consistently grow. The biogenicity
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of the soil consistently grows from mountain-brown,
brown, unsaturated soils towards the distribution of
mountain-brown, brown residual carbonate soils. The sum
of active temperatures in the range of 1730-32000, the
average annual rainfall of 570-950 mm, is also relatively
favorable for the high biogenicity of soils and their assim-
ilation potential.

These areas are also characterized by fairly rapid min-
eralization of organic pollutants, intensive leaching from
the soil, and dispersion of soluble organic pollutants in
surface waters. At the same time, in the soils of moun-
tains and foothills, along with a high level of assimilation
potential, mechanical and active water migration of pol-
lutants is of great importance against the background of
diverse landscape conditions varying with the absolute
height.

One of the most important factors in preserving the
biosphere itself and ensuring its sustainability is the as-
similation potential of natural landscapes - this is their
self-healing ability in relation to the input into the natural
environment of matter and energy as a result of produc-
tion activities. In fact, the assimilation potential is the
property of ecological systems to “resist” external influ-
ences. Assimilation potential is the buffering capacity of
the components of natural landscapes (atmosphere, water
sources, soil) in relation to various anthropogenic impacts
at certain scales without changing their basic properties
for a long period of time ™. The assimilation capacity
can be taken as an ecological capacity, which refers to the
energy capacity of landscapes of the territory to produce
oxygen and absorb carbon dioxide, which is formed in the
course of economic activity .

Identifying the assimilation potential of a territory is
necessary to determine the actual assimilation potential of
landscapes as a national ecological resource in the context
of continuous growth of anthropogenic impact on the en-
vironment, its rational use, development of the valuation
of the ecological (assimilation) potential of the territories
of restoration in case of disturbance, management, etc. at

the heart of the process of self-cleaning of soil and aquatic
ecosystems.

For proper zoning of the soil cover of bioclimatic land-
scape zones and the development of effective organiza-
tion of management systems, assessment of assimilation
potential, that is, self-purification potential is of great
importance. The process of zoning of soil cover on their
stability and ability to self-purification in general requires
a scientific assessment of the resource potential of the
assimilation capacity of landscapes. This problem can be
solved by ecologizing the whole problem. This means that
zoning should be carried out with a simultaneous system-
atic analysis of abiotic and biotic factors determining its
assimilation capacity - the resistance and self-cleaning
ability of soils in relation to this pollutant. It is import-
ant to know the environmental conditions determined by
many factors - terrain, climate, hydrology, vegetation, ge-
ology, geomorphology, soil-forming rocks, etc.

On the other hand, along with biogenic factors, abio-
genic factors can play a significant role in the self-puri-
fication of soil cover from polluting substances of these
bioclimatic landscapes. If we take the studied landscapes
as an autonomous unit of the ecoframe system of the
country, there may be a discharge of pollutants with sur-
face and groundwater runoff, which will depend on the
hypsometric position and the amount of runoff. Here,
along with biogenic factors, such processes as mechanical
and active water migration of pollutants to accumula-
tive zones take place against the background of diverse
landscape conditions that change along with the absolute
height.

The potential oxidative ability of soils, K, shows the
activity of the hydrocarbon-oxidizing microbiocenosis of
soils and, consequently, the intensity of the mineralization
process of oil pollutants "', Indicators of assimilation po-
tential (degree of resistance to pollution by hydrocarbon
substances) correlate with indicators of the coefficient of
mineralization of hydrocarbons Km, which characterizes
the intensity of decomposition of hydrocarbons in the soil

Table 3. Ecological indicators, assimilation capacity and intensity of decomposition of hydrocarbons in soils of various
bioclimatic landscapes of Azerbaijan

N Soils T >10° ™M f/i %‘% HOM, CFU/ gr soils | ASS™- ';‘;;‘;“ﬁ“" Yl KmK,
1 Mountain meadow sod 1000-2000 >1 15,5 2,7.10°£0,4 24498004 4.86 0,18
2 Mining meadow chernozem | 2500-3000 1,2-2,0 12,7 2,0.10°40,3 1859400,3 6,7 0,22
3 Mountain forest meadow 3600-4400 0,5-0,4 7,2 3,5.10°+0,3 280160+0,3 10,0 0,43
4 Mountain meadow steppe 3800-4500 0,6-0,7 7.3 4,1.10°40,4 369000:+0,4 14,1 0,51

Note: CM - coefficient of moistening; H- Humus, ANM - Average number of microrganizms (colony forming units), HOM - the number of hydrocar-
bon-oxidizing microorganizms; Km - the coefficient of mineralization of hydrocarbons.
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in the event of their pollution by these substances.

The table 3 illustrates that the carbohydrate-absorbing
microorganisms are composed of microbiocenosis and are
composed of 5,0-9% by weight of cyclodextrins.

A higher ratio of hydrocarbon-oxidizing microorga-
nizms (HOM) in the total number of saprotrophic micro-
organisms in mountain forest brown, mountain black soil,
chestnut and mountain brown soils compared to arid zone
soils - gray brown and gray soils may be associated with
a higher biodiversity of phytocenoses and their high pro-
ductivity.

The presence of HOM in the complex of microbio-
cenoses in these soils may be due to the background pres-
ence of substances of natural origin similar in composition
to hydrocarbons, for example, decomposition products of
plant residues.

4. Conclusion

By analyzing the results of the analysis, let's set aside the
alpine, subalpine and meager levels of assimilation po-
tential in relation to the organic pollutant in the following
sequence:

Mountain-meadow chernozem > Mountain-for-
est-meadow> Mountain-meadow steppe> Moun-
tain-meadow sod.
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