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Abstract
The article presents climate data, soil moisture, humus content, nitrogen and other 

key microbiological indicators of the territory (2023–2024). Agricultural production 
has made great strides in the last two decades and occupies a leading position not only 
in the Sheki region, but also in the country. Deforestation to meet the growing needs 
of the population for firewood is a very sad situation. Forestation work in the Sheki re-
gion, considered the most beautiful tourist center of Azerbaijan, is one of the most im-
portant issues posed by the state to environmentalists. The article presents the results 
of forest restoration work carried out on the experimental site of the Sheki Regional 
Research Center, as well as studies carried out on soils spread under trees that are 
already 80 years old. Soil surveys conducted using modern methods are considered an 
innovation for Azerbaijan. The results obtained can be used in subsequent studies co-
ordinates are 41°15'45.0"N 47°12'57.6"E; 41°15'54.8"N 47°13'12.5"E; 41°16'03.8"N 
47°13'14.2"E; 41°16'03.3"N 47°13'34.9"E; 41°16'29.6"N 47°12'52.0"E. The study of 
microbial mass is very important for the ecological assessment of the studied soils. 
The maximum number of actinomycetes was found in the virgin gray forest soil on the 
hillock, where it amounted to 360 thousand CFU/g, which is 5 times more than in the 
same soil horizon of the depression on the natural soil and 30 times more than in the 
soils of both elements of the microrelief on the fallow land. In taxonomic terms, mi-
cromycetes in the studied gray forest soil are represented by the following dominant 
species: Penicillium notatum, Penicillium chrisogenum, Trichoderma viride, Trichoderma 
lignorum, Aspergillus niger, Mucor ssp., Paecilomyces ssp., Crustosum ssp. Representa-
tives of the genera Fusarium and Monatospora are rare. As a  result of the analysis of 
the obtained data, the total reserves of organic matter of the secondary spruce forest 
were determined, which amount to from 21.5 to 32.7 kg·m–2.
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3.1  Introduction

To assess the sustainability of agrocenoses, it is advisable to use a set of criteria 
and indicators that allow quantitative interpretation of its variability under the in-
fluence of agrogenic factors. Microbiological and biochemical indicators reflect the 
dynamic properties of soils and serve as indicators of life processes in the soil [1, 2]. 
Currently, the issue of efficient land management and rational use of forest re-
sources is acute. The world community is increasingly aware of the need to pre-
serve and restore forests. One of the most important production tasks of forestry 
in the area of forest reproduction is the cultivation of high-quality planting materi-
al of trees and shrubs. The quality of planting material and its hereditary properties 
largely determine the productivity and sustainability of future plantings [3, 4]. The 
issue of efficient land management and rational use of forest resources is acute.  
The world community is increasingly aware of the need to preserve and restore 
forests [5].

The development of livestock industries entails an increase in the need for 
feed grain, coarse and succulent feed, therefore, it will be necessary to expand 
existing agricultural lands at the expense of lands that were not previously culti-
vated or were long ago transferred to a fallow state. As for planting material for 
reforestation, there is currently a shortage of high-quality raw materials (seedlings)  
in the Azerbaijan, existing nurseries use old methods used since Soviet times for 
growing.

Successful reforestation (afforestation) requires a significant number of seed-
lings and saplings grown in forest nurseries. Effective implementation of reforesta-
tion measures is possible only on a soil-typological basis, in connection with which 
the consideration of soil and ground factors comes first [6]. This becomes especial-
ly relevant when growing planting material in forest nurseries, under conditions 
of intensive agricultural technology, which makes nursery farms similar to agricul-
tural production [7]. Currently, the main ways of intensifying work in the agricul-
tural sector are in the area of implementing precision farming systems (Fig. 3.1).

Similar approaches can be fairly transferred to the organization of work in for-
est nurseries. Precision farming is based on digital field maps compiled using geo-
graphic information systems. This allows systematizing the available information 
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on the state of the soil, as well as updating it, receiving visual data in the form of 
various maps and cartograms, automating the accounting of all economic activ-
ities on the territory of the nursery, and providing information support for deci-
sion-making [8, 9]. 

Fig. 3.1 Cartogram of the current state of the fields in the Sheki Regional Center:  
a – soil plan of part; b – soil pH; c – acidity level of soils
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3.2  Methods

The research was conducted on the territory of the Sheki Regional Center of 
the educational and experimental forestry enterprise in Sheki. The forest nurs-
ery with an area of 33 hectares is located on the territory of the Sheki-Zagatala 
economic district in the 11th quarter of the district forestry. The nursery provides 
planting material for forestry production in Sheki and other farms in Sheki-Zaga-
tala economic district; the assortment is dominated by coniferous species, most 
often used in reforestation. The work program included a soil-agrochemical survey 
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of the nursery fields using GIS technologies (laying and morphological description 
of sections, sampling to determine the physical, physicochemical and chemical 
properties of the soil), conducting a topographic survey of the nursery territory, 
determining the degree of weed infestation of the nursery fields. All collected in-
formation was digitized and combined into a single geographic information sys-
tem. Georeferencing of soil survey points, relief topographic survey points, and 
nursery fields was carried out using GPS/GLONASS navigation and the NextGIS 
mobile application. In the soil laboratory of the Institute of Soil Science and Ag-
rochemistry, the main physical (density, solid phase density, moisture), chemical 
and physicochemical properties of soils (actual, exchangeable, hydrological acidity, 
the sum of exchangeable bases, cation absorption capacity, base saturation, con-
tent of available forms of nitrogen, phosphorus and potassium, humus content) 
were determined for the selected soil samples. The QGIS system was chosen as the 
software for creating the nursery GIS. QGIS is a free, cross-platform, open-source 
system. It supports a wide range of vector and raster formats, has a convenient 
Russified interface and a large number of accessible methodological materials.  
In addition, QGIS is directly linked to the NextGIS Mobil mobile application, as 
these are related developments. The SAS program was used to obtain a georefer-
enced topographic base [10–13]. 

3.2.1  Physicochemical properties 

The work uses generally accepted methods for studying the physical, chemi-
cal and physicochemical properties of soils. Phytotoxicity of soils was carried out 
according to the method of N. Krasilnikov in an aqueous extract obtained from hu-
mus and buried horizons of the studied soils when comparing them with the con-
trol (distilled water). Identification of microscopic fungi was carried out accord-
ing to the Identifier of M. Litvinov, actinomycetes – according to the Identifier of 
G. Gause et al., eubacteria – according to the Identifier of Bergey's bacteria. The 
methodological approach for conducting laboratory analyses of the biochemical 
activity of soils was the express method of T. Aristovskaya, M. Chugunova, the es-
sence of which is that the rate (in hours) of decomposition of a nitrogen-containing 
organic compound (urea) and changes in the pH of the air by 1.5–2.0 units due to 
the release of ammonia are recorded. Agrophysical properties are considered to be 
among the most important elements of soil fertility. The main physical properties 
include bulk density and solid phase, porosity, structural-aggregate composition 
and water resistance of structural units [14, 15].
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3.3  Results

3.3.1  Microbiocenoses

The studies were conducted in a long-term stationary experiment, estab-
lished in 2023–2024 on gray forest medium loamy soil in the southern region of 
the Greater Caucasus. A fairly high humus content is observed in the organogenic  
horizons. Its amount decreases rapidly with depth, especially noticeable in the 
soils of the pits located on elevated elements of the microrelief. Thus, at a depth 
of 30–50 cm of pit 1 on the deposit, there is less than 2% humus, and in the upper 
horizon of pit 3 on natural soil – a little more than 2.5%, which is due to the greater  
mineralization of humus here compared to depressions, caused by higher soil heating.  
In depressions, both on virgin soil and on deposits, the amount of humus decreases 
slowly down the profile and even at a depth of 50–70 cm remains quite high, 
amounting to more than 3%. The upper horizon of section 4 is significantly enriched 
with humus, which is 3 times more than the similar horizon of section 3. Fallow and 
virgin gray forest soils have significant differences in the content of actinomycetes. 
In fallow soils, their number is 10–11 thousand CFU/g on the micro-elevation 
and significantly lower in the subsurface and buried horizon of the micro-depres-
sion (2.5–1.6 thousand CFU/g). Consequently, the processes of organic mineraliza-
tion due to actinomycetes in fallows occur less deeply and less intensively, as also 
evidenced by the large range of C:N. However, in virgin gray forest soil, especially 
on the elevation, the number of actinomycetes is maximum (300 thousand CFU/g), 
which is consistent with the smaller range of C:N and the low content of organic 
matter in the horizon, A (10–20), due to its active mineralization by actinomycetes. 
In taxonomic terms, the dominant actinomycetes that we were able to identify to 
the species level belong to the Albus section of the Albus series, Streptomyces/Albus 
species, and to the Cinereus section, Achromogenes series, Streptomyces sporocinereus 
species. The quantitative index of denitrifiers taken into account on the Giltai me-
dium is very low (0.1). They were found only in the depressions of the deposit and 
natural soil.

Consequently, the processes of nitrate reduction, the amount of which is appar-
ently insufficient due to the shallow degree of mineralization of organic matter in 
the deposit, are greatly slowed down [14]. In all horizons of the studied gray forest 
soils of the fallow and natural lands, a large number of oligonitrophilic and nitro-
gen-fixing eubacteria are present on both elements of the microrelief, counted by 
the standard method on the Ashby medium. The number of oligonitrophils on the 
fallow land is from 9.0 million CFU/g to 12 million CFU/g in the soil of the upland and  
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15 million CFU/g in the depression. On the natural soils, their number is even higher: 
50 million CFU/g on the hillock and 60 million CFU/g in the depression. 

The high number of oligonitrophils in the microbiocenoses of the studied sam-
ples of gray forest soil compared to other ecotrophic groups of microorganisms can 
be explained by small reserves of nitrogen, the amount of which is "compensated" 
by both the process of nitrogen fixation, enriching the soil with nitrogen, and the 
activity of dissipotrophs assimilating low concentrations of nitrogen present in the 
soil in a  "dispersed" state [15]. In taxonomic terms, free-living oligonitrophils – dis-
sipotrophs in the gray forest soil of the region are represented mainly by pseudo-
monads and bacilli, and diazotrophs are rare and are represented by Azotobacter.

3.3.2  Vegetation

It should be noted that the humus content in the deposit is 1.5 times less than in 
natural soils, which is associated with the activation of soil dehumification processes 
during development. However, the differences in humus content between soils of dif-
ferent positions along the microrelief are insignificant and amount to less than 1% in 
the upper horizons. Due to surface leveling and mechanical mixing of the soil, many in-
dicators, including humus content, have become closer in their values [16, 17]. During 
the field stage of the research, it was established that the nursery soils are classified 
as arable gray medium or light loamy. A satellite image from the operator DigitalGlobe 
was used as the basis for the placement of all spatial objects [18]. Shapefile format was 
chosen as the format for presenting GIS data. The soil plan was directly constructed 
using the interpolation method depending on the genesis and morphology of the soils, 
the granulometric composition and the terrain [19–21]. When determining the degree 
of weed infestation in the fields, it was found that perennial weeds have the greatest 
species diversity, the most common weeds being Taraxacum officinale, Phleum pratense 
and Tripleurospermum inodorum, Stellaria media L., Galinsoga quadriradiata, Eragrostis 
curvula, Eragrostis pectinacea (Michx.), Eragrostis tef (Zucc.), Echinochloa crus-galli (L.), 
Fagopyrum tataricum  (L.), Capsella bursa-pastoris (L.), Tripleurospermum inodorum  (L.), 
Myosotis arvensis (L.) Viola tricolor (L.), Apera spica-venti (L.), Cirsium arvense (L.), Sonchus 
arvensis (L.), Barbarea vulgaris, Vicia cracca (L.), Potentilla anserina (L.), Lupinus polyphyl-
lus (L.), Ranunculus repens (L.), Equisetum arvense (L.), Calamagrostis epigejos (L.), Tussilago 
farfara (L.), Geum urbanum (L.), Artemisia vulgaris (L.), Tanacetum vulgare (L.), Centaurea 
jacea (L.), Plantago major (L.), Deschampsia cespitosa (L.), Phleum pratense (L.) and others.  
On natural cenoses, the pits were laid on a gentle slope of western exposure with 
a  slope of less than 3°C, in its lower part (Fig. 3.2). In the course of scientific research 
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conducted over many years, the bioecological properties of tree species, which are 
of great importance in various landscapes of Azerbaijan, have been widely studied.
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Fig. 3.2 Cartogram of some content's degree in the soils:  
a – base saturation; b – nitrogen content; c – phosphorus content; d – potassium content

Source: by authors in 2024 year

The pits are located on a gentle slope with a western exposure with a slope of 
less than 4°C, in its lower part. Vegetation: mixed grass. The elevation above the de-
pression in the forest according to the leveling traverse was 3.1 m, the diameter of 
the mound was 22 m. The soil on the mound effervesces from 10% HCl from a depth  
of 70  cm. Profile formula: O-Ad-A-AE-BE-BT-Cca, soil name: gray forest typical 
residual-carbonate. In the depression, the soil does not effervesce from 10% HCl 
throughout the profile. Profile formula: O-Ad-A-AE-A1-A2-A3, soil name: gray forest 
with a buried humus horizon.

At the turn of the century, the period of traditional cartography was replaced by 
a period of geoinformation mapping and the active use of computer technologies.  
On the fallow land, the pits were laid on a gentle slope of southern exposure with 
a  slope of less than 2°C (Fig. 3.3).
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of Sheki Regional Center: a – element content; b – soil density; c – soil humidity
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The vegetation is represented by lush forbs with birch and aspen undergrowth. 
The height of the micro-elevation was 40 cm, the diameter was 38 m. The soils do 
not effervesce from 10% HCl throughout the profile. The soil profile formula on the 
micro-elevation is A1-A1/p-AE-BE-BT-Cg, the name of the soil is gray forest gleyic. 
In the micro-depression, the profile formula is: A1-A1/p-A-AE-BE-BT-Cg, the name 
of the soil is gray forest with a buried humus horizon. According to the 2004 Clas-
sification, the soils on both elements of the microrelief belong to the same type – 
agro-gray gleyic soils of the texturally differentiated soils of the postlithogenic trunk, 
with the profile formula: A-AY-AEL-BEL-BT-Cg. Comparative indicators (soil density, 
humidity) of soil parameters in the selected fields (deposit and arable) of Sheki Re-
gional Center were determined (Fig. 3.3).

The goal of analyzing the dependence of stand productivity on soil conditions 
based on production materials: field soil survey and forest management data. The av-
erage height of the stand (in meters) at the age of 80 years, i.e. the stand quality class, 
expressed in an arithmetic scale, was chosen as the indicator of stand productivity. 
To characterize the soil conditions, those indicators were selected from the soil sur-
vey materials that can be expressed in arithmetic scales [22], 4,549 pine stands were 
analyzed. Correlation analysis confirms the dependence of the stand quality (aver-
age height at 100 years) on the selected soil indicators (Table 3.1). Multiple R = 0.67, 
normalized R2 = 0.45 with a standard error of 1.77. Of the selected soil indicators, the 
least significant were the capacities of the humus and podzolic horizons. 

The remaining indicators have a significant impact on the productivity of pine 
forests and should be taken into account when forecasting forest development and 
forestry planning. The next stage of our analysis was to test the hypothesis about 
changes in the productivity of pine forests with age. The presented investigations 
mainly assessed the current state, dynamics, and comparative parameters of erosion, 
emphasizing its repercussions on fertility indicators of agricultural soils. Expanding 
the research was imperative to highlight the correlation between soil erosion and 
its consequences on the local ecosystem. Beyond the immediate impact on soil fer-
tility, erosion can lead to enhanced sedimentation in water bodies, affecting water 
quality and aquatic habitats [23, 24]. Multiple linear correlation analysis confirms 
the dependence of the productivity of stands (average height of a stand at 80 years) 
on age and soil parameters (Table 3.2). Multiple R = 0.74, normalized R2 = 0.54 with 
a standard error of 1.61. It should be noted that the coefficient of the variable "age 
of a stand" is significant. To confirm the independence of the sample from the age 
of the stands, it is possible to analyze the dependence of the age of pine forests on 
soil parameters (Table 3.3). Multiple R = 0.14, normalized R2 = 0.02 with a standard  
error of 30.00.
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Based on production materials, the dependence of pine forest productivity on 
such soil properties as the thickness of organogenic horizons, the granulometric 
composition of the soil and parent rock, the degree of soil profile moisture, the depth 
of gleyed horizons and the degree of gleyization is confirmed. The change in the qual-
ity of pine forests during their growth is also statistically confirmed. All this indicates 
the need and possibility of developing growth standards for tree plantations taking 
into account soil information [25].

Modern soil cover of natural and cultivated cenoses used in agriculture of Greater 
Caucasus southern slope plains horizontal distribution shows the difference in relief 
structure of the territory (Fig. 3.4).

Fig. 3.4 Maps of the Greater Caucasus: a – map of the southeastern part of the Greater 
Caucasus in 3D forma; b – slope map of Greater Caucasus plains; c – aspect map of  

the Greater Caucasus plains; d – horizontal and distribution maps of the Greater  
Caucasus plains; e – vertical distribution maps of the Greater Caucasus plains
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3.3.3  Discussion of the results

In developing countries, special attention is paid to the agricultural sector, 
which is the main condition for social sustainability. Anthropogenic impact on 
ecosystems creates a number of environmental problems. Unsustainable natural 
landscapes are destroyed under the influence of irrational management methods. 
There is widespread irrigation degradation, secondary salinization and other ad-
verse phenomena that contribute to the alienation of hundreds of thousands of 
hectares of fertile land from agricultural use. The main soil ecological indicators 
of Greater Caucasus natural and cultivated cenoses were studied. These studies 
of modern soil cover are of great importance for the development of agriculture in 
the country. The selected territory of the study is the most important tourist area 
due to the enrichment of natural vegetation and the beauty of relief landscapes. 
The obtained results show the differences and similarities in environmental pa-
rameters between soil sections. Horizontal and vertical distribution maps showed 
southern slopes of Greater Caucasus landscapes in Azerbaijan. The statistical pa-
rameters of multiple regression analysis of the dependence of plantation produc-
tivity on the age and properties of the soil showed deviations in different horizons. 
Currently, in order to solve the above problems, the creation of interactive elec-
tronic soil ecological assessment maps and maps of soils is relevant. The presented 
work was to study the current state of typical mountain-forest brown, residual 
carbonate mountain-forest brown and mountain-gray-brown soils formed on the 
north-eastern slope of the Greater Caucasus, to analyze their morphogenetic hori-
zons of the structure based on the International WRB system and to determine the 
possibility of their use in agriculture.

3.4  Conclusion

Microscopic mold fungi, the main destructors of organic matter, were found in 
all the studied samples of gray forest soil, which is due to favorable physicochem-
ical conditions for them: acidic reaction of the environment (pH 5.9), sufficient 
amount of nutrients (organic content is 4.9–4.7%), and high humidity (23.7–27.9%).  
At the same time, in the soil of microdepressions on the fallow land, their number is 
the highest and amounts to 7.0–8.0 thousand CFU/g in the A and A1 horizons. The 
maximum number of actinomycetes was found in the virgin gray forest soil on the 
hillock, where it amounted to 360 thousand CFU/g, which is 5 times more than in 
the same soil horizon of the depression on the natural soil and 30 times more than 
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in the soils of both elements of the microrelief on the fallow land. In taxonomic 
terms, micromycetes in the studied gray forest soil are represented by the follow-
ing dominant species: Penicillium notatum, Penicillium chrisogenum, Trichoderma  
viride, Trichoderma lignorum, Aspergillus niger, Mucor ssp., Paecilomyces ssp., Crusto-
sum ssp. Representatives of the genera Fusarium and Monatospora are rare. As a result 
of the analysis of the obtained data, the total reserves of organic matter of the sec-
ondary spruce forest were determined, which amount to from 21.5 to 32.7 kg·m–2.  
When small-leaved forests transition to the total biomass of perennial parts of 
the stand increases, which contributes to the accumulation of organic matter by 
the ecosystem. The greatest contribution to the accumulation of organic mat-
ter by the studied plant communities is made by perennial parts of the forest 
stand  (up to 88%) and litter of the forest stand (up to 15%), which determines 
the need for a  more detailed assessment of these components of forest eco-
systems during monitoring observations. The C content of microbial biomass 
in humus horizons of sod soils ranges from 0.49 to 1.29 mgC/g. Its reserves in 
the 0–35 cm layer vary from 1.39 to 2.74 tC/ha, which can be assessed as sig-
nificant for this type of soil. Microbiological and biochemical indicators can be 
used in assessing technological methods to determine the rational use of gray  
forest soils.
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