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Abstract  
 
Soil degradation due to erosion is one of the most pressing environmental issues in the mountainous regions of Central 
Asia. This study presents the results of a comprehensive investigation of mountain brown soils distributed in the 
Chatkal and Turkestan ranges of Uzbekistan, focusing on their morphological changes under the influence of water 
erosion. The research methods included field descriptions of soil profiles, geobotanical analysis, and laboratory studies 
of agrochemical properties (humus, pH, nitrogen, phosphorus, and potassium content). The analysis of the soil cover 
allowed us to identify three subtypes of mountain brown soils: carbonate, typical, and leached, differing in carbonate 
depth and humus content. The results showed that erosion leads to the removal of the humus horizon, a decrease in 
organic matter content, and the deterioration of soil physicochemical properties. In the Chatkal Range, with its 
moderately humid climate, deeper carbonate accumulation and higher humus content were observed, but intense spring 
precipitation accelerates soil profile washout. In the Turkestan Range, where the climate is drier and steep slopes 
prevail, erosion is exacerbated by sparse vegetation and high seismic activity. Future research will focus on developing 
erosion prediction models considering climate change, as well as implementing effective soil conservation practices, 
including contour farming, terracing, and vegetation restoration.  
 
Key words: mountain brown soils, Chatkal range, Turkestan range, soil erosion, humus, soil formation, soil 
morphology. 
 
INTRODUCTION  
 
Soil erosion in Central Asian Mountain regions 
directly threatens agricultural sustainability and 
ecological balance, particularly due to the 
region’s steep terrain and increasingly variable 
climate. In the mountainous regions of Central 
Asia, including the Chatkal and Turkestan 
ranges of Uzbekistan, soil degradation caused 
by erosion has become a critical environmental 
concern. The loss of fertile topsoil not only 
undermines agricultural productivity but also 
affects the ecological stability of these fragile 
landscapes, where steep slopes and intensive 
precipitation create highly vulnerable 
conditions. Understanding the specific erosion 
mechanisms in these areas is essential for 
developing locally adapted land management 
strategies. Soil erosion is a widespread process 
that leads to the loss of the upper fertile layer 
due to water and wind action (Li et al., 2022). 

On-site, erosion results in a decline in soil 
productivity, which is crucial for growing crops 
and food production (Meyer et al., 1984). 
Surface water erosion is one of the main factors 
contributing to land degradation, which in turn 
leads to widespread food insecurity (Pandey et 
al., 2024). Studies indicate that in recent years, 
the climate of Central Asia has become 
increasingly humid and unstable, exacerbating 
water erosion (Shi et al., 2007; Chen et al., 
2011). Erosion and precipitation runoff in the 
mountain systems of Asia have significantly 
increased since the 1950s, with acceleration 
observed after the mid-1990s (Li et al., 2021). 
As of today, the global area affected by erosion 
exceeds 1,643 million hectares (Lal, 2003). 
Ecosystem degradation resulting from soil loss 
accounts for approximately 85% of all land 
degradation and is estimated to reduce 
agricultural productivity by 17% (Mountassir, 
2021; Nyesheja, 2019).  

As erosion processes develop, various 
morphological characteristics of soils change, 
including horizon thickness, structure, color, 
carbonate content, and humus levels 
(Nurullayev et al., 2024; Gafurova et al., 2020, 
2024). These processes are particularly intense 
in mountainous areas, where steep slopes and 
climatic conditions accelerate soil cover 
destruction (Aliboeva et al., 2023). 
Soil erosion involves dynamic processes of 
exposure, detachment, and transport of fine soil 
particles, as well as the loss of essential 
nutrients, which are subsequently washed away 
from the surface (Tuo et al., 2016; 2023; 
Kanianska et al., 2024). Water erosion is a 
complex mechanism of soil particle destruction, 
transportation, and deposition, which depends 
on water impact intensity, soil properties, 
topography, and vegetation cover (Ballabio et 
al., 2017; Drzewiecki et al., 2014). 
Erosion processes contribute to the 
transformation of the soil profile's 
morphological structure. The main changes 
include: Humus horizon removal - leads to soil 
depletion in organic matter, changes its color 
from dark to light, and reduces overall 
productivity (Meyer et al., 1984; Pandey et al., 
2024). Structural alteration - destruction of 
granular-crumb structure, transitioning to a 
dense, structureless mass, which deteriorates 
the soil's water-air regime (Wischmeier et al., 
1978). Movement of fine soil particles - 
intensified surface runoff removes silt and clay 
particles, leaving coarser materials behind 
(Foster et al., 1977). Accelerated carbonate 
accumulation in lower horizons - under active 
leaching conditions, carbonate redistribution 
occurs, reducing nutrient availability for plants 
(Poręba et al., 2013). 
Erosion processes lead to the formation of 
specific erosion-modified soil profiles: 
Eroded soils - characterized by a sharp 
reduction in humus horizon thickness, dense 
structure, and significant exposure of the 
carbonate horizon. Colluvial soils - formed in 
lower relief areas due to the accumulation of 
displaced material, exhibiting heterogeneous 
mechanical composition. Erosion terraces and 
gullies - in steep slope areas, erosion landforms 
develop, drastically altering the morphology of 
the soil cover (Almohamad, 2020). 

Thus, erosion processes have a significant 
impact on the morphological properties of soils, 
leading to their degradation and reduced 
agroecological potential. This problem is 
particularly acute in mountainous regions and 
areas with an unstable climate, where the 
combination of intense precipitation, steep 
slopes, and anthropogenic activities accelerates 
soil cover destruction. In this regard, studying 
the changes in soil morphological 
characteristics under erosion influence is a 
relevant scientific challenge aimed at 
developing effective measures to prevent land 
degradation and enhance soil ecosystem 
resilience. This article focuses on analyzing the 
transformation of soil morphological properties 
under erosion processes. 
 
MATERIALS AND METHODS  
 
To understand the natural conditions 
influencing soil formation in the study area, a 
comprehensive physical-geographical analysis 
was carried out. This method allows for an 
integrated assessment of key environmental 
factors such as topography, climate, geology, 
and vegetation. 
First, the geographical location of each site was 
determined, including coordinates, 
administrative boundaries, and classification 
within natural zones. Then, the 
geomorphological conditions were described-
types of landforms (mountains, valleys, 
terraces, etc.), elevation, slope angles, and 
aspect (slope exposure). 
Particular attention was paid to geological 
features, especially the composition of parent 
rocks, as they play a significant role in soil 
development. Climatic characteristics were 
assessed based on annual air temperature, 
precipitation, evaporation, and the duration of 
the frost-free (vegetation) period. The 
vegetation cover was also studied, noting the 
dominant plant species, floristic diversity, and 
the degree of soil surface coverage. 
Field studies involved laying out soil profile 
pits at representative locations, taking into 
account elevation, slope aspect, and vegetation 
type. In each pit, the profile structure was 
examined: horizon sequence, color (based on 
the Munsell scale), structure, bulk density, 
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moisture, and other key morphological 
features. 
Soil samples were collected from each horizon 
for subsequent laboratory analysis. 
Humus content was measured using Tyurin’s 
method, which involves oxidizing soil organic 
matter with a potassium dichromate solution in 
sulfuric acid. The amount of unused oxidizer is 
then titrated with ferrous sulfate (Mohr’s salt). 
About 0.2-0.5 g of air-dried, finely ground soil 
was used per sample. After adding 10 ml of 
0.4N K₂Cr₂O₇ and 5-10 ml of concentrated 
H₂SO₄, the sample was left to react for 20-30 
minutes under heat. Following cooling, titration 
was performed. A blank sample (without soil) 
was also tested. The carbon content was 
calculated based on the titration results, and 
humus (%) was determined by multiplying the 
carbon content by 1.724. 
Carbonate content was assessed using a 10% 
hydrochloric acid (HCl) solution. A small 
portion of air-dried soil (1-2 g) was placed on a 
glass plate or Petri dish, and a few drops of 
HCl were added. The intensity of CO₂ 
effervescence indicated the presence and 
degree of soil carbonate content, classified as 
strong, moderate, weak, or absent. 
Soil pH was measured in both aqueous and 
saline suspensions at a 1:2.5 soil-to-solution 
ratio. For the test, 10 g of air-dried, sieved soil 
was mixed with 25 ml of distilled water (for 
water pH) or 1N KCl/0.01N CaCl₂ solution (for 
saline pH). After mixing and standing for 30 
minutes, the pH was measured using a 
calibrated pH meter. 
The availability of phosphorus and potassium 
was assessed using Machigin’s method. Five 
grams of soil were extracted with 0.2N HCl 
solution at a ratio of 1:10 or 1:5 for 30 minutes. 
Phosphorus (P₂O₅) was determined 
colorimetrically by forming a yellow 
phosphomolybdate complex. Potassium (K₂O) 
was measured using a flame photometer or 
atomic absorption spectrometer. 

 
RESULTS AND DISCUSSIONS  
 
The Republic of Uzbekistan is located between 
the Amu Darya and Syr Darya rivers and 
covers an area of 448.9 thousand km². The 
length of the territory from west to east is 1,425 
km, and from north to south is 930 km. The 

country shares borders with Kazakhstan to the 
north and northeast, Kyrgyzstan and Tajikistan 
to the east and southeast, Turkmenistan to the 
west, and Afghanistan to the south. The total 
length of Uzbekistan’s state borders is 6,221 
km, including 143 km with Afghanistan, 
2,356.31 km with Kazakhstan, 1,476.12 km 
with Kyrgyzstan, 1,283.2 km with Tajikistan, 
and 1,831.49 km with Turkmenistan (Djalilova 
et al., 2024). 
The object of this study is soils distributed in 
the mountain systems of Chatkal and Turkestan. 
The Chatkal Range is part of the Western Tien 
Shan and is located in Uzbekistan and 
Kyrgyzstan. It extends meridionally, forming a 
watershed between the Chirchiq and Kasansay 
river basins in the southwest and the Pskem, 
Chatkal, and Akbuura rivers in the northeast. In 
the southwest, the Chatkal Range connects with 
the Kuramin Range, while in the northeast, it 
transitions into the Fergana Range. The average 
elevation is 3,000–3,500 meters, with the 
highest point being Mount Bolshoy Chimgan 
(3,309 m) (Figure 1). 
 

а.  
b. 

Figure 1. Chatkal Range (а. physical map;  
b. appearance of a mountain range) 

 
The Turkestan Range is located on the border 
between Tajikistan and Kyrgyzstan and is part 
of the Pamir-Alay mountain system. It extends 
latitudinally, forming a natural boundary 
between the Fergana Valley in the north and 
the Zeravshan Valley in the south. The 
Turkestan Range is rich in glaciers and high-
mountain plateaus, with its highest point being 
Abu Ali ibn Sina Peak (5,489 m) (Figure 2). 
 

  
a. b. 

Figure 2. Turkestan  Range (а. physical map; b. 
appearance of a mountain range) 

The Chatkal Range has a moderately 
continental climate with a high amount of 
precipitation (600-1,000 mm per year). Most of 
the precipitation falls in spring and autumn, 
intensifying soil erosion. Steep slopes (20-40°), 
deep gorges, and mountain rivers contribute to 
rapid water runoff. Large rivers such as the 
Chatkal, Pskem, and Akhangaran originate in 
this area and are fed by snowmelt and rainfall. 
Spring floods and heavy rains accelerate 
erosion processes. Forested areas provide 
partial protection against erosion, but in 
deforested regions and alpine-subalpine zones, 
erosion is intensified. The Turkestan Range 
also has a strongly continental climate, but with 
less precipitation (300-700 mm per year) than 
the Chatkal Range. Most precipitation occurs in 
winter and spring. The region consists of steep 
slopes and is a tectonically active area, with 
high seismicity leading to slope collapses. 
Slope erosion is exacerbated by floods from 
glacier-fed and seasonal rivers such as the 
Zeravshan and Surkhandarya. The vegetation 
consists mainly of sparse forests and subalpine 
meadows. On slopes with sparse vegetation, 
water erosion is more intense. 
Mountain brown soils are widely distributed in 
the mountainous regions of Central Asia, 
including the Chatkal Range. They form under 
arid and semi-arid climatic conditions and 
occupy mid-mountain and lower high-mountain 
areas. The formation of mountain brown soils 
requires the following conditions: a moderately 
arid climate with an annual precipitation of 
400–800 mm, where rainfall is unevenly 
distributed, mostly falling in the autumn-winter 
period. These soils mainly develop in loess-like 
deposits, limestones, shales, and granites under 
grass-forb steppes, dry shrubs, and, in some 
areas, juniper forests. The elevation of 
mountain brown soil formation varies across 
different mountain ranges: in the Chatkal 
Range, they are found in mid-mountain areas 
(1,200-2,500 m), formed on loess-like loams, 
and have high fertility. They are mainly used 
for pastures and agriculture, particularly for 
cereal crops and fruit trees. In the Turkestan 
Range, they are found up to 2,500 m, 
predominantly on southern and southwestern 
slopes, characterized by strong erosion, 
especially near river valleys. They are mainly 

used as pastures, but irrigated farming is 
possible in wetter areas. 
Mountain brown soils are divided into several 
subtypes based on carbonate depth and leaching 
intensity: сarbonate mountain brown soils, 
typical mountain brown soils, leached 
mountain brown soils. These soil subtypes 
reflect their altitudinal position, regional clima-
tic differences, and variations in moisture avai-
lability. Mountain brown soils are characterized 
by high humus content, a well-developed 
humus horizon, a granular structure, and carbo-
nate accumulation in the lower layers. A key 
feature of these soils is intense clay formation 
throughout the profile, especially in the middle 
part. The degree of carbonate accumulation and 
its depth depend on the stage of soil 
development: in carbonate soils, carbonates are 
present from the surface. In typical and leached 
soils, the depth of carbonate accumulation 
depends on the level of leaching by 
atmospheric precipitation (Table 1, Figure 3).  
Mountain brown сarbonate soils - formed on 
carbonate rocks such as limestones and 
dolomites. Contain a significant amount of 
carbonates (CaCO₃), appearing as powder or 
veins in the soil profile. It has an alkaline 
reaction (pH 7-8) and a humus horizon of 10–
35 cm. Fertile but prone to drought due to rapid 
water infiltration. In the Chatkal Range, 
carbonates are found deeper (30-50 cm), humus 
content is higher, and slopes are more humid. 
In the Turkestan Range, carbonates lie closer to 
the surface (20-40 cm), humus content is lower, 
and soils are often rocky. Due to their thin 
humus layer (10-30 cm) and loose structure, 
surface humus in Mountain brown сarbonate 
soils is easily washed away by rainfall, leading 
to a loss of organic matter and reduced fertility 
(Table 1, Figure 3). 
Mountain brown typical soils - formed in 
moderately arid climates. Have a well-defined 
profile with a humus horizon of 20-40 cm. 
Carbonates are found at a depth of 50-70 cm 
but in low concentrations. Soil texture ranges 
from loamy to sandy loam.  
These soils have an optimal balance of 
moisture and nutrients, making them some of 
the most productive mountain soils. However, 
erosion can lead to surface crusting, especially 
on Turkestan Range slopes with sparse 
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moisture, and other key morphological 
features. 
Soil samples were collected from each horizon 
for subsequent laboratory analysis. 
Humus content was measured using Tyurin’s 
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The availability of phosphorus and potassium 
was assessed using Machigin’s method. Five 
grams of soil were extracted with 0.2N HCl 
solution at a ratio of 1:10 or 1:5 for 30 minutes. 
Phosphorus (P₂O₅) was determined 
colorimetrically by forming a yellow 
phosphomolybdate complex. Potassium (K₂O) 
was measured using a flame photometer or 
atomic absorption spectrometer. 

 
RESULTS AND DISCUSSIONS  
 
The Republic of Uzbekistan is located between 
the Amu Darya and Syr Darya rivers and 
covers an area of 448.9 thousand km². The 
length of the territory from west to east is 1,425 
km, and from north to south is 930 km. The 

country shares borders with Kazakhstan to the 
north and northeast, Kyrgyzstan and Tajikistan 
to the east and southeast, Turkmenistan to the 
west, and Afghanistan to the south. The total 
length of Uzbekistan’s state borders is 6,221 
km, including 143 km with Afghanistan, 
2,356.31 km with Kazakhstan, 1,476.12 km 
with Kyrgyzstan, 1,283.2 km with Tajikistan, 
and 1,831.49 km with Turkmenistan (Djalilova 
et al., 2024). 
The object of this study is soils distributed in 
the mountain systems of Chatkal and Turkestan. 
The Chatkal Range is part of the Western Tien 
Shan and is located in Uzbekistan and 
Kyrgyzstan. It extends meridionally, forming a 
watershed between the Chirchiq and Kasansay 
river basins in the southwest and the Pskem, 
Chatkal, and Akbuura rivers in the northeast. In 
the southwest, the Chatkal Range connects with 
the Kuramin Range, while in the northeast, it 
transitions into the Fergana Range. The average 
elevation is 3,000–3,500 meters, with the 
highest point being Mount Bolshoy Chimgan 
(3,309 m) (Figure 1). 
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Figure 1. Chatkal Range (а. physical map;  
b. appearance of a mountain range) 

 
The Turkestan Range is located on the border 
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a. b. 

Figure 2. Turkestan  Range (а. physical map; b. 
appearance of a mountain range) 

The Chatkal Range has a moderately 
continental climate with a high amount of 
precipitation (600-1,000 mm per year). Most of 
the precipitation falls in spring and autumn, 
intensifying soil erosion. Steep slopes (20-40°), 
deep gorges, and mountain rivers contribute to 
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occupy mid-mountain and lower high-mountain 
areas. The formation of mountain brown soils 
requires the following conditions: a moderately 
arid climate with an annual precipitation of 
400–800 mm, where rainfall is unevenly 
distributed, mostly falling in the autumn-winter 
period. These soils mainly develop in loess-like 
deposits, limestones, shales, and granites under 
grass-forb steppes, dry shrubs, and, in some 
areas, juniper forests. The elevation of 
mountain brown soil formation varies across 
different mountain ranges: in the Chatkal 
Range, they are found in mid-mountain areas 
(1,200-2,500 m), formed on loess-like loams, 
and have high fertility. They are mainly used 
for pastures and agriculture, particularly for 
cereal crops and fruit trees. In the Turkestan 
Range, they are found up to 2,500 m, 
predominantly on southern and southwestern 
slopes, characterized by strong erosion, 
especially near river valleys. They are mainly 

used as pastures, but irrigated farming is 
possible in wetter areas. 
Mountain brown soils are divided into several 
subtypes based on carbonate depth and leaching 
intensity: сarbonate mountain brown soils, 
typical mountain brown soils, leached 
mountain brown soils. These soil subtypes 
reflect their altitudinal position, regional clima-
tic differences, and variations in moisture avai-
lability. Mountain brown soils are characterized 
by high humus content, a well-developed 
humus horizon, a granular structure, and carbo-
nate accumulation in the lower layers. A key 
feature of these soils is intense clay formation 
throughout the profile, especially in the middle 
part. The degree of carbonate accumulation and 
its depth depend on the stage of soil 
development: in carbonate soils, carbonates are 
present from the surface. In typical and leached 
soils, the depth of carbonate accumulation 
depends on the level of leaching by 
atmospheric precipitation (Table 1, Figure 3).  
Mountain brown сarbonate soils - formed on 
carbonate rocks such as limestones and 
dolomites. Contain a significant amount of 
carbonates (CaCO₃), appearing as powder or 
veins in the soil profile. It has an alkaline 
reaction (pH 7-8) and a humus horizon of 10–
35 cm. Fertile but prone to drought due to rapid 
water infiltration. In the Chatkal Range, 
carbonates are found deeper (30-50 cm), humus 
content is higher, and slopes are more humid. 
In the Turkestan Range, carbonates lie closer to 
the surface (20-40 cm), humus content is lower, 
and soils are often rocky. Due to their thin 
humus layer (10-30 cm) and loose structure, 
surface humus in Mountain brown сarbonate 
soils is easily washed away by rainfall, leading 
to a loss of organic matter and reduced fertility 
(Table 1, Figure 3). 
Mountain brown typical soils - formed in 
moderately arid climates. Have a well-defined 
profile with a humus horizon of 20-40 cm. 
Carbonates are found at a depth of 50-70 cm 
but in low concentrations. Soil texture ranges 
from loamy to sandy loam.  
These soils have an optimal balance of 
moisture and nutrients, making them some of 
the most productive mountain soils. However, 
erosion can lead to surface crusting, especially 
on Turkestan Range slopes with sparse 
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vegetation, reducing water infiltration and plant 
growth (Table 1, Figure 3).  
Mountain brown leached soils - form under 
higher moisture conditions than typical 
mountain brown soils. Carbonates are partially 
leached, accumulating at greater depths (below 
70 cm). Humus horizon is thicker (30-50 cm), 
leading to higher fertility. In the Chatkal 
Range, humus horizon is 40-50 cm, and 
carbonates are found deeper (80-100 cm). In 
the Turkestan Range, these soils have lower 
humus content, carbonates lie at 70-90 cm, and 
the region is more arid (Table 1).  
 

   
a) mountain brown 

carbonate soils 
b) mountain brown 

typical soils 
c) mountain brown 

leached soils 

Figure 3. Soil profile of mountain brown soils  
of the Chatkal Range (photo by M. Alibaeva) 

 
Table 1. Comparison of the Morphological Properties  

of Mountain Brown Soils 

Parameter 
Mountain 

Brown 
Carbonate Soils 

Mountain 
Brown 

Typical Soils 

Mountain 
Brown Leached 

Soils 

Horizon A 

10-35 cm: dark 
brown, loose, 

gravelly, weakly 
structured 

20-40 cm: 
brown, 

granular-
lumpy, dense, 

well-
developed 

30-50 cm: dark 
brown, 

granular-
lumpy, soft, 

loose 

Horizon B 

30-50 cm: light 
brown, dense, 

carbonate, often 
with whitish 

CaCO₃ deposits 

40-70 cm: 
brown-gray, 

dense, 
moderately 
carbonate 

50-80 cm: 
brown, dense, 
non-carbonate 

Horizon C 

50-100 cm and 
deeper: dense 

limestone, 
dolomite, 

sometimes loess 

70-100 cm and 
deeper: loess-

like loams, 
sometimes 
limestones 

80-120 cm and 
deeper: loess-

like loams, 
rarely gravelly 

rocks 

Key 
differences 
across 
mountain 
ranges 

Carbonates lie 
shallow, 

presence of 
whitish CaCO₃ 
deposits, low 

humus content 

Moderate 
carbonate 

content, well-
developed 

humus 
horizon, and 

good structure 

Carbonates are 
leached out, 
thick humus 
layer, which 

improves 
moisture 
retention 

 

Humus is a key factor in soil profile formation, 
nutrient storage, and biological activity. During 
erosion processes, the upper horizons, which 
are the richest in humus, are washed away, 
leading to a significant reduction not only in 
the total organic content but also in its 
qualitative composition, including a decrease in 
humic acids and an increase in fulvic acids. 
The loss of solid particles, including humus and 
essential nutrients, is determined by the 
intensity of surface runoff (Djalilova et al., 
2024). Along with decreasing humus reserves, 
there is also a decline in total nitrogen, 
phosphorus, and potassium, which negatively 
affects the soil’s ability to meet plant 
nutritional needs. The agrochemical properties 
of Mountain brown сarbonate soils are 
characterized by increased alkalinity (pH is 
often high due to the presence of carbonates, 
which reduces phosphate solubility) and low 
humus content (for example, on southern 
slopes, the sod horizon contains about 1.54%, 
while on watershed areas, it reaches up to 
3.25%). This is due to sparse vegetation cover 
and rapid mineralization rates under eluvial-
xeromorphic conditions. As the top layer is 
washed away, humus content gradually 
decreases with depth; carbonates tend to 
accumulate in the lower horizons, further 
binding phosphorus and limiting its availability 
(Figure 4). 
 

 
Figure 4. The content of humus, nitrogen, phosphorus, 

and potassium in mountain brown carbonate soils 
depending on the slope element (Ch.r.s.s. - Chatkal ridge 
southern slope, T.r.s.s.- Turkestan ridge southern slope, 

Ch.r.n.s. - Chatkal ridge northern slope, T.r.n.s.- 
Turkestan ridge northern slope, Ch.r. f.p. - Chatkal ridge 

flat part, T.r. f.p. -Turkestan ridge flat part) 
 

The analysis revealed that the mean humus 
content in the studied soil samples was 2.52% 
with a standard error (SE) of 0.42%. The total 
nitrogen content was found to be 0.122 ± 
0.012%, while total phosphorus and potassium 
contents were 0.140 ± 0.007% and 2.15 ± 
0.07%, respectively. These results indicate a 
significant variability in humus content 
compared to other elements (Table 2). 
 

Table 2. Mean values and standard errors of soil 
components 

 

Parameter Mean Value ± SE 
Humus, % 2.52 ± 0.42 

Total Nitrogen, % 0.122 ± 0.012 
Total Phosphorus, % 0.140 ± 0.007 
Total Potassium, % 2.15 ± 0.07 

 
Mountain brown typical soils have a more 
balanced humus and nitrogen content. In the 
upper sod horizon, humus content varies: in the 
Chatkal range, humus content ranges from 
4.04% to 7.32%, in the Turkestan Range, the 
maximum value is 3.51%. The profile is 
characterized by a sharp decrease in humus 
below the sod horizon, which is typical for 
mountain soils. On south-facing slopes, where 
solar radiation and denudation are more 
intense, humus levels are significantly lower 
compared to north-facing slopes. In watershed 
areas and foot slopes, organic accumulation 
occurs, with humus reaching 6.32-7.32% in the 
upper horizon, indicating a more favorable soil 
formation process (Figure 5). 
 

 
Figure 5. The content of humus, nitrogen, phosphorus, 

and potassium in mountain brown typical soils 
depending on the slope element (Ch.r.s.s. - Chatkal ridge 
southern slope,  T.r.s.s.- Turkestan ridge southern slope, 

Ch.r.n.s. - Chatkal ridge northern slope, T.r.n.s.- 
Turkestan ridge northern slope, Ch.r. f.p. - Chatkal ridge 

flat part, T.r. f.p. -Turkestan ridge flat part) 
 

The mean humus content in the analyzed soil 
samples was 4.23% with a standard error (SE) 
of 0.82%. The total nitrogen content was 0.236 
± 0.043%, while total phosphorus and 
potassium contents were 0.197 ± 0.021% and 
2.215 ± 0.073%, respectively.  
These findings indicate a significant variation 
in humus content compared to other 
components, which may reflect differences in 
soil formation processes and land use practices 
(Table 3). 
 

Table 3. Mean values and standard errors of soil 
components 

Parameter Mean Value ± SE 
Humus, % 4.23 ± 0.82 

Total Nitrogen, % 0.236 ± 0.043 
Total Phosphorus, % 0.197 ± 0.021 
Total Potassium, % 2.215 ± 0.073 

 
Mountain brown leached soils have a shortened 
humus profile, as they develop in more humid 
environments, where: organic matter 
accumulates mainly in the sod horizon, while 
decreasing sharply with depth (e.g., down to 
0.56–0.30% in the lower horizons).  
These soils rank among the highest in humus 
and nitrogen content among zonal soils, but 
their profile is characterized by a significant 
decrease in these parameters with depth. 
Erosion processes here result in the removal of 
humus-rich upper layers, as confirmed by data: 
in eroded soils, total nitrogen varies between 
0.17% and 0.32%, while in accumulated 
(deposited) soils, it can reach up to 0.41%.  
Additionally, there is an increase in mobile 
phosphorus and potassium content at greater 
depths, which is explained by the 
intensification of leaching processes (Figure 
6).˝ 
The mean humus content in the analyzed soil 
samples was 5.16% with a standard error (SE) 
of 1.01%. The total nitrogen content was 0.262 
± 0.036%, while total phosphorus and 
potassium contents were 0.261 ± 0.032% and 
2.30 ± 0.079%, respectively.  
These findings indicate a significant variation 
in humus content compared to other 
components, suggesting differences in soil 
fertility and composition (Table 4). 
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vegetation, reducing water infiltration and plant 
growth (Table 1, Figure 3).  
Mountain brown leached soils - form under 
higher moisture conditions than typical 
mountain brown soils. Carbonates are partially 
leached, accumulating at greater depths (below 
70 cm). Humus horizon is thicker (30-50 cm), 
leading to higher fertility. In the Chatkal 
Range, humus horizon is 40-50 cm, and 
carbonates are found deeper (80-100 cm). In 
the Turkestan Range, these soils have lower 
humus content, carbonates lie at 70-90 cm, and 
the region is more arid (Table 1).  
 

   
a) mountain brown 

carbonate soils 
b) mountain brown 
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c) mountain brown 

leached soils 

Figure 3. Soil profile of mountain brown soils  
of the Chatkal Range (photo by M. Alibaeva) 

 
Table 1. Comparison of the Morphological Properties  

of Mountain Brown Soils 
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Brown 
Carbonate Soils 

Mountain 
Brown 
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Soils 

Horizon A 

10-35 cm: dark 
brown, loose, 

gravelly, weakly 
structured 

20-40 cm: 
brown, 

granular-
lumpy, dense, 

well-
developed 

30-50 cm: dark 
brown, 

granular-
lumpy, soft, 

loose 

Horizon B 

30-50 cm: light 
brown, dense, 

carbonate, often 
with whitish 

CaCO₃ deposits 

40-70 cm: 
brown-gray, 

dense, 
moderately 
carbonate 

50-80 cm: 
brown, dense, 
non-carbonate 

Horizon C 

50-100 cm and 
deeper: dense 

limestone, 
dolomite, 

sometimes loess 

70-100 cm and 
deeper: loess-

like loams, 
sometimes 
limestones 

80-120 cm and 
deeper: loess-

like loams, 
rarely gravelly 

rocks 

Key 
differences 
across 
mountain 
ranges 

Carbonates lie 
shallow, 

presence of 
whitish CaCO₃ 
deposits, low 

humus content 

Moderate 
carbonate 

content, well-
developed 

humus 
horizon, and 

good structure 

Carbonates are 
leached out, 
thick humus 
layer, which 

improves 
moisture 
retention 

 

Humus is a key factor in soil profile formation, 
nutrient storage, and biological activity. During 
erosion processes, the upper horizons, which 
are the richest in humus, are washed away, 
leading to a significant reduction not only in 
the total organic content but also in its 
qualitative composition, including a decrease in 
humic acids and an increase in fulvic acids. 
The loss of solid particles, including humus and 
essential nutrients, is determined by the 
intensity of surface runoff (Djalilova et al., 
2024). Along with decreasing humus reserves, 
there is also a decline in total nitrogen, 
phosphorus, and potassium, which negatively 
affects the soil’s ability to meet plant 
nutritional needs. The agrochemical properties 
of Mountain brown сarbonate soils are 
characterized by increased alkalinity (pH is 
often high due to the presence of carbonates, 
which reduces phosphate solubility) and low 
humus content (for example, on southern 
slopes, the sod horizon contains about 1.54%, 
while on watershed areas, it reaches up to 
3.25%). This is due to sparse vegetation cover 
and rapid mineralization rates under eluvial-
xeromorphic conditions. As the top layer is 
washed away, humus content gradually 
decreases with depth; carbonates tend to 
accumulate in the lower horizons, further 
binding phosphorus and limiting its availability 
(Figure 4). 
 

 
Figure 4. The content of humus, nitrogen, phosphorus, 

and potassium in mountain brown carbonate soils 
depending on the slope element (Ch.r.s.s. - Chatkal ridge 
southern slope, T.r.s.s.- Turkestan ridge southern slope, 

Ch.r.n.s. - Chatkal ridge northern slope, T.r.n.s.- 
Turkestan ridge northern slope, Ch.r. f.p. - Chatkal ridge 

flat part, T.r. f.p. -Turkestan ridge flat part) 
 

The analysis revealed that the mean humus 
content in the studied soil samples was 2.52% 
with a standard error (SE) of 0.42%. The total 
nitrogen content was found to be 0.122 ± 
0.012%, while total phosphorus and potassium 
contents were 0.140 ± 0.007% and 2.15 ± 
0.07%, respectively. These results indicate a 
significant variability in humus content 
compared to other elements (Table 2). 
 

Table 2. Mean values and standard errors of soil 
components 

 

Parameter Mean Value ± SE 
Humus, % 2.52 ± 0.42 

Total Nitrogen, % 0.122 ± 0.012 
Total Phosphorus, % 0.140 ± 0.007 
Total Potassium, % 2.15 ± 0.07 

 
Mountain brown typical soils have a more 
balanced humus and nitrogen content. In the 
upper sod horizon, humus content varies: in the 
Chatkal range, humus content ranges from 
4.04% to 7.32%, in the Turkestan Range, the 
maximum value is 3.51%. The profile is 
characterized by a sharp decrease in humus 
below the sod horizon, which is typical for 
mountain soils. On south-facing slopes, where 
solar radiation and denudation are more 
intense, humus levels are significantly lower 
compared to north-facing slopes. In watershed 
areas and foot slopes, organic accumulation 
occurs, with humus reaching 6.32-7.32% in the 
upper horizon, indicating a more favorable soil 
formation process (Figure 5). 
 

 
Figure 5. The content of humus, nitrogen, phosphorus, 

and potassium in mountain brown typical soils 
depending on the slope element (Ch.r.s.s. - Chatkal ridge 
southern slope,  T.r.s.s.- Turkestan ridge southern slope, 

Ch.r.n.s. - Chatkal ridge northern slope, T.r.n.s.- 
Turkestan ridge northern slope, Ch.r. f.p. - Chatkal ridge 

flat part, T.r. f.p. -Turkestan ridge flat part) 
 

The mean humus content in the analyzed soil 
samples was 4.23% with a standard error (SE) 
of 0.82%. The total nitrogen content was 0.236 
± 0.043%, while total phosphorus and 
potassium contents were 0.197 ± 0.021% and 
2.215 ± 0.073%, respectively.  
These findings indicate a significant variation 
in humus content compared to other 
components, which may reflect differences in 
soil formation processes and land use practices 
(Table 3). 
 

Table 3. Mean values and standard errors of soil 
components 

Parameter Mean Value ± SE 
Humus, % 4.23 ± 0.82 

Total Nitrogen, % 0.236 ± 0.043 
Total Phosphorus, % 0.197 ± 0.021 
Total Potassium, % 2.215 ± 0.073 

 
Mountain brown leached soils have a shortened 
humus profile, as they develop in more humid 
environments, where: organic matter 
accumulates mainly in the sod horizon, while 
decreasing sharply with depth (e.g., down to 
0.56–0.30% in the lower horizons).  
These soils rank among the highest in humus 
and nitrogen content among zonal soils, but 
their profile is characterized by a significant 
decrease in these parameters with depth. 
Erosion processes here result in the removal of 
humus-rich upper layers, as confirmed by data: 
in eroded soils, total nitrogen varies between 
0.17% and 0.32%, while in accumulated 
(deposited) soils, it can reach up to 0.41%.  
Additionally, there is an increase in mobile 
phosphorus and potassium content at greater 
depths, which is explained by the 
intensification of leaching processes (Figure 
6).˝ 
The mean humus content in the analyzed soil 
samples was 5.16% with a standard error (SE) 
of 1.01%. The total nitrogen content was 0.262 
± 0.036%, while total phosphorus and 
potassium contents were 0.261 ± 0.032% and 
2.30 ± 0.079%, respectively.  
These findings indicate a significant variation 
in humus content compared to other 
components, suggesting differences in soil 
fertility and composition (Table 4). 
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Figure 6. The content of humus, nitrogen, phosphorus, 

and potassium in mountain brown leached soils 
depending on the slope element (Ch.r.s.s. - Chatkal ridge 
southern slope,  T.r.s.s.- Turkestan ridge southern slope, 

Ch.r.n.s. - Chatkal ridge northern slope, T.r.n.s.- 
Turkestan ridge northern slope, Ch.r. f.p. - Chatkal ridge 

flat part, T.r. f.p. -Turkestan ridge flat part) 
 

Table 4. Mean values and standard errors of soil 
components 

Parameter Mean Value ± SE 
Humus, % 5.16 ± 1.01 

Total Nitrogen, % 0.262 ± 0.036 
Total Phosphorus, % 0.261 ± 0.032 
Total Potassium, % 2.30 ± 0.079 

 
The geographical characteristics and 
differences between the mountain ranges are 
observed as follows: typical and Mountain 
brown сarbonate soils in the Chatkal Range 
show significant variations between different 
slope exposures. On southern slopes, where 
erosion is intense, humus content in the sod 
horizon can be as low as 2.50-1.54%, while on 
northern slopes, it reaches 5.825%. Phosphorus 
and potassium are also unevenly distributed: in 
eroded soils, the mobile forms of these 
elements are reduced. In the Turkestan Range, 
humus and total nitrogen levels are generally 
lower compared to the Chatkal Range.  For 
instance, in carbonate soils, the upper horizon 
on north-facing slopes contains about 2.10% 
humus, while on south-facing slopes, it drops 
to 1.60%. Mobile phosphorus and potassium 
also show a decreasing trend with increased 
erosion. The removal of the upper fertile 
horizon leads to a decline in both total humus 
content and its quality (i.e., a decrease in humic 
acids and a relative increase in fulvic acids). 
The loss of organic matter is accompanied by 
reductions in total nitrogen, phosphorus, and 
potassium, which directly impact the soil's 
potential fertility. 

The results of the study highlight the signifi-
cant influence of climatic and geological-
geomorphological factors on the formation of 
mountain brown soils in the Chatkal and 
Turkestan Ranges. Variations in precipitation 
volume and seasonality, slope exposure, and 
lithological composition have led to the 
development of three subtypes of mountain 
brown soils: carbonate, typical, and leached, 
each characterized by distinct morphological 
traits, humus reserves, and carbonate content. 
The Chatkal Range features a moderately 
continental climate with substantial annual 
precipitation (600-1,000 mm), which promotes 
the development of thicker humus horizons and 
deeper carbonate accumulation. However, 
spring floods on steep slopes accelerate the 
erosion of the upper soil layers. In contrast, the 
Turkestan Range receives 300-700 mm of 
precipitation, mainly during winter and spring. 
Limited moisture availability, coupled with 
steep topography and seismic activity, often 
causes slope collapses, intensifying erosion. 
Although humidity levels are lower, spring 
rains are frequently intense and can result in 
severe surface washout. 
Carbonate mountain brown soils are marked by 
shallow carbonate accumulation, sometimes 
visible even in the upper horizons. Due to their 
thin humus layer, these soils are highly 
susceptible to erosion; once the topsoil is 
removed, a nutrient-poor whitish carbonate 
horizon becomes exposed. 
Typical mountain brown soils, especially in 
mid-altitude zones of the Chatkal Range, tend 
to show a more balanced relationship between 
humus accumulation and carbonate leaching. 
This supports relatively stable fertility under 
current land use. However, on south-facing 
slopes or overgrazed areas with sparse 
vegetation, the topsoil often compacts after 
rainfall, decreasing water infiltration and 
increasing surface runoff. 
Leached mountain brown soils are 
distinguished by deep carbonate leaching, 
thicker humus horizons, and better moisture 
retention. These features enhance productivity, 
but intense rainfall on steep and sparsely 
vegetated slopes can wash away the most 
fertile layers. The loss of the humus horizon 
leads to a decrease in organic matter and 
essential nutrients (nitrogen, phosphorus, 

potassium), lowering the soil's fertility 
potential. 
This degradation process is particularly rapid in 
carbonate subtypes with thin humus layers and 
in areas with disturbed vegetation cover (e.g., 
due to deforestation or overgrazing). 
Comparative analysis revealed that in the more 
humid Chatkal Range, thick humus horizons 
are vulnerable to erosion caused by floods and 
heavy rains. In the Turkestan Range, a 
combination of lower precipitation, steep 
slopes, and seismic activity contributes to 
ongoing soil degradation. 
 
CONCLUSIONS 
 
This study emphasizes that the development 
and current condition of mountain brown soils 
in the Chatkal and Turkestan Ranges are 
determined by the complex interplay between 
climate, parent material, and topography. 
Differences in precipitation patterns, slope 
steepness, and vegetation density have a 
significant influence on both the morphological 
features and fertility of these soils. Carbonate 
subtypes with thin humus horizons are 
particularly vulnerable to erosion, especially on 
south-facing slopes and in areas where 
vegetation has been disturbed. 
The findings underline the importance of 
applying region-specific soil conservation 
practices adapted to local conditions. These 
include preserving natural vegetation cover, 
implementing erosion-control farming methods 
such as contour plowing, and restoring organic 
matter levels using locally available compost 
and manure. 
Instead of applying one-size-fits-all solutions, 
land management strategies should be tailored 
to the specific conditions of each mountain 
zone-particularly in terms of moisture 
availability, soil texture, and carbonate 
dynamics. With timely and context-sensitive 
actions, it is possible not only to halt further 
soil degradation but also to gradually restore 
the ecological functions and productivity of 
eroded mountain soils. 
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Figure 6. The content of humus, nitrogen, phosphorus, 

and potassium in mountain brown leached soils 
depending on the slope element (Ch.r.s.s. - Chatkal ridge 
southern slope,  T.r.s.s.- Turkestan ridge southern slope, 

Ch.r.n.s. - Chatkal ridge northern slope, T.r.n.s.- 
Turkestan ridge northern slope, Ch.r. f.p. - Chatkal ridge 

flat part, T.r. f.p. -Turkestan ridge flat part) 
 

Table 4. Mean values and standard errors of soil 
components 

Parameter Mean Value ± SE 
Humus, % 5.16 ± 1.01 

Total Nitrogen, % 0.262 ± 0.036 
Total Phosphorus, % 0.261 ± 0.032 
Total Potassium, % 2.30 ± 0.079 

 
The geographical characteristics and 
differences between the mountain ranges are 
observed as follows: typical and Mountain 
brown сarbonate soils in the Chatkal Range 
show significant variations between different 
slope exposures. On southern slopes, where 
erosion is intense, humus content in the sod 
horizon can be as low as 2.50-1.54%, while on 
northern slopes, it reaches 5.825%. Phosphorus 
and potassium are also unevenly distributed: in 
eroded soils, the mobile forms of these 
elements are reduced. In the Turkestan Range, 
humus and total nitrogen levels are generally 
lower compared to the Chatkal Range.  For 
instance, in carbonate soils, the upper horizon 
on north-facing slopes contains about 2.10% 
humus, while on south-facing slopes, it drops 
to 1.60%. Mobile phosphorus and potassium 
also show a decreasing trend with increased 
erosion. The removal of the upper fertile 
horizon leads to a decline in both total humus 
content and its quality (i.e., a decrease in humic 
acids and a relative increase in fulvic acids). 
The loss of organic matter is accompanied by 
reductions in total nitrogen, phosphorus, and 
potassium, which directly impact the soil's 
potential fertility. 

The results of the study highlight the signifi-
cant influence of climatic and geological-
geomorphological factors on the formation of 
mountain brown soils in the Chatkal and 
Turkestan Ranges. Variations in precipitation 
volume and seasonality, slope exposure, and 
lithological composition have led to the 
development of three subtypes of mountain 
brown soils: carbonate, typical, and leached, 
each characterized by distinct morphological 
traits, humus reserves, and carbonate content. 
The Chatkal Range features a moderately 
continental climate with substantial annual 
precipitation (600-1,000 mm), which promotes 
the development of thicker humus horizons and 
deeper carbonate accumulation. However, 
spring floods on steep slopes accelerate the 
erosion of the upper soil layers. In contrast, the 
Turkestan Range receives 300-700 mm of 
precipitation, mainly during winter and spring. 
Limited moisture availability, coupled with 
steep topography and seismic activity, often 
causes slope collapses, intensifying erosion. 
Although humidity levels are lower, spring 
rains are frequently intense and can result in 
severe surface washout. 
Carbonate mountain brown soils are marked by 
shallow carbonate accumulation, sometimes 
visible even in the upper horizons. Due to their 
thin humus layer, these soils are highly 
susceptible to erosion; once the topsoil is 
removed, a nutrient-poor whitish carbonate 
horizon becomes exposed. 
Typical mountain brown soils, especially in 
mid-altitude zones of the Chatkal Range, tend 
to show a more balanced relationship between 
humus accumulation and carbonate leaching. 
This supports relatively stable fertility under 
current land use. However, on south-facing 
slopes or overgrazed areas with sparse 
vegetation, the topsoil often compacts after 
rainfall, decreasing water infiltration and 
increasing surface runoff. 
Leached mountain brown soils are 
distinguished by deep carbonate leaching, 
thicker humus horizons, and better moisture 
retention. These features enhance productivity, 
but intense rainfall on steep and sparsely 
vegetated slopes can wash away the most 
fertile layers. The loss of the humus horizon 
leads to a decrease in organic matter and 
essential nutrients (nitrogen, phosphorus, 

potassium), lowering the soil's fertility 
potential. 
This degradation process is particularly rapid in 
carbonate subtypes with thin humus layers and 
in areas with disturbed vegetation cover (e.g., 
due to deforestation or overgrazing). 
Comparative analysis revealed that in the more 
humid Chatkal Range, thick humus horizons 
are vulnerable to erosion caused by floods and 
heavy rains. In the Turkestan Range, a 
combination of lower precipitation, steep 
slopes, and seismic activity contributes to 
ongoing soil degradation. 
 
CONCLUSIONS 
 
This study emphasizes that the development 
and current condition of mountain brown soils 
in the Chatkal and Turkestan Ranges are 
determined by the complex interplay between 
climate, parent material, and topography. 
Differences in precipitation patterns, slope 
steepness, and vegetation density have a 
significant influence on both the morphological 
features and fertility of these soils. Carbonate 
subtypes with thin humus horizons are 
particularly vulnerable to erosion, especially on 
south-facing slopes and in areas where 
vegetation has been disturbed. 
The findings underline the importance of 
applying region-specific soil conservation 
practices adapted to local conditions. These 
include preserving natural vegetation cover, 
implementing erosion-control farming methods 
such as contour plowing, and restoring organic 
matter levels using locally available compost 
and manure. 
Instead of applying one-size-fits-all solutions, 
land management strategies should be tailored 
to the specific conditions of each mountain 
zone-particularly in terms of moisture 
availability, soil texture, and carbonate 
dynamics. With timely and context-sensitive 
actions, it is possible not only to halt further 
soil degradation but also to gradually restore 
the ecological functions and productivity of 
eroded mountain soils. 
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Abstract 
 
Globally, edible mushrooms from forests, which are regarded as one of the main non-wood forest products, have a 
significant contribution to food security and livelihoods. The aim of this study was to bring attention to the widespread 
edible mushrooms, by highlighting their country-level perspectives in countries with great tradition in terms of 
harvesting and the environmental and economic drivers of their productivity. A bibliometric analysis was performed on 
published papers in Web of Science and Scopus databases, and by using Microsoft Excel and VOSviewer software. A 
total of 873 articles published since 1975 in 327 academic journals were considered. Journal of Ethnobiology and 
Ethnomedicine, Environmental Science and Pollution Research, Journal of Fungi, and Mycoscience were the journals 
with the highest number of published papers. The results of the bibliometric analysis highlighted the worldwide interest 
in the management of wild edible mushrooms and their ecological and economic importance, on one hand and the need 
of sustainable use and regional conservation strategies, on another hand. 
 
Key words: edible mushrooms, fungal resources, fungi, mushroom diversity, non-wood forest products. 
 
INTRODUCTION 
 
Non-wood forest products (NWFPs), also 
referred to as non-timber forest products 
(NTFPs) have a globally substantial contribu-
tion in terms of supporting rural communities 
by enhancing overall livelihood (Akomaning et 
al., 2023; Huber et al., 2023; Dincă et al., 2025). 
Wild mushrooms, one of the most important 
NTFPs worldwide, are a valuable resource for 
humans, even if many of them are very 
perishable (Bonciu et al., 2021). 
They have been used for centuries as a food 
source and for their medicinal properties 
(Vamanu et al., 2023; Yilmaz, 2024). 
Of the approximately 16,000 recognized edible 
mushroom species (Liu et al., 2022), around 
2,200 are considered safe for human 
consumption (Boa, 2004; Li et al., 2021). 
Their nutrient compounds are considered 
healthy, low calory, no glucose, low glycemic 
index and glycemic load, vegetable proteins, 

high dietary fibers, minerals, vitamins, and 
other useful bioactive compounds (Popa et al., 
2016; Araújo-Rodrigues et al., 2024). 
Wild and cultivated mushrooms are valuable 
resources to mitigate malnutrition and to ensure 
food security (Hait et al., 2025). It is expected 
that mushroom cultivation, by using agro-
forestry waste materials, to become also a eco-
friendly and profitable domain of the bio-
circular economy (Ravlikovsky et al., 2024; 
Itubochi et al., 2025). 
Wild mushrooms play a vital role in the forest 
and other natural ecosystems. Many form 
symbiotic (mycorrhizal) relationships with 
woody and grassy vegetation, while others 
function as saprotrophs, breaking down dead 
organic matter. Some species act as plant 
pathogens or exist as neutral epiphytes (Șesan 
et al., 2010; Șimonca et al., 2017; Mohali, 
2023). All these species contribute to the great 
diversity of natural or anthropogenic 
(agriculture, urban/rural green zones, etc.) 


