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Abstract

The article presents the results of studying the morphological characteristics, granulometric composition and agrochemical composition
of irrigated light gray soils, as well as their changes under the influence of agriculture. It was found that the arable horizons of the studied
soils have different thicknesses, and the genetic horizons contain a large number of stones and crushed stone of different sizes. At the
same time, it was found that the morphological characteristics and agrochemical composition of the studied soils are cultivated to varying

degrees as a result of anthropogenic impact.
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Introduction

Currently, the formation and development of irrigated soils, the
identification of changes resulting from long-term agricultural
use, the analysis of their general properties, morphogenetic
structure, qualitative assessment, and fertility improvement, as
well as the prevention of processes that negatively affect soil
productivity, are considered among the most pressing issues in
scientific research. Therefore, it is essential to conduct scientific
studies aimed at examining the properties of light-colored
sierozem soils prevalent in southern Fergana from chemical
and geochemical perspectives, assessing the changes in their
agrochemical and reclamation conditions under the influence of
irrigated agriculture, and promoting the efficient use of land
resources.

In this field, scientific research has been conducted by many
scholars. The genetic affiliation of the soils of the Fergana
Valley, the main soil types, their geography, and agrochemical
characteristics have been reflected in the studies of numerous soil
scientists and agrochemists such as S.S. Neustruyev, G.I. Dolenko,
V.N. Tagantsev, A.N. Rozanov, S.N. Rijov, M.A. Pankov, P. Besedin,
K.M. Mirzajonov, V. Isaqov, A.A. Mensi, K.M. Klavdienko, and PV.
Protasov. The first written information about the soil cover of the
Fergana Valley is found in A.F. Middendorf’s work titled ”On the
Soils of the Fergana Valley.”

Lessthan half of the irrigated lands in the valley are occupied by
automorphic soils—meadow, meadow-swamp, and swamp soils.

A large part of the non-irrigated lands is covered with piedmont
dark gray, typical sierozem, and light-colored sierozem soils.

At the same time, from 1990 to 2023, G’. Yuldashev and
his students have been conducting research on the soils of the
foothill regions of Fergana Province and on hydromodule zoning.
Furthermore, in foreign countries as well, scientists have carried
out a number of scientific studies on irrigated sierozem soils,
investigating their properties, changes under the influence of
irrigated agriculture, and other related characteristics.

Research methods

The research was conducted based on the soil-genetic and
comparative-geographical methods developed by VV. Dokuchaev,
as well as the systematic pedogeochemical methods proposed
by M.A. Glazovskaya and A.I. Perelman. Chemical analyses were
carried out following the guidelines of ”Methods of Agrochemical,
Agrophysical, and Microbiological Research in Irrigated Cotton-
Growing Regions”’and YeV. Arinushkina’s ”Manual on Soil
Chemical Analysis.”The chemical element analysis of soils was
performed using neutron activation analysis at the Institute of
Nuclear Physics of the Academy of Sciences of Uzbekistan. Field
experiments were conducted according to the manual ”Methods
of Field Experiments with Cotton under Irrigated Conditions.”
Field research was carried out in three stages. The first stage
involved direct soil-geographic field investigations, during which
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agricultural lands in the southern part of Fergana Province and
theirrigated light-colored sierozem soils of this area were selected
as the research object. Field observations revealed that these soils
are mainly of heavy, medium, and occasionally light mechanical
composition. Soil samples were collected from the designated area
in accordance with the principles of genetic soil science. In the
subsequent stage, the collected data were processed during the
laboratory (chamber) phase, prepared for chemical analysis, and
analyzed accordingly.

Research results

In our research, soil samples were collected from the agricultural
fields located in the territory of the "FERGANA FRANCE”LLC
in Fergana District, Fergana Province. The morphological
characteristics of some of these soil samples are presented below
[5,6]:

Cross-section 2-I, contour 61. Newly irrigated light sierozems. 150 meters south of the

field barn belonging to "FERGANA FRANCE" LLC, Fergana District, Fergana Province; a

tilled area between seedling rows; slope direction from south to north. April 8, 2023.

Ah 0-20 sm. Light yellow in color, heavy mechanical composition, moist; roots are
present within the horizon; stones of various sizes are observed; the
transition to the next layer is gradual due to increasing density.

Ah-020-25sm. | Light yellow in color, slightly sticky when moist, heavy mechanical
composition; roots are present; stones of various sizes are observed. The
layer is dense, and the transition to the next horizon is gradual, based on
color changes.

B125-55 sm. Light gray in color, medium mechanical composition; gravelly layer with
stones of various sizes and the presence of roots. The transition to the next
horizon is abrupt, based on color differences.

V2 55-98 sm. Light gray in color, gravelly layer; fine roots are present.

C 98-132 sm. Light brown in color; no roots observed; fully gravelly and stony layer.

The studied soils are classified as irrigated light-colored
sierozem soils, with plow layers of varying thicknesses and the
presence of gravelly layers of different particle sizes within their
genetic horizons.

Field observations revealed that the morphological
characteristics of these soils, which differ in the degree of
irrigation, have undergone changes due to anthropogenic
influence.

Table 1
G i position, %o [3]
Crozs- | Horizon, Fractionz, 1 Physical | Gramulome | Stone-
section m clay, % tric gravel,
/Mo, =02 | 015 01- | 003 | 001- | 0003 | <0001 compositie L1
5 ‘ 0l ‘ 3 | 001 s,oos| 0.001 u
Newly irrizated light sierozems
21 0-20 T3 Tl 149 46 153 118 150 46,1 Heavy 383
015 10,1 64 13,6 pER] 152 120 150 461 Heavy 444
1535 16,1 124 153 212 342 Heavy 516
light sieTozems
51 0-20 124 128 115 135 358 Medim: 04
10-31 17,3 113 10,8 13,7 358 Mledivm 40,0
3153 19,1 127 1LE 145 380 Medim: 60
pped light sierozems
(34 Tl 13,1 115 16,1 40,3 Mledium 1.5
81 128 115 17.0 43 Medim: 512
13,1 15,1 114 17,1 43,7 Medim: 510
lght sierozems
5T | 031 | 104 [ 124 | 107 | 13 [ 374 | Medum | 558
318 1671 130 | 183 | 151 | 314 | Medium | 60

Changes in the chemical, agrochemical, physicochemical,
water-physical, and other properties of soils are directly related to
their granulometric composition. The granulometric composition
of soils is determined by the amount of physical clay and physical
sand fractions they contain (Table 1). The quantity of particles
of various sizes in the soil, together with other fractions, affects
overall soil properties.

In light-textured soils, the capacity to retain water and
nutrients is very low, and in most cases, the organic matter
content is minimal. In contrast, in heavy-textured soils, the
content of nutrient elements is significantly higher than in sandy
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soils. The studied light-colored sierozem soils are primarily of
heavy and medium loam texture, occasionally with heavy loam
granulometric composition, which is also reflected in Table 1.

There is a close relationship between the granulometric
composition of soils and the migration of macro- and
microelements as well as their reclamation status.

The organic matter present in the soil serves as a source of
carbon dioxide, nutrients, and energy for plants. Humus is one of
the key indicators of soil fertility in agricultural lands; it enhances
the sustainability of farming practices and plays a vital role in soil
formation. Additionally, the amount of humus regulates thermal
conditions in the soil, contributes to the development of soil
structure, and acts as an energy reserve.

According to the collected data, a decrease in humus content
is observed in arable lands during the initial years of cultivation.
However, there is also evidence that in irrigated soils, humus
content tends to increase with the degree of agricultural
improvement, though this increase is not unlimited and occurs
within certain thresholds.

In the soils of the farmland belonging to “FERGANA FRANCE”
LLC in southern Fergana, particularly Fergana District, the root
systems of natural and cultivated plants are generally located in
the upper soil layers. Consequently, the humus horizon in these
soils is shallow, and its reserves are lower compared to other soil
types [A. Turdaliev, 2016].

The excessive and prolonged use of mineral fertilizers and
various pesticides to obtain high yields from agricultural crops has
significantly reduced the rate of organic matter transformation
into humus. During the morphological analysis of the studied soils,
it was also observed that biological activity in the plow and sub-
plow layers is low, and microbial activity has declined. This, in
turn, leads to a decrease in the agrochemical composition and
fertility of the soil (Table 2).

Table 2
Agrochemical indicators of soils [6]
Cross- Layer Soil mobility, msls S0l N-NO; mz kg Soil humus
section  thickmess, 0.0, Level ofsupply B0 Level ofsupply  W-NO. Levelofaupply % Levelof
Ne mm aupply
Nenly irrigated Hght sierozems
21 0-20 40,0 Average 4114 Very high 219 Much 1371 More
10-15 L0 Low 3612 Higk 70,1 Duch 1124 Maore
1533 10,3 Very lew 3371 High 35,1 More 0091 Avermge
Old irrigated light sierozems
T [0 W0 Veyhish W60 Ve bk T T65  Much
10-31 14,0 Low 3010 Higk 7 More 0,301 Low
3133 10,0 Very lew 1167 Average 492 Average 0,540 Low
Newly developed irrizated light sierozem soils
61 0-23 15,0 Low 3732 Hizh 619 Much 0807 Averge
153 13,3 Vary low 3732 Higk (] Duch 0,591 Low
30-T0 83 Very lew 3371 High 70,1 Much 0,633 Low
Old irrigated light sierozems
81 0-31 13.3 Very lew 4158 WVery high 35,1 More L1103 Avermge
3145 110 Tary low [x] Vary hizk €0 Tz 0038 Averaze

According to the analysis results, the humus content in the
plow layers of long-term irrigated soil profiles ranges from
1.203% to 1.625%, while in the plow layers of newly irrigated
soils it fluctuates between 0.992% and 1.372%. Additionally, in
the newly reclaimed light sierozem (light gray desert) soils, the
humus content is observed to be around 0.633% to 0.907%. These
analytical results indicate that the humus content in long-term
irrigated soils is relatively higher compared to that of newly
irrigated and newly reclaimed soils.

The C:N ratio in soils is a relative indicator of the nitrogen
richness of humus. For sierozem soils, this ratio typically averages
around 8, indicating a humus content rich in nitrogen. In the
studied irrigated meadow soils, the C:N ratio was found to range
from5.7t06.7(2, 3, 6].

The total nitrogen content is closely correlated with the humus
content, and in the studied irrigated meadow soils, the distribution
of nitrogen content along the soil profiles generally follows the
same trend as that of humus.

The total phosphorus content in all studied soil profiles



ranges between approximately 0.08% and 0.01%, while the total
potassium content fluctuates from 0.21% to 0.49%.

These findings indicate that the studied soils fall into the
category of low supply in terms of available nutrient elements.
Consequently, to achieve high and stable crop yields, these
irrigated, moderately saline, and variously textured automorphic
soils require the systematic application of mineral and organic
fertilizers.

In the studied soils, the levels of humus, nitrogen, phosphorus,
and potassium are not sufficient to fully support optimal
growth and development of agricultural crops. Moreover,
these indicators vary depending on the level of agricultural
development (cultivation status) of the soils. These differences
are also illustrated in Figure 1.
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Figure 1. Dynamics of changes in the amount of mobile nitrogen, phosphorus and
potassium in the upper layers

In conclusion, it can be observed that newly reclaimed
and newly irrigated soils exhibit low levels of total nitrogen,
phosphorus, and potassium. In contrast, long-term irrigated soils
show relatively higher contents of these nutrients compared to the
aforementioned soil layers.

Therefore, to maintain and improve soil fertility and increase
crop yields in irrigated meadow gray-brown and meadow-swamp
soils with low productivity, a range of agrotechnical measures
should be implemented. In this regard, the combined use of
mineral and organic fertilizers is of paramount importance for
enhancing the agro-physical and physical properties of these soils
as well as their fertility, especially when cultivating wheat.

Moreover, prolonged exclusive use of mineral fertilizers leads
to the accumulation of their unassimilated residues in the form of
salts within the soil profile year after year. This results in increased
soil salinity and a consequent decline in soil fertility.
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