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THE ECOLOGICAL AND LAND-IMPROVEMENT
STATUS OF THE SOIL COVER IN THE REPUBLIC OF
KARAKALPAKSTAN: TRENDS IN DEGRADATION
PROCESSES AND THE SCIENTIFIC BASIS FORITS
REMEDIATION

In the context of ongoing anthropogenic pressure, a systematic deterioration in
the ecological and land-reclamation status of the natural environment in the
Republic of Karakalpakstan has been observed, with the pedosphere representing
the most vulnerable component of the landscape. The disruption of the hydrological
balance and the increase in the level of mineralised groundwater are attributable to
the irrational land reclamation practices that have resulted in an unjustified increase
in 1irrigation rates. This process is a key catalyst for large-scale halogenation
(salinisation) of soil horizons. In view of the aforementioned points, it is imperative
to undertake a comprehensive theoretical and empirical investigation into the
ecological condition of soils, a matter that has become of paramount and
strategically significant importance in the domain of contemporary soil science.

The contemporary geo-ecological crisis, which is a direct consequence of
prolonged, imbalanced and anthropogenically destructive land use, has had a
profound destabilising effect on the structural and functional state of the soil cover
in the Republic of Karakalpakstan. The region's geographical location in the lower
reaches and estuarine ecosystem of the Amu Darya river basin determine the
specific, extremely vulnerable conditions of soil formation. The local pedosphere is
fundamentally characterised by an extremely low accumulative potential for organic
matter (low humus content), as well as a high genetic predisposition to intense
processes of primary and secondary salinisation (halogenesis). These characteristics
are attributable to the extreme aridity and harsh continental climate, the sparse
xerophytic vegetation cover and the complex hydrogeological regime.

Academic data indicates that the substantial regression and shrinkage of the
Aral Sea's water body is a pivotal factor in the accelerated aridisation and
desertification of the Republic of Karakalpakstan's territory. This has resulted in an
increase in the continentality and severity of the local climate. Over the past decade,
a steady trend towards an increase in the frequency of extreme climatic events has
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been recorded. This includes two to three cycles of severe droughts, as well as a
significant intensification of acolian processes, characterised by a high frequency of
wind loads and dust storms. This combination of adverse hydrometeorological
factors is causing profound changes in the chemical and physico-chemical
parameters of various soil types, and disrupting the functioning of the soil-
absorption complex and the salt balance. In essence, these transformations result in
a progressive decline in soil fertility, which consequently leads to a significant
reduction in crop yields.

The issue of assessing the ecological and land-improvement status of land, and
the evolution of its agro-ecological characteristics, has an extensive
historiographical basis. A comprehensive overview of the fundamental aspects of
soil reclamation processes and the groundwater regime can be found in the scientific
works of A. N. Kostyakov (1980), S. F. Averianov (1982), V. S. Malygin (1970),
B. V. Fedorov (1983), N. A. Bazedin (1978), B. S. Konkova (1980), V. M. Legostaev
(1971), N. F. Bespalov (1978), and I. S. Rabochev (1976), amongst other scholars.

Concurrently, in-depth applied research was conducted with the objective of
identifying the patterns of functioning and ecological stability of soil ecosystems,
with a particular focus on Karakalpakstan. A substantial body of empirical data on
the agronomic and reclamation status of local soils is presented in the works of
M. Azizov, I. Smetov, S. Alimbetov, T. Taumuratov, B. S. Mambetnazarov (1982),
B. Gaipov (1990), K. Nurzhanov, A.S.Khodzhasov (1998), B. Jollybekov,
A. Saparov (2006) and other scientists, who have established the scientific basis for
contemporary ecological and pedological research in the Aral region (see references
below).

Among the factors determining the current dynamics and direction of the
evolution of the Republic's soil cover, anthropogenic impact plays a key role. The
decisive influence of human activity is realised through a combination of land
reclamation and the application of various agronomic management strategies. These
strategies can be categorised as either rational or destructive, and they entail a
fundamental transformation of the physico-chemical and morphostructural
parameters of the pedosphere. In addition, there are multidirectional changes in the
bioproductive potential of the pedosphere. The impact of irrigation in arid and extra-
arid climates is attributable to its capacity to act as a transformative agent. The
impact of irrigation pressure on soil systems has been demonstrated to disrupt the
natural evolutionary trajectory of soil systems (climax pedogenesis) and initiates a
fundamentally new vector of soil formation — that of anthropogenically modified
(irrigation) pedogenesis.
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At the present stage, a sustained trend towards the destructive transformation
of the soil cover can be observed within the structure of the Republic's key irrigated
agricultural areas. This process is characterised by the progressive depletion of
humus reserves and a deficiency of plant-available forms of biogenic elements. In
agroecosystems, there is a synergistic manifestation of a whole spectrum of negative
soil degradation phenomena, including desertification, intensive humus loss,
irrigation erosion, secondary salinisation, soil profile overcompaction, as well as
ecotoxicological contamination by xenobiotics (pesticides) and heavy metals. The
aforementioned complex of factors leads to the systemic degradation of the humus-
accumulating horizon, a decline in land quality, and the loss of the pedosphere's
bioproductive potential.

This complex degradation underpins the scientific consensus regarding the
need for a radical transformation of agricultural systems based on adaptive
landscape-based agrotechnologies. The primary objective of their application is the
enhancement of pedosphere quality through the progressive enrichment of soils with
organic carbon and the revitalisation of soil biota. The cornerstone of achieving
long-term stabilisation and growth in the productivity of agrophytocenoses is the
design, development and sound implementation of specialised crop rotation
systems. These systems ensure a balanced nutrient cycle and prevent the depletion
of soil fertility.

A significant factor contributing to the progressive decline in mineral nutrients
within the soil profile is a marked imbalance between the removal of these nutrients
through the biomass of agricultural crops and the subsequent return of these
nutrients to the soil to compensate for the loss. In the context of the prevailing agro-
ecological circumstances, there is an evident necessity for a comprehensive
transformation of the prevailing land-use system and for the adaptation of
conventional agronomic practices. It is imperative that an innovative agronomic
paradigm is oriented not solely towards the generation of consistently elevated
yields of superior quality crops, but also towards the ongoing restoration of soil
fertility. This approach involves the targeted improvement of humus status, as well
as the systematic optimisation of the complex of fundamental chemical, physico-
chemical and hydro-physical properties of the pedosphere.

Conclusion: It is evident that the strategic implementation of scientifically
proven agricultural technologies, with the objective of mitigating degradation
processes in the pedosphere of the Republic of Karakalpakstan, and the targeted
replenishment of the organic matter pool, is a pivotal factor in achieving a
substantial enhancement in the ecological condition of the soil cover. The
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implementation of these agronomic solutions will not only halt destructive soil
transformations but will also lay the fundamental groundwork for the ecological
restoration, regeneration and sustainable functioning of soil ecosystems under
conditions of severe arid stress.
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