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Abstract: The cultivation of medicinal plants and the development of plant-based
pharmaceutical products offer important opportunities for sustainable agriculture and
pharmaceutical development in arid regions. The Republic of Karakalpakstan, located in
northwestern Uzbekistan, faces major environmental challenges, including soil salinization,
water scarcity, drought and land degradation. These conditions create a need for medicinal
plant species that can tolerate environmental stress while maintaining adequate biomass
production and phytochemical quality. This article reviews the potential of medicinal plant
cultivation in Karakalpakstan, with particular emphasis on licorice (Glycyrrhiza glabra L.),
a medicinal species of pharmaceutical and ecological importance. Published research
indicates that licorice can be cultivated on saline soils and that appropriate biological seed
treatments may improve seed germination, root biomass and glycyrrhizin content. The
article also discusses the relationship between cultivation practices, harvesting, post-harvest
processing, phytochemical standardization and the production of plant-based
pharmaceutical preparations. A sustainable approach integrating agronomic management,
chemical analysis, quality control and conservation of natural plant populations is proposed.
Further experimental research is needed to identify cultivation protocols that optimize both
pharmaceutical quality and economic viability under the specific environmental conditions
of Karakalpakstan.
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Introduction

Medicinal plants have long been used as sources of biologically active compounds
for traditional medicine and modern pharmaceutical development. Their roots, leaves,
flowers, fruits and seeds contain diverse secondary metabolites, including alkaloids,
flavonoids, terpenoids, phenolic compounds and saponins. These substances provide
valuable starting materials for the development of standardized herbal medicines,
pharmaceutical extracts and other plant-derived products.

Despite their potential, medicinal plant production requires careful management
because environmental conditions influence plant growth, biomass accumulation and the
composition of biologically active compounds. Soil salinity, drought and irregular water
availability can substantially affect agricultural productivity and the quality of medicinal
raw materials.

These challenges are particularly relevant to Karakalpakstan, where environmental
degradation associated with the Aral Sea crisis has contributed to extensive soil salinization
and the deterioration of agricultural land. Developing sustainable cultivation systems for
medicinal plants could help diversify agricultural production, increase the value of local
biological resources and support the development of regional pharmaceutical industries.

Licorice (Glycyrrhiza glabra L.) is a promising candidate because of its adaptation to
certain saline and arid environments and its importance as a source of glycyrrhizin and
other phytochemicals. Research conducted in the Aral Sea region has investigated its
cultivation on degraded land and its potential contribution to soil restoration. However,
successful production requires an integrated understanding of plant propagation, soil
conditions, water management and pharmaceutical quality.

The purpose of this article is to evaluate the scientific basis for cultivating medicinal
plants under the arid and saline conditions of Karakalpakstan and to identify practical
research priorities for producing high-quality medicinal raw materials and plant-based

pharmaceutical products.
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Materials and Methods

This article is designed as a narrative review of published scientific literature
concerning medicinal plant cultivation, salinity tolerance, phytochemical composition and
pharmaceutical processing, with particular attention to research conducted in Uzbekistan
and the wider Aral Sea region.

Relevant publications were identified through searches of scientific journal websites
and biomedical and academic literature databases. Priority was given to peer-reviewed
studies reporting experimental findings on licorice cultivation, biological seed treatments,
soil restoration and the chemical characterization of medicinal plant material.

The reviewed evidence was organized into four thematic areas:

Environmental limitations affecting medicinal plant cultivation in Karakalpakstan.

Propagation methods and agronomic management of medicinal plants.

Phytochemical composition and quality assessment of medicinal raw materials.

Processing technologies and quality requirements for plant-based pharmaceutical
products.

As this manuscript is a literature-based review, it does not present new experimental
measurements or claim to establish original field results. The recommendations are based
on published evidence and should be validated through further field and laboratory
investigations under local conditions.

Environmental Challenges and Opportunities for Medicinal Plant Cultivation

The principal environmental constraints affecting agricultural production in
Karakalpakstan include soil salinity, limited freshwater resources, high temperatures and
recurrent drought. These factors influence seed germination, root development, nutrient
availability and the accumulation of plant biomass.

High soil salinity can cause osmotic stress and ion imbalance, reducing plant growth
and changing metabolic processes. The magnitude of these effects depends on the plant
species, developmental stage, soil properties, irrigation regime and duration of exposure to

salinity. Consequently, medicinal plants should not be selected solely on the basis of their
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traditional medicinal value; their agronomic performance under local environmental
conditions must also be evaluated.

Licorice has received particular attention because of its potential to grow in saline
environments. Khaitov et al. (2022) discussed its production potential in the harsh
environmental conditions of the Aral Sea region, including the possible contribution of
licorice cultivation to the rehabilitation of degraded land.

Nevertheless, cultivation should be based on measured soil salinity, groundwater
conditions and irrigation-water quality. A species that tolerates moderate salinity may not
maintain satisfactory growth or pharmaceutical quality under more severe conditions. Site-
specific assessment is therefore essential before establishing commercial plantations.

Propagation and Agronomic Management of Medicinal Plants

The successful cultivation of medicinal plants begins with the selection of suitable
propagation methods and high-quality planting material. Depending on the species,
propagation may be achieved through seeds, rhizomes, root cuttings or other vegetative
structures.

For licorice, seed propagation offers an opportunity to establish plantations on a
larger scale. However, seed dormancy, germination variability and unfavorable soil
conditions can limit establishment. Appropriate seed preparation, sowing depth, soil
management and irrigation practices may improve seedling emergence and subsequent plant
development.

An experimental study by Khaitov et al. (2025) investigated biological seed
treatments for licorice cultivated on saline land in Karakalpakstan. The experiment was
conducted during the 2022 and 2023 growing seasons on soils with electrical conductivity
of approximately 10-12 dS m™'. The authors reported that Geogumat treatment increased
seed germination by 24.3%, root biomass by 37% and glycyrrhizin content by 12.7%
relative to the control. These findings indicate that biological treatments may improve both
crop performance and the quality of medicinal raw material under specific saline

conditions.
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These results should be interpreted within the context of the original experimental
conditions. They do not establish that the same treatment will produce identical
improvements in every soil type, growing season or cultivation system. Further trials are
needed to evaluate reproducibility, application costs, long-term soil effects and the
consistency of phytochemical composition.

Water management is another major consideration. Irrigation should meet plant
requirements while avoiding excessive salt accumulation in the root zone. Soil electrical
conductivity, irrigation-water salinity, drainage and soil moisture should be monitored
throughout the growing season. Where feasible, efficient irrigation systems and appropriate
soil-management practices may help conserve water and improve cultivation outcomes.

Phytochemical Composition and Pharmaceutical Potential of Licorice

The pharmaceutical value of medicinal plants depends not only on biomass
production but also on the identity, concentration and stability of their biologically active
compounds.

Licorice roots contain glycyrrhizin, a triterpenoid saponin, together with flavonoids
and other secondary metabolites. The composition of the root material can vary according
to genetic characteristics, geographical origin, plant age, environmental conditions and
cultivation practices.

Hayashi et al. (2003) investigated the chemical characteristics of Glycyrrhiza glabra
collected in Uzbekistan. Their analysis found that glycyrrhizin content in underground plant
parts ranged from 3.3% to 6.1% of dry weight. The study also identified glabridin in the
root samples and reported variation in the principal flavonol glycosides detected in leaves.
These findings demonstrate the importance of chemical characterization when assessing the
pharmaceutical potential of locally sourced licorice.

Environmental stress may affect the production of secondary metabolites, but the
relationship is not necessarily linear. An increase in a particular compound does not

automatically indicate an improvement in the overall quality or safety of a medicinal
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product. Biomass yield, chemical composition, contaminant levels and consistency between
batches must be assessed together.

For research in Karakalpakstan, a combined evaluation of root biomass and
glycyrrhizin concentration would therefore provide a more meaningful assessment of
production potential than biomass measurements alone. Analytical methods such as high-
performance liquid chromatography (HPLC) can be used to quantify selected chemical
constituents and compare the quality of samples obtained under different cultivation
conditions.

From Medicinal Raw Materials to Pharmaceutical Products

The conversion of medicinal plants into pharmaceutical products requires controlled
harvesting, post-harvest handling, extraction, analytical testing and appropriate formulation.

The first stage involves identifying the plant correctly and collecting the medicinal
part at a suitable developmental stage. For licorice, roots and rhizomes are commonly used
as medicinal raw materials. Harvesting procedures should minimize unnecessary damage to
the remaining plant population and should be compatible with sustainable production.

After harvesting, the raw material should be cleaned, dried under controlled
conditions and stored in a manner that limits moisture uptake, microbial growth and
chemical degradation. Drying temperature and duration must be selected according to the
characteristics of the plant material and the quality requirements of the intended product.

The principal processing stages may include:

Raw material preparation: botanical identification, cleaning, drying and size
reduction.

Extraction: recovery of selected constituents using a suitable solvent and validated
extraction procedure.

Concentration and purification: removal of excess solvent and, where necessary,
separation of unwanted constituents.

Quality assessment: identification and quantification of marker compounds,

determination of moisture content and evaluation of relevant contaminants.
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Formulation: development of suitable preparations, such as standardized extracts or
other dosage forms, in accordance with applicable pharmaceutical requirements.

For licorice, glycyrrhizin can serve as one of the analytical markers for evaluating
extract composition. However, its concentration alone is insufficient to establish the safety,
efficacy or overall quality of a finished pharmaceutical product.

Particular attention should be paid to product safety. Glycyrrhizin-containing
preparations may cause adverse effects, including elevated blood pressure and potassium
imbalance, especially with excessive or prolonged exposure. Therefore, pharmaceutical
development must include appropriate dose assessment, safety evaluation, labeling and
regulatory compliance.

The production of medicinal products should follow relevant pharmacopoeial
standards and good manufacturing practices. Traditional use can help identify promising
plants, but it cannot replace chemical characterization, validated production procedures or
appropriate safety assessment.

Sustainability and Prospects for Regional Pharmaceutical Development

The development of medicinal plant production in Karakalpakstan has potential
economic and environmental benefits. Cultivating suitable species could diversify
agricultural activities, create opportunities for local processing and strengthen the supply of
plant-derived raw materials.

However, these benefits depend on the sustainable management of natural resources.
Uncontrolled harvesting of wild licorice can reduce natural populations and undermine
long-term resource availability. Establishing cultivated plantations and implementing
responsible harvesting practices may help reduce pressure on wild populations.

A regional development strategy should connect agricultural production with
scientific research and pharmaceutical quality control. Cooperation among agricultural
researchers, botanists, pharmacognosists, analytical chemists and pharmaceutical
manufacturers would support the development of standardized raw materials and reliable

processing methods.

189



Taraqqiyot spektri Vol 2 Ne 9 2026

Further research should prioritize the following areas:

Screening medicinal plant species for adaptation to different levels of soil salinity and
water availability.

Comparing seed and vegetative propagation methods under local environmental
conditions.

Evaluating the effects of irrigation, soil amendments and biological seed treatments
on biomass and phytochemical composition.

Establishing validated analytical methods for assessing active constituents and
contaminants.

Developing standardized extraction procedures and assessing the stability and safety
of resulting products.

Conducting economic and environmental assessments of medicinal plant cultivation
systems.

These priorities could provide the scientific foundation for integrating sustainable
agriculture with pharmaceutical research and production in Karakalpakstan.

Conclusion

The cultivation of medicinal plants under the arid and saline conditions of
Karakalpakstan represents a promising area of research at the intersection of sustainable
agriculture, pharmacognosy and pharmaceutical technology. Licorice (Glycyrrhiza glabra
L.) is a particularly relevant candidate because of its medicinal value, potential adaptation
to saline environments and capacity to provide roots containing pharmacologically
important constituents.

Published studies indicate that appropriate biological seed treatments may improve
licorice establishment, root biomass and glycyrrhizin content under certain saline
conditions. Nevertheless, successful production requires a broader approach that combines
species selection, soil and water management, sustainable harvesting, phytochemical

analysis and pharmaceutical quality assurance.
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Future investigations should integrate field experiments with laboratory analysis to
determine how cultivation conditions affect both the quantity and quality of medicinal raw
materials. The resulting evidence could support the development of locally adapted
cultivation systems, sustainable use of biological resources and the production of
standardized plant-based pharmaceutical products.

In conclusion, strengthening scientific cooperation between agricultural and
pharmaceutical research institutions may help transform the medicinal plant resources of
Karakalpakstan into a sustainable source of high-quality raw materials and contribute to the
development of regional pharmaceutical science.
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