SCIENCE AND INNOVATION
INTERNATIONAL SCIENTIFIC JOURNAL VOLUME 5 ISSUE 2 FEBRUARY 2026
ISSN: 2181-3337 | SCIENTISTS.UZ

EFFECTIVENESS OF BIOLOGICAL PREPARATIONS IN
ENHANCING SALINITY TOLERANCE IN STEVIA: MODERN
APPROACHES

M.U. Nishonalieva?, A.A. Qurbonov?, SH. Shavkiev?
Tashkent State Agrarian University, 2 University Street, Salar settlement, Qibray district,
Tashkent region, Uzbekistant
Institute of Genetics and Experimental Plant Biology, Academy of Sciences of the Republic of
Uzbekistan, 266 Yuqori Yuz area, Qibray district, Tashkent region, Uzbekistan?
https://doi.org/10.5281/zenodo.18796936

Abstract. Soil salinity is one of the major abiotic stress factors causing reductions in crop
yield and product quality in agriculture. Stevia rebaudiana Bertoni is a high-value sweetener and
medicinal plant whose leaves accumulate steviol glycosides widely used in the food and
pharmaceutical industries. However, stevia is considered relatively sensitive to salinity, and salt
stress conditions suppress growth, photosynthesis, mineral nutrition, and metabolic processes.
This review analyzes the physiological and biochemical effects of salinity stress in stevia and
examines the protective mechanisms of biological preparations, including plant growth-promoting
rhizobacteria (PGPR), arbuscular mycorrhizal fungi (AMF), and seaweed-based bio stimulants.
The literature indicates that biological preparations mitigate the negative effects of salt stress by
improving ion homeostasis, activating antioxidant systems, enhancing osmotic regulation, and
stimulating root development. As a result, vegetative growth, leaf biomass accumulation, and
quality traits become more stable under saline conditions. Nevertheless, the molecular-level
effects of biological preparations on steviol glycoside biosynthesis remain insufficiently studied.
Biological approaches are therefore considered environmentally safe and promising strategies for
stevia cultivation in saline soils.
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INTRODUCTION

In recent years, the effects of salinity stress on plants have been widely studied. Research
shows that high salt concentrations reduce plant water potential, leading to stomatal closure and a
decline in photosynthetic rate. In addition, excessive accumulation of Na* and Cl~ ions limit the
uptake of K* and Ca*" [1]. Studies conducted on stevia have demonstrated that under saline
conditions, leaf biomass and glycoside content decrease. Some studies have reported that even
moderate salinity levels can significantly reduce the synthesis of steviol glycosides. The role of
PGPR bacteria in enhancing plant salinity tolerance has been proven in many crops. They stimulate
the synthesis of IAA, GA, and cytokinins, thereby promoting root system development. Through
the ACC-deaminase enzyme, they reduce stress-induced ethylene levels, which helps maintain
plant growth [3].

Arbuscular mycorrhizal fungi improve the uptake of water and nutrients under saline
conditions. Studies indicate that plants inoculated with AMF exhibit a more optimal Na*/K* ratio.
Seaweed-based biostimulants increase the activity of antioxidant enzymes (SOD, CAT, POD) and
reduce lipid peroxidation. As a result, cell membrane stability is preserved. However, the
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molecular and metabolic bases of the effects of biological preparations on stevia have not yet been
sufficiently studied. In particular, information on response mechanisms associated with steviol
glycoside biosynthesis remains limited.

Soil salinity is one of the most important abiotic factors limiting productivity in irrigated
agriculture. Its scale is expanding due to deteriorating water quality, insufficient drainage systems,
and climate change. Under saline conditions, plants are simultaneously exposed to osmotic stress
(water deficit), ionic toxicity (Na* and CI" accumulation), mineral nutrient imbalance (deficiency
of K" and Ca?"), and oxidative stress (increased ROS). These factors lead to reduced photosynthetic
efficiency, disruption of membrane stability, and suppressed growth [5,7]. The relevance of this
topic is determined by the following: (i) the need to stabilize the production of high-value
medicinal and food crops under saline conditions;(ii) the challenge of maintaining glycoside
content (stevioside, rebaudioside A) along with leaf yield in stevia [4,11], (iii) the growing demand
for biological solutions that reduce chemical inputs [6,14].

Stevia rebaudiana Bertoni is a natural source of sweeteners, and the steviol glycosides
accumulated in its leaves (mainly stevioside and rebaudioside A) are widely used in the food and
pharmaceutical industries. Nevertheless, stevia is moderately sensitive to salinity, and many
experiments have reported that increasing NaCl concentration leads to reductions in vegetative
biomass, photosynthetic pigments, and certain quality traits [4,11,16]. In particular, decreases in
stevia biomass and changes in glycoside composition under saline conditions have been
emphasized [17]. Therefore, improving stevia cultivation technologies in saline soils, especially
ensuring the stability of both yield and quality (glycosides), is an important scientific and practical
task.

Conventional approaches (leaching irrigation, gypsum application, and increased mineral
fertilization) are often costly or associated with environmental limitations. Therefore, in recent
years, biological preparations have been widely studied as environmentally safe and resource-
efficient solutions. These include biological products such as PGPR (plant growth—promoting
rhizobacteria), arbuscular mycorrhizal fungi, and seaweed-extract-based biostimulants [8,11]
These preparations can mitigate the harmful effects of salinity stress by strengthening the root
system, improving ion homeostasis (normalizing the Na'/K* ratio), activating antioxidant
defenses, and enhancing osmoregulation in plants [2,5,7]. Research objective: To scientifically
synthesize, based on the literature, the effectiveness of biological preparations in improving
growth, productivity, and quality traits of stevia under salinity stress conditions, as well as their
main mechanisms of action.

LITERATURE REVIEW

Salinity stress and stevia responses

Stevia under saline conditions is characterized by reduced growth, smaller leaf area,
decreased chlorophyll content, and lower photosynthetic efficiency [11]. Several studies have
shown that increasing salinity levels significantly reduce total dry biomass in stevia; at the same
time, quantitative and qualitative changes occur in steviol glycoside composition [17]. Recent
publications also confirm that severe salinity enhances oxidative stress and leads to declines in
growth parameters [4]. Although certain adaptive responses—such as activation of osmotic
regulators and antioxidant systems—may be triggered under salt stress, these mechanisms are
often insufficient to fully maintain yield and quality stability.

Seaweed extracts and biostimulants
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Seaweed extracts (SWE) are natural biostimulants whose bioactive compounds can support
antioxidant defense, osmotic regulation, and nutrient uptake in plants [9]. Experimental studies
have shown that under saline (or saline—alkaline) conditions, seaweed-based biostimulants can
improve plant growth by lowering the Na*/K* ratio and strengthening antioxidant and osmotic
systems [12]. In addition, biostimulants derived from Ascophyllum nodosum have been reported
to enhance protective responses in certain crops under salt stress [13]. General reviews highlight
that SWE are promising tools for improving plant tolerance to various stresses [10]. Moreover,
biostimulants may support the root microbiome through a “prebiotic” effect, promoting
cooperation with beneficial microorganisms such as Pseudomonas and mycorrhizae [14].

Stevia quality under salinity and the role of biological preparations

Stevia quality is mainly evaluated based on the content and composition of steviol
glycosides in the leaves, particularly the stevioside/rebaudioside A ratio. It has been shown that
the level of salinity and the type of salt source influence not only stevia growth but also quality
traits [10]. Some studies indicate that glycoside dynamics under salt stress are complex, with plant
responses varying depending on the intensity and duration of stress [17]. From this perspective,
the effectiveness of biological preparations should be assessed not only by biomass production but
also by the stability of glycoside content and composition [4].

CONCLUSION

Soil salinity is a major abiotic factor limiting the growth, physiological processes, and
quality traits of Stevia rebaudiana. Under saline conditions, osmotic stress, ionic toxicity, and
oxidative stress lead to reduced photosynthesis, decreased biomass accumulation, and changes in
the content and ratio of steviol glycosides. This directly affects the economic efficiency of stevia
cultivation. The literature analysis indicates that biological preparations—particularly PGPR,
arbuscular mycorrhizal fungi, and seaweed-based biostimulants—can serve as effective tools for
enhancing plant adaptation under salinity stress. They mitigate the negative effects of stress by
promoting root system development, normalizing Na*/K* ion balance, increasing antioxidant
enzyme activity, and strengthening osmoregulation. As a result, vegetative growth, leaf biomass
accumulation, and metabolic stability are improved.

At the same time, the molecular-level effects of biological preparations on steviol glycoside
biosynthesis in stevia remain insufficiently studied. In particular, how glycoside content and
composition are regulated under stress conditions and how they are modulated by biological
treatments represent important directions for future research. Overall, biological preparations have
strong potential as an environmentally safe and sustainable strategy for stevia cultivation in saline
soils. Their integration with breeding, agronomic technologies, and molecular research could
expand the possibilities for producing high-quality and high-yielding stevia in salt-affected
regions.
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