Effects of the foliar application of glycine betaine nanoparticles and fish
waste as novel fertilizers on stevia plants under salinity stress conditions

ABSTRACT

Salinity is a major adverse .effect on plant productivityOne of the targets of researchers in agriculture is to mitigate the effects
of salinity via new methods. The application of nanotechnology and biofertilizers is among the new methods used to mitigate
the effects of salinity stress .Since the effects of nanomaterials and fish waste biofertilizer on stevia plants (Stevia rebaudiana
Bertoni) under salinity stress are unclear, an experiment was conducted to investigate the effects of applying different
concentrations of glycine betaine (foliar application) at three levels (0, 15, and 30 mg/L) and simultaneous application of fish
waste biofertilizer (foliar application) at one level (15% (v/v)) on stevia plants grown under saltwater stress conditions (0, 30,
60, and 90 mM NaCl). The results revealed that salinity caused a 48/02% decrease in growth traits and 51.4% in photosynthetic
pigments and increased the levels of antioxidant enzymes, malondialdehyde (MDA) and electrolytepleakage (EL) by 71.2%,
67.4% and 88.2%, respectively. On the other hand, simultaneous application of glycine betaine and fish waste biofertilizer
mitigated the effects of salinity stress by increasing growth parameters, especially at the highest salinityslevel (90 mM). Overall,
the application of glycine betaine, especially at a concentration of 30 'mg/l, and liquid fishhwaste biofertilizer could be
considered sustainable for mitigating the effects of salinity stress on stevia plants and potentially other crops.
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Introduction

Stevia rebaudiana Bertoni is the most important perennial’medicinal plant belonging to the
Asteraceae (Compositae) family. Salinity Stress is‘\a.Vital restricting factor affecting crop
production worldwide in arid and semiarid areas, inall climate zones. Across the world, 800
million hectares of land are saline. Currently, the use}f nanoparticles (NPs) is one of the most
effective methods for improving stress conditions.*Glycine betaine (GB) is a compatible solute
and osmoprotectant that is applied iniresponse to bietic and abiotic stresses such as salinity.
Waste reduction, especially fish waste, %S ansimportant strategy for ensuring environmental
sustainability and mitigating salinity,stress.

Method

This study was conducted asi@factorial experiment and was based on a completely randomized
design withafour replications in the spring-summer of 2022 .The first factor was salinity stress
at four levels (0330, 60,"and 90 mM NaCl), and the second factor was glycine betaine (foliar
application) at three“levels (0, 15, and 30 mg/L) and simultaneous application of fish waste
biofertilizer, (faliar application) at two levels (0 and 15% (v/v)). The growth parameters,
photosynthetic pigments, chlorophyll fluorescence parameters, activity of antioxidant enzymes,
and malondialdehyde (MDA) content were subsequently measured.

Results

The results revealed that salinity caused a 48% decrease in growth traits (51.4% of
photosynthetic pigments) and an increase in antioxidant enzymes (71.2%), malondialdehyde
(MDA) (67.4%) and electrolyte leakage (EL) (88.2%). Simultaneous application of glycine
betaine and fish waste biofertilizer mitigated the effects of salinity stress. The best result was
obtained at a concentration of 30 mg/L, and liquid fish waste biofertilizer (15%) was used.

Conclusions
The current study investigated the application of glycine betaine and fish waste as biofertilizers
to stevia plants under saline conditions. Salinity stress due to the accumulation of Na* and



disruption of the absorption of essential nutrients, especially N and K, results in cell division,
cell elongation, protein synthesis disorders, impaired membrane integrity, increased EL and
decreased development. With increasing potassium, glycine betaine and fish waste biofertilizer
open the stomata under stress conditions, increase gas exchange, sustain turgor, and eventually
increase photosynthesis and plant growth. The glycine betaine, particularly at a concentration
of 30 mg/L, and biofertilizer (15%) could be the best dose to reduce the effects of salinity.
Hence, the simultaneous application of glycine betaine and fish waste biofertilizer could be an
effective procedure for mitigating stress effects in plants under different stress conditions.
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