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Article Info ABSTRACT

Article type: Obijective: “Salinity has adverse effects on plant productivity by causing ionic toxicity,

Research Article osmotic stress, and nutrient deficiency. Stevia is a medicinal plant sensitive to salinity.
The applicated of nanotechnology and organic fertilizers is one of the nowel methods to

Article history: reduce the effects of salinity stress. The applicated of organic fertilizers, in addition to
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Received in revised form 15 growth and yield by providing plant access to elements. Nanotechnology has also been
Accgsggrggesreﬁga ber 2025 useful in reducing salinity stress by increasing the level of nutrient absorption and

Available online 13 December  "€ducing en\{lronmental protection costs. . .
2025 Method: This study was conducted as a factorial experiment and based on a completely
randomized design with four replications. The different treatments in this experiment

were foliar spraying of salinity reducer at five levels (control, 15 and 30 mgL-* glycine

Keywords: betaine without liquid fish waste fertilizer, 15 and 30 mgL-1 glycine betaine with 15%
Stevia (v/v) liquid fish waste fertilizer) on stevia plants grown under salt stress conditions (0, 30,
sodium chloride 60, 90 mM of NaCl).

organic fertilizer Results: Results showed that salinity negatively affected growth parameters, relative

nanotechnolog water content, a* and b* colors, and increased the activity of total phenol, hydrogen

membrane electrolyte leakage  peroxide (H202), malondialdehyde (MDA), proline, and total carbohydrates compared
with control samples. Salinity at 90 mM decreased the relative water content by compared
to the non-stressed . Salinity 90 mM salinity stress increased total carbohydrates, H202,
MDA, Electrolyte leakage (EL) and proline content by compared to the control. On the
other hand, simultaneous application of glycine betaine and fish waste biofertilizer
mitigated the effects of salinity stress by enhancing growth parameters, especially at the
highest salinity level (90 mM). Results showed that salinity negatively affected plant
growth and yield, and overall, application of glycine betaine especially when used at a
concentration of 30 (mg L) and fish waste bio-fertilizer could be considered as a
sustainable, for mitigating salinity stress effects in Stevia plants and potentially other
crops.

Conclusions: In general, the applicated of glycine betaine nanoparticles along with liquid
fish waste fertilizer can reduce the absorption of sodium and chlorine by the roots by
increasing the growth of shoots and roots and the need for greater absorption of nutrients,

and due to the competition between nutrients and sodium and chlorine ions.
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Introduction
Stevia rebaudiana Bertoni (candy leaf, sweet herb of Paraguay) is plant of most important

perennial medicinal belonging to the Asteraceae (Compositae) family. The most important
compounds (e.g., stevioside and ribosediosides the two main diterpenoid steviol glycosides)
which are 30—400 times sweeter than sucrose and have no calories. In the world, Salinity stress
is a vital restricting factor affects crop production in arid and semi-arid areas in all climate
zones. Salt with a destructive effect on seed germination, photosynthesis, transpiration, leaf
area and the chlorophyll content PSII photosystems, and stomatal conductance, water
absorption, adversely effects on plant growth and performance. Salinity stress disrupts the ionic
content (high presence of (Na*) and chloride (CI") ions and decrease (K*), (Ca?*), (Mg?*) and
(NO*) ions) in plants. Also salinity causes osmotic stress and production of reactive oxygen
species (ROS) and then oxidative stress. Glycine betaine (GB) is one of compatible solutes and
an osmoprotectant applicated in response to biotic and abiotic stress such as salinity.
Accumulation of GB happens in plant during exposure to stress. The amount of this
biosynthesis is insufficient, so it is applied externally to tolerance with the stress of this
substance. Exogenous GB with induce the antioxidant capacity estricts the generation ROS and
absorption Na*. The importance of fish waste is due to the high content of proteins, amino acids
(e.g., Glutamine, Glycine betaine and etc), peptides, collagen, minerals( e.g., nitrogen (N)
phosphorus (P)-potassium (K) (macronutrients) and etc ), and enzymes (Proteases and etc).
Since the positive effects of nano materials and fish waste liquid fertilizer (increasing fish
waste) in plant growth and reducing the effects of stress in plants have not been investigated.
This experiment investigated the simultaneous effects of nano materials (glycine betaine) and
fish waste liquid fertilizer on the morphological, physiological and biochemical characteristics
of stevia plant under salinity stress conditions.

Method
This study was conducted in the research greenhouse of the Faculty of Agriculture,

Mohaghegh Ardabili University in a factorial experiment and based on a completely
randomized design with four replications in the spring-summer of 2022. The first factor was
salinity stress at four levels (0, 30, 60, 90 mM NacCl) and the second factor was different
treatments were foliar spraying of salinity reducer at five levels (control, 15 and 30 mgL™
glycine betaine without liquid fish waste fertilizer, 15 and 30 mgL? glycine betaine with 15%
(v/v) liquid fish waste fertilizer). Stevia seedlings (Stevia rebaudiana Bertoni) were prepared
from a medicinal plants greenhouse in Shiraz city and planted in 25 x 20 cm pots containing a
cocopeat and perlite mixture (1:1). The traits of height of shoot, length of root, fresh and dry
weights of roots were recorded as morphological parameters. Relative water content (RWC),
soluble carbohydrates, hydrogen peroxide (H20.), malondialdehyde (MDA), electrolyte
leakage (EL), a* and b* colors,proline content, total phenolic content and sodium (Na),
potassium (K) and calcium (Ca) content of roots were measured. Data were analyzed using SAS
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9.1 software through analyzing the means using Duncan's multi-range test with a significant
difference level at P<0.05 level of probability.

Results
All morphological traits of Stevia plant were significantly (p<0.05) reduced by salt stress,

and the application of GB and liquid fish waste fertilizer increased all morphological
characteristics under salinity conditions. In regard other morphological trait, the highest root
dry weight and root length were obtained in the salinity control treatment and the 30 mg/l GB
+ 15% bio-fertilizer treatment. Also results showed that salinity negatively affected relative
water content, 8 and b” colors, and increased the activity of total phenol, hydrogen peroxide
(H202), malondialdehyde (MDA), proline, and total carbohydrates compared with control
samples. Salinity at 90 mM decreased the relative water content by 44.7% compared to the non-
stressed . Salinity 90 mM salinity stress increased 70.46% total carbohydrates, 66.66% in H202,
MDA by 66.66%, Electrolyte leakage (EL) by 67.04 and 47.21% proline content by compared
to the control.

Conclusions
The current study ailed to put a light in the application of glycine betaine and liquid fish

waste fertilizer on stevia plant under salinity condition. The glycine betaine and liquid fish
waste fertilizer increased morphological, Physiological and biochemical parameters.The
glycine betaine particularly at 30 mg/l and liquid fish waste fertilizer (15%) concentration could
be introduced as the best dose based on the measured parameters to lessen salinity effects.
Hence, simultaneous application glycine betaine and liquid fish waste fertilizer could be
announced as effective procedure to mitigate stress effects on plants under different stress
condition.
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General functions of GB in plants

GB, a fully N-methyl-substituted derivative of glycine, is one of the organic compatible solutes
that can accumu- late rapidly in a large variety of microorganisms (Anbura- jan et al. 2017),
higher plants (Hefni et al. 2018; Servillo et al. 2018) and animals (Choi et al. 2018; Shadmehr
et al. 2018). Numerous studies on the physiology, biochemistry, biophysics, and genetics of
plants have suggested that GB plays an important role in plants under various types of envi-
ronmental stresses, such as salt (Mbarki et al. 2018; Tang et al. 2015; Tian et al. 2017), heat
(Allakhverdiev et al. 2007; Yang et al. 2007) and low temperature (Razavi et al. 2018; Wang
et al. 2019). GB is an amphoteric compound that is electrically neutral over a wide range of
physiological pH values. The molecular features of GB allow it to interact with both hydrophilic
and hydrophobic domains of macro- molecules, such as enzymes and protein complexes (Saka-
moto and Murata 2002). Consequently, GB can efectively stabilize the quaternary structures of
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enzymes and complex proteins, protect lipids and alleviate ions efux (Allakhver- diev et al.
2003; Wei et al. 2017) and maintain the highly ordered state of membranes under abnormal
environmental conditions. Although great attention has been paid to the way that GB protect
macromolecular structures and enzymic activi- ties from denaturation and deactivation, the
details have not been fully worked out yet. Indeed, two separate hypotheses emerged long ago.
On the one hand, Kuwabara and Murata (1983) proposed the ‘solute exclusion hypothesis’, they
held the view that proteins are always preferentially induced hydration in its surface by GB so
that a hydration shell (lay- ers of bound water) can be maintained around the surface of the
protein. This ‘solute exclusion mechanism’ plays a vital role in the stabilization of the structure
of protein. On the other hand, Schobert (1977) argued that the hydropho- bic domains of a
protein’s surface are the vulnerable area, GB as an amphoteric compound, which has
hydrophobic groups can bind to the hydrophobic surface of proteins. In this way, GB allows
the hydrophobic domains of the pro- tein to become more accessible to water, so the protein
can eventually preserve the structural integrity under conditions of water defciency. As we all
know, photosynthesis is one of the fundamental and crucial physiological processes of plants
and often lim- ited by diferent environmental stresses such as heat, cold, drought, salt and high
light (Xu et al. 2015). And the reac- tion center of PSII, a highly complex proteins, is the key
site of photosynthesis, often damaged by various environmental stresses (Adir et al. 2003;
Murata et al. 2007). It is important for plants to stabilize the structure and function of PSII.
Therefore, betaine was proposed as a protective substance based on experimental evidence. GB
plays important roles in the stabilization of the structure and function of PSII under various
abiotic stresses.
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Table 3. Effect of various concentrations of glycine betaine nanoparticles and fish waste fertilizer on Relative
water content, Root fresh weigth, Shoot length of Stevia under salinity stress conditions.
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Table4. Effect of various concentrations glycine betaine nanoparticles and fish waste fertilizer on a* and b* color

of leafs, stomatal conductance of leafs, EL of leafs,Root length, Root dry weigth, characteristics of Stevia under
salinity stress conditions.
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Table5. Effect of various concentrations glycine betaine nanoparticles and fish waste fertilizer on total

carbohydrates, Proline, MDA, Phenol, H,O,, characteristics of Stevia leafs under salinity stress conditions
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Table 6. Effect of various concentrations glycine betaine nanoparticles and fish waste fertilizer on Ca, K and Na nutrients of
Stevia roots under salinity stress conditions.
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