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Objective: “Salinity has adverse effects on plant productivity by causing ionic toxicity,
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
reduce the effects of salinity stress. The applicated of organic fertilizers, in addition to
increasing the population and activity of beneficial soil microorganisms, improves plant
growth and yield by providing plant access to elements. Nanotechnology has also been
useful in reducing salinity stress by increasing the level of nutrient absorption and
reducing environmental protection costs.

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

Results: Results showed that salinity negatively affected growth parameters, relative
water content, a* 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 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 NaCl) 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, a” 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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Same letters indicate no significant differences (p < 0.05) based on Duncan’s Multiple Range test.
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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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Same letters indicate no significant differences (p < 0.05) based on Duncan’s Multiple Range test.
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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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Same letters indicate no significant differences (p < 0.05) based on Duncan’s Multiple Range test.

PUbad olerdsn 5 (S5od0 58 ((S5elsd)90 slayielb (Rl cely oale Dlald mls 355 5 GdlogrmndS 05 5l
2Bl o e Glye 4 Wl e (00,0 10) (ale Sluls wle 355 5 5 o )5 (e Vo cdale o il 03
o5y 4 S Silmger p ;U L GlhendS 090 (Byre (5)90 SIS alS (gl ad (5 Fejluil sla el el
Sge oaiS jis lag il plo s GlaneST ol slap 5T oy GRalidl daais, (od a5 5k S5 Lled 5 el
el (I sloaul el slosul (238 polis 5l ole Sluls @l 055 (rizman 20,5 oo obS 0, il
Sial331 ) e olie s 5 o S 0 b alS g Koo udlad il33l Crgo 45 ol Sl (gloons] 5 SSY
@ olpee ) Bl Sluld mlo 595 5 il a8 Glojon o cg) nl 5005 o0 olS 0 (a3l 4y jomie g ind oo

2,5 el bt (lalS (59, 2 65980 A5 SIS 28 Sl e (Shg) Olere

1wl

Bizee oSty Yyt 5l allie Eatay s S Ay (s aBlios (Sgge o) @il (650 Allu 5l 2 Peine allis
omlaice 55 oyl Sl o Slisios allS Lol allu, alool olSe ool )5 Las] o caz 4 dus,)|

S ol

o3 G Jeol 5l 59
enlggl 20 0l 390 £9090 nl 5 Alesgai Zole, ale Jmghy ool JLasil g el ;3 1, (DS Jgeol HEdinn s
OB S g5 <5yl
992 Jelousl 35,00 0ol Julows (S5m0 G053 5T A (S5m0 Maesls (6 sl
1l 5 5S4 Loyl asbipbly 5l g5t dllie jo (ot g o5 lis
Solel el 5 a3 clowlne plnil daosls (5,910,5 5 talojl plonil daaigas (g3luoslel 5 angd 15l oot
Alie o giin dgd gl 9 Sledbl s 5 Judow daosls
Dol equlis J S g oy sy ol Jolye o a5 gy (b abipbly (slasal, stilipgs st
Wi 55looled 9 (b
lie (il g anlllae (g p )l faghy >k jo 8 L caliphly jslive sbiwl ipgw ouins o5
lie (il g anlllas gy p )l gl (b jo &8 L calipbly jolawe sbiwl i)z odinsss
&Ll (2,
D)l m8lie (p)les allie cpl G Lol 5 Ly



VFF Y G)M aY 09 5@-«@)10}&)9‘}4}.{‘5‘04.«3;" \A
Sl o>

Al bl (ool gasee oRiils  cimgh Cigle Jbo colem b ol> allas

ol Ao B o b wlie 5 (55,5l caSiisls ool Bass oBiils B,k 5l gt cpl 5l Jb coles
ol o0 PL’?U‘ ulf..\wy )JLw 6‘)" a.’l.mjj.s OpZed g Js‘ 03 g LS’W“) 4l

250 6Tl (ole 5 6,3l sl ail) bl a4 e e Glpsls

ol dlae yie dslllas bl ay s BUL IO C2 S8 GBIl asls o o dlesY 093 p B,
wisled (6 )Rl aiads; )l slo Loy 31l 4

References

Ahmed, N., Zhang, Y., Li, K., Zhou, Y., Zhang, M. & Li, Z. 2019. Exogenous application of glycine betaine
improved water use efficiency in winter wheat (Triticum aestivum L.) via modulating photosynthetic
efficiency and antioxidative capacity under conventional and limited irrigation conditions. Crop. J 7:
635-650. https://doi.org/10.1016/j.¢j.2019.03.004

Ahuja, I., Dauksas, E., Remmec, J.F., Richardsen, R. & Loes, A.K. 2020. Fish and fish waste-based
fertilizers in organic farming—With status in Norway: A review. waste industries. 115: 95—
112. https://doi.org/ 10.1016/j.wasman.2020.07.025.

Alam, M.S., Tester, M., Fiene, G. & Mousa, M.A.A. 2021. Early Growth Stage Characterization and the
Biochemical Responses for Salinity Stress in Tomato. Plants. 10: 712. https://doi.org/
10.3390/plants10040712.

Alasvandyari, F., Mahdavi, B. & Hosseini, S.M. 2017. Glycine betaine affects the antioxidant system and
ion accumulation and reduces salinity-induced damage in safflower seedlings. Archives of Biological
Sciences. 69 (1): 139 — 147. https://doi.org/10.2298/ABS160216089A.

Alfosea-Simon, M., Zavala-Gonzalez, E.A., Camara-Zapata, J.M., Martinez Nicolas, J.J., Simon, I.. &
Simon-Grao, S. 2020. Effect of foliar application of amino acids on the salinity tolerance of tomato
plants cultivated under hydroponic system. Scientia Horticulturae. 272: 109509. https://doi.org/
10.1016/j.scienta.2020.109509.

Ashraf, M. & Harris, P.J.C. 2013. Photosynthesis under stressful environments: An overview.
Photosynthetica. 51: 163-190. https://doi.org/ 10.1007/s11099-013-0021-6.

Badawy, A. A., Alamri, A. A., Hussein, H. A. A,, Salem, N. F. G., Mashlawi, A. M., Kenawy, S. K. M. &
El-Shabasy, A. 2024. Glycine Betaine Mitigates Heavy Metal Toxicity in Beta vulgaris (L.): An
Antioxidant-Driven Approach. Agronomy. 14(4): 797. https://doi.org/10.3390/agronomy14040797

Balasubramaniam, T., Shen, G., Esmaeili, N., & Zhang, H. 2023. Plants’ Response Mechanisms to Salinity
Stress. Plants. 12(12): 2253. https://doi.org/10.3390/plants12122253

Bates, L., Waldren, R. & Teare, I. 1973. Rapid determination of free proline for water-stress studies. Plant
and Soil. 39: 205-207.

Bistgani, Z.E., Hashemi, M., DaCosta, M., Craker, L., Maggi, F. & Morshedloo, M.R. 2019. Effect of
salinity stress on the physiological characteristics, phenolic compounds and antioxidant activity
of Thymus vulgaris L. and Thymus daenensis Celak. Industrial Crops and Products. 135: 311-320.
https://doi.org/ 10.1016/j.indcrop.2019.04.055

Chapman, H.D. & Pratt, D.F. 1961. Methods of Analysis for Soil, Plant and Water; University of California
Agricultural Science: Davis, CA, USA. pp. 60-62 .

Cheng, X., Wang, X., Zhang, A., Wang, P., Chen, Q., Ma, T., Li, W., Liang, Y., Sun, X. & Fang, Y. 2020.
Foliar Phenylalanine Application Promoted Antioxidant Activities in Cabernet Sauvignon by



https://doi.org/10.2298/ABS160216089A
https://doi.org/10.3390/agronomy14040797

14 01590 9 590 Juslows! [ (polo las o 21lo 955 5 et L (minsns M 1y 390 oy Lo 5

Regulating Phenolic Biosynthesis. Journal of Agricultural and Food Chemistry. 68: 15390-15402.
https://doi.org/ 10.1021/acs.jafc.0c05565.

Denaxa, N.K., Nomikou, A., Malamos, N., Liveri, E., Roussos, P.A. & Papasotiropoulos, V. 2022. Salinity
effect on plant growth parameters and fruit bioactive compounds of two strawberry cultivars, coupled
with  environmental  conditions  monitoring. ~ Agronomy.  12:  2279.  https://doi.org/
10.3390/agronomy12102279.

Ekinci, M., Atamanalp, M., Turan, M., Alak, G., Kul, R., Kitir, N. & Yildirim, E. 2019. Integrated Use of
Nitrogen Fertilizer and Fish Manure: Effects on the Growth and Chemical Composition of Spinach.
Communications in Soil Science and Plant Analysis. 50: 1580-1590. https://doi.org/
10.1080/00103624.2019.1631324.

Erdal, S. C. & Cakirlar, H. 2014. Impact of salt stress on photosystem Il efficiency and antioxidant enzyme
activities of safflower (Carthamus tinctorius L.) cultivars. Turkish Journal of Biology. 38: 549-560.
https://doi.org/ 10.3906/biy-1401-33.

Estaji, A., Kalaji, H., Karimi, H., Roosta, H. & Moosavi-Nezhad, S. 2019. How glycine betaine induces
tolerance of cucumber plants to salinity stress? Photosynthetica. 57. 753-761.
https://doi.org/10.32615/ps.2019.053

Etesami, H., Fatemi, H. & Rizwan, M. 2021. Interactions of nanoparticles and salinity stress at
physiological, biochemical and molecular levels in plants: A review. Ecotoxicology and Environmental
Safety. 225: (2021)112769. https://doi.org/ 10.1016/j.ecoenv.2021.112769.

Forouzi, A., Ghasemnezhad, A. & Ghorbani, R. 2020. Phytochemical response of Stevia plant to growth
promoting microorganisms under salinity stress. South African Journal of Botany. 134: 109-118.
https://doi.org/ 10.1016/j.sajb.2020.04.001.

Garriga, M., Caligari, P.& Retamales, J. 2017. Salt stress induces differential responses in yield, fruit
quality, vegetative growth and physiological parameters in commercial (Fragaria x ananassa) and
Chilean strawberry (F. chiloensis) genotypes. Acta Horticulturae, 1156, 419-424.
https://doi.org/10.17660/ActaHortic.2017.1156.62

Gohari, G., Farhadi, H., Panahirad, S., Zareei, E., Labib, p., Jafari, H., Mahdavinia, G., Hassanpouraghdam,
M.B., loannou, A. & Kulak, M. 2023. Mitigation of salinity impact in spearmint plants through the
application of engineered chitosan-melatonin nanoparticles. International Journal of Biological
Macromolecules. (224): 893-907. https://doi.org/ 10.1016/j.ijbiomac.2022.10.175.

Gohari, G., Mohammadi, A., Akbari, A., Panahirad, S., Dadpour, M.R., Fotopoulos, V. & Kimura, S. 2020.
Titanium dioxide nanoparticles (TiO2 NPs) promote growth and ameliorate salinity stress effects on
essential oil profile and biochemical attributes of Dracocephalum moldavica. Scientific Reports. 10, 1—
14. https://doi.org/ 10.1038/s41598-020-57794-1.

Gohari, G.H., Panahirad, S., Sepehri, N., Akbari, A., Zahedi, S.M., Hessam Jafari, H., Dadpour, M.R. &
Fotopoulos, V. 2021. Enhanced tolerance to salinity stress in grapevine plants through application of
carbon quantum dots functionalized by proline. Environmental Science and Pollution Research. 28:
42877-42890. https://doi.org/ 10.1007/s11356-021-13794-w.

Hamani, M., Li, S., Chen, J., Sunusi Amin, A., Wang, G., Xiaojun, S., Zain, M. & Gao,Y. 2021. Linking
exogenous foliar application of glycine betaine and stomatal characteristics with salinity stress tolerance
in cotton (Gossypium hirsutum L.) seedlings Abdoul Kader. BMC Plant Biology. 21: 146.
https://doi.org/ 10.1186/s12870-021-02892-z.

Hasana, R. & Miyake, H. 2017. Salinity stress alters nutrient uptake and causes the damage of root and leaf
anatomy in maize. KnE Life Sciences. 3: 219-225. https://doi.org/ 10.18502/kls.v3i4.708.

Hasanuzzaman, M., Alam, M.M., Rahman, A., Hasanuzzaman, M., Nahar, K. & Fujita, M. 2014.
Exogenous proline and glycine betaine mediated upregulation of antioxidant defense and glyoxalase
systems provides better protection against salt-induced oxidative stress in two rice (Oryza sativa L.)
varieties. BioMed Research International. 1-17. https://doi.org/10.1155/2014/757219.

Hawrylak-Nowak, B., Hasanuzzaman, M. & Matraszek-Gawron, R. 2018. Mechanisms of selenium-
induced enhancement of abiotic stress tolerance in plants. In Plant Nutrients and Abiotic Stress
Tolerance; Hasanuzzaman, M., Fujita, M., Oku, H., Nahar, K., Hawrylak-Nowak, B., Eds.; Springer:
Singapore . 269-295. https://doi.org/ 10.1007/978-981-10-9044-8 12.



1FeF Y a)Lo.{Za aY 09 5@-«&)10}-&)9‘}4,;‘5&“0 Y'

Heath, R.L. & Packer, I. 1968. Photoperoxidation in isolated chloroplasts: I. Kinetics and stoichiometry of
fatty acid peroxidation. Archives of Biochemistry and Biophysics. 125: 189-198 .https://doi.org/
10.1016/0003-9861(68)90654-1.

Huang, S., Zuo, T. & Ni, W. 2020. Important roles of glycinebetaine in stabilizing the structure and function
of the photosystem Il complex under abiotic stresses. Planta. 251, 36. https://doi.org/ 10.1007/s00425-
019-03330-z.

Ishak, N. H. &Sarbon, N. M. A. 2017. Review of Protein Hydrolysates and Bioactive Peptides Deriving
from Wastes Generated by Fish Processing. Food and Bioprocess Technology. 11(11): 2 — 16.
https://doi.org/10.1007/s11947-017-1940-1.

Islam, S., Parrey, Z.A., Shah, S.H. & Firoz Mohammad, F. 2021. Glycine betaine mediated changes in
growth, photosynthetic efficiency, antioxidant system, yield and quality of mustard. Scientia
Horticulturae. 285: 110170. https://doi.org/ 10.1016/j.scienta.2021.110170.

Jarin, A., Ghosh, U.K., Hossain, S., Mahmud, A. & Khan, A.R. 2024. Glycine betaine in plant responses
and tolerance to abiotic stresses. Discover Agriculture. 2: 127 (2024). https://doi.org/10.1007/s44279-
024-00152-w.

Mahdavi, Z., Esmailpour, B., Azarmi, R., Panahirad, S., Ntatsi, G., Gohari, G. & Fotopoulos, V. 2024. Fish
Waste—A Novel Bio-Fertilizer for Stevia (Stevia rebaudiana Bertoni) under Salinity-Induced
Stress. Plants. 13(14): 1909. https://doi.org/10.3390/plants13141909.

Minh, D.T.K., Ha, P.T.T., Tuyen, P.T., Minh, T.N., Quan, N.V. & Xuan, T. 2016. Effects of Salinity
Stress on Growth and Phenolics of Rice (Oryza sativa L.). International Letters of Natural Sciences.
57: 1-10.

Munns, R., Day, D.A., Fricke, W., Watt, M., Arsova, B., Barkla, B.J., Bose, J., Byrt, C.S., Chen, Z. &
Foster, K.J. 2019. Energy costs of salt tolerance in crop plants. New Phytologist. 225: 1072-1090.
https://doi.org/ 10.1111/nph.15864.

Muscolo, A., Mauriello, F., Marra, F., Calabro, P.S., Russo, M., Ciriminna, R. & Pagliaro, M. 2022.
AnchoisFert: A New Organic Fertilizer from Fish Processing Waste for Sustainable Agriculture. Global
Challenges. 6: 2100141. https://doi.org/ 10.1002/gch2.202100141.

Nazmul Hossain, M.., Sarker, U., Sharif Raihan, M.d. Asma A. Al-Hugail, A.A., Siddiqui, M.H. & Oba,
S.H. 2022. Influence of Salinity Stress on Color Parameters, Leaf Pigmentation, Polyphenol and
Flavonoid Contents, and Antioxidant Activity of Amaranthus lividus Leafy Vegetables. Molecules.
27(6): 18-21. https://doi.org/10.3390/molecules27061821.

Niu, T., Zhang, J., Li, J., Gao, X., Ma, H., Gao, Y., Chang, Y. & Xie, J. 2023. Effects of exogenous glycine
betaine and cycloleucine on photosynthetic capacity, amino acid composition, and hormone metabolism
in Solanum melongena L. Scientific Reports. 13:7626. https://doi.org/10.1038/s41598-023-34509-w.

Ntanos, E., Kekelis, P., Assimakopoulou, A., Gasparatos, D., Denaxa, N.-K., Tsafouros, A.& Roussos, P.
A. 2021. Amelioration Effects against Salinity Stress in Strawberry by Bentonite—Zeolite Mixture,
Glycine Betaine, and Bacillus amyloliquefaciens in Terms of Plant Growth, Nutrient Content, Soil
Properties, Yield, and Fruit Quality Characteristics. Applied Sciences. 11(19): 8796.
https://doi.org/10.3390/app11198796.

Omokolo, N.D., Tsala, N.G., Kanmegne, G. & Balange, A.P. 1992. In vitro induction of multiple shoots,
plant regeneration and tuberization from tips of cocoyam. Comptes Rendus de Académie des Sciences.
318: 773-778. https://doi.org/ 10.1100/2012/346595.

Petretto, G. L., Urgeghe, P.P., Massa, D .& Melito, S. 2019. Effect of salinity (NaCl) on plant growth,
nutrient content, and glucosinolate hydrolysis products trends in rocket genotypes. Plant Physiology and
Biochemistry. 141: 30-39. DOI: 10.1016/j.plaphy.2019.05.012.

Radziemska, M., Vaverkova, M.D., Adamcova, D., Brtnicky, M. & Mazur, Z. 2019. Valorization of Fish
Waste Compost as a Fertilizer for Agricultural Use. Waste Biomass Valorization. 10: 2537-2545.
https://doi.org/ 10.1007/s12649-018-0288-8.

Redman, R., Haraldson, J. & Gusta, L. 1986. Leakage of UV- absorbing substances as a measure of salt
injury in leaf tissue of woody spicies. Plant Physiology. 67: 87-91 .https://doi.org/ 10.1111/j.1399-
3054.1986.th01267.x.

Renzetti, M., Funck, D. & Trovato, M. 2025. Proline and ROS: A Unified Mechanism in Plant
Development and Stress Response. Plants. 14(1), 2. https://doi.org/10.3390/plants14010002



https://doi.org/10.1038/s41598-023-34509-w
https://doi.org/10.3390/app11198796
https://www.sciencedirect.com/journal/plant-physiology-and-biochemistry/vol/141/suppl/C

Y 01590 9 590 Juslows! [ (polo las o 21lo 955 5 et L (minsns M 1y 390 oy Lo 5

Ritchie, S.W., Nguyen, H.T. & Holaday, A.S. 1990. Leaf water content and gas-exchange parameters of
two wheat genotypes differing in drought resistance. Crop science 30:105-111. https://doi.org/
10.2135/cropsci1990.0011183X003000010025x.

Roy, M., Sukalpa, K.,Anupam, D., Pradip, K.S. & Joydeep, M. 2013. Application of rural slaughterhouse
waste as an organic fertilizer for pot cultivation of solanaceous vegetables in India. International Journal
of Recycling of Organic Waste in Agriculture. 2: 6-16. https://doi.org/ 10.1186/2251-7715-2-6

Sarker, U. & Oba, S. 2019. Salinity Stress Enhances Color Parameters, Bioactive Leaf Pigments, Vitamins,
Polyphenols, Flavonoids and Antioxidant Activity in Selected Amaranthus Leafy Vegetables. Journal
of the Science of Food and Agriculture. 99: 2275-2284. https://doi.org/10.1002/jsfa.9423

Sergiev, 1., Alexieva, V. & Karanov, E. 1997. Effect of spermine, atrazine and combination between them
on some endogenous protective systems and stress markers in plants. Comptes Rendus de Académie des
Sciences. 51: 121-124. https://doi.org/ 10.1046/j.1365-3040.2001.00778.x

Shafig, H., Shani, M.Y. Ashraf, M.Y., Mastro, F.D., Cocozza, C., Abbas, S., Ali, N., un-Nisa, Z., Tahir,
A., Igbal, M., Khan, Z., Gul, N. & Brunetti, G. 2024. Copper Oxide Nanoparticles Induced Growth and
Physio-Biochemical Changes in Maize (Zea mays L.) in Saline Soil. Plants. 13: 1080.
https://www.mdpi.com/journal/horticulturae.

Shafiqg, S., Akram, N.A., Ashraf, M., Garcia-Caparrés, P., Ali, O.M. & Abdel Latef, A.A.H. 2021. Influence
of Glycine Betaine (Natural and Synthetic) on Growth, Metabolism and Yield Production of Drought-
Stressed Maize (Zea mays L.) Plants. Plants. 10: 2540. https://doi.org/ 10.3390/plants10112540.

Shahsavani, S., Abaspour, A., Parsaeeyan, M. & Yonesi, Z. 2017. Effect of fish waste, chemical fertilizer
and bio-fertilizer on yield and yield components of bean (Vigna sinensis) and some soil properties.
Iranian Journal Pulses Research. (8): 45-59. https://doi.org/ 10.22067/ijpr.v8i1.47428.

Shams, H., Yildirim, E., Arslan, E. & Agar, G. 2020. Salinity induced alteration in DNA methylation
pattern, enzyme activity, nutrient uptake and H.O- content in pepper (Capsicum annuum L.) cultivars.
Acta Physiologiae Plantarum. 42: 59. https://doi.org/10.1007/s11738-020-03053-9.

Sheikhalipour, M., Esmaielpour, B., Gohari, G., Haghighi, M., Jafari, H., Farhadi, H., Kulak, M. & Kalisz,
A. 2021. Salt Stress Mitigation via the Foliar Application of Chitosan-Functionalized Selenium and
Anatase Titanium Dioxide Nanoparticles in Stevia (Stevia rebaudiana Bertoni). Molecules. 26: 4090.
https://doi.org/ 10.3390/molecules26134090.

Sofy, M.R., Elhawatb, N. & Alshaal, T. 2020. Glycine betaine counters salinity stress by maintaining high
K*/Na* ratio and antioxidant defense via limitingNa* uptakeincommon bean (Phaseolus vulgaris L.).
Ecotoxicology and Environmental Safety. 200: 110732. https://doi.org/ 10.1016/j.ecoenv.2020.110732.

Syeed, S.H., Sehar, Z.,, Masood, A., Anjum, N.A. & Khan, N.A. 2021. Control of Elevated lon
Accumulation, Oxidative Stress, and Lipid Peroxidation with Salicylic Acid-Induced Accumulation of
Glycine Betaine in Salinity-Exposed Vigna radiata L. Applied Biochemistry and Biotechnology. 193:
3301-3320 (2021). https://doi.org/10.1007/s12010-021-03595-9.

Tang, R.-J.,, Zhao, F. G., Garcia, V.J., Kleist, T.J., Yang, L., Zhang, H.-X. & Luan, S. 2015. Tonoplast
CBL-CIPK calcium signaling network regulates magnesium homeostasis in Arabidopsis. Proceedings
of the National Academy of Sciences. 112: 3134-3139. https://doi.org/ 10.1073/pnas.1420944112.

Tisarum, R., Theerawitaya, C., Samphumphuang, T., Singh, H.P. & Chaum, S. 2020. Foliar application of
glycinebetaine regulates soluble sugars and modulates physiological adaptations in sweet potato
(Ipomoea batatas) under water deficit. Protoplasma. 257, 197-211. https://doi.org/ 10.1007/s00709-
019-01429-4.

Wang, P.L., Shan, T., Xie, B,, Ling, C., Shao, S., Jin, P. & Zheng, Y. 2019. Glycine betaine reduces chilling
injury in peach fruit by enhancing phenolic and sugar metabolisms. Food Chemistry. 272: 530-538.
https://doi.org/10.1016/j.foodchem.2018.08.085.

Whiting, D., Wilson, C., Card, A., 2005. Organic Fertilizers. In Colorado Master Gardener; Colorado State
University: Denver, CO, USA, 2005; pp. 1-5.

Xu, C., Zhang, Y., Cao, L., Lu, J. 2010. Phenolic compounds and antioxidant properties of different grape
cultivars grown in China. Food Chemistry. 119, 1557-1565.
https://doi.org/10.1016/j.foodchem.2009.09.042

Yang, Q., Zhao, D., Liu, Q. 2020. Connections between amino acid metabolisms in plants: Lysine as an
example. Frontiers in Plant Science . 11, 928. https://doi.org/10.3389/fpls.2020.00928



https://doi.org/10.1186/2251-7715-2-6
https://doi.org/10.1002/jsfa.9423
http://dx.doi.org/10.1007/s11738-020-03053-9
https://www.sciencedirect.com/journal/food-chemistry
https://doi.org/10.1016/j.foodchem.2018.08.085
https://doi.org/10.1016/j.foodchem.2009.09.042

1FeF Y a)Lo.{Za aY 09 5@-«&)10}-&)9‘}4,;‘5&“0 **

Yidirim, E., Kul, R., Turan, M., Ekinci, M., Alak, G., Atamanalp, M., 2016. Effect of Nitrogen and Fish
Manure Fertilization on Growth and Chemical Composition of Lettuce. In Proceedings of the
International Conference on Advances in Natural and Applied Sciences. Antalya, Turkey, 21-23 April
https://doi.org/ 10.1063/1.4945847.

Yildirim, E., Ekinci, M., Turan, M., Dursun, A., Kul, R. & Parlakova, F. 2015. Roles of glycine betaine in
mitigating deleterious effect of salt stress on lettuce (Lactuca sativa L.). Archives of Agronomy and Soil
Science. 61, 1673-1689. https://doi.org/10.1080/03650340.2015.1030611.

Zhu, M., Li, Q., Zhang, Y., Zhang, M. & Li, Z. 2022. Glycine betaine increases salt tolerance in maize (Zea
mays L.) by regulating Na* homeostasis. Frontiers in Plant Science. 13.
https://doi.org/10.3389/fpls.2022.978304



https://doi.org/10.1080/03650340.2015.1030611
https://doi.org/10.3389/fpls.2022.978304

