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Abstract: Excessive soil salinity severely limits crop productivity. This study evaluates the micromorphological, 

physiological, and biochemical responses of the Romanian basil variety ('Aromat de Buzău') to NaCl-induced salt stress 

(100–200 mM) against a control. Evaluated under both controlled laboratory and semi-open greenhouse conditions, the 

analyzed parameters included stomatal traits, photosystem II efficiency, assimilatory pigments, antioxidants, and 

oxidative stress enzymes. Results demonstrate an adaptive response dependent on both stress intensity and environment. 

Notably, the variety exhibited significant stomatal plasticity and shifted from enzymatic to non-enzymatic antioxidant 

defenses under high salinity, particularly in lab conditions. These findings characterize the genotype's salinity tolerance, 

offering practical guidelines for cultivating basil on salinised land in Romania. 
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INTRODUCTION 

Abiotic stress induced by salinity currently poses a 

major threat to global agriculture, due to its adverse 

effects on the water and nutrient balance of plants. 

Excess salts in the substrate cause ionic toxicity, 

nutritional imbalances, and osmotic stress in plants, 

phenomena that inhibit root growth and leaf area 

expansion and ultimately affect the normal development 

and productivity of agricultural crops (da Silva et al., 

2022; Balasubramaniam et al., 2023). 

In this context, the cultivation of aromatic and medicinal 

plants is attracting increasing scientific and agronomic 

interest.  

Among the species of recognized economic 

importance is basil (Ocimum basilicum L.), a taxon in 

the Lamiaceae family, valued for its high content of 

phenolic compounds and bioactive volatile oils with 

antioxidant, antibacterial, and antifungal properties, and 

widely used in the food, perfume, and cosmetics 

industries (Rewers and Jedrzejczyk, 2016; Ahmed et al., 

2019; Ciriello et al., 2023). 

The Romanian variety ‘Aromat de Buzău’, 

registered at the Buzău Research and Development 

Institute for Vegetable Crops in 2006, is the first 

indigenous semi-late-maturing variety of green basil, 

adapted to local soil and climate conditions, and 

recognized for its balanced, mint-like aromatic profile. 

The development of future agricultural strategies for 

cultivating this variety in areas of Romania prone to 

salinization requires systematic investigation of its 

mechanisms of response to salt stress, from the 

micromorphological level through to the physiological 

and biochemical levels (Vînătoru et al., 2019; Balanescu 

et al., 2020). 

The aim of this study was to assess the salinity 

tolerance of plants of the ‘Aromat de Buzău’ variety 

through an integrated analysis of micromorphological 

changes in the stomatal apparatus, physiological 

parameters associated with the photosynthetic apparatus 

(chlorophyll fluorescence, content of assimilatory 

pigments) and the biochemical profile (phenolic 

compounds, total antioxidant activity and enzymatic 

activity), under two distinct experimental conditions: 

laboratory and semi-open greenhouse, in order to 

capture both the direct effect of salinity stress and the 

influence of microclimatic factors on the adaptive 

response of plants of this variety. 
 
MATERIALS AND METHODS 
Biological material 

The biological material used was obtained from 

seeds of the indigenous basil variety (Ocimum basilicum 

L.) ‘Aromat de Buzău’ (batch no. 1BZ2011-1BZ01), 

sourced from the Buzău Research and Development 

Institute for Vegetable Growing (SCDL Buzău). The 

mature plant has the appearance of a globular, highly 

branched bush, ranging in height from 40 to 60 cm, with 

light green leaves and white flowers, and belongs to the 

Linalool or Linalool-Estragole chemotype (Burducea, 

2018; Balanescu et al., 2020). 

Cultivation conditions and saline treatment 
applied 

The research was structured around two 

experimental approaches: Experiment I, conducted 

under controlled laboratory conditions (temperature 22–

24°C, LED lighting, photoperiod of 17 hours light/7 

hours dark), and Experiment II, conducted under field 

conditions, in a semi-open greenhouse (temperature 22-

23°C during the day/18–20°C at night, natural light 

attenuated by the greenhouse film), located in the 

commune of Popricani, Iași County (47.278°N, 

27.524°E). 

Saline stress was experimentally induced by applying 

progressive concentrations of sodium chloride (NaCl) 

(100, 150, and 200 mM) administered in three 

successive treatments, at 14-day intervals, with the 

results reported relative to a control treatment (0 mM 

NaCl). The choice of NaCl as a stress agent is justified 

by its ability to induce a dual functional constraint on 

plants - initial osmotic stress and secondary ionic stress 

- through the accumulation of Na⁺ and Cl⁻ ions to toxic 

levels in tissues (Tarchoune et al., 2012; Elhindi et al., 

2016). 
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Micromorphometric analyses 
The density and surface area of the stomata on the 

lower epidermis of the test plants’ leaves were assessed 

by scanning electron microscopy (SEM), using a Tescan 

Vega II - SBH microscope. The plant material was fixed 

in 2.5% glutaraldehyde (0.1 M phosphate buffer, pH 

7.4), dehydrated in a series of acetone concentrations 

and dried using the critical point drying method with an 

EMS K850 apparatus, then sputter-coated by depositing 

a thin layer of gold (5–15 nm, EMS 550x) to ensure the 

conductivity required for scanning (Xu and Zhou, 2008; 

Pathan, Bond and Gaskin, 2010). 

Physiological measurements 
Chlorophyll fluorescence was analyzed in vivo using 

a portable fluorimeter (Hansatech FMS II), with the 

parameter φPSII (actual quantum yield of photosystem 

II) being monitored on mature, fully developed leaves 

located on the middle node of the plant stems (10-15 

measurements per treatment). 

The content of assimilatory pigments (chlorophyll a, 

chlorophyll b, total carotenoids) was determined 

spectrophotometrically from ethanolic extracts (96% 

ethyl alcohol) (Wellburn, 1994; Nayek et al., 2014; 

Norazah et al., 2020), by measuring absorbances at 664, 

649, and 470 nm (Shimadzu 1240 UV-mini 

spectrophotometer) and applying the appropriate 

calculation formulas for each pigment fraction. 

Biochemical analyses 
The total polyphenol content was determined 

spectrophotometrically using the Folin-Ciocâlteu 

method (Herald, Gadgil and Tilley, 2012), based on a 

calibration curve with gallic acid, with the absorbance 

of the samples measured at 765 nm. The flavonoid 

content was assessed using the aluminum chloride 

colorimetric method (Herald, Gadgil and Tilley, 2012), 

with the absorbance of the samples measured at 510 nm 

and the results expressed as quercetin equivalents. Total 

antioxidant activity was determined using the DPPH 

(2,2-diphenyl-1-picrylhydrazyl) method, based on the 

ability of plant extracts to neutralize the DPPH free 

radical, quantified by the decolorization of the solution 

and the measurement of absorbance at 517 nm (Sharma 

and Bhat, 2009; Behrendorff et al., 2013). 

For plants grown in the laboratory (Experiment I), the 

biochemical analyses were supplemented by the 

determination of the activity of the antioxidant enzymes 

superoxide dismutase (SOD, NBT method) and 

peroxidase (POD, method based on the oxidation of 

ortho-dianisidine), as well as total protein content, using 

the Bradford method (Bradford, 1976; Artenie, 

Ungureanu and Negură, 2008). 

Statistical analysis 
The experimental data were collated and expressed 

as mean ± standard deviation (SD) for each 

experimental treatment, using GraphPad Prism 

software. The statistical significance of the effect of salt 

stress was assessed by Analysis of Variance (ANOVA), 

followed by a post-hoc test; differences were considered 

significant at a threshold of p < 0.05. 

 
RESULTS AND DISCUSSION 
Micromorphometric responses of the stomatal 
apparatus 

Under laboratory conditions (Experiment I), the 

number of stomata on the lower leaf epidermis 

decreased significantly at a concentration of 100 mM 

NaCl, reaching a minimum at 150 mM NaCl, before 

returning to values close to those of the control at 200 

mM NaCl, - a phenomenon interpreted as a possible 

micromorphological compensatory response to 

environmental salinity in the leaf apparatus of the test 

plants. By contrast, the average stomatal area showed a 

notable increase at 100 mM NaCl, suggesting an 

adaptive mechanism of osmotic regulation of the leaf 

apparatus through stomatal opening/enlargement, with 

this parameter returning to values close to those of the 

control at 150 mM NaCl and decreasing significantly at 

200 mM NaCl, as a result of the progressive activation 

of the abscisic acid (ABA)-mediated stomatal closure 

mechanism (Zhao et al., 2020). 

Under semi-open greenhouse conditions 

(Experiment II), the number of stomata on the underside 

of the test plants’ leaves increased progressively up to a 

concentration of 150 mM NaCl, followed by a slight 

decrease at 200 mM NaCl, whilst remaining at a level 

significantly higher than that of the control. The 

stomatal area showed a non-linear trend, with a 

significant increase at 100 mM NaCl and a drastic 

decrease to the minimum value in the experiment at 150 

mM NaCl (Robinson, 1997; Barbieri et al., 2012; Yu 

and Assmann, 2016; Eisenach and De Angeli, 2017). 

By correlating the two types of micromorphological 

response in the test plants (Fig. 1), the clearest adaptive 

strategy of the plants belonging to the ‘Aromat de 

Buzău’ variety emerges at a concentration of 150 mM 

NaCl, at which they develop the highest number of 

stomata, but with a minimal surface area – a classic 

strategy for fine and rapid control of transpiration, 

characteristic of plants subjected to osmotic stress 

(Bertolino, Caine and Gray, 2019; Hasanuzzaman, Zhou 

and Shabala, 2023). Overall, we can therefore conclude 

that plants of the ‘Aromat de Buzău’ variety 

demonstrate significant micromorphological plasticity 

of the stomata, indicating a moderate degree of salinity 

tolerance. 
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Fig. 1. Stomatal density of Ocimum basilicum L. ‘Aromat de Buzău’ plants grown under experimental conditions. 
Experimental variants: Control, 100 mM NaCl, 150 mM NaCl, 200 mM NaCl; (L) – Laboratory conditions, (G) – Semi-open 
greenhouse conditions. On the secondary axis (in red) is marked the stomatal surface area (●- non-significant difference 
related to Control, ▲- significant increase of stomatal surface area, ▼- significant decrease of stomatal surface area).  

Chlorophyll fluorescence 
Under laboratory conditions, only a concentration of 

200 mM NaCl resulted in a statistically significant 

reduction in the effective quantum efficiency of 

photosystem II (φPSII) compared with the control, 

whilst concentrations of 100 and 150 mM were not 

associated with significant differences in this functional 

parameter. In the semi-open greenhouse, all three 

concentrations tested resulted in significant reductions 

in φPSII, with the most pronounced decrease recorded 

at 150 mM NaCl, suggesting greater photosynthetic 

sensitivity of the test plants under variable 

environmental conditions, where the interaction 

between salinity and uncontrolled microclimatic factors 

accelerates the decline in photosystem II efficiency. 

The critical threshold for photosynthetic tolerance of 

the ‘Aromat de Buzău’ variety is thus reduced from 200 

mM NaCl under laboratory conditions to 150 mM NaCl 

in a semi-open greenhouse, highlighting the importance 

of environmental conditions in determining the taxon’s 

photosynthetic response to salinity stress (Khaliq, Tita 

and Zafar, 2017; Santos et al., 2020) (Fig. 2).

 

Fig. 2. Photosynthetic efficiency of Ocimum basilicum L. ‘Aromat de Buzău’ plants grown under experimental conditions. 
Experimental variants: Control, 100 mM NaCl, 150 mM NaCl, 200 mM NaCl; Statistically significant differences are marked 
with *. 

Assimilatory pigment content 
Chlorophyll a content remained relatively stable 

across the entire salinity range tested in both 

experiments, suggesting an intrinsic tolerance of the 

photosynthetic apparatus of plants belonging to the 

‘Aromat de Buzău’ variety to NaCl-induced ionic 

disturbances (Ashraf and Harris, 2013). Chlorophyll b, 

by contrast, exhibited the most dynamic response: in the 

laboratory, its concentration increased at 100 mM NaCl 

and peaked at 200 mM NaCl, with a notable decrease at 
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the intermediate concentration of 150 mM; in the 

greenhouse, a sharp increase in the concentration of this 

chlorophyll fraction was recorded at 150 mM NaCl, 

reaching a level comparable to that of chlorophyll a, and 

remained at a high level even at 200 mM NaCl. 

In both experiments, the carotenoid pigment content 

showed a downward trend at concentrations of 150 and 

200 mM NaCl, indicating a high sensitivity of this 

pigment fraction to intense salt stress, possibly through 

inhibition of the isoprenoid biosynthetic pathway or 

accelerated oxidative degradation, resulting in a 

significant reduction in the plants’ photoprotective 

capacity, which is more pronounced under variable 

environmental growing conditions (Hashimoto, 

Uragami and Cogdell, 2016) (Fig. 3). 

 

 

Fig. 3. Assimilatory pigments content of Ocimum basilicum L. ‘Aromat de Buzău’ plants grown under experimental 
conditions. Experimental variants: Control, 100 mM NaCl, 150 mM NaCl, 200 mM NaCl; Statistically significant differences 
are marked with *. 

Total polyphenol content 
Under laboratory conditions, the total polyphenol 

content showed a non-linear response: a slight increase 

at 100 mM NaCl (possibly a hormesis-type response), a 

slight decrease below the control level at 150 mM NaCl, 

and an increase -almost double that of the control - at 

200 mM NaCl, representing an intense defense response 

by the test plants to severe salinity stress in the growth 

medium, through the neutralization of reactive oxygen 

species (ROS) (Valifard et al., 2014; Sharma et al., 

2019). 

 

In the semi-open greenhouse, the biological 

variability in polyphenol content was more pronounced, 

with no statistically significant differences compared to 

the control at any of the tested concentrations, 

suggesting that, under semi-open greenhouse 

conditions, plants of the ‘Aromat de Buzău’ variety do 

not significantly activate their polyphenol biosynthesis 

pathways at the salinity levels tested, possibly due to 

interaction with other environmental factors that mask 

the effect of salinity (Fig. 4). 

 

Fig. 4. Polyphenol content of Ocimum basilicum L. ‘Aromat de Buzău’ plants grown under experimental conditions. 
Experimental variants: Control, 100 mM NaCl, 150 mM NaCl, 200 mM NaCl; Statistically significant differences are marked 

with *. 
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Flavonoid content 
In the laboratory, flavonoid content followed a non-

linear pattern, increasing at 100 mM NaCl, a significant 

decrease below the control level at 150 mM NaCl, and 

an absolute maximum - statistically highly significant - 

at 200 mM NaCl. In the semi-open greenhouse, the 

dynamics were different, progressive and orderly, with 

flavonoid content increasing in proportion to the 

intensity of salinity stress, from values not significantly 

different from the control at 100 mM NaCl, to a 

significant value at 150 mM NaCl and a maximum at 

200 mM NaCl (Wang et al., 2023) (Fig. 5). 
 

 

Fig. 5. Flavonoid content of Ocimum basilicum L. ‘Aromat de Buzău’ plants grown under experimental conditions. 
Experimental variants: Control, 100 mM NaCl, 150 mM NaCl, 200 mM NaCl; Statistically significant differences are marked 
with *. 

Total antioxidant activity (DPPH) 
Under laboratory conditions, DPPH antioxidant 

activity was slightly lower than that of the control at 100 

and 150 mM NaCl, with a notable increase - almost 

double that of the control - at 200 mM NaCl, which can 

be interpreted as a hormetic-type adaptive response, in 

which plants intensively mobilize endogenous phenolic 

compounds and flavonoids to neutralize reactive oxygen 

species generated by the severe osmotic and ionic stress 

of the cultivation environment (Ciriello et al. 2023; 

Kandil et al. 2023). 

In the semi-open greenhouse, the observed 

variations showed a slight decrease at 100 and 150 mM 

NaCl, followed by a recovery at 200 mM NaCl; these 

changes did not reach the threshold for statistical 

significance, but were attributed rather to the biological 

variability of the plant material under study in 

fluctuating environmental conditions than to the direct 

effect of the saline treatment (Fig. 6). 
 

 

Fig. 6. Total antioxidant activity of Ocimum basilicum L. ‘Aromat de Buzău’ plants grown under experimental conditions. 
Experimental variants: Control, 100 mM NaCl, 150 mM NaCl, 200 mM NaCl; Statistically significant differences are marked 

with *. 
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Antioxidant enzyme activity (SOD, POD) 
Enzymatic analyses (Fig. 7), carried out exclusively 

on plants grown in the laboratory, showed that 

superoxide dismutase (SOD) activity was highest in the 

control group, with all three applied salt concentrations 

causing a significant decrease in activity, followed by a 

slight recovery at 150 and 200 mM NaCl. This 

seemingly paradoxical decrease can be explained by the 

direct inhibition of the enzyme in question by Na⁺ and 

Cl⁻ ions, by the enzymatic capacity being overwhelmed 

by excessive ROS production, or by the test plants 

switching their defense strategy to non-enzymatic 

defense mechanisms, correlated with increased DPPH 

antioxidant activity at the 200 mM NaCl treatment 

(Tarchoune et al., 2010). 

Peroxidase (POD) activity decreased significantly at 

100 mM NaCl and reached a minimum at 150 mM NaCl 

(one-third of the control value), only for its activity to 

recover almost completely at 200 mM NaCl, returning 

to values not significantly different from the control, a 

pattern suggesting a possible temporary accumulation of 

H₂O₂ in the mesophyll cells of the plants at the 

intermediate concentration, followed by the activation 

of genes involved in the synthesis of new antioxidant 

enzymes and phenolic compounds (Tarchoune et al., 

2012; Hasanuzzaman et al., 2021). 

 

Fig. 7. SOD activity (Left) and POD activity (Right) of Ocimum basilicum L. ‘Aromat de Buzău’ plants grown under 
experimental conditions. Experimental variants: Control, 100 mM NaCl, 150 mM NaCl, 200 mM NaCl; Statistically 
significant differences are marked with *. 

Total protein content 
The total protein content (Fig. 8) of basil plants 

grown in the laboratory responded to salt stress with a 

biphasic pattern: an initial decrease at 100 mM NaCl, 

followed by a progressive and significant increase at 150 

and 200 mM NaCl. Although the absolute variations 

were of small magnitude, the high statistical 

significance and the correlation with the other 

biochemical parameters support the interpretation of 

these changes as part of a coordinated adaptive 

functional response, in which the plants synthesize 

protective proteins in proportion to the intensity of the 

applied salt stress (Taiz et al., 2015; Athar et al., 2022). 

 

 

Fig. 8. Total protein content of Ocimum basilicum L. ‘Aromat de Buzău’ plants grown under experimental conditions. 
Experimental variants: Control, 100 mM NaCl, 150 mM NaCl, 200 mM NaCl; Statistically significant differences are marked 
with *. 
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CONCLUSIONS 
The indigenous basil variety ‘Aromat de Buzău’ 

exhibits a complex adaptive response to experimentally 

induced salt stress with NaCl, which is dependent on the 

growing environment. At the micromorphological level, 

the plants demonstrate significant stomatal plasticity, 

with an adaptive optimum at a concentration of 150 mM 

NaCl, at which high stomatal density, combined with a 

reduced stomatal area, ensures fine-tuned control of 

transpiration and limits water loss. 

At the physiological level, the photosynthetic 

apparatus of plants of the ‘Aromat de Buzău’ variety 

proves to be relatively resistant to moderate salt stress 

induced under controlled laboratory conditions; 

however, its tolerance is significantly reduced under 

variable environmental conditions, where the critical 

threshold for photosynthetic resistance decreases from 

200 mM to 150 mM NaCl. The plants’ pigment strategy 

is based on maintaining a stable chlorophyll a content 

and increasing chlorophyll b content, whilst the 

progressive degradation of carotenoid pigments 

highlights a limitation in the photoprotective capacity of 

the basil plants, which is more pronounced in the solar 

chamber. 

At the biochemical level, plants of the ‘Aromat de 

Buzău’ variety demonstrate two distinct adaptive 

strategies, depending on the growing environment. In 

the laboratory, at high salt concentrations, the plants 

activate a robust antioxidant response, based on the 

massive accumulation of polyphenols, flavonoids, and 

protective proteins, with a gradual shift from enzymatic 

defense (SOD, POD) - whose activity decreases as 

salinity increases - towards a non-enzymatic, phenolic 

defense, suggesting hormesis-type biochemical 

plasticity. In the semi-open greenhouse, these defense 

mechanisms are not significantly activated, as the 

plants’ biochemical response is attenuated and masked 

by the variability of external abiotic factors, suggesting 

that the combined stress specific to the field 

environment may deplete the plants’ metabolic 

resources before they can mobilize an effective 

antioxidant defense. 

Overall, the results obtained highlight a moderate 

degree of salinity tolerance in the ‘Aromat de Buzău’ 

variety, with effective plant adaptive mechanisms under 

controlled cultivation conditions, but more limited 

under field conditions, which are variable, and may 

inform future cultivation strategies for this indigenous 

genotype on land prone to salinization. 

 
AUTHORS CONTRIBUTIONS 

Conceptualization, E.-I.O. and M.-M.Z.; 

methodology, E.-I.O.; data collection, E.-I.O.; data 

validation, E.-I.O. and M.-M.Z.; data processing, E.-

I.O.; drafting – initial version, E.-I.O.; revision and 

editing, E.-I.O. and M.-M.Z. 

 

FUNDING 
This research received no external funding. 

 

CONFLICT OF INTEREST 
The authors declare no conflict of interest. 

REFERENCES  
Ahmed, Adel F., Fatma A. K. Attia, Zhenhua Liu, 

Changqin Li, Jinfeng Wei, and Wenyi Kang. 

2019. “Antioxidant Activity and Total Phenolic 

Content of Essential Oils and Extracts of Sweet 

Basil (Ocimum Basilicum L.) Plants.” Food 

Science and Human Wellness 8 (3): 299–305. 

https://doi.org/10.1016/j.fshw.2019.07.004. 

Artenie, Vlad, Eugen Ungureanu, and Anca Negură. 

2008. Metode de Investigare a Metabolismului 

Glucidic Și Lipidic. PIM. 

Athar, Habib-ur-Rehman, Faisal Zulfiqar, Anam 

Moosa, et al. 2022. “Salt Stress Proteins in 

Plants: An Overview.” Frontiers in Plant 

Science 13 (December): 999058. 

https://doi.org/10.3389/fpls.2022.999058. 

Balanescu, Fanica, Maria Daniela Ionica Mihaila, Geta 

Cârâc, et al. 2020. “Flavonoid Profiles of Two 

New Approved Romanian Ocimum Hybrids.” 

Molecules 25 (19): 19. 

https://doi.org/10.3390/molecules25194573. 

Balasubramaniam, Thuvaraki, Guoxin Shen, Nardana 

Esmaeili, and Hong Zhang. 2023. “Plants’ 

Response Mechanisms to Salinity Stress.” Plants 

12 (12): 2253. 

https://doi.org/10.3390/plants12122253. 

Barbieri, Giancarlo, Simona Vallone, Francesco Orsini, 

et al. 2012. “Stomatal Density and Metabolic 

Determinants Mediate Salt Stress Adaptation and 

Water Use Efficiency in Basil (Ocimum 

Basilicum L.).” Journal of Plant Physiology 169 

(17): 1737–46. 

https://doi.org/10.1016/j.jplph.2012.07.001. 

Behrendorff, James Byh, Claudia E. Vickers, Panagiotis 

Chrysanthopoulos, and Lars K. Nielsen. 2013. 

“2,2-Diphenyl-1-Picrylhydrazyl as a Screening 

Tool for Recombinant Monoterpene 

Biosynthesis.” Microbial Cell Factories 12 (1): 

76. https://doi.org/10.1186/1475-2859-12-76. 

Bertolino, Lígia T., Robert S. Caine, and Julie E. Gray. 

2019. “Impact of Stomatal Density and 

Morphology on Water-Use Efficiency in a 

Changing World.” Frontiers in Plant Science 

Volume 10-2019. 

https://doi.org/10.3389/fpls.2019.00225. 

Bradford, Marion M. 1976. “A Rapid and Sensitive 

Method for the Quantitation of Microgram 

Quantities of Protein Utilizing the Principle of 

Protein-Dye Binding.” Analytical Biochemistry 

72 (1–2): 248–54. https://doi.org/10.1016/0003-

2697(76)90527-3. 

Burducea, Marian. 2018. “Cercetări Fiziologice Și 

Biochimice La Ocimum  Basilicum L. Cultivat 

În Condiții Experimentale.” Universitatea 

“Alexandru Ioan Cuza.” 

Ciriello, Michele, Valerio Cirillo, Luigi Formisano, et 

al. 2023. “Salt-Induced Stress Impacts the 

Phytochemical Composition and Aromatic 

155



Olaru E.-I., Zamfirache M.-M. 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 36, issue 3, 2026, pp. 149 - 157  

© 2026 Vasile Goldis University Press (www.studiauniversitatis.ro) 

Profile of Three Types of Basil in a Genotype-

Dependent Mode.” Plants 12 (11): 2167. 

https://doi.org/10.3390/plants12112167. 

Eisenach, Cornelia, and Alexis De Angeli. 2017. “Ion 

Transport at the Vacuole during Stomatal 

Movements.” Plant Physiology 174 (2): 520–30. 

https://doi.org/10.1104/pp.17.00130. 

Elhindi, Khalid, Ahmed Sharaf El Din, Eslam Abdel-

Salam, and Abdallah Elgorban. 2016. 

“Amelioration of Salinity Stress in Different 

Basil ( Ocimum Basilicum L.) Varieties by 

Vesicular-Arbuscular Mycorrhizal Fungi.” Acta 

Agriculturae Scandinavica, Section B — Soil & 

Plant Science 66 (7): 583–92. 

https://doi.org/10.1080/09064710.2016.1204467 

Hasanuzzaman, Md., Meixue Zhou, and Sergey 

Shabala. 2023. “How Does Stomatal Density and 

Residual Transpiration Contribute to Osmotic 

Stress Tolerance?” Plants 12 (3): 494. 

https://doi.org/10.3390/plants12030494. 

Hasanuzzaman, Mirza, Md. Rakib Hossain Raihan, 

Abdul Awal Chowdhury Masud, et al. 2021. 

“Regulation of Reactive Oxygen Species and 

Antioxidant Defense in Plants under Salinity.” 

International Journal of Molecular Sciences 22 

(17): 9326. 

https://doi.org/10.3390/ijms22179326. 

Hashimoto, Hideki, Chiasa Uragami, and Richard J. 

Cogdell. 2016. “Carotenoids and 

Photosynthesis.” In Carotenoids in Nature, 

edited by Claudia Stange, vol. 79. Subcellular 

Biochemistry. Springer International Publishing. 

https://doi.org/10.1007/978-3-319-39126-7_4. 

Herald, Thomas J., Priyadarshini Gadgil, and Michael 

Tilley. 2012. “High-Throughput Micro Plate 

Assays for Screening Flavonoid Content and 

DPPH-Scavenging Activity in Sorghum Bran 

and Flour: High-Throughput Microplate Assays 

for Screening Sorghum.” Journal of the Science 

of Food and Agriculture 92 (11): 2326–31. 

https://doi.org/10.1002/jsfa.5633. 

Kandil, Abeer S., Mahmoud A. Mohamed, Hossam S. 

El-Beltagi, and Hanan S. Gaballa. 2023. “The 

Correlation of in Vitro Antioxidant Potentials 

with the Various Biochemical Responses of 

Salinized Basil Leaves.” Notulae Botanicae 

Horti Agrobotanici Cluj-Napoca 51 (2): 13110. 

https://doi.org/10.15835/nbha51213110. 

Khaliq, Rehana, Ovidiu Tita, and Zafar Ullah Zafar. 

2017. “POSSIBLE ASSESSMENT OF SALT 

TOLERANCE IN OCIMUM BASILICUM BY 

CHLOROPHYLL FLUORESCENCE.” 

Scientific Papers Series Management, Economic 

Engineering in Agriculture and Rural 

Development 17 (3): 8. 

Nayek, Sumanta, Imranul Choudhury, Haque, Jaishee 

Nishika, and Suprakash Roy. 2014. 

“Spectrophotometric Analysis of Chlorophylls 

and Carotenoids from Commonly Grown Fern 

Species by Using Various Extracting Solvents.” 

Research Journal of Chemical Sciences 4 

(September): 2231–606. 

https://doi.org/10.1055/s-0033-1340072. 

Norazah, Mohammad Nawawi, S. Selvakumar, 

Norasyiqin Bakeri, et al. 2020. “Preliminary 

Extraction of Chlorophyll A and B from Micro 

Algae Isolated from Selangor Sea Water.” 

Selangor Science & Technology Review 

(SeSTeR) 4 (1): 32–40. 

Pathan, A. K., J. Bond, and R. E. Gaskin. 2010. “Sample 

Preparation for SEM of Plant Surfaces.” 

Materials Today 12 (January): 32–43. 

https://doi.org/10.1016/S1369-7021(10)70143-

7. 

Rewers, Monika, and Iwona Jedrzejczyk. 2016. 

“Genetic Characterization of Ocimum Genus 

Using Flow Cytometry and Inter-Simple 

Sequence Repeat Markers.” Industrial Crops 

and Products 91 (November): 142–51. 

https://doi.org/10.1016/j.indcrop.2016.07.006. 

Robinson, M. 1997. “How Can Stomata Contribute to 

Salt Tolerance?” Annals of Botany 80 (4): 387–

93. https://doi.org/10.1006/anbo.1996.0435. 

Santos, Sandy T. Dos, Francisco De A. De Oliveira, 

Giordanio B. S. Oliveira, Francisco V. Da S. Sá, 

Jessilanne P. B. De M. Costa, and Pedro D. 

Fernandes. 2020. “Photochemical Efficiency of 

Basil Cultivars Fertigated with Salinized 

Nutrient Solutions.” Revista Brasileira de 

Engenharia Agrícola e Ambiental 24 (5): 319–

24. https://doi.org/10.1590/1807-

1929/agriambi.v24n5p319-324. 

Sharma, A., B. Shahzad, V. Kumar, et al. 2019. 

“Phytohormones Regulate Accumulation of 

Osmolytes under Abiotic Stress.” Biomolecules 

9: 285. https://doi.org/10.3390/biom9070285. 

Sharma, Om P., and Tej K. Bhat. 2009. “DPPH 

Antioxidant Assay Revisited.” Food Chemistry 

113 (4): 1202–5. 

https://doi.org/10.1016/j.foodchem.2008.08.008 

Silva, Toshik Iarley da, Maria de Fátima de Queiroz 

Lopes, Jackson Silva Nóbrega, Francisco 

Romário Andrade Figueiredo, Ronimeire Torres 

da Silva, and Thiago Jardelino Dias. 2022. “Basil 

(Ocimum Basilicum) Growth under Saline Stress 

and Salicylic Acid.” Indian Journal of 

Traditional Knowledge (IJTK) 21 (2): 443–49. 

Taiz, Lincoln, Eduardo Zeiger, Ian Max Moller, and 

Angus Murphy. 2015. Plant Physiology and 

Development, Sixth Edition. (Sunderland, MA 

01375 U.S.A), Sixth Edition. 

Tarchoune, I., C. Sgherri, R. Izzo, M. Lachaal, Z. 

Ouerghi, and F. Navari-Izzo. 2010. 

“Antioxidative Responses of Ocimum Basilicum 

to Sodium Chloride or Sodium Sulphate 

Salinization.” Plant Physiology and 

Biochemistry 48 (9): 772–77. 

https://doi.org/10.1016/j.plaphy.2010.05.006. 

Tarchoune, Imen, Cristina Sgherri, Riccardo Izzo, 

Mokhtar Lachaâl, Flavia Navari-Izzo, and 

Zeineb Ouerghi. 2012. “Changes in the 

Antioxidative Systems of Ocimum Basilicum L. 

(Cv. Fine) under Different Sodium Salts.” Acta 

Physiologiae Plantarum 34 (5): 1873–81. 

https://doi.org/10.1007/s11738-012-0985-z. 

Valifard, M., S. Mohsenzadeh, B. Kholdebarin, and V. 

Rowshan. 2014. “Effects of Salt Stress on 

156



 Micromorphological, physiological, and biochemical responses of Ocimum basilicum L. CV. „Aromat de Buzău” under salt 

stress 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 36, issue 3, 2026, pp. 149 - 157  
© 2026 Vasile Goldis University Press (www.studiauniversitatis.ro) 

Volatile Compounds, Total Phenolic Content 

and Antioxidant Activities of Salvia 

Mirzayanii.” South African Journal of Botany 93 

(July): 92–97. 

https://doi.org/10.1016/j.sajb.2014.04.002. 

Vînătoru, Costel, Bianca Mușat, Camelia Bratu, and 

Adrian Peticilă. 2019. “RESULTS AND 

PERSPECTIVES IN OCIMUM BASILICUM 

(BASIL) BREEDING AT VEGETABLE 

RESEARCH AND DEVELOPMENT 

STATION BUZĂU.” Scientific Papers. Series 

B, Horticulture Vol. LXIII (2). 

Wang, Xiaoshan, Juncheng Yin, Jing Wang, and Junhao 

Li. 2023. “Integrative Analysis of Transcriptome 

and Metabolome Revealed the Mechanisms by 

Which Flavonoids and Phytohormones 

Regulated the Adaptation of Alfalfa Roots to 

NaCl Stress.” Frontiers in Plant Science 14 

(February): 1117868. 

https://doi.org/10.3389/fpls.2023.1117868. 

Wellburn, Alan R. 1994. “The Spectral Determination 

of Chlorophylls a and b, as Well as Total 

Carotenoids, Using Various Solvents with 

Spectrophotometers of Different Resolution.” 

Journal of Plant Physiology 144 (3): 307–13. 

https://doi.org/10.1016/S0176-1617(11)81192-

2. 

Xu, Z., and G. Zhou. 2008. “Responses of Leaf Stomatal 

Density to Water Status and Its Relationship with 

Photosynthesis in a Grass.” Journal of 

Experimental Botany 59 (12): 3317–25. 

https://doi.org/10.1093/jxb/ern185. 

Yu, Yunqing, and Sarah M. Assmann. 2016. “The Effect 

of NaCl on Stomatal Opening in Arabidopsis 

Wild Type and Agb1 Heterotrimeric G-Protein 

Mutant Plants.” Plant Signaling & Behavior 11 

(2): e1085275. 

https://doi.org/10.1080/15592324.2015.1085275

. 

Zhao, Chunzhao, Heng Zhang, Chunpeng Song, Jian-

Kang Zhu, and Sergey Shabala. 2020. 

“Mechanisms of Plant Responses and Adaptation 

to Soil Salinity.” The Innovation 1 (1): 100017. 

https://doi.org/10.1016/j.xinn.2020.100017. 

 

157


