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Abstract. Lemongrass is considered one of the most economic medicinal and aromatic plants, and there is a tendency to 

expand the production of such important plants in newly reclaimed soils, which often suffer from salt stresses. There are natural 

and synthetic substances that can help plants resist stress. Therefore, this study was conducted for the purpose of using some 

natural substances, Moringa oleifera leaf extract (MLE), Bacillus subtilis + arbuscular mycorrhizal fungi (B+A), and synthetic 

substances, such as benzyl amino purine (BAP), on lemongrass plants exposed to salt stress imposed by irrigation at 0, 1000, 

2000, and 4000 ppm levels. Results indicated that an increasing trend of carbohydrate content by growth stimulants was noticed 

as follows: Moringa leaf extract (MLE) >Bacillus subtilis + arbuscular mycorrhizal (B+M) > benzyl amino purine (BAP). Foliar 

application by growth stimulants increased free proline content. Application of MLE, followed by B+M, gave the highest values of 

the free proline content in the two cuts for the two seasons compared to the control. It was proven that total phenol content was 

affected by the different growth stimulant treatments. Foliar application of the growth stimulants increased the total phenol 

content compared to the control. However, application of MLE resulted in the highest values of total phenol content in the two 

cuts for the two seasons compared to the control. Among the growth stimulants used, foliar spraying with MLE, followed by 

microorganisms (B+M), shows a superior effect in decreasing the accumulation of sodium and chlorine compared to other 

stimulants, while improving potassium was obtained by the growth stimulants MLE, B+A, and BAP, respectively, in both seasons. 
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1. Introduction 

The onset of the 21st century has brought along clear evidence of the repercussions of worldwide water scarcity, 

escalating environmental pollution, and the salinization of soil and freshwater. Two significant challenges that jeopardize 

agricultural sustainability are the burgeoning population and the scarcity of arable land for crop cultivation (Shahbaz and Ashraf, 

2013). Soil salinity is frequently considered one of the primary abiotic pressures that significantly impacts land on a global scale 

(Shrivastava and Kumar, 2015).  It has an impact on the growth and development of plants and results in decreased productivity 

(Munns and Tester, 2008). 

The medicinal and aromatic crops are of prime economic importance and occupy a prominent and vital position in different 

fields such as pharmaceutical industries, agro-alimentary products,  perfumes, and natural cosmetic products (Grayer et al., 

1996) because of the increasing and continuous demand for their products in the local and foreign markets. Lemongrass, 

scientifically  known as Cymbopogon citratus (D.C.) Stapf, is mostly grown in tropical and subtropical regions of Asia, South 

America, and Africa for its valuable essential oil. It is widely recognized for its  medicinal and fragrant properties. The oil holds 
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significant economic value in the pharmaceutical, fragrance manufacturing, perfumery, flavoring, cosmetics, and detergent 

industries. Also, its oil  possesses antifungal, antibacterial, mosquito repellent, and analgesic properties (Boukhatem et al., 

2014). However, salt sensitivity is directly linked to the lemongrass plant because it cannot grow well in salt-rich soil (Loake and 

Grant, 2007). 

There are many practical attempts to mitigate the harmful effects on plants resulting from increased salinity, whether in soil 

or irrigation water. In this respect, cytokinin has important roles in alleviating abiotic and biotic stresses (Vanková, 2011). 

Moreover, application of the synthetic benzyl amino purine (BAP) significantly increases the antioxidant enzyme activities and 

decreases the malondialdehyde content and relative conductivity in the leaves of Rosa hybrida (Wang et al., 2022). 

Moringa oleifera is renowned for its exceptional properties. Siddhuraju and Becker (2003) demonstrated the antioxidant 

effects of moringa leaf extracts (MLE). The plant is abundant in plant growth regulators such as cytokinin and zeatin (Foidl et al., 

2001; Yang et al., 2006). Zeatin promotes cellular proliferation and elongation. It contains several enzymes, exhibits antioxidant 

characteristics, and safeguards plant cells against the aging effects caused by reactive oxygen species (Taiz and Zeiger, 2010; 

Yasmeen et al., 2013). 

Grover et al. (2011) postulated that some microorganisms have the ability to induce plants to resist various stresses 

resulting from climate change. It can also reduce the damage to plants caused by soil salinity by activating various biochemical 

and physiological processes within the plant cells (Abo Nouh et al., 2021; Ali et al., 2022). Therefore, the aim of the current study 

was to assess the effect of foliar application of benzyl amino purine (BAP), Moringa oleifera leaf extract (MLE), and inoculation 

with Bacillus subtilis + arbuscular mycorrhizal fungi (B+M) on physiological responses and essential oil constituents of 

lemongrass under salt stress conditions. 

 

2. Materials and Methods  

2.1. Experimental site 

The Experimental Farm of Floriculture, located at the Faculty of Agriculture, Assiut University in Assiut, Egypt, conducted a 

pot experiment on two occasions. The experiments took place during the 2019 and 2020 seasons. This work aimed to study the 

effect of application growth stimulants, including natural and synthetic substances, on the morphological traits, oil yield, and 

biochemical and physiological responses of lemongrass (Cymbopogon citrates) plants under salt stress conditions. The natural 

substances represented in Moringa oleifera leaf extract as foliar spray and Bacillus subtilis and arbuscular mycorrhizal fungi 

(AMF) as inoculation. While the synthetic one is represented by benzylaminopurine (BAP) as a foliar spray. Healthy uniform 

plants of lemongrass were procured from the Department of Medicinal and Aromatic Plants Research, Horticultural Research 

Institute, Agricultural Research Center, Egypt. The plants were relocated into earthenware plastic pots with a diameter and height 

of 40 cm, which had perforated bottoms. Each pot was filled with 20 kg of sandy loam soil, and its physical and chemical parameters 

were assessed using the methods outlined by Jackson (1973). 

 

Table 1. The physical and chemical analysis of the used media at the beginning of the experiment. 

Soil 
type 

Soluble ions meq/100 g soil Soluble K pH EC OM
% 

Cations Anions mg/100g soil 
 

Ds m-1 
 

Ca2+ Mg2+ Na+ K+ HCO3
- Cl- SO4

= 0.20 7.80 2.16 1.22 

Sandy 
loam 

2.24 2.14 2.21 0.05 0.54 3.80 2.30 

Note. pH: Potential of Hydrogen, EC: Eectrical Conductivity, OM: Organic Matter 

 

At the beginning of May, two seedlings will be planted in each pot in both seasons. Two weeks after transplanting, plants were 

treated with BAP and Moringa oleifera leaf extract as foliar applications or inoculated with Bacillus subtilis plus mycorrhizal fungi 

three times (two weeks after transplanting, three weeks later, and two weeks after the first cut). The Unit of Biofertilizers at Ain 

Shams University in Shobra El-Kheima, Egypt supplied an active strain of Bacillus subtilis (108 CFU/mL) and arbuscular mycorrhizal 

fungi (Glomus irradicans). The soil was treated with a combination of microorganisms, specifically B. subtilis and 25 spores of 

Glomus irradicans each pot, at a rate of 20 mL per pot (Demir and Onogur, 1999).  Additionally, uninoculated plants are included as 

a control group. 
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Benzyl amino purine (BAP) was obtained as a commercial chemical substance from El-Gomhorya Company, Egypt. It will be 

applied at a rate of 100 ppm, while Moringa oleifera leaf extract will be applied at 5% for foliar applications. Also, untreated plants are 

involved as a control. The plants received regular irrigation with tap water for duration of three weeks following transplantation. 

Subsequently, the plants were exposed to varying degrees of salt (0, 1000, 2000, and 4000 ppm NaCl). 

2.2. Preparing Moringa oleifera leaf extract (MLE) 

The leaves of Moringa oleifera were collected from fully grown trees. To extract the desired components, a mixture of 100 

grams of fresh leaves and 1000 milliliters of distilled water was prepared using a household mixer. This solution was 

subsequently refined by filtering it through a muslin towel. The extract was further purified by passing it through No. 2 Whatman 

filter paper (Fuglie, 1999). The resulting solution was diluted with distilled water at a concentration of 50% (volume/volume) and 

thereafter applied via direct spraying onto the plants. It was utilized within a span of five hours after being obtained by cutting and 

extraction. If the extract or the produced solution was not immediately ready for use, it was stored in the refrigerator at a 

temperature of 0°C and only removed when required. Each plant received an application of 25 mL of the solution. 

2.3. Experimental design 

The experiment included 16 treatments, which were the combination of four salinity levels (0 “tap water," 1000, 2000, and 

4000 ppm NaCl) and four synthetic and natural growth substances (control, 100 ppm BAP, 5% moringa leaf extract, and B. 

subtilis + AMF). The treatments were arranged in a split-plot in the Randomized Complete Blocks Design (RCBD) with three 

replicates in this experiment. The four salinity levels (0 “tap water," 1000, 2000, and 4000 ppm NaCl) represented the main plots, 

while the four synthetic and natural growth substances (control, 100 ppm BAP, 5% moringa leaf extract, and B. subtilis + AMF) 

represented sub-plots. 

2.4. Biochemical and physiological parameters 

2.4.1. Total carbohydrates 

The proportion of total carbohydrates in dried leaves was determined colorimetrically at a wavelength of 630 nm using the 

anthron sulphuric acid method, following the procedure described by Hansen and Moller (1975) after each cut. The data were 

quantified as glucose equivalents using a calibration curve spanning from 20 to 100 parts per million (ppm). In a conical flask, 0.2 

g of anthrone, 30 mL of distilled water, 8 mL of 100% ethyl alcohol, and 100 mL of concentrated H2SO4 (with a density of 1.84) 

were combined while being continuously cooled in an ice bath. It is necessary to always prepare this reagent fresh. 

 

2.4.2. Free proline content 

Bates (1973) utilized a technique involving the blending of 0.5 mg of plant material with 10 mL of a 3% aqueous 

sulfosalicylic acid solution to assess the amount of free proline present in dried sweet basil leaves. The resulting homogenate 

was then filtered through a Whatman 2 filter paper. A volume of 2 mL of the filtrate was combined with 2 mL of ninhydrin and 2 

mL of glacial acetic acid in a test tube. The mixture was then heated at a temperature of 100 degrees Celsius for 1 hour. Finally, 

placing the test tube in an ice bath stopped the reaction. The reaction mixture was subjected to extraction using 4 mL of toluene, 

which was aggressively agitated with a test tube stirrer for duration of 15-20 seconds. Using a water-based solution to separate 

the chromophore from toluene, it was heated to room temperature and its absorbance was measured at a wavelength of 520 nm. 

Toluene was used as a reference solution. The proline concentration was quantified using a standard curve and expressed on a 

dry weight basis using the following formula: [(μg proline/mL × mL toluene)/115.5 μg/μmoles]/[(g sample)/5] = μmoles proline/g of 

dry weight material. 

 

2.4.3. Total phenol content 

The quantification of soluble phenol concentration in dry leaves was conducted after each cut using a modified Folin 

method, as outlined by Vasco et al. (2008). Weighed samples of finely ground dried leaves (0.1 g) were subjected to two 

extractions at room temperature with continuous stirring for 1 hour. The first extraction involved a mixture of methanol and water 

(50:50 v/v) in a 20 mL volume, followed by a second extraction with acetone and water (70:30 v/v) also in a 20 mL volume. 

Intermittent centrifugation was performed at 4000 rpm for 15 minutes. The liquid portions were combined in containers with a 

specific volume, and the volumes were adjusted to 50 mL using distilled water. Subsequently, a portion (0.5 mL) of the extract, 
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blank, or standard was introduced into a 25-mL flask. Then, the Folin-Ciocalteu reagent (0.5 mL) was added to the flask, and the 

resulting mixture was allowed to undergo a reaction for 3 minutes while being continuously stirred. Following this, a solution of 

sodium carbonate (75 g/L, 10 mL) was added to the flask and thoroughly mixed. The volume was thereafter adjusted to 25 mL 

using distilled water and allowed to stand at room temperature for 1 hour. The study measured total phenol content at 750 nm 

using a UV visible spectrophotometer (Optizen Pop, Mecasys, Korea), expressing results as gallic acid equivalents (GAE) using 

a calibration curve. 

 

2.4.4. Chemical analysis of minerals 

At the completion of each cutting, specimens were gathered and exposed to a 48-hour drying procedure at a temperature 

of 70 °C. This was conducted to determine the chemical constituents present in the dried leaf. The concentration of potassium 

(K) in the leaves was determined using a flame photometer, employing the procedure outlined by Jackson (1958). The Na and Cl 

contents were determined utilizing the AOAC method (AOAC, 1990). 

2.5. Statistical analysis 

The data from two seasons will be analyzed using Statistix 8.1 software, and the means will be compared using the least 

significant difference (LSD) test (Dowdy and Wearden, 1983). 

 
3. Results  
3.1. Total carbohydrate percentage 

Total carbohydrate percentages gradually decreased with the increasing salinity level, from 1000 up to 4000 ppm (Figure 

1). However, the higher total carbohydrate percentage of lemongrass was recorded with untreated plants, followed by those 

treated with the lower concentration (1000 ppm). The lowest values were achieved with the higher salinity concentration (4000 

ppm). There was a significant improvement in total carbohydrate content as a result of the growth stimulants used on 

lemongrass. Our results proved that an increasing trend in carbohydrate contents caused by growth stimulants was noticed as 

follows: Moringa leaf extract (MLE) >Bacillus subtilis + arbuscular mycorrhizal (B+M) > benzylaminopurine (BAP). 

 

 

   Figure 1.Total carbohydrates percentage (%) of lemongrass as affected by moringa leaves extract (MLE), benzyl amino purine (BA) and 

Bacillus subtilis + arbuscular mycorrhizal (B+M) under salinity stress, as average seasons of 2019 and 2020. 

 

3.2. Free proline content 

Our data showed that salinity levels in the two cuts during the two seasons had an impact on free proline content (Figure 

2). Clearly, the amount of free proline in the plants increased as the salinity level rose from 1000 to 4000 ppm, compared to 

lemongrass plants that were not salinized. The free proline content was affected by the growth stimulant treatments in the two 

cuts during both seasons. Application of growth stimulants to the lemongrass plant under salinity stress increased the free 

proline content. Application of MLE, followed by B+M, gave the highest values of the free proline content in the two cuts for the 

two seasons compared to the control. 
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          Figure 2. Free proline content (mg/ g DW) of lemongrass as affected by moringa leaves extract (MLE), benzyl amino purine (BA) and 
Bacillus subtilis + arbuscular mycorrhizal (B+M) under salinity stress, as average seasons of 2019 and 2020. 

 

3.3. Total phenol content 

The highest values of total phenol content were registered with 2000, followed by 1000 ppm NaCl, and while the least 

values were recorded with plants treated with the higher level (4000 ppm), as shown in Figure 3. In response to salinity stress, 

plants have developed different biochemical and physiological mechanisms to tolerate or adapt to stress. Data shows that salt 

stress at 2000 and 1000 ppm treatments enhanced the phenolic contents. From our results, it was noticed that total phenol 

contents were affected by the different growth stimulant treatments. Foliar application of the growth stimulants increased the total 

phenol content compared to the control. However, application of MLE resulted in the highest values of total phenol content in the 

two cuts for the two seasons compared to the control. 

 

 

        Figure 3. Total phenols content (mg/ GAE/g DW) of lemongrass as affected by moringa leaves extract (MLE), benzyl amino purine (BA) 
and Bacillus subtilis + arbuscular mycorrhizal (B+M) under salinity stress, as average seasons of 2019 and 2020. 

 

3.4. Na+, Cl-, and K+ contents 

Salinity levels showed significant differences in the sodium, chlorine, and potassium contents of lemongrass leaves in the 

first and second cuts for the two seasons, as presented in Figures 4–6. There is a gradual increase in the accumulation of these 

contents with increasing salinity concentrations up to 4000 ppm. The highest values were associated with salinity at a rate of 

4000 ppm. Among the growth stimulants used, foliar spraying with moringa leaf extracts (MLE), followed by microorganisms 

(B+M), and shows a superior effect in decreasing the accumulation of sodium and chlorine while improving potassium contents in 

lemongrass. The most effective treatments for decreasing sodium and chlorine while improving potassium were MLE, B+A, and 

BA, respectively, in both seasons. 
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      Figure 4. Sodium content (mg/ g DW) of lemongrass as affected by moringa leaves extract (MLE), benzyl amino purine (BA) and Bacillus 
subtilis + arbuscular mycorrhizal (B+M) under salinity stress, as average seasons of 2019 and 2020. 

 

 

         Figure 5. Chlorine content (mg/ g DW) of lemongrass as affected by moringa leaves extract (MLE), benzyl amino purine (BA) and 
Bacillus subtilis + arbuscular mycorrhizal (B+M) under salinity stress, as average seasons of 2019 and 2020. 

 

       Figure 6. Potassium content (mg/ g DW) of lemongrass as affected by moringa leaves extract (MLE), benzyl amino purine (BA) and 
Bacillus subtilis + arbuscular mycorrhizal (B+M) under salinity stress, as average seasons of 2019 and 2020. 

 

4. Discussion 
The obtained results showed that total carbohydrates were gradually decreased with the increasing salinity level from 1000 

to 4000 ppm. In addition, total carbohydrates increased with the application of different growth stimulants, especially moringa leaf 

extract (MLE) and Bacillus subtilis + arbuscular mycorrhizal (B+M). These results agreed with those obtained by Munns (2002) 
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and Mangena (2020), who reported that total carbohydrate contents decreased under high salt stress. Rahneshan et al. (2018) 

proved that salt stresses are critical factors that severely affect plant growth and metabolism. Also, Abdel Latef et al. (2017) 

pointed out that the reduction in growth, especially at severe salinity, was connected with the diminution in the total carbohydrate 

contents. In this regard, Farouk et al. (2001) revealed that salt stress decreased total carbohydrate content in Mentha longifolia 

shoots. Also, on Nigella sativa, Hajar et al. (1996) claimed that total carbohydrates decreased with the increase in NaCl salinity. 

The synthesis of carbohydrates was reduced by water stress due to soil salinity (Kilany et al., 2006). Moreover, abiotic stresses 

repress cell expansion more than cell division, resulting in diminished plant development by influencing different physiological 

and biochemical processes such as ion uptake, carbohydrate metabolism, and nutrient metabolism (Farooq et al., 2009). 

These results were in agreement with those of Desoky et al. (2019), who revealed that spraying MLE was more effective in 

increasing total carbohydrates in Sudan grass than other treatments under different levels of soil salinity. Application of moringa leaf 

extract led to an increase in total carbohydrates in sweet basil (Hassanein et al., 2019). However, the use of MLE gave a great 

chance for the translocation of nutrients assimilated into a healthy cell to be utilized in different metabolic processes, such as 

carbohydrate synthesis under salinity conditions (Semida et al., 2014). Plant growth-promoting microorganisms have direct and 

indirect means of mitigating salinity damage to plants (Hashem et al., 2016), such as by avoiding high salt levels inside the 

cytoplasm. This is achieved through modification in the cell wall construction by the formation of specific membrane proteins, 

exopolysaccharides, and lipids. Other adaptations for plant survival under salt stress include the development of proteins and 

enzymes that are capable of performing metabolic functions (Kunte, 2006). Studies concluded that salt-tolerant plant growth-

promoting rhizobacteria (ST-PGPR) produce various types of phytohormones, such as gibberellins, auxins, and cytokinins (Dodd et 

al., 2010), that regulate plant defense systems and increase carbohydrate contents (Hashem et al., 2016). 

Our results pointed out that free proline content increased with increasing salinity stress, from 1000 to 4000 ppm. Also, 

application of growth stimulants increased free proline content, especially with foliar application of MLE, followed by inoculation with 

B+M, compared to the untreated plants. The same results were recorded by Mukarram et al. (2022), who reported that proline, a key 

osmolyte, was quantified in lemongrass to assess osmoprotection during salt stress, and the highest improvement was brought by 

the higher level of NaCl application (240 mM). Also, a positive correlation between proline content and stress intensity was found in 

several plant species (Pavlovic et al., 2019). However, the upregulation of osmolyte (proline) during salt stress is a common defense 

mechanism in several plant species to render enhanced protection against stress-induced osmotic damage (Foyer, 2018; Noctor et 

al., 2018). Our findings of increased proline content with the increase in salt stress may have been due to the fact that many cellular 

enzymes are affected by salinity stress, such as enzymes involved in the metabolism of nitrogen and the synthesis of amino acids 

such as proline. These were in agreement with Nathawat et al. (2005) and Siddiqui et al. (2008). Also, Garcia et al. (2019) reported 

that the contents of nutrients, metabolites, and proteins are disrupted by salt stress. Additionally, compatible solutes play a diverse 

role in plant physiology to alleviate salt stress effects under harsh conditions. These compatible solutes include proline, 

hydroxyproline, sugars, and sugar alcohols (Zulfiqar et al., 2020). 

The obtained results were in accordance with Hassan et al. (2021), who found that free proline increased compared to the 

control in response to salinity in damask rose. They added that application of MLE increased proline contents in plants grown under 

stress. Enhancing antioxidant defense systems in response to MLE application and increasing scavenged reactive oxygen species 

(ROS) and thus improved membrane stability, which in turn increased tolerance to high salinity, as has also been shown in several 

studies (Hassan and Fetouh, 2019). On the other hand, application of B+A produced higher proline in lemongrass compared to the 

control. PGPB (plant growth-promoting bacteria) and endophytic fungi can produce antioxidant enzymes, which scavenge excess 

reactive oxygen species generated in plants under saline stress (Afridi et al., 2019); therefore, they minimize salt effects on plant 

growth (Ghaffari et al., 2016). Moreover, proline is thought to function as an osmoprotectant for proteins (Bohnert and Jenson, 

1996). Accumulation of proline provides an environment compatible with the macromolecular structure and helps plants adapt to the 

negative consequences of salinity (Jaleel et al., 2007). In the present study, the different growth stimulants, especially MLE, 

increased proline accumulation in the leaves of lemongrass under salt stress. 

Results showed that the higher contents of total phenols were due to using salinity at a rate of 2000 ppm, followed by 1000 

ppm, while the lowest one was recorded at 4000 ppm. Using the growth stimulants resulted in an increase in total phenol content, 

especially with MLE spraying. Salinity-induced disturbances in metabolic processes lead to an increase in the synthesis of phenolic 

compounds, according to Keutgen and Pawelzik (2009) and Dawood and El-Awadi (2015). But when plants are under a lot of salt, 

reactive oxygen species (ROS) build up and the net carbon gain changes. This can have a big impact on the biosynthesis of carbon-

based secondary compounds, especially polyphenols (Rady et al., 2013). However, phenolic compound production in plants under 
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salinity is dependent on the salt sensitivity of the plant (Kim et al., 2008). The soluble phenolic compounds are secondary 

metabolites in plants and could be increased as powerful antioxidants in plant tissues under salinity conditions. This judgment 

agrees with Abou El-Leel et al. (2018). 

The results of Rehman et al. (2022) revealed that applying Cymbopogon flexuosus to salicylic acid produced the maximum 

phenolic compounds compared to the control. However, phenolic compounds are significant food metabolites that can help to 

prevent diseases, including neurological and cardiovascular diseases as well as cancer (Goyal et al., 2014). The effect of MLE, BA, 

and B+M treatments on lemongrass resulted in different degrees of improvement in phenolic compounds, with improvements being 

particularly noticeable with MLE. The obtained results were in line with Zrige et al. (2022). Creating secondary metabolites, such as 

phenolic compounds, is one way plants deal with salt stresses (Agati et al., 2007). These compounds help protect plants from ROS. 

The phenolic compounds are synthesized when photosynthetic metabolisms or aerobic respiration are disrupted by environmental 

stresses (Bettaieb et al., 2011). Thus, the considerable increment in total phenol of lemongrass applied by growth stimulants might 

be a result of improved plant resistance mechanisms to adapt to adverse salinity conditions (Alu’datt, 2017). Also, the enhancement 

of total phenols in lemongrass with the application of MLE may be due to an increment in K+ content, which plays an important role 

in activating most enzymes in pathways of biosynthesis (Pavarini et al., 2012). Moreover, the application of stimulants might improve 

the production of antioxidant enzymes and plant defensive metabolites (Cappellari et al., 2020). 

Salinity levels showed a gradual increase in the accumulation of Na+, Cl-, and K+ contents with increasing salinity 

concentrations up to 4000 ppm. Application of moringa leaf extract (MLE), followed by microorganisms (B+M), resulted in a 

decreasing accumulation of sodium and chlorine while increasing potassium content in lemongrass. Our results were consistent with 

those of Ghassemi-Golezani et al. (2022). Under salinity conditions, which cause reductions in plant growth because of specific ion 

toxicities such as Na+ and Cl− and ionic imbalance acting on the biophysical and/or metabolic components of the plant growth 

(Grattan and Grieve, 1999). However, Malagoli et al. (2008) discovered that Na+ is a toxic ion that roots' cells quickly absorb. Thus, 

disruption in the Na+ exclusion process at the root and subsequently its translocation to the shoots under salinity stress led to an 

increase of this ion in the roots and leaves of the plant (Ghassemi-Golezani et al., 2022). Na+ and K+ concentrations are important 

ions associated with the salinity tolerance of plants (Azadi et al., 2011). High concentrations of Na+ in lemongrass under salt stress 

can also interfere with the accumulation of other ions such as Cl- and K+ (Ji et al., 2019). However, plant tolerance to osmotic 

stresses and Na+ toxicity determine the overall plant responses to salt stress (Munns and Tester, 2008). In this regard, Shabala and 

Cuin (2008) reported that under salinity conditions, Na+ ions enter apoplastic lumens and, with the substitution of Ca2+ ions in the cell 

membrane, depolarize the membrane and interfere with selective absorption of the essential minerals. 

One of the most important strategies for ion balance in the cytoplasm is reducing Na+ uptake, limiting its accumulation in plant 

tissues, and increasing the K+/Na+ ratio (Munns and Tester, 2008). However, alleviating salt toxicity by growth stimulants, especially 

MLE, may be related to reducing the Na+ in the cytosol (Ghassemi-Golezani and Farhangi-Abriz, 2018). Also, Ahanger (2018) 

reclaimed that foliar spraying with cytokinins regulates the fundamental cellular pathways and preserves them from Na+ toxicity with 

an improvement in K+ uptake. On the other side, alleviation of water stress by different microorganisms such as mycorrhiza and 

bacteria, which promote plant growth, has been reported earlier by Chakraborty et al. (2013). Gurmani et al. (2011) proved that the 

used plant growth promoters (ABA and BA) lowered Na+ accumulation, while K+ concentration was increased under saline field 

conditions in rice plants. Iqbal and Ashraf (2006) revealed that BA was effective in reducing Na+ levels in wheat plants under salt 

stress. Na+ affects the uptake of the K+ ion due to the chemical similarities between the two ions in plants (Rodríguez-Navarro, 

2000). 

 

5. Conclusions 
It is clear from the study that treating lemongrass plants with some growth stimulants such as moringa leaf extract (MLE), 

microorganisms (B+M), and benzyl amino purine (BAP) could improve the biochemical and physiological parameters as well as the 

chemical composition of the volatile oil under salt stress conditions. Foliar application of MLE at 5%, followed by B+M, was the most 

effective treatment for inducing the biochemical and physiological characteristics under low salinity conditions, especially with lower 

salinity levels (1000 and 2000 ppm NaCl). From here, it can be recommended when planting lemongrass, especially in salt-affected 

soils, to apply these treatments under study to obtain higher vegetative growth and productivity. 
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