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Abstract
Salinity stress is a major abiotic factor that affects medicinal plant growth, performance, and secondary compounds. Malva 
parviflora L. and Rumex dentatus L. plants were collected from three habitats in the northeastern Nile Delta governorates 
of Damietta and El-Dakahlia. Conductivity (salinity) classified the habitats as mesophytic, moderately saline, and saline. 
Chemical and physical soil characteristics varied by habitat. Results show that M. parviflora L. and R. dentatus L. had high 
soluble sugars, total carbohydrates, electrolyte leakage, and proline in the saline habitat. In contrast, mesophytic habitats 
showed low content. In addition, R. dentatus L. had more antioxidant enzymes and elements in saline habitats than in 
mesophytic habitats. In saline habitats, M. parviflora L. and R. dentatus L. were characterized by more calcium and sodium 
increase than mesophytic habitats. Moreover, R. dentatus L. had more phenols, alkaloids, flavonoids, anthocyanin, and 
tannins under saline conditions than M. parviflora. Meanwhile, in the saline habitat, plant hormones, i.e., indole acetic acid 
and gibberellic acid, decreased significantly in both M. parviflora and R. dentatus than in the mesophytic habitat. Scanning 
Electron Microscopy (SEM) of the tested plants showed the highest stomatal frequency and area on the lower surface of 
mesophytic plant leaves compared to either its upper surface or both leaf surfaces in saline habitat. Hence, it can be concluded 
that R. dentatus plant can mitigate the negative effects of salinity by improving the qualitative and quantitative performance 
under salinity stress more than M. parviflora plant.

Keywords Electrolyte leakage · Growth · Metabolism · Phytohormones · Scanning Electron Microscopy

1 Introduction

Globally, the problem of soil salinity has a detrimental effect 
on agricultural development and production (Yan et al. 2020). 
Salinity is defined as the presence of too many soluble salts, 
such as magnesium  (Mg2+), sodium  (Na+), chloride  (Cl-), 

calcium  (Ca2+), and trace levels of nitrates and carbonates, 
in the top layer of soil that exceeds the threshold (0.15 g 
salt/100 g soil) (Dawood et al. 2022; Rady et al. 2011; Sadak 
2023). The spread of salt in soil has grown to be a significant 
worldwide issue, affecting agricultural yield and growth. 
According to Agha et al. (2021), the present impacted area is 
above 900 million ha, and the trend is predicted to continue at 
a pace of 2 Mha per year (Singh 2018). For the next 30 years, 
this condition is predicted to worsen, possibly resulting in a 
50% rise in damaged acreage and a decrease in agricultural 
productivity (Wang et al. 2021).

Agriculture in arid and semi-arid environments is more 
significantly impacted by salinity. Arid and semi-arid 
agricultural zones are significantly affected negatively by 
soil salinity. When low-quality irrigation water is used, 
salts build up in the soil (Mushtaq et al. 2020), which 
hinders a plant’s capacity to absorb nutrients and water. 
Among other detrimental impacts on plant growth and 
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development, this diminished resource availability causes 
enzyme failure, hormone abnormalities, disturbance of the 
photosynthetic machinery, and ion toxicity (Hanafy and 
Sadak 2023; Shahid et al. 2020).

Rumex dentatus is a member of the Polygonaceae fam-
ily, also known as the toothed dock or Aegean dock. It 
has many culinary uses and is useful in ethnomedicine 
(Khalil et al. 2022). It responded to unfavorable environ-
mental conditions by inducing ROS and malondialdehyde 
(Radic and Marijana 2006). According to ALHaithloul 
et al. (2022), the whole plant provides medicinal benefits 
and cures several diseases. Besides acting as an aphro-
disiac, the plant is a stimulant and tonic. Also, Mostafa 
et al. (2011) reported that it is used in the treatment of 
tumors, hepatic diseases, constipation, impaired digestion, 
pains, heart troubles, calculi, diseases of the hiccoughs, 
asthma, piles, dyspepsia, leukoderma, nausea, and scabies. 
The plant may also control cholesterol contents and reduce 
biliary disorders. R. dentatus is a traditional medicinal 
plant used to treat antitumor, antidermatitis, diarrhea, anti-
inflammatory, constipation, eczema, and locally known 
Toothed dock (Rehan et al. 2020).

 The leaves of M. parviflora L. contain mucilaginous 
cells and are edible and therapeutic (Munir et al. 2021). 
The mucilage in its fruits and leaves is a natural source 
of antitussive, gastro-protective, and anti-inflammatory 
chemicals (Altyar et al. 2022). In Egypt, it is an annual 
medicinal plant. Because M. parviflora contains natu-
ral antioxidants, it may be used as a medicinal agent to 
halt aging and treat oxidative stress-related degenerative 
disorders (Sun and Shahrajabian 2023). Furthermore, its 
phenolic components have a variety of biological effects 
and work as antioxidants by inhibiting the oxidation of 
platelets, low-density lipoproteins, red blood cell destruc-
tion, and aggregation (Khatana et al. 2020).

How to guarantee the safe use of plants with varying 
concentrations in salty soils is uncertain, given the lack of 
understanding of the mechanisms by which plants tolerate 
salinity in diverse environments and the reactions of their 
active antioxidant components to salinity. There is a wide 
variation in plant mineral element uptake and tolerance 
for salinity among species and soil salinity concentrations; 
therefore, a systematic study of multiple plant populations 
under different salinity concentrations is necessary. This 
study assessed (1) the physiological stress responses of M. 
parviflora and R dentatus under salinity stress and their 
interactions with non-enzymatic and enzymatic antioxi-
dant systems. (2) The effects of salinity on M. parviflora 
and R dentatus uptake of mineral elements and polysac-
charide content have been studied, and (3) exploring the 
possibility of safely using M. parviflora and R dentatus 
which have grown in salty soils.

2  Materials and Methods

2.1  Study Area

The research region is located at the northeastern section of the 
Nile Delta, namely, El-Dakahlia and Damietta governorates. 
The aerial portions of two plant species, M. parviflora (Fig. 1a) 
and R. dentatus, were collected during the field study in March 
and April 2015 (Fig. 1b).

Three different habitats (Fig. 1c) were sampled in plastic 
bags and transported directly to the laboratory for analysis. 
As a result of the measured conductivity (salinity) for each 
habitat, three categories were determined: mesophytic, 
moderately saline, and saline.

2.2  Soil Analyses

The soil samples (0–20 cm depth) were collected as three 
replicates from the rhizosphere surrounding each plant in 
each habitat. After collection, all samples were air-dried 
and sieved through a 2 mm to remove trash and coarse grit. 
These air-dried samples’ chemical and physical properties 
were determined according to Page et al. (1982) (Tables 1 
and 2).

2.3  Plant Analysis

2.3.1  Photosynthetic Pigments

One gram of fresh leaves was extracted with 100 mL of 80% 
aqueous acetone (v/v) to remove the colors. After the complete 
extraction of photosynthetic pigments, the optical density 
of the extract was computed to measure the chlorophyll a, 
chlorophyll b, and carotenoid amount as determined by the 
Wellburn (1994) technique at 649, 665, and 470 nm.

2.3.2  Total Soluble Sugars and Polysaccharides Contents

Total soluble sugars were determined according to Haroun 
(1985) method. In brief, 200 mg of dried leaves were mixed 
with 96% v/v ethanol (5 mL) and centrifuged at 3500 ×g for 
10 min. The samples were kept at 4 °C for some time. After 
that, 0.1 mL of the extract was heated for 10 min in a water 
bath with 3 mL of newly made anthrone reagent (100 mL 
sulfuric acid (72%) + 150 mg anthrone). Following cooling, 
a spectrophotometer was used to measure each sample’s 
absorbance at 625 nm.

Polysaccharide contents were determined according to 
Sadasivam and Manickam (1996). In brief, 80% ethanol-
treated 0.2 g dry tissues were centrifuged, and the 
collected residue was dried. The residue was collected 
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Fig. 1  Map of the Nile Delta Governorates appear the study area (Google Earth); a M. parviflora, b R. dentatus, c 
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and increased to 100 ml with distilled water. Analysis 
used 0.5 and 1 ml. Next, 4 mL of anthrone reagent was 
mixed with 1 mL supernatant and cooked for 8 min in 
a boiling water bath. After cooling, a spectrophotometer 
measured the color at 630 nm. The total carbohydrates 
were determined as the sum of the sample’s total soluble 
sugars and polysaccharides.

2.3.3  Determination of Electrolyte Leakage, Phenolics 
and Proline, and Total Lipids

Calculations of electrolyte leakage (EL) were made from the 
leaves of plants using the Lutts et al. (1996) approach. First, 
20 discs (1  cm2) were randomly chosen after 20 h of room-
temperature shaking, and they were placed in a boiling 
tube with 10 mL of deionized water. An Acromet AR20 
electrical conductivity meter (Fisher Scientific, Chicago, 
IL, USA) was used to test the electrical conductivity (EC1). 
The EC2 was measured after the mixture had been heated to 
45–55 °C for 30 min in a water bath. Finally, the sample was 
boiled at 100 °C for 10 min, and the EC3 value was noted.

The proline content of dried leaves was estimated using 
the Bates et al. (1973) method by ninhydrin solution, glacial 
acetic acid, and sulfosalicylic acid. The sample was heated 
to 100 °C and cooled, and then 5 mL of toluene was added. 
The toluene layer’s absorbance was measured at 528 nm 
using a spectrometer.

Phenols content was determined using Folin-Ciocalteu 
reagent (FCR) and  Na2CO3 solution according to Ziouti et al. 
(1992). A total of 100 mg of dried leaves were combined with 
6.5 mL of 50% methanol. After a vortex, the samples were 
darkened for 95 min and centrifuged for 5 min at 15,000 ×g. 
Tubes were incubated at 42 °C for 10 min. Then, undergo a 
spectrophotometer measurement at 7765 nm.

According to AoOA and Horwitz (1975), the technique 
was used to estimate total lipids in dried leaves. First, 10 g 
of oven-dried leaves were extracted in a soxhlet device for 
18 h using a 1:2 mixture of petroleum ether and diethyl ether. 
After complete extraction of oil, the remaining solvent must 
be completely removed from the samples. Then, samples 
were weighed.

2.3.4  Antioxidant Enzyme Activities

Tests were conducted on antioxidant enzyme activity using 
homogenized leaf tissues extracted in pre-child extraction 
buffer of Triton X-100 at 0.05%, phenylmethylsulfonyl flu-
oride at 1 mM, polyvinylpyrrolidone at 1% (w/v), and 50 
mM K-phosphate buffer (pH = 7.0). The catalase (CAT) 
activity was determined, as depicted previously (Starlin 
and Gopalakrishnan 2013). The peroxidase (POX) and 
polyphenol oxidase (PPO) activity tests were performed by 
the method reported in Bergmeyer and Bernt (1974), using 
benzidine and a spectrophotometer to record the absorbance 
at 470 nm.

2.3.5  Element’s Content

Total nitrogen was quantified by Haroun (1981). When 
phosphate and molybdic acid combine to create a blue 
complex in the presence of a reducing agent, the amount of 
phosphorus may be determined, according to Margesin and 
Schinner (2005). The atomic absorption spectrophotometry 
was used to determine Mg and Ca ions, followed by Chapman 
and Pratt (1978). Finally, the flame emission technique 
determines K and Na (Allen et al. 1974).

2.3.6  Quantitative Determination of Some Secondary 
Metabolites

According to Siji and Nandini (2017), the approach was used 
to determine total tannin. First, 50 mL of methanol was used 
to extract 1 g of plant material. Swirling occasionally to 
combine. Next, 1 ml of the supernatant was mixed with 5 
ml of freshly prepared vanillin hydrochloride reagent (4% 
vanillin and 8% HCl in methanol 1:1 v/v). After 20 min, the 
color was evaluated at 500 nm.

The total flavonoids in the dried leaves were extracted 
and filtered using 80% cold methanol. In the filtrate, the 
total flavonoids were measured using a spectrophotometric 
technique that has been previously described by Boham and 
Kocipai-Abyazan (1974). A total of 250 mL of the filtrate 
from the methanolic extract was combined with 1.25 mL of 
distilled water and 75 uL of a 5%  NaNO2 solution. A total of 

Table 1  Physical parameters of 
different soil habitats

WHC water holding capacity
(1), (2), and (3) are the three studied sites mesophytic, moderate saline, and saline sites, respectively. Statis-
tically, different letters indicate significant differences according to the Fisher test at p-value <0.05

Site Soil texture (%) Porosity
(%)

W.H.C.
(%)

Sand Silt Clay

(1) 66.91 ± 0.65b 19.72 ± 0.35a 13.37 ± 0.11a 54.00 ± 0.6a 42.00 ± 0.36a
(2) 69.54 ± 0.54b 21.2 ± 0.15a 9.26 ± 0.23b 28.00 ± 0.25b 22.00 ± 0.15b
(3) 75.7 ± 0.64a 15.9 ± 0.22b 8.4 ± 0.3b 15.00 ± .2c 19.00 ± 0.25b
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150 uL of a 10%  AlCl3H2O solution was added after 5 min. 
The combination included 275 mL of distilled water and 500 
L of 1 M NaOH and was well mixed before the intensity of 
the pink hue was determined at 510 nm.

Alkaloid levels were determined using the Harborne 
(1973) method. First, a 250 ml beaker containing 5 g of the 
sample and 200 ml acetic acid (10%) in ethanol (v/v) were 
combined, sealed, and allowed to stand for 4 h. After filtra-
tion, the extract was concentrated to a fourth of its initial 
volume in a water bath. After the precipitation was com-
plete, the extract was gradually treated with concentrated 
ammonium hydroxide. Finally, the precipitate was collected, 
washed with diluted ammonium hydroxide, and filtered once 
the whole solution had settled.

Anthocyanin content was initially measured using 
ammonia HCl (Egbuna et al. 2018). A total of 2 mL each 
of extract, 2N HCl, and ammonia was added. As a result, 
anthocyanin turns pink-red to blue-violet. Next, the pH dif-
ferential approach was used to calculate total anthocyanin 
concentration using pH 1.0 and 4.5 absorbance data and 
structural changes in chemical forms. Finally, crude extracts 
were diluted separately with 0.025 M hydrochloric acid-
potassium chloride buffer (pH 1) and 0.4 M sodium acetate 
buffer (pH 4.5). The buffers diluted each sample, resulting 
in absorbance readings from 0.2 to 1.4 V UV-Vis spectro-
photometer at 700 nm (UV1601; Shimadzu, Kyoto, Japan).

2.3.7  Phytohormones Estimation

Phytohormones estimation: the methods for extraction and 
separation of the different phytohormones from the plant’s 
leaves were according to Shindy and Smith (1975). Gas-
liquid chromatography (GLC) is used for the determination 
of acidic hormones like auxin (IAA), gibberellins (GAs), 
and abscisic acid (ABA).

2.3.8  Scanning Electron Microscopy (SEM)

Electron Microscopy (SEM) of the plant’s leaves was oper-
ated at 30 KV at the Electron Microscopy Unit, Mansoura 
University, in a Jeol JSM-6510 L.V SEM using a modified 
Karnovsky (1965).

2.4  Statistical Analysis

An analysis of variance was conducted for a completely 
randomized factorial experiment. After performing Lev-
ene’s test to determine if the error variances were homoge-
neous and a normality test (Levene 1960), the differences 
between means were compared using Fisher’s test at p < 
0.05. The SPSS 27 Edition was used to perform the statisti-
cal analysis. Principal component analysis (PCA) identified 
substantial differences in physiological parameters under Ta
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different habitats. Cell structure was analyzed using the pub-
lic domain software package Image J, which is commonly 
used for measuring the size of cells and other organisms.

3  Results

3.1  Physical and Chemical Analysis of the Soil 
Samples

Analyses of the soil from various environments revealed that 
mesophytic soil had lower soil TDS, pH,  CaCO3,  SO4,  Cl-, 
EC,  Na+,  HCO3,  Ca++,  Mg++, and  K+ values than saline 
soils. In contrast, the mesophytic environment was distin-
guished by its clayey texture, maximum porosity values, 
and ability to store water, TP, OC, and TN. This might be 
explained by the Nile Delta’s farmed land being disturbed by 

irrigation canal networks dispersed across it and the exces-
sive use of organic and synthetic fertilizers (Tables 1 and 2).

3.2  Photosynthetic Pigments

Total chlorophyll, carotenoids, and total photosynthetic pig-
ments of M. parviflora and R. dentatus plants under different 
salinity concentrations are illustrated in Fig. 2. Generally, all 
chlorophyll pigment levels diminished in M. parviflora and 
R. dentatus plants were grown under high salt concentra-
tions. In addition, compared to the other habitats, total chlo-
rophyll content and total pigments increased significantly in 
M. parviflora and R. dentatus plants in the mesophytic habi-
tat. The highest rise was observed with R. dentatus, which 
showed more efficiency than M. parviflora. For example, 
total pigment content varied from 16.83 ± 0.09 to 14.35 ± 

Fig. 2  Variation in a total chlorophyll, b carotenoids, c total pig-
ments, d total soluble sugars, e polysaccharides, and f total carbo-
hydrates of Malva parviflora and Rumex dentatus plants at the three 

different habitats. Statistically, different letters indicate significant dif-
ferences according to the Fisher test at p-value <0.05
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0.16 when R. dentatus plants grew under mesophytic and 
saline habitats, respectively (Fig 2a–c).

According to the present findings, M. parviflora and R. 
dentatus in the saline habitat were characterized by the highest 
concentrations of total soluble sugars, polysaccharides, and 
total carbohydrates. In contrast, the mesophytic ecosystem 
detected minimal content (Fig. 2d–f). For example, total 
carbohydrate content varied from 146.0 ± 0.4 to 278.2 ± 6.25 
when R. dentatus plants grew under mesophytic and saline 
habitats, respectively (Fig. 2d–f).

3.3  Electrolyte Leakage, Proline, Lipid percentage, 
and Antioxidant Enzyme Activity

Under saline habitats, electrolyte leakage in M. parviflora 
leaves is significantly higher than R. dentatus plants 

(Fig. 3a). However, M. parviflora and R. dentatus plants 
grew under saline habitats, causing a significantly higher 
increase in proline and lipid content compared to mesophytic 
habitats. Results demonstrate that R. dentatus alleviates 
osmotic stress derived from elevated salt concentrations 
more efficiently than M. parviflora (Fig. 3b–c).

Figure 3d–f shows the activity of POX, PPO, and CAT 
enzymes in the leaves of M. parviflora and R. dentatus plants 
to mitigate the stress caused by elevated salt concentrations. 
POX, PPO, and CAT activities responded highly to salt lev-
els. Results depicted in Fig. 3d–f show a significant increase 
in peroxidase, polyphenol oxidase, and catalase content in 
M. parviflora leaves and R. dentatus plants that grew under 
saline habitats. However, under saline habitats, peroxidase, 
polyphenol oxidase, and catalase content in the leaves of M. 
parviflora is lower than that of R. dentatus plants.

Fig. 3  Variation in a electrolyte leakage (%), b proline content, c 
total lipids (%), d peroxidase, e polyphenol oxidase, and f catalase 
of Malva parviflora and Rumex dentatus plants at the three different 

habitats. Statistically, different letters indicate significant differences 
according to the Fisher test at p-value <0.05
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3.4  Elements Content

A comparison of the effects of various habitats on a few ele-
ments in M. parviflora and R. dentatus revealed that nitrogen 
(N), phosphorus (P), potassium (K), and magnesium (Mg) 
considerably rose in mesophytic environments compared to 
saline habitats (Fig. 4). However, saline habitats notice a 
higher calcium and sodium increase than mesophytic habi-
tats. The highest contents of P, N, K, and Mg increase were 
observed with R. dentatus, which showed more efficiency 
than M. parviflora.

3.5  Secondary Metabolites

The data in this study showed that alkaloids, phenols, fla-
vonoids, tannins, and anthocyanin content for M. parviflora 
and R. dentatus increased significantly in saline habitats 
compared to mesophytic habitats (Fig. 5a–e). For example, 

alkaloids (varied from 8.0 ± 0.16 to 13.22 ± 0.12), pheno-
lics (varied from 4.79 ± 0.09 to 9.57 ± 0.10), flavonoids 
(varied from 6.47 ± 0.10 to 11.97 ± 0.12), tannins ( varied 
from 1.73 ± 0.03 to 3.65 ± 0.06), and anthocyanin (varied 
from 0.36 ± 0.01 to 0.82 ± 0.02) content when R. dentatus 
plants grew under mesophytic and saline habitat, respec-
tively (Fig. 5a–e).

3.6  Phytohormones

In the current study, changes in indole acetic acid (IAA) 
and gibberellic acid  (GA3) for M. parviflora and R. dentatus 
showed a significant reduction in its content in saline habi-
tat compared with mesophytic habitat (Fig. 6). In contrast, 
the current study showed a marked significant decrease in 
abscisic acid (ABA) biosynthesis in M. parviflora and R. 
dentatus plants that grew under saline habitats compared to 
the mesophytic habitat.

Fig. 4  Variation in a nitrogen, b phosphorus, c potassium, d sodium, e calcium, and f magnesium of Malva parviflora and Rumex dentatus 
plants at the three different habitats. Statistically, different letters indicate significant differences according to the Fisher test at p-value <0.05
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3.7  Scanning Electron Microscope

The present study noticed that, for the two studied plants, 
the stomatal frequency was significantly lower in the 
saline habitat than in the mesophytic habitat, with the 
maximum number of stomata recorded on the lower sur-
face of leaves in the mesophytic habitat as compared to 
the upper surface (Fig. 7).

Additionally, in comparison to the lower surface, 
the stomatal frequency is generally lower on the upper 
surfaces of M. parviflora (Fig. 8a–d) and R. dentatus 
(Fig. 9a–d) leaves, while the stomatal area and stomatal 
opening area are higher on the lower surfaces of leaves in 
mesophytic habitat when compared to the upper surfaces 
in the same habitat or with those in saline habitat.

3.8  Principal Component Analysis

PCA identified substantial differences in physiological 
parameters under different habitats (Fig. 10). The PCA 
identified two primary components of the measured vari-
ables, and PC1 and PC2 accounted for 52.52% and 39.32% 
of the total variance in M. parviflora and R. dentatus plants 
(Fig. 10).

4  Discussion

Salinity is one of the greatest abiotic stresses, which 
slows down plant development and causes many meta-
bolic changes (Noor et al. 2023; Sadak 2022). According 

Fig. 5  Variation in a alkaloids, b phenols, c flavonoids, d tannins, and e anthocyanin of Malva parviflora and Rumex dentatus plants at the three 
different habitats. Statistically, different letters indicate significant differences according to the Fisher test at p-value <0.05
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to plants, salt tolerance is a hereditary trait that varies 
across species. Therefore, salt buildup in plant cells may 
deleteriously affect normal physiological processes. As 
a result, plants have developed a variety of fast defense 
mechanisms to lessen the effects of salt (Agha et al. 2023). 
Additionally, the availability of phytohormones and sign-
aling molecules enhances a plant’s capacity to adjust to 
detrimental environmental conditions (Rady et al. 2019). 
This investigation revealed that M. parviflora and R. den-
tatus plants could tolerate salinity to a certain extent by 
modifying their free radical scavenging capacity and cell 
osmoprotection. This allows them to maintain proper water 
balance even when exposed to high salt levels. Plants may 

also modify their growth and development in response to 
salinity stress.

In plants, chlorophyll is essential for photosynthetic 
capacity, while soil salinity degrades chlorophyll signifi-
cantly (Yasir et al. 2021). In R. dentatus rather than M. parv-
iflora, the total chlorophyll and total photosynthetic pigment 
contents decreased with rising NaCl concentrations, whereas 
carotenoids increased by increasing salinity (Fig. 2). Under 
higher NaCl concentrations, the plant’s root system might 
be disrupted, choking water absorption (Li et al. 2012). The 
findings could suggest that M. parviflora and R. dentatus 
use independently developed and modified mechanisms to 
function in soil salinity. The antennae pigments may need to 
be more efficient in order to give enough energy to cope with 
the energy-intensive responses to soil salinity. By boosting 
chlorophyll concentrations to have greater light harvesting 
ability and thus higher photosynthesis, protecting chloroplast 
enzymes, and enhancing the manufacture of photosynthetic 
pigments, R. dentatus exhibits remarkable resistance to 
soil salt (Ragaey et al. 2022). Our research supports pre-
vious research that found species-dependent responses to 
salt stress were seen in the concentrations of chlorophylls a 
and b (Agha et al. 2021). Additionally, we noticed that M. 
parviflora’s photosynthetic pigments dramatically reduced 
under salt stress. It is possible that salinity caused the crea-
tion of reactive oxygen species (ROS) like  H2O2 and  O2, 
which caused lipid peroxidation and chlorophyll oxidation, 
reducing chlorophyll concentration. Furthermore, it has 
been found that in saline conditions, chlorophyll concentra-
tion increased in salt-tolerant plants such as mustard while 
reduced in salt-sensitive plants like soybean (Agha et al. 
2023; El-Bassiouny and Sadak 2015).

Secondary metabolites are organic chemicals produced 
by plants that take the role of primary metabolism but do 
not directly impact growth and development, according 
to Tiago et al. (2017). Our research indicates that as envi-
ronments changed, so did interspecific differences in plant 
proline and soluble sugar content. Salt stress had different 
impacts on the amount of soluble sugar, lipids, alkaloids, 
phenolics, flavonoids, tannins, and anthocyanins in plants. In 
previous research, salinity stress dramatically increased sug-
ars, flavonoids, tannins, anthocyanin, and proline (Mogazy 
and Hanafy 2022). Proline is an amino acid that serves as 
an osmolyte compound and an antioxidant when plants are 
exposed to various stresses (El-Sheshtawy et al. 2022). 
Proline is an osmoprotectant that helps plants to cope with 
water or osmotic stress. According to studies, salt alters 
the metabolism of proline, flavonoids, tannins, and antho-
cyanins, reducing a plant’s ability to withstand stress. Our 
results are consistent with research demonstrating that R. 
dentatus plants had considerably higher proline, flavonoids, 
tannins, and anthocyanin contents under salt stress than M. 
parviflora plants (Khan et al. 2021) .

Fig. 6  Variation in a indole acetic acid (IAA), b gibberellic acid 
 (GA3), and c abscisic acid (ABA) of Malva parviflora and Rumex 
dentatus plants at the three different habitats. Statistically, different 
letters indicate significant differences according to the Fisher test at 
p-value <0.05
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The proline result agrees with many authors (Karimi 
and Yusef-Zadeh 2013; Mahboobeh and Akbar 2013). This 
rise in proline levels under salinity stress may be due to 
the activation of the glutamate ligase enzyme that con-
verts glutamine to proline (Szepesi and Szőllősi 2018). In 
stressed plants, proline is adaptive in facilitating osmotic 
adjustment and safeguarding subcellular structures. Pro-
line is found in higher plants in greater abundance than 
other amino acids and regulates the accumulation of usa-
ble N (Abrahám et al. 2003). In addition, proline buildup 
occurs regularly in the cytosol, contributing significantly 
to cytoplasmic osmotic correction (Pecherina et al. 2023).

This supports the findings of Misra and Gupta (2006), 
who noted that seedlings of Catharanthus spp. responded 
to salt by increasing the concentration of alkaloids in the 
leaves and roots. Plants are unavoidably subjected to vari-
ous forms of stress during normal growth and develop-
ment, which may increase ROS formation. Under severely 
suppressive circumstances, these alkaloids operate as ROS 
scavengers (Smirnoff 1993). In addition, phenolics have 
critical functions in plant growth, notably in pigment and 
lignin biosynthesis (Elsayed et al. 2020).

Alkaloids and flavonoids may be produced synthetically, 
which is a powerful anti-ROS strategy (Posmyk et al. 2009). 
Furthermore, Dardanelli et al. (2008) also found that Azos-
pirillum brasilense raised the synthesis of nod gene-inducing 
alkaloids and flavonoid compounds as well as accelerated 
root branching in bean seedling roots when exposed to salt 
stress. One of the most prevalent groups of plant phenolics, 
flavonoid compounds, is essential for plant defense.

Various plant types produce different chemicals called 
tannins. Through their capacity to defend against abiotic 
stress and control plant development, they have a signifi-
cant impact on plants. Furthermore, Paolocci et al. (2005) 
claimed that condensed tannins influence mutualistic or 
pathogenic interactions between microbes and plants and 
plant responses to abiotic stressors.

Additionally, anthocyanins are phytopigments classified 
within the phenylpropanoid flavonoid subclass (Grotewold 
2006). These findings support Zahedi et al. (2020) obser-
vation that salt stress enhanced the antioxidant capacity of 
the antioxidant pools in strawberry fruit (anthocyanins and 
superoxide dismutase). Photoprotection and stress signal-
ing are two abiotic stress-related functions of anthocyanins 

Fig. 7  Stomatal frequency, stomatal area, and the area of stomatal opening for Malva parviflora (a) and Rumex dentatus (b) leaf at mesophytic 
and saline habitats
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(Tattini et al. 2014). Therefore, high levels of polyphenols, 
particularly anthocyanins, may demonstrate their effective 
involvement in limiting oxidative damage by  H2O2 produc-
tion. High levels of polyphenols, particularly anthocyanins, 
may demonstrate their effective involvement in limiting oxi-
dative damage by  H2O2 production (Hichem and Mounir 
2009).

Therefore, electrolyte leakage (EL), lipid percentage, 
and proline of M. parviflora and R. dentatus were raised 
in the saline habitat compared with the other two habi-
tats. The EL findings are comparable to those obtained by 
Mahmoudi et al. (2011). Furthermore, plasma membranes 

are the principal location of ion-specific salt damage. As a 
result, one of the most significant selection criteria for find-
ing salt-tolerant plants is electrolyte leakage from plasma 
membranes (Ashraf and Ali 2008).

Plants utilize a variety of non-enzymatic and enzymatic 
antioxidants to protect themselves from oxidative stress 
and to maintain ROS concentrations within a small func-
tioning range (Ozgur et al. 2013). The current research 
shows a significant rise in the estimated enzymatic anti-
oxidant enzymes (PPO, CAT, and POX) in saline habitats 
compared with mesophytic habitats for M. parviflora and 
R. dentatus. In this regard, Mittova et al. (2003) found 

(a) (b)

(c) (d)

Fig. 8  A) Upper (a) and lower (b) surface of Malva parviflora leaf at mesophytic habitat. B) Upper (c) and lower (d) surface of Malva parviflora 
leaf at saline habitat
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that plants fight against ROS by inducing the activity 
of antioxidative enzymes that scavenge ROS, like POX, 
SOD, CAT, and GR. Additionally, high salt concentra-
tions enhanced the antioxidant enzyme activity of cotton, 
including ascorbate peroxidase, glutathione reductase, 
and catalase (Hamani et al. 2020). Catalase is the primary 
 H2O2 scavenging enzyme in all-aerobic organisms that is 
involved in the breakdown of  H2O2 into oxygen and water 
(Yang and Poovaiah 2002). It is essential for maintaining 
redox equilibrium under oxidative stress and serves as a 
cellular  H2O2 sink (Shu et al. 2023).

The influence of different habitats on specific elements of 
M. parviflora and R. dentatus was studied. It was shown that 
nitrogen, phosphorus, potassium, and magnesium considera-
bly increased in mesophytic environments compared to salty 
habitats. However, compared to mesophytic ecosystems, 
saline habitats see greater increases in salt and calcium. In 
this regard, Kader and Lindberg (2005) established a cor-
relation between rising cytosolic  Na+ concentrations and 
salt. In contrast, Gomes et al. (2011) found that increasing 
Na+ decreased cytosolic  K+ levels.  Na+ also causes plants to 
increase cytosolic  Ca2+ in response (Munns and Tester 2008; 

(a) (b)

(c) (d)

Fig. 9  A) Upper (a) and lower (b) surface of Rumex dentatus leaf at mesophytic habitat. B) Upper (c) and lower (d) surface of Rumex dentatus 
leaf at saline habitat
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Rahman et al. 2021). Furthermore, salinity has been found to 
impact plant development through  Mg2+ deficit (Khan et al. 
2000), which is consistent with our magnesium findings for 
M. parviflora and R. dentatus.

High EL levels may be attributable to naturally high 
potassium levels rather than damaged plasma membranes 
caused by stress, as Mansour and Salama (2004) suggested. 
According to Demidchik et al. (2014), EL is mainly caused 
by the efflux of  K+, which is plentiful in plant cells. Further-
more, proline is an osmotically active amino acid that helps 
membrane stability and reduces the influence of NaCl on 
cell membrane rupture.

A summary of the available data revealed that when 
compared to the mesophytic environment, the saline habitat 
had the most significant value for M. parviflora and R. den-
tatus’  Ca2+ concentration. These results are in accordance 
with those of Hessini et al. (2009), who found that Spartina 
alterniflora significantly increased its  Ca2+ levels in saline 
environments. The fact that  Ca2+ is a non-toxic inorganic 
nutrient with detoxifying properties in the saline medium 
may influence how M. parviflora and R. dentatus respond to 
salinity stress due to increased  Ca2+ levels in salty surround-
ings (Izzo et al. 2008).

In this regard, researchers emphasized that because  Na+ 
ions prevent the absorption of  K+ ions, the reduction in  K+ 
concentration during stress is caused by the buildup of  Na+ 
ions. In addition, it is claimed that the  K+ ion is crucial for 
osmotic adjustment, especially in aged leaves (Haroun 2002; 
Khan et al. 2022). These findings support those of Grewal 
(2010), who found that the decline in soil salinity levels 

negatively impacted the  K+/Na+ ratio of wheat leaves and 
chickpeas.

Furthermore, calcium mitigates the adverse effects of salt 
on plants. Cramer et al. (1987) found that salinity reduces 
plant  Ca2+ absorption, potentially by displacing it from the 
cell membrane or changing membrane function. A direct 
influence of calcium on cell wall extensibility has also been 
seen in a salinized halophyte (Rygol and Zimmermann 
1990). Furthermore, it has been shown that salt inhibits plant 
development through  Mg2+ deficiency, which is similar to 
our results of M. parviflora and R. dentatus magnesium.

Indole acetic acid (IAA) and gibberellic acid  (GA3) con-
tent in M. parviflora and R. dentatus showed a significant 
reduction in its content in saline habitat compared with 
mesophytic habitat. The important function of  GA3 in con-
trolling plant development under abiotic stress conditions 
is attributed to DELLA protein-mediated growth restraint 
during abiotic stress exposure (Achard et al. 2008; Zuluaga 
et al. 2023).

Furthermore, increased auxin concentrations promoted 
hypersensitivity to salt stress via overexpression of auxin 
biosynthesis (Jung and Park 2011). In fact, salt stress 
reduced IAA levels in tomatoes by around 75%. As a result, 
decreased plant growth and development under stress cir-
cumstances might result from altered auxin accumulation 
and redistribution (Abdelhamid et al. 2020; Akbari et al. 
2007).

In contrast to the mesophytic habitats, the two analyzed 
saline habitats exhibited a markedly significant rise in ABA 
production, according to the present research. In this con-
text, the plant stress hormone ABA has long been hypoth-
esized to be a crucial signaling mediator for regulating vari-
ous plant developmental processes and adaptive responses 
to a broad range of abiotic stimuli (Hadiarto and Tran 2011; 
Sofy et al. 2022). Furthermore, ABA is widely recognized 
as an endogenous signal molecule that allows plants to toler-
ate harsh environmental circumstances like drought and salt 
stress (Raghavendra et al. 2010). According to Jaschke et al. 
(1997), ABA buildup may ameliorate the inhibitory impact 
of salinity on photosynthesis, growth, and assimilate trans-
location in Hordeum vulgare L. These results are consistent 
with those of the current investigation.

Furthermore, the ABA hormone aids plants in adjusting 
to decreasing water supply by shutting stomata and collect-
ing a variety of proteins and osmoprotectants for osmotic 
adjustment. Higher levels of endogenous ABA were shown 
to be highly connected with growth problems in plants such 
as Phaseolus vulgaris (Cabot et al. 2009) and Brassica (He 
and Cramer 1996).

All plants are exposed to tremendous stressors dur-
ing their life cycle. Plants react to stress in various ways 
depending on their species and the source of the stress. Two 
key environmental factors reduce plant production: drought 

Fig. 10  Principal component analysis (PCA) to understand vari-
able treatment relationships in Malva parviflora and Rumex dentatus 
plants. PCA was used to examine the full dataset. The percentages on 
biplots represent the proportion of data variability that each compo-
nent contributes to explaining
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and salt (Sharaf et al. 2009; Sabagh et al. 2019). The lower 
surface of M. parviflora and R. dentatus leaves in the meso-
phytic habitat has a greater number of stomata and a larger 
opening area than the upper surface in the same habitat or in 
the saline habitat. Halophytes may partly close their stomata 
as salinity rises, reducing transpiration and salt transfer to 
the leaves. Fricke et al. (2006) found that stomatal closure 
is one of the most rapid reactions to salinity. In addition, 
reduced guard cell turgor pressure decreased stomatal aper-
ture and allowed plants to quickly minimize water loss in 
response to external cues. This response is thought to be 
critical for minimizing plant water loss under hyperosmotic 
conditions in their rhizosphere (Kong et al. 2005; Selvaku-
mar et al. 2014).

The present research demonstrates that the observed 
decrease in stomatal area in salt-stressed plants may be 
caused by abscisic acid buildup (Fricke et al. 2006).

At both the cellular and whole plant levels, salinity is 
a key limiting factor for crop development (Yan et  al. 
2020). Therefore, they investigated the effects of salinity 
on stomatal physiology, morphology, water relations, and 
seedling growth in peas and quinoa to compare the salt 
tolerance mechanisms of these two species. They found 
that salt stress significantly reduced stomatal conductance, 
density, and length in both plants, but quinoa was less 
affected by salinity.

According to Rasouli et al. (2021), analyzing how salin-
ity stress affects both lycophyte’s and halophytes’ stomatal 
operation could improve salt stress tolerance in traditional 
crops. Fast stomatal responses to internal signals and envi-
ronmental factors may be critical to synchronize stomatal 
conductance and photosynthetic responses. As a result, opti-
mizing water use efficiency under changing conditions is 
essential. Some plants, as Rosmarinus officinalis, acquire 
tolerance and avoidance strategies when exposed to salt. 
These processes rely on stomatal closure and decreased leaf 
area to limit water loss via transpiration (Alarcón et al. 2006; 
Badawy et al. 2022). However, Acosta-Motos et al. (2017) 
discovered that changes in stomatal opening alter transpira-
tion, a method by which leaves cool themselves.

Furthermore, similar to our findings, Maricle et al. (2009) 
discovered that freshwater species (S. cynosuroides, Spar-
tina gracilis, and S. pectinata) contain stomata on both the 
adaxial and abaxial sides of the leaves (amphistomatous 
leaves). On the other hand, salt marsh plants have stomata 
nearly entirely on the adaxial leaf surfaces (epistomatous 
leaves). As a result, organisms that flourish in high marshes 
are likely to have adaptations to high salinity. As a result, 
these species have few stomata on the abaxial side of their 
leaves, which might limit water loss during periods of 
extreme water stress. They also discovered that stomata 
were preferentially found on adaxial leaf surfaces and that 

leaves curled to hide adaxial surfaces in response to a water 
shortage.

5  Conclusion

Through chemical, physical, and biological processes in 
soil, which provide a favorable air-moisture regime for plant 
growth, soil plays an important role in plant life as the major 
growth medium for plants. This study determined various 
parameters of M. parviflora and R. dentatus in three differ-
ent habitats: mesophytic, moderately saline, and saline. So, 
it became evident from this study that multiple strategies 
help plants tolerate salinity stress. But the two used plants, 
M. parviflora and R. dentatus, appeared to differ concerning 
the physiological approaches required for best growth. Thus, 
under the saline habitat’s conditions, the two plants vary in 
the induction of several defense components, such as soluble 
sugars, proline, antioxidant enzymes and compounds, IAA, 
ABA, electrolyte leakage, and stomatal frequency.
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