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Abstract 

Calendula officinalis is well-Known for medical, ornamental, and cosmetic uses. This plant has a variety of secondary 

metabolites (carotenoids, flavonoids, steroids, and terpenoids) that may be a source of antioxidants. These chemical 

components have various biological effects, such as antioxidant, anti-cancer, and anti-inflammatory activates. However, 

salinity stress limited the growth and productivity of Calendula officinalis as a result of physiological, biochemical, and 

morphological changes. Hydrogel use is an alternative for reducing the harmful impact of salt stress. So, this study aimed to 

estimate the effects of hydrogel applied in Calendula officinalis grown under salt stress. The experiment design includes three 

replications, a factorial randomized complete block design with two factors, using three concentrations of salinity (0, 200 and 

3000 ppm) and three different levels of hydrogel polymer (0, 0.4, and 0.6% w/w) both added to the soil before planting and 

the interaction between them. The results observed that the most significant increase in growth and flowering parameters was 

treatment with hydrogel alone at 0.6% (w/w). Similarity, salt tolerance index (STI), photosynthetic pigments in fresh leaves, 

lycopene and β-carotene pigments in fresh petals, elements (N, P, and K) in shoot and root, and protein analysis. Whereas the 

highest content of total sugar, phenol, proline, antioxidant enzymes activity Catalase (CAT),Superoxide dismutase (SOD), and 

Peroxidase (POD), content of elements (Na and Cl), and decreased of some protein bands in the leaves and total free amino 

acid content was obtained from plants treated with salinity at 3000 ppm alone without hydrogel. In addition, the interaction 

between hydrogel at 0.6% (w/w) and 3000 ppm salinity showed a positive impact on most growth parameters and chemical 

analysis as well as overcoming the negative effect of salinity stress of Calendula officinalis L. plant.  

  

Key word: Salinity, Calendula officinalis, hydrogel polymer, enzyme activity, protein bands, pigments. 
 

1. Introduction 

The major abiotic environmental stresses include 

salinity, drought, and heavy metal contamination [1]. 

Salt stress is the most significant stress that affects 

agricultural areas with arid and semi- arid climates 

and those with limited irrigation systems. Around 1 

billion hectares of arable land are affected by salinity, 

and the issue is getting worse due to poor drainage 

and irrigation managing (counting irrigation with salt 

water), high evaporation, low rainfall, and global 

warming [2]. One of the most problematic issues in 

the ornamental green area and coastal gardens is salt 

stress from sea spray, which harms and damages 

plants [3, 4]. In this landscape, plant survival and 

growth are limited by salinity stress [5], according to 

the physiological and morphological traits of various 

genotypes. Most species of ornamental and medical 

plants are not halophytes; therefore, it is essential to 

evaluate their salt tolerance [6]. Moreover, it may 

case adverse effects of physiological dysfunctions 

and decreased yield [7, 8]. In addition, [9] found that 

phytotoxicity and nutritional imbalance in salt stress 

can have an impact on plant growth and quality due 
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to the ornamental plants market places a premium on 

the selection of resilient and high quality plants, this 

characteristic may limit the commercialization of 

those plants [10].   

    The annual plant Calendula officinalis L. 

belongs to the Asteraceae family [11].The native 

region between the regions of the Mediterranean Sea, 

Egypt, and Europe. Calendula officinalis plants are 

used as potted flowering plants and cut flowers. In 

addition, it's crucial for human health and has 

antioxidant properties [12]. This plant has amino 

acids, triterpenoids, carotenoids, saponins, volatile 

oil, and flavonoids. It is utilized as an antiviral, 

antibacterial, anticancer, and anti- inflammatory 

because it has a variety of secondary metabolites [13, 

14]. Additionally, floral carotenoids (yellow color) 

have long been utilized as a perfume essence and a 

coloring agent. In recent years, marigold has been 

employed as an oil seed crop due to conjugated α and 

γ- tocopherols and fatty acids and are also utilized in 

the paint and food industries [15, 16]. Under normal 

irrigation, ornamental cultivars are frequently 

produced for cut flowers, border plants, and potted 

plants [17].        

   Hydrogels are polymers capable of absorbing 

large amounts of water and fixing it to plant roots, 

which promote plant establishment and growth by 

increasing soil water retention [18]. It is a soil 

conditioner that can maximize the usage of fertilizer 

by maintaining and making available a higher 

concentration of macronutrients in the substrate, 

stimulating greater plant development [19]. 

Additionally, the hydrogel induced maintenance of 

moisture in the root zone of plants [20], may 

encourage the dilution of salt and water absorption 

and render the water- retention polymer a potential 

salt stress mitigate [21]. 

  In previous studies, different hydrogel 

concentrations were used to improve growth and 

chemical analysis in several plants under drought 

stress and fertilization for example [22, 23] showed 

that medium added with hydrogel enhances water use 

and plant growth. The significant impact of gel-

forming on establishment and seed germination 

according to [24].Numerous studies showed the 

positive impact of hydrogel in decreasing water 

irrigation quantity either with a drip or sprinkler 

irrigation system on the barley [25], on two wheat 

cultivars [26], and [27] on Eleusine coracana L. 

Additionally, there are few reports on applying 

hydrogel on ornamental and medical plants, as well 

as using hydrogel to improve growth under salinity 

conditions. Therefore, the application of hydrogel in 

the present study to understand the interaction 

between hydrogel and salinity stress of Calendula 

officinalis, the plant gives attention not only to 

enhancing the morphological, flowering parameters 

and stimulating the chemical composition of 

Calendula officinalis but also to overcoming the 

harmful and damage effects of salinity stress. 

Therefore, this research aims to evaluate the use of 

hydrogel to mitigate the damage caused by salinity 

on morphology and productivity, as well as the 

chemical composition of Calendula officinalis plants. 

 

2. Material and Methods: 

2.1. Experimental condition and plant material:  

    Pot experiments were conducted throughout 

two seasons (2020/2021) in the National Research 

Centre (NRC) greenhouse; Giza, Egypt. Seedlings of 

local Calendula officinalis were obtained from the 

Department of Medicinal and Aromatic Plants 

Horticulture Research Institute, Agricultural 

Research Centre, Egypt. Seedlings have an average 

height of 12-15 cm with 5-7 leaves and are grown in 

plastic pots at 25 cm filled with 10 kg of sandy soil 

(two seedlings/ pot) in the first week of November in 

two seasons. The salt and hydrogel concentrations 

were added to the soil pot experiment before the 

seedlings were transplanted. According to Jackson 

[28], as shown in Table (1) physical and chemical 

properties of the soil experiment. 

2.2. Experimental treatments: 

    Three salinity concentrations at (0, 2000 ppm, 

and 3000 ppm) were added in the soil as (NaCl: 

CaCl2: MgSO4 at 2:2:1, respectively). And three 

levels of hydrogel were added to the soil (at 0, 0.4%, 

and 0.6% (w/w)) in addition to the interaction 

between salinity and hydrogel treatments.  

  Hydrogel (Copolymer is a sodium acrylamide- 

acrylate) (Fig. 1) is a commercially available soil- 

improving product (Barbary) that is manufactured by 

the France company and registered with the France 

Ministry of Agriculture under number (9010133). It 

was also, registered by the Egyptian Ministry of 

Agricultural Research Centre. It Contains macro- and 

micronutrients (40% Hydrogel polymer, 6.5% N, 

4.8% P, 8.2% K, and a holding capacity of 300-

500%).  

 



USING HYDROGEL POLYMERS TO MITIGATE THE NEGATIVE IMPACT OF SALINITY STRESS.. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 2 (2024)  

59 

Table. 1. Physical and chemical analysis of pot experimental soil: 

Physical 

properties 

Clay Silt Sand Texture 

4.1 3.90 92.0 sand 

Chemical 

analysis 

pH EC dS/m 
Soluble Cations mmol/L 

Soluble Anions( mmol/L) 

 Ca++ Mg++ Na+ K+ Co3
- HCO3 Cl- SO4

- - 

7.78 1.36 0.74      3.50      0.21       -       1.15    0.10        1.20       2.30 

Electrical conductivity (EC); deciSiemens per meter (dS/m). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Field emission scanning electron microscopy (FESEM) of acrylamide hydrogel polymer 

 

At the harvest date, the plants from each treatment 

were taken to determine the following traits: 

2.2.1. Growth parameters:  

plant height (cm), number of leaves/ plant, stem 

diameter (cm), number of branches/plant, total leaf 

area (cm2), fresh and dry weight of shoot and root (g), 

dry weight shoot/root ratio. 

2.2.2. Salt tolerance index (STI):  

It could be used to indicate salinity tolerance in plants 

according to Sbei et al., [29] the following equation: 

STI = (TDW 𝑎𝑡 𝑆𝑥/TDW 𝑆1) 



Dina M. Soliman et al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 2 (2024)  

 

60 

TDW= total dry weight, S1= control treatment, Sx= 

salinity treatment. 

2.2.3. Floral parameters:  

number of inflorescences/plant, diameter of 

inflorescence (cm) by using a calliper, fresh and dry 

weight of inflorescences (g), Flowering time (day): 

The day of the first flower appearance was 

documented for each treatment and flowering period 

(day). 

2.3. Chemical constituents: 

2.3.1. Photosynthetic pigments: 

 In fresh leaf, samples were estimated for chlorophyll, 

a& b, total chlorophyll, and total carotenoids (mg/g 

F.W.) according to Saric et al., [30] as follows:  

Fresh leaves of the sample (0.5 g) were homogenized 

with acetone (85%), and the acetone extract was 

filtered using a glass funnel (G4). The residue was 

washed several times with acetone until the filtrate 

became colourless. The extract was completed to a 

known volume (10 ml), and the extract was taken for 

the colorimetric determination of pigments, using a 

spectrophotometer at wavelengths of 660, 640, and 

440 nm (for chlorophyll a, b, and carotenoids, 

respectively). Acetone (85%) was used as a standard 

blank. 

The calculated according to the following: 

 

Chlorophyll a = 9.784 × E 660 − 0.99 × E 640 

𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝑏 = 21.426 × 𝐸 640 − 4.65 × 𝐸 660 

𝑇𝑜𝑡𝑎𝑙 𝐶𝑎𝑟𝑜𝑡𝑒𝑛𝑜𝑖𝑑𝑠
= 4.695 × 𝐸 440 − 0.268
× (𝑐ℎ𝑙 𝑎 + 𝑐ℎ𝑙 𝑏) 

Where E= reading of sample 

2.3.2. Lycopene and β- carotene 

pigments: 

   Fresh petals of inflorescences were determined  to 

contain lycopene and β- carotene (mg/100 ml extract) 

according to the method by Nagata and Yamashita 

[31] as follows: All samples were extracted with 

acetone- and hexane in the ratio (4:6) at once, then 

the optical density of the supernatant by 

spectrophotometer at the same time as the following 

equation: 

Lycopene (mg/100 ml) = -0.0458 A663+ 0.204 A645+         

0.372 A505- 0.0806 A453 

  β- carotene (mg/100 ml) = 0.216 A663- 1.22 A645- 

0.304 A505+ 0.452 A453 

 
(A663, A645, A505 and A453 are absorbance at 663 nm, 

645 nm, 505 nm and 453 nm each other). 

2.3.3. Determination of total sugars, 

total free amino acid, and total phenol in fresh 

leaves: 

      The ethanol extract was prepared by 2.5 g of fresh 

shoots, it was crushed in a porcelain mortar using 

about 25 ml of 80% ethanol, after it was filtrated 

through sintered glass silica it was filtered, and the 

residue was adjusted to 50 ml using ethanol (80%).  

     Total sugars were estimated using a method 

described by Dubois et al., [32] as follows: ethanol 

extract (1 ml) was mixed with 1 ml phenol (5%) in a 

test tube, followed by the addition of 5 ml 

concentrated sulfuric acid, and then the mixture was 

gently mixed and allowed to cool. The blank contains 

all reagents+ (1 ml) ethanol (80%). The absorbance 

was measured at 490 nm by using a 

spectrophotometer (JENWAY 6315). 

      Total free amino acids were determined according 

to the method of Moore and Stein [33] as the follows: 

(1 ml) of ethanol extract was mixed with (0.5 ml) of 

buffer solution (36 g sodium acetate +266 ml distilled 

water + 66 ml glacial acetic acid, the mixture was 

then replaced 20 ml of it with 20 ml of sodium 

cyanide), followed by the addition of (0.5 ml) of 

ninhydrin, the mixture was heated in boiling water 

for 15 min. After that, cool the reaction at room 

temperature and add (5 ml) of isopropanol: water 

(1:1). The absorbance was measured at 570 nm using 

a spectrophotometer (JENWAY 6315).  

         Total phenols were measured by the Swain and 

Hillis [34] method. As the following: (0.5 ml) of 

foline- Ciocalteau reagent was added (1 ml ethanol 

extract) + (7.5 ml distilled water) in a test tube, and 

after 10 minutes added the 4 ml of (2.5 N) sodium 

carbonate and left the tubes for 20 minutes at room 

temperature. The absorbance was read at 650 nm by 

using a spectrophotometer.       

 

2.3.4. Determination of proline content: 

 Fresh leaves were determined proline by using the 

method of Bates et al., [35] as follows: Reagents: 

Acid-ninhydrin was prepared by warming (1.25 g) 

ninhydrin in (30 ml) glacial acid+ (20 ml) 6 M 

phosphoric acid, with agitation until dissolved (stored 

at 4ᵒ C). Procedure: (0.5g) of leaves were 

homogenized in (10 ml) of (3%) aqueous 

sulfosalicylic acid and filtered by filter paper. (2 ml) 

of the filtrate was reacted with (2 ml) acid ninhydrin 

+ (2 ml) of glacial acid in a test tube for 1 hour (at 

100ᵒ C), and the reaction terminated in an ice bath. 

The reaction mixture was extracted with (4 ml) 

toluene, 15-20 sec of vigorous mixing using a test 

tube stirrer, and the absorbance was read at 520 nm. 
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2.3.5. Extraction and determination of 

the activities of antioxidant enzymes: 

 

   In fresh leaves, the extraction of enzymes described 

by Mukherjee and Choudhuri [36] was prepared by (2 

g) plant tissue frozen in liquid nitrogen and finely 

pestled in a chilled mortar. The frozen powder was 

extracted in (100 mM) phosphate buffer (pH 6.8) 

containing KH2PO4 and K2HPO4, and centrifuged for 

20 minutes. The supernatant was made up to a known 

volume with the same buffer for assaying the activity 

of certain enzymes. Superoxide dismutase activity 

(SOD) EC 1.15.1.1 was determined by Marklund and 

Marklund [37]. Both the activities of Catalase (CAT) 

EC 1.11.1.6 and peroxidase (POD) EC 1.11.1.7 was 

determined according to the method of Kar and 

Mishra [38]. 

 

2.3.6. Determination of some elements 

(N, P, K, Cl , and Na) in shoot and root: 

Elements extraction was made by using (0.5 g) of 

dried samples, followed by adding (10 ml) of 

concentrated sulphuric acid; the mixture was heated 

for 10 minutes, and then added (1 ml) of perchloric 

acid, and heating continued till a clear solution was 

developed. The digested solution was qualitatively 

transferred to a (100 ml) volumetric flask using 

distilled water [39]. The elements Nitrogen, Sodium 

and chloride were determined by Cottenie et al., [40]. 

Phosphor was determined by Snell and snell, and  

Potassium was according to Chapman and Pratt. 

 

2.3.7. Determination of Protein 

analysis: 

The protein analysis was performed according to the 

Laemmli [41] method. Samples preparation and 

extraction of soluble proteins were performed 

according to Von-Tersch and Gonzalez [42]. 

 

3. Statistical Analysis:  
The experiment design included three replications, a 

factorial randomized complete block design with two 

factors (salinity stress and hydrogel treatments), 

according to Sendecor and Cochran [43], an analysis 

of variance was performed, and all data were 

analyzed using COSTAT version 6.3.1.1. for 

windows. A two- way ANOVA analysis followed by 

the least significant difference LSD test was used p = 

0.05.  

 

4. Result: 

   The main effects of salinity, hydrogel, and the 

interaction effects between them were significant in 

all measured growth parameters (Tables 2, 3) of 

Calendula officinalis plants. Salinity reduced the 

value of most growth parameters in two seasons, 

especially the high concentration of salinity 

treatments (3000 ppm), which indicated the lowest 

values (plant height at 25.66, 23.67 cm, number of 

leaves at 30.00, 34.78, stem diameter at 0.66, 0.61 

cm, number of branches at 3.08, 2,67, total leaf area 

at 209.22, 257.83 cm2, fresh weight of shoot at 49.22, 

54.15 g, fresh weight of root at 26.33, 29.57 g, dry 

weight of shoot of at 11.93, 14.72 g, dry weight of 

root at 9.83, 10.78 and salt tolerance index (STI) at 

0.82, 0.81) respectively in two seasons compared 

with control plants. And the same line is found in the 

value of the dry weight shoot/root ratio in the second 

season (at 1.38). Hydrogel added to the soil showed a 

significant positive correlation with or without 

treatments of Calendula officinalis plants, especially 

hydrogel at 0.6%, which indicated the highest values 

of all growth parameters compared with 0.4% 

concentration or control plants.  

4.1. Flowering parameters: 

   The results of the data analysis in Table 4 showed 

that the salinity stress condition reduced the values of 

most flower parameters of Calendula officinalis 

plants. The 3000 ppm concentration of salinity 

indicated the lowest value of flower (number of 

inflorescences at 3.92, 4.94, inflorescence diameter at 

3.88, 4.06 cm, fresh weight of inflorescences at 1.06, 

1.11 g, dry weight of inflorescences at 0.22, 0.18 g, 

and flowering period at 79.27, 80.51 days) 

respectively in two seasons compared with other 

concentration and control. While the same 

concentration indicated the highest values of 

flowering time in two seasons (64.97, 66.20 days). 

Hydrogel added to the soil, especially 0.6% showed 

the highest values of flower parameters, except 

flowering time found the lowest values compared 

with control plants with or without salinity stress. 

 

4.2. Chemical consistent: 

4.2.1. Photosynthesis pigments content: 

As shown in Table (5) the content of photosynthesis 

pigments (chlorophyll a, b, total chlorophyll, and 

total carotenoids) decreased with the salinity stress 

treatments. The minimum content was observed in 

the 3000 ppm concentration (0.51, 0.15, 0.66, and 

0.19 mg/g F.W.), respectively. Hydrogel at 0.6% 

added to the soil markedly increased the content of 

pigments compared with control plants, and the 

interaction between salinity stress and hydrogel of 

calendula officinals plants was found to decrease the 

negative effect of salinity stress by hydrogel 

treatment.  

 

4.2.2.  Lycopene and β-carotene content in 

inflorescences: 

The lowest level of lycopene and β-carotene in 

inflorescences was found with the highest 

concentration of salinity (3000 ppm) compared with 
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control plants. Hydrogel applied increased the level 

of these pigments in calendula officinalis 

inflorescences under normal or salinity stress 

conditions, especially at 0.6% treatment. 

 

4.2.3. Total sugar, total free amino acid, total 

phenol and proline: 

Total sugar, phenol, and proline content in calendula 

officinalis plants, showed increased content with an 

increased concentration of salinity (Table 6). The 

highest content was found at 3000 ppm (19.18, 1.62, 

and 2.79 mg/g F.W.), respectively. While the lowest 

content of total free amino acid is shown in the same 

concentration (3.69 mg/g F.W.). Under hydrogel 

treatment, showed an increase in total sugar, total free 

amino acids, phenol, and proline content in plants 

compared with untreated plants. The interaction 

between salinity and hydrogel showed an increased 

the content of thesis chemical consistent with applied 

hydrogel, especially at 0.6% added compared with 

untreated plants. 

 

4.2.4.    Antioxidant enzyme activity (CAT, 

POD and SOD Unit/g F.W. min.): 

    The current study found increased the enzyme 

activities of calendula officinalis leaves with 

increased concentration of salinity (Tables 6, 7). The 

highest activity was indicated with 3000 ppm salt 

concentration compared with control plants. Also, 

with the increased concentration of hydrogel in 

different combinations of potting media, there was a 

simultaneous increase in enzyme activates with or 

without stress, especially at a concentration of 0.6% 

compared with 0.4% or control. 

 

4.2.5. Elements content in shoot and root: 

 Data in Tables (8, 9) showed the harmful effect of 

salinity stress on elements content in shoot and root 

(N, P, K %) and the K/Na ratio with increased 

concentrations of salinity, while increased the content 

of Cl and Na in both shoot and root. The  addition of 

hydrogel at any concentration under different 

conditions with or without salinity stress of 

Calendula officinalis plants significantly improved 

the content of N, P, K% and K/Na ratio in shoot and 

root compared with the control treatment, while 

decreased Cl and Na content. 

      

4.2.6. Protein electrophoretic pattern (SDS-

PAGE): 

   In Table (10) and Fig.(2), SDS-PAGA analysis 

of total protein extracted from the leaves of 

Calendula officinalis plants of different treatments  in 

this study, revealed that in the leaves salt stress was 

associated with the disappearance or decrease of 

some protein bands. And it's clear that the hydrogel 

treatment with salinity stress increased protein bands 

compared with plants untreated with hydrogel. 

5. Discussion: 

  In current study, the saline soil affects on plant 

growth, development, and physiological functions. 

So, the minimal results for all characteristics were 

observed with different levels of salinity (Tables 2, 3, 

4). These results may be due to the effects of salinity 

stress, which alter the metabolism, producing reactive 

oxygen species (ROS) in mitochondria and 

chloroplast, changes in ion balances, mineral 

nutrition, stomata behavior, photosynthetic and 

ultimately causing a decline in plant growth [44, 45, 

46]. In addition, affecting endogenous growth 

hormones, changes in water states caused by osmatic 

stress, usually arise from a decrease in the solute 

potential of the soil solution, which impacts the 

hydraulic conductivity and is often observed as 

reducing water and solute uptake [47]. The excess 

salinity mediates ion toxicity, which results from the 

increasing accumulation of toxic ions like Na+, it 

stimulates the efflux of cytosolic K+ and Ca2+, 

leading to an imbalance in their cellular homeostasis, 

oxidative stress, nutrient deficiency, retarded growth, 

and cell death [48, 44]. Furthermore, the cumulative 

effect of salinity stress on plants leads to a reduction 

in the quality of flowers (size, color, length, and stem 

thickness) [49] and significantly delayed flowering 

[50] . The reduction of flowering parameters may be 

inaugurated by the inability of the plant to adjust 

osmotically and counteract toxicities [51]. These 

results are in harmony with [49] on roses, [52] on 

Helianthus annuus, and [53] on Calendula officinalis 

plant.  

     Modifying the soil with hydrogel showed an 

appositive enhancement in seedling development, 

growth, and quality [54, 18]. The results of the 

research were similar to those of Kale and Arican 

[55], who found the highest average in fresh and dry 

weight of sweet corn plants when the hydrogel was 

applied. Ljubojević et al., [56] on Salvia species 

plants, the hydrogel effects were most notable in the 

fresh, dry weight, and root system volume, and the 

hydrogel provided a sufficient amount of available 

water and ions, which were usually in competition 

and limited by immoderate Na+ ion amounts. Kumar 

et al., [57] and Xu, et al., [58] reported that applying 

hydrogel to the soil, especially at a very low rate, i.e., 
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2.5-5 kg/ha, improved the growth and yield of 

different fields of ornamental and vegetable crops. 

Hydrogel (super absorbent polymers) can prevent 

nutrition materials from washing and therefore 

increase the growth of plants [59]. 

 

 

  

 

Table.2. Effect of salinity stress and hydrogel added on plant height, number of leaves, stem diameter, number of branches 

and total leaf area of Calendula officinalis plants in 2020-2021 seasons.  

                               (A) Salinity (ppm) 

(B) Treatment 0 ppm 2000 ppm 3000 ppm Mean(B) 0 ppm 2000 ppm 3000 ppm Mean(B) 

1st                      Plant height(cm)                                     2nd 
Control 21.5 21.0 18.0 20.17 30.0 27.0 20.0 25.67 
Hydrogel 0.4%   38.0 29.0 25.0 30.67 35.0 32.0 23.0 30.00 
Hydrogel 0.6%   43.5 39.0 34.0 38.83 40.0 35.0 28.0 34.33 
Mean(A) 34.33 29.66 25.66  35.00 31.33 23.67  
LSD at 5% A 

0.77*** 

B 

0.77*** 

AB 

1.34*** 

 A 

0.74*** 

B 

0.74*** 

AB 

1.28* 
 

Number of leaves 

Control 35.00 30.06 25.00 30.02 42.00 35.50 28.72 35.41 
Hydrogel 0.4%   45.50 34.50 30.00 36.67 54.00 41.11 35.12 43.42 
Hydrogel 0.6%   51.50 40.00 35.00 42.17 60.00 51.60 40.50 50.70 
Mean(A) 44.00 34.85 30.00  52.00 42.74 34.78  
LSD at 5% A 

1.83*** 

 

B 

1.83*** 

 

AB 

3.17* 

 A 

0.88*** 

B 

0.88*** 

AB 

1.52*** 

 

Stem diameter(cm) 

Control 0.60 0.55 0.50 0.55 0.51 0.50 0.47 0.50 
Hydrogel 0.4%    0.80 0.70 0.70 0.73 0.90 0.65 0.60 0.72 
Hydrogel 0.6%   1.00 0.80 0.77 0.86 1.06 0.80 0.74 0.87 
Mean(A) 0.80 0.68 0.66  0.82 0.65 0.61  
LSD at 5% A 

0.019*** 

B 

0.019*** 

AB 

0.033*** 

 A 

0.028*** 

B 

0.028*** 

AB 

0.048*** 

 

 

Number of branches 

Control 3.50 3.05 0.25 2.93 3.05 2.50 2.00 2.52 
Hydrogel 0.4%   5.00 4.06 3.00 4.02 4.11 4.15 2.50 3.59 
Hydrogel 0.6% 7.00 6.00 4.00 5.67 6.25 5.00 3.50 4.92 
Mean(A) 5.17 4.37 3.08  4.47 3.88 2.67  
LSD at 5% A 

0.38*** 

B 

0.38*** 

AB 

0.66* 

 A 

0.30*** 

B 

0.30*** 

AB 

0.53*** 

 

Total leaf area(cm2) 

Control 250.50 214.65 177.00 214.05 274.75 236.01 200.20 236.98 
Hydrogel 0.4%   372.80 283.20 207.05 287.68 494.10 323.95 267.80 361.95 
Hydrogel 0.6%   318.00 369.25 243.60 376.95 668.15 396.00 305.50 456.55 
Mean(A) 380.43 289.03 209.22  479.00 318.65 257.83  
LSD at 5% A 

15.98*** 

 

B 

15.98*** 

 

AB 

27.69*** 

 A 

36.06*** 

B 

36.06*** 

AB 

62.46*** 

 

A=Salinity treatments, B= Hydrogel, A*B= interaction, ****High significantly, **= Moderate significant, ns=non- significant. 

 

Table.3. Effect of salinity stress and hydrogel added on fresh and dry weight of shoot and root, dry weight  shoot/root ratio and 

salt tolerance index of Calendula officinalis plants in 2020-2021 seasons.  

                                 (A) Salinity (ppm) 

(B) Treatment 0 ppm 2000 ppm 3000 ppm Mean(B) 0 ppm 2000 ppm 3000 ppm Mean(B) 

1st                        Fresh weight of shoot(g)                                     2nd 

Control 57.50 50.50 46.90 51.63 60.92 54.22 51.25 55.46 
Hydrogel 0.4% 63.88 52.50 49.19 55.19 65.67 56.23 54.16 58.69 
Hydrogel 0.6% 71.38 53.50 51.57 58.82 73.38 58.14 57.04 62.86 
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A=Salinity treatments, B= Hydrogel, A*B= interaction, ****High significantly, **= Moderate significant, ns=non- significant. 

 

Tabl.      Table.4. Effect of salinity stress and hydrogel added on number of inflorescences, inflorescence diameter, fresh and dry weight 

of inflorescences, flowering time and flowering period of Calendula officinalis in 2020-2021 seasons. 
                           (A) Salinity (ppm)  

(B) Treatment 0 ppm 2000 ppm 3000 ppm Mean(B) 0 ppm 2000 ppm 3000 ppm Mean(B) 

1st                 Number of inflorescences                                     2nd 

Control 5.50 3.68 2.48 3.89 6.25 4.70 3.50 4.82 
Hydrogel 0.4%   7.20 5.04 4.03 5.43 8.22 6.06 5.05 6.45 
Hydrogel 0.6%   9.00 6.37 5.25 6.87 10.03 7.39 6.27  7.90 

Mean(A) 7.24 5.03 3.92  8.17 6.05 4.94  

LSD at 5% A 

0.16*** 

B 

0.16*** 

AB 

0.27** 

 A 

0.18*** 

B 

0.18*** 

AB 

0.31*** 
 

     Inflorescence diameter (cm)     

Control 4.89 3.10 2.77 3.59 5.18 4.11 3.58 4.29 

Mean(A) 64.25 52.17 49.22  66.66 56.20 54.15  

LSD at 5% A 

2.75*** 

B 

2.75*** 

AB 

4.76* 

 A 

1.23*** 

B 

1.23*** 

AB 

2.13*** 
 

     Fresh weight of root (g)     

Control 28.73 26.13 21.75 25.54 35.99 30.38 24.89 30.42 
Hydrogel 0.4%   30.55 29.71 25.66 28.64 37.91 34.38 30.21 34.17 
Hydrogel 0.6%   38.28 32.81 31.59 34.23 42.55 36.24 33.60 37.46 

Mean(A) 32.52 29.55 26.33  38.82 33.67 29.57  

LSD at 5% A 

1.04*** 

 

B 

1.04*** 

 

AB 

1.80* 

 A 

0.83*** 

B 

0.83*** 

AB 

1.45** 

 

Dry weight of shoot(g) 

Control 15.06 12.62 11.16 12.95 17.79 15.18 13.73 15.57 
Hydrogel 0.4%   16.99 13.33 11.90 14.08 19.44 15.91 14.68 16.68 
Hydrogel 0.6%   19.20 13.80 12.73 15.25 22.01 16.69 15.74 18.15 

Mean(A) 17.08 13.25 11.93  19.75 15.93 14.72  

LSD at 5% A 

0.70*** 

B 

0.70*** 

AB 

1.21* 

 A 

0.35*** 

B 

0.35*** 

AB 

0.61*** 

 

 

Dry weight root (g) 

Control 11.29 9.95 8.02 9.76 13.71 11.27 8.98 11.32 
Hydrogel 0.4%   12.10 11.44 9.54 11.03 14.63 12.93 10.99 12.85 
Hydrogel 0.6%   15.31 12.66 11.91 13.29 16.59 13.73 12.37 14.23 

Mean(A) 12.90 11.35 9.83  14.98 12.64 10.78  

LSD at 5%   A 

0.40*** 

B 

0.40*** 

AB 

0.70** 

 A 

0.31*** 

B 

0.31*** 

AB 

0.53* 

 

    Dry weight shoot/root ratio 

    

    

Control 1.34 1.27 1.39 1.33 1.30 1.35 1.53 1.39 
Hydrogel 0.4%   1.40 1.17 1.25 1.27 1.32 1.23 1.34 1.30 
Hydrogel 0.6%   1.25 1.09 1.07 1.13 1.33 1.21 1.27 1.27 

Mean(A) 1.33 1.18 1.23  1.32 1.26 1.38  

LSD at 5%   A 

0.065*** 

B 

0.065*** 

AB 

0.113* 

   A 

0.046*** 

B 

0.046*** 

AB 

0.080*** 

 

Salt tolerance index (STI) 

Control 1.00 0.86 0.72 0.86 1.00 0.84 0.72 0.85 
Hydrogel 0.4%   1.00 0.94 0.81 0.91 1.00 0.91 0.81 0.90 
Hydrogel 0.6%   1.00 1.00 0.93 0.98 1.00 0.97 0.89 0.95 

Mean(A) 1.00 0.93 0.82  1.00 0.91 0.81  

LSD at 5% A 

0.032*** 

 

B 

0.032*** 

 

AB 

0.064*** 

 A 

0.021*** 

B 

0.021*** 

AB 

0.042*** 
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Hydrogel 0.4%   5.42 4.11 3.23 4.26 6.49 5.25 3.97 5.24 
Hydrogel 0.6%   6.54 5.51 5.62 5.89 7.41 5.83 4.64 5.96 

Mean(A) 5.62 4.24 3.88  6.36 5.06 4.06  

LSD at 5% A 

0.29*** 

 

B 

0.29*** 

 

AB 

0.50** 

 A 

0.25*** 

B 

0.25*** 

AB 

0.43** 

 

   Fresh weight of inflorescences (g)    

Control 1.27 1.10 0.87 1.08 1.48 1.17 0.95 1.20 
Hydrogel 0.4%   1.84 1.14 1.01 1.33 1.93 1.44 1.13 1.50 
Hydrogel 0.6%   2.14 1.45 1.30 1.63 2.50 1.64 1.25 1.80 

Mean(A) 1.75 1.23 1.06  1.97 1.42 1.11  

LSD at 5% A 

0.15*** 

B 

0.15*** 

AB 

0.27* 

 A 

0.05*** 

B 

0.05*** 

AB 

0.09*** 

 

 

Dry weight of inflorescences (g) 

Control 0.26 0.22 0.20 0.23 0.27 0.22 0.14 0.21 
Hydrogel 0.4%   0.36 0.31 0.21 0.30 0.35 0.28 0.18 0.27 
Hydrogel 0.6%   0.48 0.37 0.25 0.37 0.50 0.35 0.22 0.36 

Mean(A) 0.37 0.30 0.22  0.38 0.29 0.18  

LSD at 5% A 

0.03*** 

B 

0.03*** 

AB 

0.05** 

 A 

0.04*** 

B 

0.04*** 

AB 

0.06 * 

 

Flowering time (day) 

Control 62.25 64.00 66.67 64.31 64.37 65.23 67.90 65.84 
Hydrogel 0.4%   58.78 63.19 64.67 62.21 60.01 64.42 65.90 63.44 
Hydrogel 0.6%   57.11 62.06 63.56 60.91 58.34 63.29 64.79 62.14 

Mean(A) 59.38 63.08 64.97  60.91 64.31 66.20  

LSD at 5% A 

0.63*** 

 

B 

0.63*** 

 

AB 

1.08** 

 A 

0.49*** 

B 

0.49*** 

AB 

0.84*** 

 

 

    Flowering period (day)     

Control 86.67 82.62 77.45 82.25 88.89 83.73 78.78 83.80 
Hydrogel 0.4%   91.12 83.12 79.68 84.64 93.12 84.78 80.17 86.02 
Hydrogel 0.6%   97.23 84.67 80.67 87.53 95.73 85.22 82.56 87.84 

Mean(A) 91.67 83.47 79.27  92.58 84.58 80.51  

LSD at 5% A 

1.30*** 

 

B 

1.30*** 

 

AB 

2.25*** 

 A 

0.89*** 

B 

0.89*** 

AB 

1.55** 

 

A=Salinity treatments, B= Hydrogel, A*B= interaction, ****High significantly, **= Moderate significant, ns=non- significant. 

 

 

Table.5. Effect of salinity stress and hydrogel added on different pigments of Calendula officinalis plants, mean two seasons. 

                        (A) Salinity (ppm) 

(B) Treatment 0 ppm 2000 ppm 3000 ppm Mean(B) 0 ppm 2000 ppm 3000 ppm Mean(B) 

Chlorophyll a (mg/g F.W.)                          Leaves                   Chlorophyll b (mg/g F.W.) 

Control 0.59 0.54 0.49 0.54 0.20 0.16 0.12 0.16 
Hydrogel 0.4%   0.72 0.59 0.50 0.60 0.22 0.19 0.15 0.19 
Hydrogel 0.6%   1.08 0.60 0.54 0.74 0.31 0.20 0.17 0.23 

Mean(A) 0.80 0.58 0.51  0.24 0.18 0.15  

LSD at 5% A 

0.026*** 

B 

0.026*** 

AB 

0.045*** 

 A 

0.015*** 

B 

0.015*** 

AB 

0.025*** 
 

Total carotenoids (mg/g F.W.)                                 Total chlorophyll (mg/g F.W.)                      Leaves           

Control 0.79 0.70 0.61 0.70 0.26 0.21 0.16 0.30 
Hydrogel 0.4%   0.94 0.78 0.65 0.79 0.29 0.25 0.19 0.24 
Hydrogel 0.6%   1.40 0.81 0.71 0.97 0.41 0.27 0.22 0.21 

Mean(A) 1.04 0.76 0.66  0.32 0.24 0.19  

LSD at 5% A 

0.027*** 

B 

0.027*** 

AB 

0.047*** 

 A 

0.019*** 

B 

0.019*** 

AB 

0.033*** 

 

β- carotene (mg/100 ml extract)                Inflorescences               Lycopene (mg/100 ml extract) 

Control 0.71 0.54 0.47 0.56 0.34 0.30 0.24 0.27 
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Hydrogel 0.4%   0.72 0.60 0.47 0.60 0.39 0.37 0.24 0.32 
Hydrogel 0.6%   0.86 0.64 0.51 0.66 0.51 0.41 0.24 0.38 

Mean(A) 0.77 0.57 0.48  0.43 0.31 0.23  

LSD at 5% A 

0.029*** 

B 

0.029*** 

AB 

0.050* 

 A 

0.033*** 

B 

0.033*** 

AB 

0.057* 

 

A=Salinity treatments, B= Hydrogel, A*B= interaction, ****High significantly, **= Moderate significant, ns=non- significant. 

 

 

Table.6. Effect of salinity stress and hydrogel added on some chemical composition and enzyme activity of Calendula officinalis plants, mean 

two seasons. 

                        (A) Salinity (ppm) 

(B) Treatment 0 ppm 2000 ppm 3000 ppm Mean(B) 0 ppm 2000 ppm 3000 ppm Mean(B) 

Total sugar (mg/g F.W.)                                            Total free amino acid (mg/g F.W.)  

Control 9.59 12.70 15.47 12.58 4.95 4.06 3.07 4.03 
Hydrogel 0.4% 11.59 14.73 17.48 14.60 5.60 4.71 3.71 4.67 
Hydrogel 0.6% 13.41 16.03 24.60 18.01 7.88 5.13 4.29 5.77 

Mean(A) 11.53 14.49 19.18  6.14 4.64 3.69  

LSD at 5% A 

1.15*** 

B 

1.15*** 

AB 

1.99*** 

 A 

0.73*** 

B 

0.73*** 

AB 

0.64*** 
 

Proline (mg/g F.W.)                                                                                   Phenol (mg/g F.W.) 

Control 0.81 1.07 1.30 1.06 0.67 1.12 2.37 1.39 
Hydrogel 0.4% 0.98 1.24 1.47 1.23 0.75 1.67 2.75 1.72 
Hydrogel 0.6% 1.13 1.35 2.07 1.52 0.77 2.11 3.24 2.04 

Mean(A) 0.97 1.22 1.62  0.72 1.63 2.79  

LSD at 5% A 

0.10*** 

B 

0.10*** 

AB 

0.17*** 

 A 

0.15*** 

B 

0.15*** 

AB 

0.26*** 

 

POD (Unit/g F.W. min)                                                                     CAT (Unit/g F.W. min) 

Control 15.75 18.17 21.12 18.34 1.84 2.48 2.90 2.64 
Hydrogel 0.4% 17.41 18.87 22.65 19.64 2.11 2.79 4.64 3.18 
Hydrogel 0.6% 17.57 20.01 24.68 20.76 2.36 3.11 4.46 3.58 

Mean(A) 16.91 19.02 22.82  2.29 2.98 4.13  

LSD at 5% A 

0.51*** 

B 

0.51*** 

AB 

0.89* 

 A 

0.23*** 

B 

0.23*** 

AB 

0.40** 

 

A=Salinity treatments, B= Hydrogel, A*B= interaction, ****High significantly, **= Moderate significant, ns=non- significant. 

  
 
Table.7. Effect of salinity stress and hydrogel added on SOD activity of calendula officinalis plants, mean two seasons. 

                        (A) Salinity (ppm) 

(B) Treatment 0 ppm 2000 ppm 3000 ppm Mean(B) 

SOD (Unit/g F.W. min) 

Control 5.42 6.84 9.79 7.35 
Hydrogel 0.4%   6.08 7.54 11.32 8.31 
Hydrogel 0.6%   6.24 8.68 13.35 9.43 

Mean(A) 5.91 7.69 11.49  

LSD at 5% A 

0.52*** 

B 

0.52*** 

AB 

0.90** 

 

      A=Salinity treatments, B= Hydrogel, A*B= interaction, ****High significantly, **= Moderate significant, ns=non- significant. 

 

 

Table.8. Effect of salinity stress and hydrogel added on some elements content in shoot of calendula officinalis plants , mean two seasons. 

                       (A) Salinity (ppm) 

(B) Treatment 0 ppm 2000 ppm 3000 ppm Mean(B) 0 ppm 2000 ppm 3000 ppm Mean(B) 

N%                                   Shoot                                      P% 

Control 2.17 1.81 1.37 1.78 0.31 0.24 0.18 0.24 
Hydrogel 0.4%   2.35 2.04 1.63 2.00 0.47 0.33 0.22 0.34 
Hydrogel 0.6%   3.22 2.22 1.81 2.42 0.51 0.38 0.25 0.38 

Mean(A) 2.58 2.02 1.60  0.43 0.31 0.22  

LSD at 5% A B AB  A B AB  
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0.17*** 0.17*** 0.29** 0.031*** 0.031*** 0.053* 

Na%                                                                                                          K% 

Control 3.40 3.04 2.57 3.00 0.60 0.84 1.05 0.83 
Hydrogel 0.4%   3.58 3.27 2.86 3.23 0.56 0.77 0.90 0.74 
Hydrogel 0.6%   4.48 3.45 3.04 3.66 0.51 0.64 0.83 0.66 

Mean(A) 3.82 3.25 2.82  0.56 0.75 0.93  

LSD at 5% A 

0.174*** 

B 

0.174*** 

AB 

0.301** 

 A 

0.035*** 

B 

0.035*** 

AB 

0.060* 

 

        K/Na ratio                                                             %                            Cl  

Control 3.89 5.08 6.48 5.14 5.67 3.63 2.45 3.92 
Hydrogel 0.4%   2.98 3.33 4.92 3.74 6.45 4.22 3.18 4.62 
Hydrogel 0.6%   2.80 3.12 3.29 3.07 8.75 5.43 3.65 5.94 

Mean(A) 3.22 3.84 4.89  6.95 4.43 3.09  

LSD at 5% A 

0.20*** 

B 

0.20*** 

AB 

0.35*** 

 A 

0.32*** 

B 

0.32*** 

AB 

0.56*** 

 

A=Salinity treatments, B= Hydrogel, A*B= interaction, ****High significantly, **= Moderate significant, ns=non- significant. 

  

 

 

 Table.9. Effect of salinity stress and hydrogel added on some elements content in root of calendula officinalis plants, mean two seasons. 

                        (A) Salinity (ppm) 

(B) Treatment 0 ppm 2000 ppm 3000 ppm Mean(B) 0 ppm 2000 ppm 3000 ppm Mean(B) 

N%                                   Root                                      P% 

Control 0.89 0.74 0.55 0.73 0.15 0.14 0.12 0.13 
Hydrogel 0.4%   0.96 0.83 0.67 0.82 0.16 0.15 0.13 0.14 
Hydrogel 0.6%   1.33 0.91 0.74 0.99 0.20 0.15 0.14 0.16 

Mean(A) 1.06 0.83 0.65  0.17 0.14 0.13  

LSD at 5% A 

0.071*** 

B 

0.071*** 

AB 

0.123** 

 A 

0.008*** 

B 

0.008*** 

AB 

0.013** 
 

Na%                                            K%                                                     

Control 1.27 1.17 0.85 1.10 0.72 0.82 0.91 0.82 
Hydrogel 0.4%   1.36 1.19 1.00 1.18 0.70 0.79 0.85 0.78 
Hydrogel 0.6%   1.73 1.21 1.11 1.35 0.68 0.74 0.82 0.75 

Mean(A) 1.45 1.19 0.99  0.70 0.78 0.86  

LSD at 5% A 

0.100*** 

B 

0.100*** 

AB 

0.174* 

 A 

0.015*** 

B 

0.015*** 

AB 

0.025* 

 

K/Na ratio                                                                          %                         Cl  

Control 1.70 1.94 2.15 1.93 1.77 1.43 0.94 1.38 
Hydrogel 0.4%   1.66 1.87 2.00 1.84 1.94 1.50 1.18 1.54 
Hydrogel 0.6%   1.61 1.74 1.93 1.76 2.53 1.65 1.35 1.84 

Mean(A) 1.66 1.85 2.03  2.08 1.52 1.16  

LSD at 5% A 

0.035*** 

B 

0.035*** 

AB 

0.060* 

 A 

0.15*** 

B 

0.15*** 

AB 

0.25* 

 

A=Salinity treatments, B= Hydrogel, A*B= interaction, ****High significantly, **= Moderate significant, ns=non- significant. 

 

Table. 10. Effect of salinity stress and hydrogel added on protein banding pattern of calendula officinalis leaves 

MW 1 2 3 4 5 6 7 8 9 

59 + + + + + + + + + 

32 + + + + + + + + + 

26 - + + - + + - - - 

19 + + + + + + + + + 

15 + + + + + + + + + 

12 - - - - + + + - - 

9 + + + + + + + + + 

7 - - - - + + - - + 

6 - - - - + + - - - 

Total number of  

protein bands 

5 6 6 5 9 9 6 5 6 
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                       Fig. 2.  Protein banding pattern in 9 treatments, 1= control plants, 2= hydrogel at 0.4%, 3= hydrogel at 0.6%, 4= salinity at 

200ppm, 5= 200 ppm+ hydrogel at 0.4% , 6= 200 ppm+ hydrogel at 0.6%, 7= salinity at 300 ppm, 8= 300 ppm+ hydrogel at 

0.4%, 8= 300 ppm+ hydrogel at 0.6%, M= marker lane 

 

 

The effect of hydrogel on the growth of plants 

may be attributed to the provision of sufficient water 

in the lower layer of the soil added to it, which 

provides favorable conditions for microorganisms in 

the roots for an extended period, which has a positive 

effect on plant activity [60]. On Dendranthema 

grandiflora L. plants, 0.5% hydrogel of pot media 

produced the best results for flower diameter, days 

taken to first flower bud appearance, flower weight, 

duration of flowering, and total yield of flowers [61]. 

Hydrogel encourages early, dense flowering with a 

longer flowering period, improves flower quality and 

production, and delays the onset of the permanent 

wilting point [62].  

    The activity of photosynthetic is considered one 

of the main factors which control the growth of plants 

[63]. Photosynthesis is directly slowed in plants by 

salinity stress, and photosynthesis is directly related 

to stomata conductance, chlorophyll content, 

transpiration, and water potential [64]. The 

depressive effects of salinity on chlorophyll leaf 

content might be recognized by the diminished 

biosynthesis of chlorophyll, nutrient deficiency, and 

enhanced chlorophylls activity [65]. The 

photosynthesis rates were remarkably decreased by 

high salinity concentrations in maize plants [46]. It's 

the same results that were found in this study. 

   Moreover, Vivek et al., [66] showed increased 

chlorophyll a, b, and total chlorophyll content of 

groundnut plants with 4.0 kg/ha hydrogel. The 

hydrogel application increases soil moisture and 

enhances the synthesis of photosynthetic pigments. 

Increased carotenoids and chlorophyll content with 

hydrogel polymer's performance may be attributed to 

decrease chlorophyll degradation or increased 

biosynthesis of chlorophyll due to adequate water and 

nutrients supply to the plant [67]. In addition, various 

stress conditions can mitigate the damage to plants' 

photosynthetic apparatus by applying a water-

retaining polymer (hydrogel) [68]. 

    In plants, the main carotenoids are lutein, 

lycopene, and β-carotene [69]. β-carotene is a 

precursor of zeaxanthin, which is a precursor of 

abscisic acid, these phytohormones may play 

important roles in the abiotic stress response [70]. β-

carotene is created from lycopene by lycopene β-

cyclase [71]. Martinez et al., [72] found that the salt 

stress increased the lycopene but decreased the β-

carotene concentration in the fruit of tomato plants. 

Sankari et al., [73] and Leiva- Ampuero et al., [74] 

indicated that the level of β-carotene in Bixa orellana 

L. plant increased with the highest concentration of 

salt stress treatment, and Leiva- Ampuero et al., [74] 

on tomato plants showed increased content of 

lycopene and β-carotene with salt treatment at 120 

and 160 mM NaCl. Maurya et al., [75] suggested that 

when plants were exposed to salt, a decrease in β-

carotene levels was observed. This may be due to 

carotenoid degradation under salt stress conditions or 

decreased gene expression of carotenoid pathway 

genes. The obtained results in this study are in line 

with those of Alshallash et al., [76] and Abdelaziz et 

al., [77], who demonstrated that adding hydrogel to 

the soil improved the highest average for the 

accumulation of plant pigments. 

    To protect the plant cells from the adverse 

effects of salt stress, the plant produces osmolytes 

such as soluble sugar and proline, which maintain the 
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osmotic strength of cytosol with that of vacuole and 

external environment [78, 79, 80]. The increased 

enzymatic activity that aids in regulating cellular 

structures and functions by interacting with 

macromolecules may be because of the rise in soluble 

sugars [81, 82, 67].On the other hand, Colak et al., 

[83] on wheat plant and Hussein and Alshammari, 

[84] on Linum usitatissimum plant indicated that 

salinity stress decreased the level of total soluble 

sugars compared to control plants. The positive effect 

of applied hydrogel in the soil on total sugar content 

may be due to enhanced photosynthetic pigments 

[77]. This is in harmony with Liu et al., [85], who 

indicated that superabsorbent polymers promoted 

total dry weight, soluble sugar, and chlorophyll in the 

leaves of the coffee tree. In addition, in mango trees, 

increased total sugar values were observed with 

treated 750g hydrogel tree-1 compared to the control 

plant [76]. 

   Amino acids are a fundamental to all living cells 

for plant structure and metabolism [86]. The lower 

level of amino acids in plants under salt stress is due 

to the down regulation of protein synthesis [84]. In 

contrast, the increase in the concentration of various 

amino acids in plants is associated with the 

accumulation of compatible solutes for increasing salt 

tolerance [87]. Several studies showed the positive 

effect of hydrogel on the content of total free amino 

acids in different plants, such as Nascimento et al., 

[88] the highest amino acid values were obtained 

with hydrogel applied in soybean cultivation. Vivek 

et al., [89] found that graded levels of hydrogel 

application raised the content of protein, 

carbohydrate, and total amino acids in Arachis 

hypogaea plants. 

     Under salinity stress conditions, the phenolic 

compounds play a significant role in absorbing and 

neutralizing free radicals, and decomposing 

peroxides. Bistgani et al., [90] found the total 

phenolic content of Thymus vulgris and Thymus 

daenensis plants, increased by 20% after applying 60 

mM NaCl compared with the control plant. Zhou et 

al., [91] showed increased phenolic content in 

Schizonepeta tenuifolia plants under mild salinity 

level (25 mM) but depressed content under harsh 

treatments (75 and 100 mM). And the same results 

were found in Salvia lavandulifolia plants [92]. In 

several studies that found different effects of 

hydrogel treatment on the phenolic compounds 

content in plants, Besharati et al., [93] showed 

increased total phenolic content and antioxidant 

activity by hydrogel treatment in Hibiscus sabdariffa 

plants , and the same result agree with Barkia et al., 

[94] in olive plants. In the other study, on Hibiscus 

sabdariffa plants, the hydrogel treatment decreased 

the amount of anthocyanin and sepal phenolic 

compounds, which may be due to the modification of 

stress conditions by the hydrogel [95]. 

      In plants, proline protects enzymes and 

stabilizes their structure [96, 97]. Additionally, 

proline content positively correlates with salt stress 

level [98]. This is consistent with Khalil et al., [99], 

who recommended that proline accumulation arose 

due to a disturbance in cell homoeostasis in response 

to salt stress. These results agree with [100] who 

found an increase in proline values with a rise in the 

NaCl concentration of wheat plants [100]. Increased 

proline is one of the critical advantages of hydrogel 

treatment [101] and is in harmony with the results 

obtained in this study. From this point, Yang et al., 

[102] suggested that there is no correlation with 

relative water content (RWC) or osmotic potential 

because the osmotic properties of proline usually 

explain higher water potential in hydrogel treated 

plants. And, in Tobacco plants, the levels of osmotic 

regulators such as proline improved with hydrogel 

[103]. 

     Protein, lipids, and nucleic acids are harmed by 

ROS produced as a result of salt stress [104]. So the 

plant employs an antioxidant defense system to 

scavenge and detoxify these compounds from the cell 

surface, which leads to increased plant antioxidant 

activity [105, 106, 107, 108]. These results are in 

harmony with Hanifah and Purwestri [109] on 

Centella asiatica and Kumar et al., [78] on Oenanthe 

javanica. Superoxide dismutase (SOD) enzyme 

activity increased up to 75 mM NaCl in Lepidium 

draba plants and then decreased [110, 111]. In 

asparagus plants, salinity stress enhanced the activity 

of enzymes [112]. Waqar et al., [113] on soybean 

plants, hydrogel application, showed increased plant 

antioxidant enzymes SOD and CAT. And this result 

is consistent with the findings of Besharati et al., [93] 

on Hibiscus sabdariffa plants. While these results 

contrasted with those of Ghobashy et al., [114] who 

found the application of hydrogel decreased the 

phenol content, catalase, and peroxidase in sunflower 

plants under drought stress. 

   Furthermore, asparagus cultivars showed 

increased Na+ content in roots, stems, and leaves, 

while K+ content and the K+/ Na+ ratio decreased 

with salt stress [112]. Abiotic stresses such as salinity 

adversely affect nitrogen (N) uptake and assimilation 

in plants [115]. Salinity in the soil increased the 
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accumulation of Na+ and Cl- in plants while 

decreasing essential elements such as K+, Ca, and 

Mg++ [116]. Na+ competes with K+ at entry sites and 

ultimately decreases the absorption of K+, which 

causes an ionic imbalance. This competition can have 

negative effects on plants growth and development 

when the level of Na+ exceeds that of K+. Hydrogel 

provides water and nutrients to the plant when the 

surrounding soil the root zone of the plants starts to 

dry up [57]. The use of hydrogel in soil improves 

phosphatase activity, which makes more P available 

to the plant and thus increases its uptake. Hydrogel 

may help plants survive drought or salt stress by 

increasing the uptake of elements. Assaha et al., 

[117] indicated that K+ plays an important role in 

osmotic adjustments, the maintenance of turgor, and 

thus the mitigation of the harmful effect of saline 

stress .Additionally, the added hydrogel to the soil 

enhanced nitrogen, phosphorus, and potassium 

content [118]. 

         In general, plant proteins play various 

enzymatic, structural, and functional roles 

(biosynthesis, photosynthesis, transport, etc.) [119]. 

Protein act as osmotin, and their accumulation plays a 

potential role in developing tolerance against salt 

stress [120]. Different cultivars of Oenanthe javanica 

plants showed increased protein content in both 

leaves and roots under salt stress conditions [78]. The 

different types of soluble protein accumulation have 

evolved as a vital strategy that plays a central 

regulatory role in the growth and development of 

plants subjected to salt stress [121]. Furthermore, 

proteins are a more reliable determinant of salt 

tolerance than simple gene expression, as they play 

major roles in shaping physiological traits in salt 

tolerant phenotypes [121]. Fidelis et al., [122] found 

that the applied 20 kg/ha of hydrogel promoted the 

content of protein in cowpea bean plants; it is 

possible to relate this effect to the higher soil water 

retention promoted by treated hydrogel. 

6. Conclusion: 

The current study observed that the significant 

findings on the physiological – biochemical traits 

were obtained from 0.6% (w/w) alone or in 

combination with salinity levels (2000 and 3000 

ppm) of Calendula officinalis plants, considerable 

increased all growth, biochemical traits, and enzyme 

activity which are essential traits for salt stress 

tolerance. In comparison, severe salt stress decreased 

values in all growth and biochemical traits. Hydrogel 

application in soil significantly mitigated the negative 

impacts of salinity stress in Calendula officinalis. In 

addition, hydrogel at 0.6% (w/w) could be an 

excellent source for improving the morphological and 

biochemical traits of Calendula officinalis due to 

their properties and mitigating salt stress in 

floriculture plants to help the floricultural business. 

Future work will apply hydrogel to other ornamental 

and medical plants under salt conditions.    
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