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     INTRODUCTION 

 

  The world faces wide population growth and development, which has a major role 

in increasing the need to develop livelihoods, including food sources, the most important of 

which are crops. Therefore, those concerned resorted to developing chemical and organic 
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              The study was conducted in one of the greenhouses in the Department of 

Horticulture and Garden Engineering at the College of Agriculture/Tikrit University. 

For the period between 5/1/2021 - 6/1/2022, Dianthus Chinensis L.  has been cultivated 

at the age of four leaves, and then the samples were separated and distributed on 

containers, and they were classified into three replicates, each replicate containing nine 

treatments with seaweed extracts with concentrations (0, 5, 10) ml. L-1 and extract of 

jasmonic acid in concentrations (0, 0.5, 1) ml. L-1, each treatment included four 

containers in the experimental unit. The study recorded significant differences in the 

effect of single and overlapping treatments, especially when treated with 

concentrations of 10 ml. L-1 of seaweed and 1.0 ml. L-1 of jasmonic acid in vegetative 

growth characteristics (plant height, number of leaves, moist and dry weight of the 

shoot, length and number of internodes, number of branches, leaf area, percentage of 

chlorophyll A, B and total), Which are attributed to the nutrients of macro- and trace 

elements present in the extracts that are important in stimulating growth. Significant 

differences were recorded with the effect of the treatments on the characteristics of 

floral growth (the days until buds emergence, length and width of the bud, the days 

until bud opening, flower diameter and the number of flowers, moist and dry weight 

of the flower, percentage of carotene), which is considered simple in comparison to 

the effect on vegetative characteristics, It may due to genetic traits that are slightly 

affected by stimuli and the environment. Also, there are other significant effects of the 

extracts on the percentage of volatile oil when treated with A1J0, which was 1.7%, in 

addition, there was a significant effect of the extracts on the chemical compounds, the 

concentrations of 10 ml. L-1 and 1 ml. L-1 of seaweed extract and jasmonic acid gave 

the presence of flavonoids (Quercetin, Apigenin, Rhamntin, Kaempferol), while the 

concentrations were 5 ml. L-1 and 10 ml. L-1 of seaweed extract with jasmonic acid, 

respectively, gave the presence of tannins (Gallic acid, Phloroglucino, Tannic acid, 

Gallotannin, and Pyrogallic acid). The histological study dealt with the variance 

effectiveness of the aforementioned extracts on the anatomical characteristics of the 

superficial view of the leaf epidermis (the transverse sections of the leaf blades, the 

middle vein, the variation in the dimensions of the stomata, the upper, and lower 

epidermis of the leaves, the variance in the qualitative, quantitative characteristics and 

the frequency of stomata in the leaves) the stomatal complex type is diacytic which 

was normal Dianthus characteristic.  
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fertilizers that gave immediate results, but their continuous use harmed soil quality and 

healthy soil microbial communities. And soil fertility and plants are grown in this soil in the 

long run (Arioli, 2015), and here attention turned to alternatives that provide nutrients and 

stimulate plant growth with the least harm to plants and the resulting crop. Examples of 

nutrients are seaweed, algae, and plant hormones (Layek, et al., 2018). Clove Dianthus is a 

perennial herbaceous plant belonging to the clove family. It is highly branched, reaching a 

height of more than 60 cm. It has rigid, branching stems with prominent nodes, leaves in 

opposite pairs, striped in shape, thick in appearance, beautiful terminal flowers in many 

colors, a five-leaved corolla, and a cylindrical cup to two cups. According to cultivars, 

flowers vary in size, from small to large (Sreeelekshmi and Siril, 2020). Cloves are severely 

affected by rain, humidity, and diseases. To obtain flowers of high commercial quality, they 

must be produced in protected agriculture, as flowers grown in open fields do not comply 

with international production standards when compared to using a glass or plastic house 

(Ngan, et, al., 2020). Cloves are severely affected by rain, humidity, and diseases. To obtain 

flowers of commercial quality, they must be produced in protected cultivation because 

flowers grown in open fields do not comply with international production standards when 

compared to using a glass or plastic house (Aalifar, et al., 2019). Cloves are long-day plants, 

and six pairs of leaves are sufficient for a floral response. Due to the weak sunlight during 

the day and the high cost of heating in winter, this led to a reduction in the production of 

cloves in northern Europe and the United States of America (Kumar, et al., 2020), and 

accordingly moved Clove production to areas that are characterized by lower production 

costs within unheated plastic houses, easy to ventilate, high productivity, good flowers, as 

well as protection from extreme climatic conditions to ensure that the growing and 

continuous demand in the global market for cloves is met (Hemanta, et, al., 2012). Seaweeds 

are large aquatic algae that belong to the plant kingdom. Seaweeds can thrive in a wide range 

of harsh environmental conditions and adapt to new ecological surroundings. They produce 

a variety of healthy primary and secondary metabolites. Therefore, seaweeds are a treasure 

trove of untapped natural bioactive compounds (Hashem, et al., 2019), as they are effectively 

used as environmentally friendly biofertilizers in modern agriculture and the improvement 

of horticultural crops when used in appropriate quantities because they contain high levels 

of organic matter, which enriches the soil with nutrients. (Hamed, et al., 2018). 

Biostimulants have increased in recent years, which has greatly helped reduce the use of 

chemical fertilizers in agricultural production. Among these catalysts is the seaweed extract 

that contains auxins and cytokinins, in addition to rare elements that positively affect the 

growth and elongation of cells, which affects the yield plant (Szabo and Hartko, 2009). The 

treatment with seaweed extract is a good source of active substances. The effect of seaweed 

extract on the clove plant is because it contains many components, vitamins, and 

macronutrients, in addition to micronutrients that improve the vegetative growth of the plant, 

such as increasing the vegetative characteristics such as the number of leaves and the content 

of chlorophyll, and thus an increase in the efficiency of photosynthesis and representation 

food (Khan, et al., 2009). This study aimed to investigate the clove plant's response to the 

addition of seaweed extract and its effect on the vegetative and flowering growth 

characteristics and the chemical content of some secondary metabolite compounds. And a 

study of the effect of spraying with the growth regulator jasmonic acid and its effect on the 

characteristics of vegetative and flowering growth and the plant content of secondary 

metabolite compounds. Then, the effect of the interaction between the addition of seaweed 

extract and spraying with jasmonic acid was tested to improve the growth, flowering, and 

plant content of some secondary metabolites and in some anatomical characteristics of the 

plant. 
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       MATERIALS AND METHODS  

 

A. Tannins Extraction Procedure:  

              To isolate Tannin from plant extract powder, 1 gram of the dried and powdered 

plant material is extracted with 60 ml hexane first. this removes fats, oils, terpenes, waxes, 

etc. This extract is discarded. 

              The materials are now subjected to an alcohol extraction, with 50ml of methanol. 

The extract is evaporated to 2 ml and leaves the crude Tannin mixture. 

              Many Tannins can be isolated directly from the alcoholic extract by HPLC. This is 

a separation that works well for Tannin extracted by acidified methanol. 

Separation Condition: 

1. mobile phase70:30methanol: waterv/v 

2. separation of Tannin mixture reversed phase C-18 (50   2.6  × mm ID) column, 5µm 

particle size ID. 

3. flow rate 2 ml/min 

4. temperature experiment 33 c. 

5. uv detector 249 nm. 

6. standard 50 µm /ml. 

Description Equipment: 

1.shimadzu HPLC-10, double pump model HPLC-10A Shimadzu, japan. 

2. reodyne 7125 injectors equipped with 20 µl injection loop. 

3. uv detector set at 249 nm. 

Concentration = area in sample/area in standard * standard Concentration. *dilution 

Percentage %= concentration partial / concentration total  

Dilution for all specimens = 2 

B. Flavonoids Extraction Procedure:  

              To isolate Flavonoids from leaf plant extract powder, 1 gram of the dried and 

powdered leaf plant material is extracted with 80 ml isohexane first. This removes fats, oils, 

terpenes, waxes, etc. This extract is discarded. 

               The materials are now subjected to an alcohol extraction, with 30ml of ethanol. 

The extract is evaporated to 2 ml and leaves the crude flavonoid mixture. 

               Many Flavonoids can be isolated directly from the alcoholic extract by HPLC. This 

is a separation that works well for flavonoids extracted by acidified ethanol.  

Separation Condition: 

1. mobile phase70:30ethanol: waterv/v 

2. separation of flavonoid mixture on reversed phase C-18 (250   4.6  × mm ID) column, 5µm 

particle size ID. 

3. flow rate 2 ml/min 

4. temperature experiment 25 c. 

5.Uv detector 259 nm. 

6. Standard 50 µm /ml. 

Description equipment: 

1.shimadzu HPLC-10, double pump model HPLC-10A Shimadzu, japan. 

2. reodyne 7125 injectors equipped with 20 µl injection loop. 

3. UV detector set at 259 nm. 

Concentration = area in sample/area in standard * standard Concentration. *Dilution 

Percentage %= concentration partial / concentration total  

Dilution for all specimens = 1  
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C. Anatomical Study: 

1. Epidermis Preparation: 

               The epidermis was prepared from soft samples, a part was taken from the middle 

of the fully developed leaf so that it included the middle vein, part of the blade, and the edge, 

and the stripping-off method was used to obtain the upper and lower epidermis by using 

forceps with two fine ends. The epidermis was spread on a glass slide, and glycerine was 

placed on it. Then, it was covered with a slide cover and ready for examination and study. 

Using a graduated ocular lens scale, the models were examined under a compound 

microscope, Olympus type. (5-10) epidermal cells were measured, the dimensions of the 

radial wall and the tangential wall were studied, the shape of the normal epidermal cells, the 

dimensions of the guard cells, and the shape of the stomata complexes were studied, and the 

frequency was calculated. Stomata according to the equation: 

               Stomata frequency = number of stomata per mm2. According to Stace (1965), the 

terms given in Dilcher (1974) were used. 

2- Preparation of Transverse Sections: 

              The vertical sections of the species under study were studied based on the soft 

samples that facilitated they are obtaining from the field by immersing them in sodium 

hydroxide (NaOH) solution at a concentration of 1% for (24-48) hours, then rinsed with 

distilled water to remove the basic solution from them, and then fixed in FAA solution) for 

a period of ( 18-24 hours, and when used, they are rinsed with 70% alcohol, and the rest of 

the steps are passed, or the dry samples are boiled with water for (5) minutes, then transferred 

to 70% alcohol until used. The sections were prepared according to the following steps: 

1) Killing and Fixation: Soft parts of the leaf and flower heads were taken and cut into small 

pieces ranging in length from (2-5) mm, then transferred to small vials and placed in them 

approximately 20 milliliters of the formaldehyde acetic alcohol solution that was prepared. 

Prepare it according to the method of Johnson (Johnson, 1940) for a period ranging between 

(18-24) hours: 

Ethyl alcohol 50ml, Glacial acetic acid 5ml, Formaldehyde (37%-40%) 10ml, and Distal 

water 35ml 

2) Washing and Dehydration: The samples were washed twice with ethyl alcohol at a 

concentration of 70% to ensure that traces of the fixative were removed and kept in 70% 

alcohol.) two hours in each concentration, then placed in absolute ethyl alcohol for two hours 

to eliminate the remaining water in the preserved samples. 

3) Clearing and Infiltration: After the process of washing and priming, the liquefaction and 

impregnation process was carried out by passing the samples through a series of a mixture 

of absolute ethyl alcohol and xylene in volume ratios (1:3, 1:1, 3:1) and then with pure xylene 

for two hours each according to the SAS method. (Sass, 1958), then half of the xylene 

containing the samples was poured. An amount of liquid paraffin was added to the oven at a 

temperature of (55-60) C for one hour for the paraffin to replace the evaporated xylene. The 

paraffin was poured, and pure liquid paraffin was added instead. Inside the oven, samples 

were left in the oven for a period ranging between (4-5) days to remove traces of xylene. 

Paraffin was poured, and pure liquid paraffin was placed instead. The samples were left in 

the oven for two hours (I repeated this process 5-6 times) for the last time. I left for a whole 

night, Al-Mashhadani (Al-Mashhadani, 1992). 

4) Embedding and Mounting: Custom molds of appropriate sizes were prepared, and a 

quantity of hot molten wax was poured into them at a degree of (60-55) Om. The samples 

were transferred to square-shaped molds and placed in the desired direction. The samples 

were labeled and left cold for a full day to ensure their hardening. It was sufficient, then the 

wax molds were removed while preserving their identities, and thus they became ready for 

cutting. Then the wax molds were fixed on wooden pieces designated as carriers after they 

were trimmed using a blade for that purpose until the molds became parallel-rectangular to 
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be ready for cutting with a Rotary Microtome of Bright type and a thickness of (10). -15) 

Micrometer. After cutting, the strips containing the samples were placed in a water bath with 

a temperature ranging between (40-45) Om to flatten the strips. Then the strips were carried 

on clean glass slides previously coated with a thin smear of glycerin-albumin adhesive, and 

the slides were placed on a plate. It is heated at (40-45) o C for a period of (4-12) hours to 

fix the tapes on the slats and remove wrinkles. 

5) Dewaxing and Staining: According to Sass (1958), glass slides containing plant sections 

were passed through the following solutions: 

A- Xylene from (2-4) hours at 50 Om twice.b- Xylene to absolute alcohol 1:1 for five 

minutes. 

C- Descending series of ethyl alcohol 30%, 50%, 70%, 80%, 96% for 5 minutes each. 

D - Safranin dye 0.2% dissolved in ethyl alcohol at a concentration of 50% for a period of 

(2-24) hours. 

C- An ascending series of ethyl alcohol 90%, 80%, 70%, 50%, and 30% for 5 minutes for 

each concentration. 

h- Fast green dye at a concentration of 1% in absolute ethyl alcohol for (3-5) seconds. 

g- Absolute ethyl alcohol for (5) minutes. 

d- Xylene and Clove oil in a 1:1 volume ratio for (5) minutes.D- Xylene for (3) minutes 

twice. 

              After that, the slides were loaded with permanent mounting by placing a drop of 

adhesive (Canada balsam) on the sections, and the cover slide was placed gently, and the 

slides were transferred to a hot plate at a temperature of (40-45) C for a full day to be dried 

Jonson, (1940). The sections were then examined under an Olympus-type compound 

microscope and photographed with a camera installed on the compound microscope. 

 

      RESULTS AND DISCUSSION 

 

1. Effect of Jasmonic Acid and Seaweed on The Percentage of Oil Content: 

               The different treatments significantly affected the percentage of oil content, as the 

addition of seaweed was recorded at a concentration of 5 ml. L-1 had the highest percentage 

of 1.7, while this percentage decreased to 0.8 in the comparison treatment (Table 1). This 

may be attributed to the fact that marine algae are a rich source of protein and antioxidants, 

which reduces stress, increases plant efficiency in metabolic processes, and, thus, increases 

secondary metabolite compounds. And its ratio to the vegetable part (zielewiz, 2020). 

              While the remaining treatments gave different percentages, adding seaweed was 

recorded at a concentration of 10 ml. L-1 and jasmonic acid at a concentration of 0.5- and 

1.0-ml. L-1, a ratio of 1.2, and the use of seaweed at a concentration of 0.5 and jasmonic 

acid at a concentration of 10 ml. The liter-1 scored a ratio of 1.4. This may indicate that the 

studied trait was affected by jasmonic acid, which participates in the physiological and 

chemical processes associated with plant growth and development and helps the plant to 

adapt to various stresses (Raza, et al., 2020), also; jasmonic acid has a role in increasing the 

manufacture of carbohydrates and secondary compounds in the flowering parts. Thus, the 

percentage of oil increased (Al-Shofili, 2013). It is worth noting that the rest of the values 

ranged between the two extremes (0.9 and 1.5). 

 
Table (1) Effect of jasmonic acid and seaweed on the percentage of oil content 
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Table 2: Effect of jasmonic acid and seaweed on flavonoids of chemical compounds in clove leaves 

 
*Similar letters in one column mean that there are no significant differences between them at the 

level of 0.05 

 

 
Fig. 1: The chromatography curve of the active substances. 

 

1.1. Results of the Effect of Treatment with Jasmonic Acid and Seaweed on Theanines: 

                Table 3 shows a chapter on 5 tannin compounds (Gallic acid, PHIoroglucinol, 

Tannic acid, GaIIotannin, and pyrogallic acid). The comparison treatment was recorded with 

jasmonic acid at a concentration of 0.5 ml. L-1 gave the highest rate of gallic acid, amounting 

to 49.4281, while the lowest rate of gallic acid was recorded using marine algae at a 

concentration of 10 ml. L-1 and the concentration are 0.5 ml. L-1 of jasmonic acid was 

3.6099, while the values ranged between the two concentrations mentioned above. 
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                The percentage of PHoroglucinol increased in the comparison treatment as it gave 

75.8375, while the percentage decreased when the concentration was added 10 ml. L-1 of 

marine algae nested with 0.5 mL concentrate. L-1 of jasmonic acid reached the lowest 

percentage of 12.3858, and the rest of the percentages ranged between the values mentioned 

above. 

             The use of seaweed at a concentration of 10 ml. L-1 and jasmonic acid at a 

concentration of 1.0 ml. L-1 increased tannic acid and gall tannin, where the ratios reached 

46.0635 and 22.2159, respectively. In contrast, these ratios decreased to record the lowest 

level of tannic acid when using a concentration of 10 ml. L-1 of marine algae reached 

19.9500, and the lowest level of Gallootannin was recorded using marine algae at a 

concentration of 10 ml. L-1 and 0.5 ml. L-1 Jasmonic acid. PyrogaIIic acid's highest 

percentage was when the concentration was 1.0 ml. L-1 with the comparison treatment 0 

amounted to 46.6410, while this percentage decreased to 22.9290 when treated with seaweed 

at 10 ml. L-1 and a concentration of 0.5 mL. L-1 and the remaining values ranged between 

the limits mentioned above. 

                From the previous results, we note that the percentage of separated materials 

decreased to the lowest levels when using the concentration of 10 ml. L-1 of seaweed 

concentrate 0.5 mL. L-1 of jasmonic acid, except for Tannic acid, recorded a low level of 

22. 2797.The comparison treatment recorded the absence of GaIIotannin &PyrogaIIic acid 

compounds, while the comparison treatment recorded jasmonic acid at a concentration of 

0.5 ml. L-1 The absence of three compounds: Tannic acid, Gaotannin, and Pyrogallic acid, 

and the use of marine algae at a concentration of 5 ml was recorded. L-1 with a concentration 

of 0.5 mL. L-1 absence of gallic acid, and tannic acid, while the treatment with seaweed was 

recorded at a concentration of 10 ml. L-1 and concentration 0.5, 1.0 ml. L-1 of jasmonic acid 

and the presence of all identified compounds. Marine algae on theanines, as the highest rate 

of the gallic acid compound, was 49.4281 in treatment A0J1, while the lowest rate for the 

same substance was 3.6099 in treatment 1A2J. As for the effect of the treatments on the 

compound Phloroglucinol, the highest rate was 75.8375 in treatment 2A2J, while the lowest 

rate was when Treatment A2J1, which amounted to 12.3858, and the table showed the effect 

of the transactions on the rate of the tannic acid compound, whose highest value was 46.0635 

in treatment A2J2, and the lowest rate of the same compound was 19.9500 in treatment A2J0, 

while the highest rate of the compound was 22.2159 in treatment A2J2, while the lowest rate 

was in treatment A1J2 and reached 3.0950. Finally, regarding the effect of the treatments on 

the compound pyrogallic acid, the highest rate was 46.6410 in treatment A0J2, while the 

lowest rate for the same compound was 22.9290 in treatment A2J1. 
 

Table 3: The effect of jasmonic acid and seaweed on the theanines of the chemical compounds in 

the leaves of the clove plant. 

 
*Similar letters in one column mean that there are no significant differences between them at the 

level of 0.05 
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Fig. 2: The chromatogram of the active compounds. 

 

1.2. Discussing the Effect of Treatment with Jasmonic Acid and Seaweed on The 

Chemical Compounds of The Chinese Clove Plant: 

               From the above results, it was found that there is a significant effect when using 

jasmonic acid and seaweed on the rate of active chemical compounds within the clove plant, 

that jasmonic acid plays a key role in regulating the indoor plant and that its concentration 

is sufficient to perform the physiological role of the plant. It acts as an essential signal in the 

plant hormone network and interacts with auxins, gibberellins, salicylate, and 

brassinosteroids to regulate plant growth and disease resistance. Sharma et al. (2019) showed 

that seaweed extracts are biologically active substances used in agricultural and horticultural 

crops and have many beneficial effects in terms of improving the quantity and quality of 

production. The use of seaweed extracts as natural organic stimulants in sustainable 

agriculture has increased to avoid excessive fertilizer use and improve mineral uptake 

(Rouphael et al., 2018), as biostimulants can act directly on the plant and its physiological 

vitality or by improving soil conditions, i. Metabolic efficiency to induce increased yield, 

enhance crop quality, increase plant tolerance, facilitate nutrient uptake, enhance product 

quality traits including sugar content, color, fruit seed, etc., make water use more efficient 

and enhance soil fertility, especially by promoting the development of microorganisms In 

supplementary soils (Ayyat, & Abdel-Mola, 2020), and from those above, we conclude that 
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this may affect metabolites in general and secondary metabolites in particular, which 

affected the formation and increase of flavonoids and tannins. 

2. Anatomical Study: 

2.1. Surface View Of the Leaf Epidermis: 

                The results shown in Table (4) indicated a variation in anatomical characteristics 

about the vertical sections of the leaf blades and the middle vein. The upper surface reached 

5µm compared to the comparison treatment, which recorded 2µm, which did not differ 

significantly from the treatment A1J0 A2J1. In comparison, the treatments at the level of the 

lower surface gave the highest rate of 4µm recorded by the treatment A1J2, superior to the 

treatment of A0J0, which gave a rate of 1µm, which did not differ in the treatments A1J0 

A2J1, while recorded Transaction A0J1 µm3. 

              It can be seen that the treatment A1J2 gave the highest rate on the upper and lower 

surface levels and that the treatments A1J0 and A2J1 did not record a significant difference 

in comparison treatments. 

              The rate of epidermal thickness is important, as the results showed a significant 

difference between the treatments, as treatment A0J2 recorded the highest rate of the 

thickness of the upper epidermis, which amounted to 29µm compared to the comparison 

treatment, which recorded 24µm. In comparison, treatment A1J1 recorded an average of 

18µm, much lower than the comparison treatment. About the lower epidermis, A1J1 

recorded the lowest rate of 12 µm, which is similar to that recorded by the A2J0 treatment, 

which was lower than the comparison treatment, which recorded 16 µm for the thickness of 

the lower epidermis. 

              The treatments A1J1 and A0J1 did not achieve a significant difference from the 

comparison treatment, while the treatment A0J2 recorded 20 µm, outperforming all the 

studied treatments. The thickness of the mesophyll tissue of the leaf was greatly affected by 

the treatments applied in the study, where the treatment A0J2 gave the highest rate of 

thickness in the columnar and spongy layer of 44-81 µm. It was superior to the comparison 

treatment, which recorded 35-61 µm, respectively, for the columnar and spongy tissues. In 

comparison, the average thickness of the mesophyll tissue decreased as it reached 29 µm and 

50 µm for the columnar and spongy tissues, and the rates ranged between these values for 

the treatments. 

             The stimulatory effect of the stimulants in the current study was in line with previous 

studies on tomatoes treated with seaweed extracts, which indicated that the stimulatory effect 

of different concentrations among the tested plants resulted in a differential, crop-specific 

response in terms of plant morphological features (for example, leaf permeability and 

epidermal thickness) (Rouphael, & Colla, 2018). Also, a recent study by Di Mola et al. 

(2019) stated that plant biostimulants could be considered a sustainable production tool to 

increase the yield of leafy vegetables in low-fertility soils. 

             This may be explained by the fact that marine algae extracts contain biologically 

active molecules such as amino acids (tryptophan, glutamic, and aspartic acids), LDPH-

soluble peptides, polysaccharides, phenolic compounds, and phytohormones (abscisic acid, 

auxins, brasylinostrotin) (Colla et al., 2017) These former molecules present in seaweeds 

and biostimulants may have triggered the signal transduction pathway by eliciting the 

synthesis of endogenous plant hormones, thereby increasing cell growth and improving 

epidermis in the leaf (Bhattacharyya, et, al. 2015). 

              In a recent study involving the treatment of tomato and soybean plants with 

jasmonic acid extract, the result was that it caused significant changes in the formation and 

thickness of the epidermis and the density of stomata. It increased the relative content of 

phenolic compounds and cutin in the leaf epidermis of the plant cuticle (Li et al., 2018). 

             Some previous reports indicated that the dynamic responses of cuticular wax 

synthesis to unfavorable environmental conditions might also be mediated by other 
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phytohormones increasing total wax content along with structural changes in surface wax 

and potential effects on cuticular properties (Yeats & Rose, 2013), Hormonal treatments also 

led to changes in epidermal permeability. They increased aldehydes and ketones, in addition 

to transformations between wax components of varying polarities (Yuan, 2020). The study 

examined collenchyma tissue in the anterior mediastinum, and the plates showed that angular 

collenchyma tissue was found in treatments A0J0, A0J2, A1J1, and A2J1. At the same time, 

its presence was not observed in the rest of the treatments. This may be attributed to the 

effect of the treatments in protecting the plant from external stress and pathogens, thus 

increasing metabolic activities and photosynthesis, which led to the growth of cells and 

angular collenchyma tissue that gives flexibility to the places where it is present (Hu, et 

al.,2018).Regarding the number of vascular bundles in the cross-sectional section, it 

recorded the highest rate of 14 vascular bundles, while this rate decreased to 9 in treatments 

A1J2 and A2J0. In contrast, treatment A0J2 recorded a rate close to the comparison treatment 

A0J1, and A1J0 gave an average of 10 bundles. The reason for the variation in the significant 

effect of the extracts on the study samples may be due to the role of cytokinins in improving 

growth in general and encouraging the growth of lateral buds and vascular tissues (Wu & 

Lin, 2000). 

               As for the size of the vascular cylinder, it was found that the seaweed extract 

increased the size of the vascular cylinder as a result of an increase in the number and 

diameter of the vascular units, and this is attributed to the action of cytokinins in the extract 

that promote the division of parenchymal tissue cells within the conducting tissues. Also, the 

contents of the seaweed extract may stimulate the cambium. The formation of new vascular 

bundles increases stem diameter (Marhoon, & Abbas, 2015). 

 
Table (4): Quantitative characteristics of the cross-sections of leaf blades and midribs in some 

treatments belonging to the genus Dianthus, measured in micrometers. 

 
Average of five replications for each type studied (-) absence of the adjective, (+) presence of the 

adjective. 
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Fig. 3: Cross-sectional section of leaves of some species belonging to the genus Dianthus 

studied 10X. 
 

2.2. Variation in the dimensions of the stomata in the upper and lower epidermis of leaves in 

some treatments: 

              The results are shown in table 5 a significant difference in the dimensions of the stomata at 

the level of the upper surface, where the treatment A1J0 recorded (22 x 30), which was the highest 

compared to the comparison treatment, which gave an average of (21 x 25), and the dimensions 

decreased in the treatment A1J1 to record the lowest values It reached (21 x 16) and were similar 

about the average height in treatment A2J0, which achieved an average of (21 x 17). At the same 

time, it ranged between the rates mentioned in the treatments. 

               The changes can be explained by the fact that the plant hormones present in the used 

treatments can mediate in regulating stomata and controlling the dimensions of the stomata pores 

and their activity, the most important of which is the uptake of carbon dioxide for photosynthesis in 

mesophyll cells (Khokon, 2010). Guard cells respond to numerous environmental and endogenous 

signals and regulate ion channels and transporters of solutes in their membranes (Assmann, &Jegla, 

2016). The resulting changes in guard cell size and puffiness lead to the opening or closing of 

stomata, depending on light conditions, intracellular CO2 concentration, and humidity. Pathogen-

associated molecular patterns also trigger air, soil water availability, and stomata closure to prevent 

the invasion of pathogenic microorganisms in plants (Zamora et al., 2021). 
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Table 5: Variation in the dimensions of the stomata and the upper and lower epidermis of the leaves 

in some treatments belonging to the genus Dianthus, measured in micrometers. 

 
An average of five replications for each type of study (-) absence of the adjective, (+) presence of the adjective 

 
Fig. 4: Stomata and normal epidermal cells (lower surface) of some species of the genus 

Dianthus studied 10X. 
 

2.3. Variation In the Qualitative and Quantitative Characteristics and The Frequency 

of Stomata in Leaves of Some Treatments: 

              The study coefficients affected the number of stomata, as the treatment A0J2 gave 

the highest average stomata frequency, reaching 58 on the upper surface and 86 on the lower 

surface, superior to the comparison coefficient A0J0, which gave an average of 38 stomata 

frequency in the upper surface and 40 in the lower surface. 

             While the treatment A1J2 gave the lowest rate of stomata frequency in the leaf, 

which reached 29 on the upper surface and 36 on the lower surface, where it recorded the 
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lowest rate compared to the unit of comparison of these values. As for the ratio between the 

upper and lower surface, the comparison treatment recorded the highest ratio of 0.95, while 

the treatment A0J2 recorded a ratio of 0.67. 

             A recent study using foliar spraying of seaweed extract found that the plants 

significantly reduced the effects of drought stress on basil plants. Furthermore, reduce 

electrolyte leakage (Esmaielpour&Fatemi, 2020). 

             A recent study confirmed plant hormones' involvement in regulating plant growth 

and stomata movement. They described jasmonic acid (JA) as a natural growth regulator 

known for modifying plant morphological, physiological, and biochemical processes in 

response to drought, cold, and salt stress (Li et al., 2020). 

 

Table 6: Variation in the qualitative and quantitative characteristics and the frequency of 

stomata in the leaves in some treatments belonging to the genus Dianthus 

 
* The stomatal frequency was calculated on the basis of (mm2) and not on the basis of the microscope 

field only. 

 
Fig.5: Stomata and normal epidermal cells (upper surface) of some species of the genus Dianthus 

studied 40X. 
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2.4. Floral Buds: 

             Table (7) shows that the treatment A2J0 gave the highest rate of flower calyx 

thickness, which amounted to 76µm, superior to the rate of comparison treatment, which 

amounted to 35µm, which led to an increase in leaf thickness; As for the lowest rate, it was 

recorded by the A2J2 treatment, which reached 30 µm, which may indicate that increasing 

the number of treatments led to a decrease in the growth rate and cell expansion (Cokrowati, 

et al., 2022). As for the average thickness of the petal leaf, treatment A2J0 gave the highest 

rate of 79µm, and it succeeded in the average thickness of the calyx in the petal leaf 

compared to the control treatment. 

             The lowest rate was in treatment A2J2 and reached 45µm; the rest of the treatments 

ranged between these two values. From the current results, we note that the mean of the 

thickness of the flower cup and the mean of the thickness of the petal leaf in treatment A0J2, 

which gave 85 and 55 µm, respectively, and in treatment A1J1, which had a rate of 66, 61 

µm.The average diameter of the ovary recorded a rise, as it reached the highest average 

diameter in the A1J0 treatments and reached 140µm, outperforming the comparison 

treatment that gave 123µm in A0J1. In contrast, the lowest average was recorded at 101. The 

values ranged between the mentioned rates. (Kularathne, et al., 2021) conducted a study on 

ornamental plants by adding extracts that confirmed that they have positive effects, as they 

improve flower size, shape, length, chlorophyll, and fresh flower weight because they 

contain cytokines and auxins. 

 

Table 7: Quantitative characteristics of the cross-sections of unopened floral buds in some 

treatments belonging to the genus Dianthus measured. 

 
Average of five replications for each type studied. Unripe, unopened flower buds were used. 

 

Conclusions: 

                  There is a significant positive effect when using seaweed extracts and jasmonic 

acid on the growth of the Chinese carnation Dianthus chinensis. The effect was significant 

on vegetative growth and some flowering traits as the concentration exceeded 10 ml. L-1 of 

seaweed extract significantly affected the traits: number of leaves, fresh and dry weight, 

number and length of internodes, and chlorophyll. At the same time, the addition of jasmonic 

concentration was 5 ml. L-1 in the description of plant height and number of branches. The 

overlap of the two concentrations was 1.0- and 10 ml. L-1 of jasmonic acid and seaweed had 

a significant effect on most of the vegetative growth traits. The treatment was recorded as 

1.0 ml. L-1 of jasmonic acid significantly affected flower growth characteristics, flower bud 

length and width, number of flowers, and fresh and dry weight of the flower. The treatment 

with a concentration of 5 ml.L-1 seaweed recorded the highest percentage of oil. The 

treatment was also recorded with two concentrations, 1.0- and 10 ml. L-1 of seaweed and 

jasmonic showed the presence of all chemical compounds, which differed significantly from 

the control treatment, which did not record the presence of most chemical compounds. The 
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treatments also recorded an effect on the anatomical characteristics, as the dimensions of the 

stomata differed in the upper epidermis from the lower leaves, in addition to the variation in 

the qualitative and quantitative characteristics and the frequency of stomata. 
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