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Abstract. The experiment was conducted in one of the fields of the College of Agriculture, 

University of Basrah, Iraq. The experiment aimed to study the effect of foliar application 

seaweed extract (algazon) at concentrations of (0, 3, 6) ml.L‾¹ and high phosphorus fertilizer 

(prosol) 10-52-10 at the concentrations of (0, 0.3, 0.6) g.L‾¹ on the chemical components of 

fennel leaves and fruits. A randomized complete block design was used in the factorial 

experiment with three replicates. The results were statistically analyzed using analysis of 

variance and the mean values were compared using the least significant difference test (LSD) 

at a probability level of 5%. The most important results obtained showed that plants sprayed 

with seaweed extract at concentrations of 3 and 6 ml.L‾¹ significantly outperformed the leaf 

content of total chlorophylls, carotene, protein, nitrogen and phosphorus, the refractive index 

of volatile oil, the density and specific weight of volatile oil, while the concentration of 3 

ml.L‾¹ significantly increased the leaf content of potassium and the percentage of volatile oil in 

the fruits. Plants sprayed with high-phosphorus fertilizer at concentrations of 0.3 and 0.6 g.L‾¹ 

significantly outperformed the leaf content of carotene, protein, nitrogen, phosphorus, the 

percentage of volatile oil, density and specific weight of volatile oil in the fruits. The 

interaction between seaweed extract and high-phosphorus fertilizer had a significant effect on 

most of the studied characteristics. GC-MS chromatographic analysis showed the most 

important chemical components of the oil, as 49 compounds were identified; and the dominant 

compound were 6-Octadecenoic acid, (Z)-cis-vaccenic, at a rate of 30.32%. Foliar application 

of 3 ml•L⁻¹ seaweed extract combined with 0.3 g•L⁻¹ phosphorus fertilizer improved fennel 

quality and oil yield. 

Keywords. Foeniculum vulgare, Seaweed extract, High phosphorus fertilizer, Chemical 

composition. 

1. Introduction  
 Fennel (Foeniculum vulgare Mill) is a biennial or perennial herb of the Apiaceae family, commonly 

cultivated as a winter crop in temperate and subtropical regions. It is one of the four important spice 

plants grown in temperate and subtropical regions of the world for the use of aromatic fruits as 

flavorings and in the pharmaceutical industry [1] because of its high content of nutrients, vitamins and 

https://creativecommons.org/licenses/by/4.0/
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essential oils which are rich in active compounds such as Anethol, Limonene, Camphene, Estrogole, 

and Fenchone [2]. Therefore, it is used for several medical purposes, including an appetite stimulant, 

diuretic, carminative, antioxidant, antimicrobial, lactation stimulant, treatment of nervous disorders 

and diarrhea as an anti-inflammatory agent for urinary tract infections, intestinal and renal spasms, and 

as a stimulant for anti-cancer diseases [3-5]. 

There are several applications of medicinal plants in stimulating the production of more bioactive 

compounds [6, 7]. The bioactive ingredients in fennel plants can be increased by using seaweed 

extracts in foliar application to increase and strengthen vegetative and root growth and increase the 

efficiency of the photosynthesis process because they contain many major and minor nutrients in 

addition to plant hormones [8].  

Mostafa [9] sprayed the fennel plant grown under salt stress with seaweed extract at concentrations of 

(0, 1.5, 3, 4.5) ml.L‾¹, and obtained that the concentrations of 3 and 4.5 ml.L‾¹ caused a significant 

increase in the percentage of volatile oil and potassium. Eisa [10] noted that when fennel plants were 

sprayed with seaweed extract at a concentration of 2 g.L‾¹, there was a significant increase in the leaf 

content of total chlorophyll, nitrogen, phosphorus, potassium, and the percentage of volatile oil in the 

fruits compared to untreated plants. 

The use of phosphate fertilizers is important for increasing the active substances in plants because of 

their role in increasing the construction and accumulation of carbohydrates [11] as a result of their 

participation in energy transfer reactions and the formation of ATP, which is used in fixing CO2 gas in 

the photosynthesis process and then building oils and essential organic compounds [12].  

Khalid [13] observed a significant increase in the percentage of essential oil, crude protein, nitrogen, 

and phosphorus when fennel plants were sprayed with NP fertilizer at a concentration of 1 g.L‾¹. 

Due to the lack of previous studies on the use of seaweed extract and high phosphorus fertilizer to 

improve the growth and chemical components of fennel leaves and fruits in the southern regions of 

Iraq, the present study was conducted. 

2. Materials and Methods 
The experiment was carried out in one of the fields of the College of Agriculture, University of 

Basrah, Iraq, with the aim of studying the effect of foliar application with seaweed extract "algazon" 

and high phosphorus fertilizer "prosol" on the chemical components of fennel plants. The experiment 

included 9 factorial treatments consisting of the interaction between three concentrations of seaweed 

extract (0, 3, 6) ml.L‾¹ and three concentrations of high phosphorus fertilizer "10-52-10" (0, 0.3, 0.6) 

g.L‾¹ with three replicates, so that the number of experimental units became 27 units implemented as a 

factorial experiment according to randomized complete block design. The data obtained were 

statistically analyzed using analysis of variance, and the mean values were compared using the least 

significant difference test (LSD) at a probability level of 5% [14].  

Table 1. Physical and chemical properties of field soil. 

Value Parameters 

7.3 pH 

7.1 E.C 

1.84 O.M(gm.kg) 

331.2 CEC(centimole.kg‾¹) 

14.20 Calcium (mmol.l‾¹) 

11.60 Magnesium (mmol. l‾¹) 

0.25 Total nitrogen (g.kg-1) 

0.38 Ready phosphorus (mmol. l‾¹) 

1.57 Ready potassium (mmol. l‾¹) 

gm. kg‾¹ Soil separators 

68.3 sand 

396.3 silt 

535.4 clay 

Silty clay soil texture 
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 The seeds were planted at a distance of 25 cm between each hole, and all agricultural service 

operations to produce the crop were carried out. Table 2 lists the chemical components of the seaweed 

extract. 

Table 2 . Some chemical components of the seaweed extract "algazon". 

Value Parameters 

7.8 N 

3.9% P 

13.0% K 

0.4% Mo 

% 0.5  Zn 

 %0.1  Fe 

32.0 ppm Mg 

31.0 ppm Mn 

12.6 ppm Cu 

6.0% Organic matter 

16-12 % Carbohydrate and Vitamins 

32-28 % Auxins, Cytokinins and Gibberins 

 

The percentage of volatile oil was extracted from the dry-ground material using the volatile organic 

solvent extraction method described by Guenther [15]. The specific weights, densities, and refractive 

indices of the essential oil were estimated. Total chlorophyll and carotene content in the leaves was 

determined according to the Zaehringer method described by Goodwin [16]. Nitrogen content was 

estimated according to the method described by Page et al. [17]. The percentage of phosphorus was 

estimated after adjusting the acidity of the mixture according to the method described by Murphy and 

Riley [18]. The percentage of potassium was estimated using a flame photometer (JEN WAY PEP 73) 

and the results were expressed according to a standard curve in which potassium chloride was used. 

The percentage of protein in the leaves was estimated by the Microkieldhal method according to 

A.O.A.C. [19], and the total nitrogen was calculated by multiplying the percentage of nitrogen by 

6.25.  

The quantitative and qualitative components of the oil were analyzed by gas chromatography using a 

Shimadzu GC–MS–QP2010 Ultra mass spectrometer. Dilute with 1 ml of Hexane, after preparing the 

methyl ester of the sample fats, 0.1 µl of the resulting solution was injected into the GC-MS [20]. 

Oven  

Injection temperature 250.0 °C  

Detector interface temperature 250.0 °C  

Initial temperature 50.0 °C 

Final temperature 250.0 °C 

Column 

Column length 30 m 

Column diameter 0.25 mm 

Carrier gas Helium  

Carrier gas pressure 90.0 kPa 

Column flow 1.53 ml/min. 

Linear velocity 44.8 cm / sec. 

Spilt ratio 46.9 

Total flow 79.2 ml/min. 

GC Program Mass Spectrometer  

M/Z range 0.50 to600.0 amu 

Scan interval 0.50 sec  

Threshold 0 

Scan speed 2000 amu/sec 

Solvent cut time 4.0 min 

Detector gain 0.84 kv + 0.40 kv  



NCENR-2025
IOP Conf. Series: Earth and Environmental Science 1567 (2025) 012062

IOP Publishing
doi:10.1088/1755-1315/1567/1/012062

4

 

 

 

 

 

 

3. Results and Discussion 
Table 3 shows that foliar application with seaweed extract at concentrations of 3 and 6 ml.L‾¹ caused a 

significant increase in the leaf content of total chlorophyll by 37.8 rate of 25.22% compared to the 

control treatment. Both concentrations differed significantly in the leaf content of carotene (Table 4) 

and protein (Table 5), with an increase rate of (23.90, 50.14) % (5.36, and 11.21) %, respectively, 

compared to the control treatment. The effect increased significantly with increasing the concentration 

of the seaweed extract It also appeared from the Table 3 that foliar application with high phosphorus 

fertilizer had a significant effect on the leaf content of total chlorophyll, as both concentrations of 0.3 

and 0.6 g. L‾¹ caused a significant decrease compared to the control treatment by a decrease rate of 

(5.73, 6.36) %, respectively, while both concentrations caused a significant increase in the content of 

carotene (Table 4) and protein (Table 5) in the leaves with an increase rate of (30.44, 52.53) % and 

(9.52, 8.54) %, respectively, compared to the control treatment. The interaction between the two 

factors showed a significant effect on all the traits under study, as the plants sprayed with the seaweed 

extract at a concentration of 3 ml.l‾¹ and with high phosphorus fertilizer at a concentration of 0.6 g.L‾¹ 

gave the highest leaf content of total chlorophyll, reaching 21.683 mg.100 g ‾¹ fresh weight and 

carotene, reaching 0.0781 mg.100 g ‾¹ fresh weight, while the plants sprayed with the extract at a 

concentration of 6 ml.L‾¹ and high phosphorus 0.6 g.L‾¹ gave the highest protein percentage, reaching 

28.43%. The lowest values appeared in the treatment of high phosphorus at a concentration of 0.6 

g.L‾¹ and 0 ml.L‾¹ seaweed extract, reaching 12.873 mg.100 g‾¹ fresh weight for total chlorophyll 

concentration. Plants sprayed with high phosphorus fertilizer gave the lowest value of carotene 

concentration, reaching 0.0228 mg.100 g ‾¹ fresh weight. The lowest percentage of protein (21.33%) 

was observed in the control plants.  

 The significant superiority of foliar application with seaweed extract for the studied characteristics 

may be due to the extract content of many nutrients (Table 2), including nitrogen, which is important 

in building chlorophyll pigments because of its participation in the composition of porphyrin structure, 

in which four pyrrole rings are united by their nitrogen atoms to magnesium (Singh, 2003). In addition 

to the role of Nitrogen is also involved in the composition of amino acids and proteins. The iron 

content of seaweed extract (Table 2) has an essential effect on activating oxidation and reduction 

enzymes in the electron transfer chain in the respiration process, in the addition to its role in 

chlorophyll synthesis [21]. These results are consistent with those obtained in previous studies [9-10, 

22].  

The significant increase in the content of carotene and protein in the leaves when sprayed with high-

phosphorus fertilizer may be due to the increased effectiveness of phosphorus in the vital processes 

that occur inside the plant, which is positively reflected in the quantity of manufactured nutrients 

needed to build plant tissues [23]. This result was consistent with that reported by El-Labane et al. 

[24]. 

Table 3.The effect of foliar application with seaweed extract and high phosphorus fertilizer and the 

interaction between them on the leaf content of total chlorophyll mg.100 g‾¹. 

Seaweed extract (ml.L‾¹ ) 
 Phosphorus (ml.L‾¹ ) 

Means of seaweed extract 
 0 0.3 0.6  

0 
 18.49 13.83 12.87  15.06 

3 

 19.82 20.78 21.68  20.76 

      

      

6 

 

Means of phosphorus 

 

18.68 

 

19.00 

19.11 

 

17.91 

18.81 

 

17.78 

 

 

18.87 

 

 

RLSD 0.05 

seaweed extract 

0.16 

 

 

Phosphorus 

0.16 

 

Interaction 

0.29 
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Table 4. The effect of foliar application with seaweed extract and high phosphorus fertilizer and the 

interaction between them on the leaf content of carotene mg.100 g‾¹. 

Seaweed extract (ml.L‾¹ ) 
 Phosphorus (ml.L‾¹ ) 

Means of seaweed extract 
 0 0.3 0.6  

0 
 0.024 0.051 0.027  0.034 

3 

 0.022 0.026 0.078  0.042 

      

      

6 

 

Means of phosphorus 

 

0.052 

 

0.033 

0.053 

 

0.043 

0.048 

 

0.051 

 

 

0.051 

 

 

RLSD 0.05 

seaweed extract 

0.006 

 

 

Phosphorus 

0.006 

 

Interaction 

0.010 

   

 

Table 5. The effect of foliar application with seaweed extract and high phosphorus fertilizer and the 

interaction between them on the leaf content of protein %. 

Seaweed extract (ml.L‾¹ ) 
 Phosphorus (ml.L‾¹ ) 

Means of seaweed extract 
 0 0.3 0.6  

0 
 21.33 26.95 26.08  24.79 

3 

 26.08 26.44 25.85  26.12 

      

      

6 

 

Means of phosphorus 

 

26.62 

 

24.68 

27.71 

 

27.03 

28.83 

 

2.79 

 

 

27.57 

 

 

RLSD 0.05 

seaweed extract 

1.20 

 

 

Phosphorus 

1.20 

 

Interaction 

2.08 

   

 

Tables (6,7,8) showed that foliar application with seaweed extract caused a significant increase in the 

content of leaves of nitrogen, phosphorus and potassium elements, as the concentrations of 3 and 6 

ml.L‾¹ gave a significant increase compared to the control treatment by a percentage of (5.55, 11.36) 

% and (27.72, 40.47) % for nitrogen and phosphorus, respectively. The effect increased significantly 

with increasing spray concentration, while the concentration of 6 ml.L‾¹ caused a significant increase 

in the concentration of potassium compared to the control treatment by a percentage of 13.86%, and 

the concentration of 3 ml.L‾¹ did not differ significantly from them. Both concentrations of high 

phosphorus fertilizer caused a significant increase in the concentrations of nitrogen and phosphorus by 

an increase in percentage of (9.64% and 8.62%), and (7.90% and 13.17%), respectively, while the high 

phosphorus fertilizer did not affect the percentage of potassium in the leaves. The interaction between 

the two factors had a significant effect on the concentrations of nitrogen and phosphorus only, as the 

plants sprayed with the extract at a concentration of 6 ml.L‾¹ and high phosphorus at a concentration of 

0.6 g.L‾¹ gave the highest percentage of both elements, reaching (4.55, 1.081) %, respectively, while 

the untreated plants with both fertilizers gave the lowest percentage of both elements, reaching (3.41, 

0.708) %, respectively. The superiority of the plants sprayed with the seaweed extract in nitrogen, 

phosphorus and potassium may be attributed to the extract containing these elements (Table 2), which 

led to an increase in their concentration in the leaves, as well as to their role in increasing the strength 

of root system growth, which increased the absorption of nutrients and their accumulation in the leaves 

[10, 24]. The superior effect in plants sprayed with high phosphorus fertilizer in the concentrations of 

nitrogen and phosphorus may be due to the fertilizer containing both elements and then absorbing 
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them efficiently by the leaves, as well as its role in increasing the plant’s efficiency in absorbing water 

and nutrients and transporting them to all parts of the plant. These results are consistent with those 

obtained by Khalid [13].  

Table 6. The effect of foliar application with seaweed extract and high phosphorus fertilizer and the 

interaction between them on the leaf content of nitrogen %. 

Seaweed extract (ml.L‾¹ ) 
 Phosphorus (ml.L‾¹ ) 

Means of seaweed extract 
 0 0.3 0.6  

0 
 

3.41 

 
4.13 4.17  3.96 

3 

 4.17 4.23 4.13  4.18 

      

      

6 

 

Means of phosphorus 

 

4.26 

 

3.94 

4.43 

 

4.32 

4.55 

 

4.28 

 

 

4.41 

 

 

RLSD 0.05 

seaweed extract 

0.19 

 

 

Phosphorus 

0.19 

 

Interaction 

0.33 

   

Table 7. The effect of foliar application with seaweed extract and high phosphorus fertilizer and the 

interaction between them on the leaf content of phosphorus %. 

Seaweed extract (ml.L‾¹ ) 
 Phosphorus (ml.L‾¹ ) 

Means of seaweed extract 
 0 0.3 0.6  

0 
 

0.708 

 
0.753 0.823  0.761 

3 

 0.850 1.000 1.059  0.972 

      

      

6 

 

Means of phosphorus 

 

1.060 

 

0.873 

1.067 

 

0.942 

1.081 

 

0.988 

 

 

1.069 

 

 

RLSD 0.05 

seaweed extract 

0.034 

 

 

Phosphorus 

0.034 

 

Interaction 

0.059 

   

Table 8. The effect of foliar application with seaweed extract and high phosphorus fertilizer and the 

interaction between them on the leaf content of potassium %. 

Seaweed extract (ml.L‾¹ ) 
 Phosphorus (ml.L‾¹ ) 

Means of seaweed extract 
 0 0.3 0.6  

0 
 

1.23 

 
1.38 1.50  1.37 

3 

 1.44 1.35 1.53  1.44 

      

      

6 

 

Means of phosphorus 

 

1.65 

 

1.44 

1.43 

 

1.39 

1.62 

 

1.55 

 

 

1.56 

 

 

RLSD 0.05 

seaweed extract 

0.15 

 

 

Phosphorus 

NS 

 

Interaction 

NS 
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Table 9 showed that the concentration of foliar application with 6 ml.L‾¹ seaweed extract caused a 

significant increase in the percentage of volatile oil in the fruits compared to the control treatment and 

the concentration 3 ml.L‾¹, by a percentage of (17.82, 13.79) %, respectively, while foliar application 

with both concentrations 6 and 3 ml.l‾¹ led to a significant increase in the physical properties of the oil 

represented by the refractive index, specific gravity and oil density by a percentage of (0.08, 0.11) %, 

(23.48, 26.04) % and (19.80, 28.96) %, respectively, compared to the control treatment (Tables 10,11, 

and 12). Foliar application with high phosphorus fertilizer also led to a significant increase in all 

properties under study except for the refractive index, as both concentrations 0.3 and 0.6 g.L‾¹ caused 

a significant increase in the percentage of volatile oil by a percentage of (17.03, 19.70)% and specific 

gravity by (11.32% and 7.63%), respectively. The oil density was (9.56% and 14.45%), respectively, 

compared to the control treatment.  

It appears from the same tables that the interaction between the two studied factors had a significant 

effect on the refractive index and oil density only, as the plants sprayed with the extract at a 

concentration of 6 ml.L‾¹ and high phosphorus at a concentration of 0.6 g.L‾¹ gave the highest 

refractive index of 1.3629, while the plants sprayed with the extract at a concentration of 6 ml.L‾¹ and 

high phosphorus at a concentration of 0.3 g.L‾¹ gave the highest oil density of 0.8317 mg.µl‾¹, while 

the control plants gave the lowest values of refractive index and oil density (1.3593, 0.5453 mg.µl‾¹) 

respectively. 

The significant increase in foliar application seaweed extract may be due to the role of the extract in 

increasing the efficiency of the photosynthesis process, which is positively reflected in increasing the 

yield and active components, including volatile oil and its physical properties, owing to the seaweed 

extract content of major and minor nutrients and plant hormones [25, 26]. These results are consistent 

with those obtained by Mostafa et al. [9], Eisa et al. [10], and El-Labane et al. [24]. The significant 

increase when foliar application high-phosphorus fertilizer may be due to the role of the phosphorus in 

entering the composition of lipid compounds directly or as cofactors in their manufacture, as well as 

by increasing the construction and accumulation of carbohydrates and then increasing the production 

of secondary compounds, including volatile oils [11], which is consistent with the results obtained by 

Khalid [13] and Abdelkader et al. [27]. 

 

Table 9. The effect of foliar application with seaweed extract and high phosphorus fertilizer and the 

interaction between them on the fruit volatile oil content %. 

Seaweed extract (ml.L‾¹ ) 
 Phosphorus (ml.L‾¹ ) 

Means of seaweed extract 
 0 0.3 0.6  

0 
 

0.616 

 

0.630 

 

0.778 

 
 

0.707 

 

3 

 0.751 
0.763 

 

0.856 

 
 

0.732 

 

      

      

6 

 

Means of phosphorus 

 

 

0.755 

0.675 

 

 

 

 

0.804 

0.790 

 

 

0.865 

 

0.808 

 

0.833 

 

 

 

RLSD 0.05 

seaweed extract 

0.063 

 

 

Phosphorus 

0.063 

 

Interaction 

NS 
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Table 10. The effect of foliar application with seaweed extract and high phosphorus fertilizer and the 

interaction between them on the leaf content of refractive index.  

Seaweed extract (ml.L‾¹ ) 
 Phosphorus (ml.L‾¹ ) 

Means of seaweed extract 
 0 0.3 0.6  

0 
 1.3593 

1.3613 

 

1.3620 

 
 

1.3609 

 

3 

 1.3623 
1.3620 

 

1.3615 

 
 

1.3620 

 

      

      

6 

 

Means of phosphorus 

RLSD 0.05 

seaweed extract 

0.0008 

 

1.3623 

1.3614 

Phosphorus 

NS 

 

1.3622 

1.3618 

Interaction 

0.0014 

1.3629 

 

1.3621 

 

1.3624 

 

 

 

 

Table 11. The effect of foliar application with seaweed extract and high phosphorus fertilizer and the 

interaction between them on the leaf content of specific gravity. 

Seaweed extract (ml.L‾¹ ) 
 Phosphorus (ml.L‾¹ ) 

Means of seaweed extract 
 0 0.3 0.6  

0 
 

0.6860 

 

0.5860 

 

0.6482 

 
 

0.6384 

 

3 

 
0.8337 

 

0.8337 

 

 

0.7747 

 
 

0.7877 

 

 

      

      

6 

 

Means of phosphorus 

 

 

 

0.8160 

0.6994 

 

 

0.8160 

0.7786 

 

 

0.8350 

 

0.7528 

 

0.8047 

 

 

 

 

 

 

RLSD 0.05 

seaweed extract 

0.034 

 

 

Phosphorus 

0.034 

 

Interaction 

NS 

   

 

Table 12. The effect of foliar application with seaweed extract and high phosphorus fertilizer and the 

interaction between them on the leaf content of oil density mg.µl‾¹. 

Seaweed extract (ml.L‾¹ ) 
 Phosphorus (ml.L‾¹ ) 

Means of seaweed extract 
 0 0.3 0.6  

0 
 

0.5453 

 

 

0.6350 

 

0.7053 

 
 

0.6286 

 

3 

 0.6887 0.7573 
0.8133 

 
 

0.7531 

 

      

      

6 

 
 

0.7957 

0.6766 

0.8317 

0.7413 

0.8047 

 
 

0.8107 
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Seaweed extract (ml.L‾¹ ) 
 Phosphorus (ml.L‾¹ ) 

Means of seaweed extract 
 0 0.3 0.6  

Means of phosphorus 

 

RLSD 0.05 

seaweed extract 

0.0277 

 

Phosphorus 

0.0277 

 

Interaction 

0.0481 

0.7744 

 

 

 

 

 

Table 13 shows the quantitative and qualitative components of the volatile oil obtained through gas 

chromatography. Forty-nine compounds were identified in the fennel seed oil. The predominant 

compound were 6-Octadecenoic acid, (Z)-(cis-vaccenic acid) (30.32%), hexadecanoic acid (palmitic 

acid) (22.81%), estragole (14.78%), linoleic acid (7.53%), beta- camphor (5.35%), arachidic acid 

(1.76%), geranylgeraniol (1.42%), 6-Aminocaproic acid (1.35%), D-limonene (1.13%), alpha –pinene 

(0.36%), and the rest of the other compounds constituted less than 1%.  

Table 13. Components identified in fennel seed oil. 

No. RT MW Name of the compound 
Peak 

Area % 

1 4.102 407 4-Fluoro-1-ribofuranosylimidazole-5-carboxamide 0.68 

2 4.159 418 alpha -Pinene 0.36 

3 4.459 397 Estradiol 17-benzoate-3-p-phenylazobenzoate 0.52 

4 6.087 397 D-Limonene 1.13 

5 6.258 387 1,3,6-Octatriene, 3,7-dimethyl 0.14 

6 7.188 412 beta.- Camphor 1.76 

7 9.124 441 5-Methoxyindane 0.56 

8 10.522 423 Estragole 14.78 

9 13.960 363 Phthalic acid, cyclobutyl ethyl ester 0.77 

10 14.033 424 Diethyl Phthalate 0.29 

11 14.847 379 l-Alanine, n-pentafluoropropionyl-, octadecyl ester 0.32 

12 14.906 369 

2H-3,9a-Methano-1-benzoxepin-4,5,6,7,9,10-hexol, 5a-

[(acetyloxy)methyl]octahydro-2,2,9-trimethyl-, 4,6,7,10-tetraacetate-5-

benzoate, [3R 

0.29 

13 14.976 360 4-Hydroxy-3-valeramido-2(1H)-quinolinone 0.42 

14 15.000 349 
1,3,5-Triazine, 2,4-bis(2,2,2-trifluoro-1-trifluoromethylethoxy)-6-(2-

methylphenylamino)- 
0.56 

15 15.065 437 Phthalic acid, ethyl isoporpyl ester 0.68 

16 28.134 489 Hexadecanoic acid ( Palmitic acid) 22.81 

17 30.590 368 n-Nonadecanol 0.69 

18 30.667 447 Z,Z-3,13-Octadecedien-1-ol 0.26 

19 30.817 430 8-Octadecenoic acid, methyl ester 0.29 

20 31.497 443 Linoleic acid 7.53 

21 31.615 524 6-Octadecenoic acid, (Z)-( cis-Vaccenic acid) 30.32 

22 32.041 480 Arachidic acid 5.35 

23 32.041 376 Methacrylic acid, heptadecyl ester 0.31 

24 33.326 434 beta.-Phenylpropionic acid, 0.41 

25 35.467 382 l-Alanine, N-(heptafluorobutyryl)-, octadecyl ester 0.22 

26 38.655 361 Morphinan-6-one, 4,5-epoxy-N-methyl-2-[4-trifluoromethylphenoxy 0.17 

27 38.713 384 
Lanostane-7,11-dione, 3,18-bis(acetyloxy)-, cyclic 7-(1,2-ethanediyl 

mercaptole), (3.beta.,20.xi.)- 
0.28 

28 38.761 402 Cholesteryl 3-cyclohexylbutyrate 0.27 

29 38.793 384 1H-Pyrazole-1-acetamide, 4-iodo-N-(phenylmethyl)- 0.37 

30 38.873 369 Silane, [[(3.alpha.,5.beta.,17.beta.)-androstane-3,17-diyl]bis( 0.51 

31 38.980 360 6-Aminocaproic acid, N-allyloxycarbonyl-, heptadecyl ester 1.35 

32 39.152 380 Chloromethyl 5-chloroundecanoate 0.26 

33 
39. 

273 
414 

1-Naphthalenepentanol, decahydro-5-(hydroxymethyl)-5,8a-dimethyl-

.gamma.,2-bis(methylene 
0.52 

34 39.300 382 9-Octadecenoic acid (Z)-, 0.15 

35 39.353 371 l-Leucine, n-heptafluorobutyryl-, octadecyl ester 0.28 
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No. RT MW Name of the compound 
Peak 

Area % 

36 39.407 387 
8,14-Seco-3,19-epoxyandrostane-8,14-dione, 17-acetoxy-3.beta.-

methoxy-4,4-dimethyl 
0.27 

37 39.441 383 
Glycine, N-[(3.alpha.,5.beta.,7.alpha.,12.alpha.)-24-oxo-3,7,12-

tris[(trimethylsilyl)oxy]cholan-24-yl]-, methyl ester 
0.16 

38 39.485 379 Tungsten, tris[(O,1,2,3-.eta.)-1-phenyl-2-propen-1-one]- 0.32 

39 39.496 392 
 

Fumaric acid, 2-methylpentyl tetradecyl ester 
0.22 

40 39.527 381 
 

Glycine, N-(2-fluorobenzoyl)-, hexadecyl ester 
0.11 

41 39.553 396 erythro-9,10-Dibromopentacosane 0.30 

42 39.596 396 19-Octacosenoic acid, pyrrolidide 0.11 

43 39.653 448 

 

(4E,8E,12E)-4,9,13,17-Tetramethyl-4,8,12,16-octadecatetraenal( 

Geranylgeraniol) 

1.42 

44 40.382 370 Furane-2-carboxamide, N-(3-nitrodibenzo[b,f]oxepin-1yl)- 0.34 

45 40.800 375 Cholesteryl 3-cyclohexylbutyrate 0.16 

46 40.920 366 Silane, dimethyl(pentafluorobenzyloxy)docosyloxy- 0.37 

47 41.013 366 Silane, dimethyl(pentafluorobenzyloxy)docosyloxy- 0.12 

48 41.112 396 
2-Methoxy-4-[2,2,3,3,3-pentafluoro-1,1-bis(trifluoromethyl)propyl]-6-

[2,2, -2-trifluoro-1,1-bis(trifluoromethyl)ethyl]-1,3,5-triazine 
0.39 

49 41.147 402 
2-Phenanthrenol, 1,2,3,4,4a,4b,5,6,8a,9,10,10a-dodecahydro-4a,7-

dimethyl-8-[3-cyano-3-(trimethylsilyloxy)propyl]-, acetate 
0.11 

 

Conclusion 

Studied factors represented by the foliar application with seaweed extract and high phosphorus 

fertilizer had a significant impact on studied properties of fennel plants, so that to improve the growth, 

the chemical components and the active ingredients of leaves and fruits of fennel grown under the 

conditions of the southern regions of Iraq, it is useful to be sprayed with seaweed extract at a 

concentration of 6 ml.L‾¹, and with high phosphorus fertilizer at a concentration of 0.6 g.L‾¹. 

 

References 
[1] Raj H and Thakral KK. 2008. Effect of chemical fertilization on growth, Yield and quality of Fennel 

(Foeniculum vulgare Mill.) , Journal of Spices and Aromatic Crops, 17(2):134-139. 

https://updatepublishing.com/journal/index.php/josac/article/view/4906  

[2] Gross M, Freidman J, Dudai N, Larkov O, Cohen Y and Bar E. 2002. Bio- Synthesis of estragole and t-

Anethole in bitter Fennel (Foeniculum vulgare Mill.) chemotypes changes in SA M, phenylpropene O-

methyl tranferase activities during development. Plant Science Journal,163(5):1047-1053. 

https://doi.org/10.1016/S0168-9452(02)00279-0  

[3] Foster S. 2001. Fennel (Foeniculum vulgare Mill.). Retrieved from www.heath 

well.com/healthots/herb/fennel. 

[4] Singh G, Maurya S, de Lampasona MP and Catalan C 2006. Chemical Constituents anti-fungel and 

antioxidative potential of (Foeniculum vulgare Mill.), volatile oil and its acetone extract. Food Control, 

17: 745-752. http://sites.esa.ipb.pt/pdf/RefPlants_12.pdf  

[5] Anand P, Kunnumakara A, Sundaram C, Tharaken S, Lai O, Syng B and Aggrwal B. 2008. Cancer is a 

Preventable Disease that Requires Major Lifestyle Changes. Journal of Pharmacy Research, 

25(9):2097–2116. https://doi.org/10.1007/s11095-008-9661-9  

[6] Al-Jabir HSS, Abdulla AA, and Ibrahim MA. 2020. The effect of harvest time on the chemical content 

of wild cress (Lepidium aucheri Boiss.) leaves growing in the plains regions of Southern Iraq. Int. J. 

Agricult. Stat. Sci. Vol, 16(1), 1761-1768. https://connectjournals.com/03899.2020.16.1761  

[7] Al-Jabir HSS, Abdulla AA, and Ibrahim MA. 2021. A study of some bioactive components in wild 

malva (Malva parviflora L.) plant in different locations of basrah, Southern Iraq. Plant Cell 

Biotechnology and Molecular Biology, 22(17-18), 1-11.  

[8] Taain DA, Abdullah AA and Aman HJ. 2021.The effect of spraying nanoparticles of seaweeds, adding 

compost of water hyacinth and cow manure on vegetative growth parameters and the qualitative 

characteristics of fruits of okra plants (Abelmoschus esculentus L.) grown in unheated plastic houses. 

https://updatepublishing.com/journal/index.php/josac/article/view/4906
https://doi.org/10.1016/S0168-9452(02)00279-0
http://sites.esa.ipb.pt/pdf/RefPlants_12.pdf
https://doi.org/10.1007/s11095-008-9661-9
https://connectjournals.com/03899.2020.16.1761


NCENR-2025
IOP Conf. Series: Earth and Environmental Science 1567 (2025) 012062

IOP Publishing
doi:10.1088/1755-1315/1567/1/012062

11

 

 

 

 

 

 

International Symposium of Agricultureal and Mechanical Engineering. Bucharest. Romania. pp.112-

121. https://faculty.uobasrah.edu.iq/uploads/publications/1661286324.pdf  

[9] Mostafa GG. 2015. Improving the growth of fennel plant grown under salinity stress using some bio-

stimulants, American Journal of Plant Physiology, 10(2):77-83. 

https://scialert.net/fulltext/?doi=ajpp.2015.77.83  

[10] Eisa EA. 2016. Effect of some different sources of organic fertilizers and seaweed extract on growth 

and essential oil of sweet fennel (Foeniculum vulgare Mill.) Plant. Journal of Plant Production, 7: 575– 

584. https://app.scinito.ai/article/W2969928548  

[11] Sawan ZM, Hafezm SA and Basyony AE. 2001. Effect of phosphorus fertilization and foliar application 

of chalated zinc ,protein and oil yield and oil properties of cotton. Journal of Agricultural 

Science,136(2):191-198. https://doi.org/10.1017/S0021859601008644  

[12] Al-Sahaf FH, Al-Samara’i MH and Al-Ndawi MJ. 2006. Effect of Nitrogen and Phosphorus Levels on 

Yield, Concentration, Physical and Chemical Properties of Dill Seed Oil. Iraqi Journal of 

Pharmaceutical Sciences, 15(1):43-48. https://doi.org/10.31351/vol15iss1pp43-48  

[13] Khalid AK. 2012. Effect of NP and foliar spray on growth and chemical compositions of some 

medicinal Apiaceae plants grown in arid regions in Egypt, Journal of Soil Science and Plant Nutrition, 

12(3):617-632. http://dx.doi.org/10.4067/S0718-95162012005000018  

[14] Al-Rawi KM and Khalaf Allah AA. 2000. Design and Analysis of Agricultural Experiments. Dar Al-

Kotob Printing and Publishing Foundation, University of Mosul, Iraq. 

http://www.iraqnla.gov.iq/opac/fullrecr.php?nid=122449&hl=ara  

[15] Guenther ES. 1972. Essential Oils. R. E. Krieger Publishing Company New York. 

https://ia800806.us.archive.org/10/items/TheEssentialOilsVol1HisErnestGuenther/The%20Essential%2

0Oils%20-%20Vol%201_%20His%20-%20Ernest%20Guenther.pdf  

[16] Goodwin TW and Mercer EI. 1982. Introduction to Plant Biochemistry. Dual ed. Pergamon Press, 

Oxford, New York. https://www.abebooks.co.uk/9780080249216/Introduction-Plant-Biochemistry-

Goodwin-Mercer-0080249213/plp  

[17] Page AL, Miller RH and Keeney DR. 1982. Methods of Soil Analysis, Part II. American Society of 

Agronomy, Madison, WI. 

[18] Murphy T and Riley JR. 1962. A modified single solution method for the determination of phosphate in 

natural waters, Analytica Chimica Acta, 27: 31-36. https://doi.org/10.1016/S0003-2670(00)88444-5 

[19] A.O.A.C. 1990. Official Method of Analysis. Association of Official Method of Analytical Chemists, 

Washington, D.C. https://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf  

[20] Al-Jabir HSS, Taain DA and Abdulla AA. 2020. Gas chromatography-Mass spectroscopic analysis of 

Lawsonia inermis L., Eruca sativa Mill., Simmondsia chinesis (Link) Schneider and Boswellia spp. 

Plant Archives, 20(1): 1530-1536. https://www.plantarchives.org/20-1/1530-1536%20(5617).pdf  

[21] Alhamrani KSL, Abdullah AA and Taain DA. 2020. Effect of sowing dates, soil mulching and foliar 

spraying of calcium on leaves chemical components of okra plant grown in plastic houses, Plant 

Archives, 20(10): 265–272. https://www.plantarchives.org/20-1/265-272%20(5760).pdf  

[22] Fadala LT, Taain DA and Hassan FA. 2023. Role of humic acid and some spraying treatments in 

improving vegetative growth parameters, chemical components of leaves and yield of hot pepper plants 

(Capsicum annuum L.) planted in unheated plastic houses conditions, AIP Conference Proceedings, 

2845(1), 020009. https://doi.org/10.1063/5.0157977 

[23] Alhamrani KSL, Abdullah AA and Taain DA. 2019. Effect of planting dates, soil mulching and foliar 

spraying calcium on the quantitative yield characteristics of okra plant grown in plastic greenhouse, 

Basrah Journal of Agricultural Sciences, 32(Special Issue 2): 171–182. 

https://doi.org/10.37077/25200860.2019.266 

[24] El-Laban HM, Fetouh MIR, Kahater KM and El-Gioushy SH. 2017. Response of Dutch Fennel to 

Algae extract partial replacement Of mineral NPK under Sinai conditions. Journal of Plant Production, 

8(6):693-698. https://doi.org/10.21608/JPP.2017.40524 

[25] Al-Jabir HSS, Ibrahim MA and Abdulla AA. 2025. The impact of sowing date and liquid fertilizer on 

growth, yield, and bioactive components of parsley plant. Basrah Journal of Agricultural Sciences, 

38(Special Issue), 33-45. https://doi.org/10.37077/25200860.2025.38.sp.3 

[26] Jasim SK, Mohammed KH and Ibrahim MA. 2025. Effect of planting locations and bio-stimulants on 

growth traits of the banana (Musa spp.). SABRAO J. Breed. Genet, 57(4), 1736-1746. 

http://doi.org/10.54910/sabrao2025.57.4.40 

[27] Abdelkader MAI, Ibrahim FR and Metwaly EE. 2019. Growth and Productivity of Fennel (Foeniculum 

vulgare Mill.) Plant as affected by phosphorus rate and nano–Micro nutrients concentration. Journal of 

Plant Production, 10(7): 483-488. https://doi.org/10.21608/JPP.2019.53540. 

https://faculty.uobasrah.edu.iq/uploads/publications/1661286324.pdf
https://scialert.net/fulltext/?doi=ajpp.2015.77.83
https://app.scinito.ai/article/W2969928548
https://doi.org/10.1017/S0021859601008644
https://doi.org/10.31351/vol15iss1pp43-48
http://dx.doi.org/10.4067/S0718-95162012005000018
http://www.iraqnla.gov.iq/opac/fullrecr.php?nid=122449&hl=ara
https://ia800806.us.archive.org/10/items/TheEssentialOilsVol1HisErnestGuenther/The%20Essential%20Oils%20-%20Vol%201_%20His%20-%20Ernest%20Guenther.pdf
https://ia800806.us.archive.org/10/items/TheEssentialOilsVol1HisErnestGuenther/The%20Essential%20Oils%20-%20Vol%201_%20His%20-%20Ernest%20Guenther.pdf
https://www.abebooks.co.uk/9780080249216/Introduction-Plant-Biochemistry-Goodwin-Mercer-0080249213/plp
https://www.abebooks.co.uk/9780080249216/Introduction-Plant-Biochemistry-Goodwin-Mercer-0080249213/plp
https://doi.org/10.1016/S0003-2670(00)88444-5
https://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf
https://www.plantarchives.org/20-1/1530-1536%20(5617).pdf
https://www.plantarchives.org/20-1/265-272%20(5760).pdf
https://doi.org/10.1063/5.0157977
https://doi.org/10.37077/25200860.2019.266
https://doi.org/10.21608/JPP.2017.40524
https://doi.org/10.37077/25200860.2025.38.sp.3
http://doi.org/10.54910/sabrao2025.57.4.40
https://doi.org/10.21608/JPP.2019.53540

