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ABSTRACT: Two field experiment was conducted on fennel (Feoniculum vulgare, Mill.) during the two 

successive seasons of 2018/2019 and 2019/2020 in the Experimental Farm of EL-Quassasin Horticultural 

Research Station, Ismailia Governorate, Egypt. This investigation aimed to study the impacts of spraying fennel 

plants with glutamine, tyrosine and glutamine+ tyrosine at the rate of 100 ppm beside the control treatment (0.0 

ppm) under four levels of potassium fertilization rates as 0.0, 24, 48 and 72 kg K2O/feddan, on growth, yield 

components, volatile oil production and some constituents. The results ensured that fertilizing fennel plants with 

72 kg K2O per feddan, regardless amino acid treatments, significantly increased vegetative growth (plant height, 

branch number and total fresh and dry weights of herb per plant), yield components (number of umbels per plant, 

fruit yield per plant and per feddan), volatile oil production (volatile oil percentage, volatile oil yield per plant and 

per feddan) as well as total chlorophyll content (a+b) in leaves, total carbohydrates and potassium percentage in 

fruits compared to control and the other rates under study.  Moreover, applying fennel plants with glutamine + 

tyrosine at 100 ppm of each, regardless potassium rates treatments, which followed by glutamine at 100 ppm alone 

significantly improved abovementioned parameters compared to control (sprayed with tap water). Concerning the 

interaction between fertilization with potassium and amino acids treatments, generally, the combination treatment 

between the highest rate of potassium fertilization and spraying plants with 100 ppm glutamine + tyrosine is the 

best treatment for growth, yield components, volatile oil production and pigments of fennel plants under Ismailia 

Governorate conditions. 
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INTRODUCTION 

Fennel (Feoniculum vulgare, Mill.) is 

winter herbaceous plant of the parsley family 

(Apiaceae). Fennel fruits have a burning sweet 

taste, spicy odour and pleasant as well as it has 

food flavoring, perfumery and pharmaceutical 

utilized (Wichtel and Bisset, 1994). It’s an 

aromatic plant whose fruits contain volatile oil 

which is utilized for several objectives by 

humans and animals (Liu et al., 2021; Rather 

et al., 2016). The volatile oil of fennel relieves 

rheumatic and muscular pains, relieves the 

spasms of intestines and regulates the 

peristaltic functions of the gastrointestinal tract 

(Fathy et al., 2002). In addition, antimicrobial, 

insecticidal and antioxidant activity of fennel 

has also been demonstrated (Pavela, 2018; 

Sheweita et al., 2016, Ruberto et al., 2000). 

Potassium (K) is overwhelmingly classified as a 

primary macronutrient, because its shortage is more 

common than the secondary macronutrients as 

calcium, magnesium and Sulphur. K could be a soil 

exchangeable ion and it is actively absorbed by roots 

of plant. It a paramount nutrient of the several soils 

types and is at the latest derived from the weathering 

of soil parent materials such as soil potassium-

aluminum silicates (Kalavati and Modi, 2012; 

Wiedenhoeft, 2006). Potassium influences the 

function and rates of enzymes engaged in the 

biosynthesis of carbohydrates (Hafsi et al., 2015). It 

was reported that potassium fertilization enhanced 

plant growth (Matsumoto et al., 2013; Mostafa, 
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2019), yields (El-Shayeb et al., 2020) and improved 

the volatile oil production (Ezz El-Din et al., 2010; 

Omer et al., 2014) as well as chemical constituents 

(El-Sayed et al., 2012; Ibrahim and Helaly, 2017; 

Abdelkader and Mostafa, 2019) of aromatic and 

medicinal plants. 

Amino acids have assignment in the biosynthesis 

of many organic compounds i.e., vitamins, pigments, 

terpenoids, alkaloids, purine and pyrimidine bases, 

enzymes and co-enzymes (Akram et al., 2011; 

Kamar and Omar, 1987).  

The relationship between metabolism of nitrogen 

(from amino acids) and internal hormones are 

obvious. Good feeding plant regiment will contain all 

the essential elements and trace minerals needed for 

healthy plant growth. In addition to these, farmers 

must be use non-plant food elicitors. These elicitors 

are not actually nutrients, but are additives which 

enhance plant growth or increase efficiency in various 

ways (Koriesh et al., 2018). Three of the most 

popular non-plant food additives are enzymes, amino 

acids, and plant hormones (Zewail, 2014; Ortega et 

al., 1999). The application of amino acids 

significantly enhanced chamomile growth, fresh and 

dry flower yield, chemical constituents as well as 

essential oil yield compared to unsprayed plants 

(Omer et al., 2013). Moreover, Wahba et al. (2015) 

pointed out that application of (tryptophan, tyrosine 

and glutamic acids) forms significantly raised the 

growth parameters as well as chemical composition 

in seeds and herb of Urtica pilulifera plant as 

compared to control. Ali et al. (2020) indicated that 

tyrosine or/and glutamine acids significantly 

increased roselle plant growth and yield components 

compared to control (sprayed with tap water). 

The main target of this study was to obtain the 

most appropriate rate of potassium fertilizer and type 

of glutamine or/and tyrosine acids to improve plant 

growth and yield components as well as volatile oil 

production of fennel (Feoniculum vulgare, Mill.) 

under Ismailia Governorate conditions. 

MATERIALS AND METHODS 

 Two field experiments were conducted at the 

Experimental Farm of EL-Quassasin Horticultural 

Research Station, Ismailia Governorate, Egypt, 

during the two consecutive winter seasons of 

2018/2019 and 2019/2020. The aim of the current 

study was to improve the vegetative growth and yield 

components as well as volatile oil production and 

some chemical constituents of fennel plants by 

utilizing both tyrosine (Tyr) or/and glutamine (Gln) 

acids (each at 100 ppm) and control plants which 

sprayed with tap water) under different potassium 

fertilization rates (0.0, 24, 48 and 72 kg K2O/feddan) 

and their combination treatments. The mechanical 

and chemical characteristics of the utilized 

experimental soil are tabulated in Table 1, according 

to (Chapman and Pratt, 1978).

 

 

Table 1. Physical and chemical characteristics of the utilized experimental farm soil (average of two 

seasons)       

Physical analysis Soil texture 

Clay (%) Silt (%) sand (%) 
Sandy 

20.81 9.39 69.68 

Chemical analysis 

pH 
E.C. 

(dsm-1) 

Soluble cations (m.mol/l) 
Soluble anions 

(m.mol/l) 
Available (ppm) 

Ca
++

 Mg
++

 Na+ Zn
++

 Mo
++

 Cl
-

 HCO3

-

 SO4

--

 N P K 

7.81 1.25 1.82 0.93 0.33 1.07 1.30 3.02 1.10 0.86 122 39 62 

 

Experimental design 

The layout of these experiments was split-plot 

design with three replicates. Potassium fertilizer rates 

were assigned to the main plots and glutamine or 

tyrosine types treatments to the sub plots. The 

interaction treatments between main factor and sub 

factor were 20 treatments. 

Fruits of fennel were sown on 5th October of both 

seasons and immediately irrigated. After 20 days 

from sowing, seedlings were thinned to be two plants 

/hill. The irrigation system of the experiment was drip 

irrigation. The experimental unites area was 4.00 × 

2.80 m (11.20 m2) included four rows. The distance 

between rows 70 cm and the distance between plants 

was 50. 

All fennel plants were fertilized with nitrogen 

and phosphorus fertilization at the rate of 150 kg 

/feddan, of ammonium sulfate (20.5 % N) and 200 

kg/feddan, of calcium super phosphate (15.5% P2O5) 

as well as phosphorus fertilizer added during soil 

preparation as a soil dressing application. Nitrogen 

and potassium fertilizers as was divided into four 

equal portions and was added to the soil after 30, 45, 

60 and 90 days from sowing date. The source of 

potassium fertilizer was potassium sulfate (48 % 

K2O).  
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The source of glutamine acid (C5H10N2O3) and 

tyrosine acid (C9H11NO3) were Techno Gene 

Company (TGC), Dokky, Giza, Egypt. Amino acids 

types were applied as foliar application at 25, 45, 65, 

95 and 115 days after sowing date. Each experimental 

unit received five letters solution utilizing spreading 

agent (Super Film at a rate of 1ml /l). The control 

fennel plants were sprayed with tap water. All fennel 

plants received normal agricultural practices 

whenever they needed. 

Data recorded 

Plant growth: Plant height (cm), branch number/ 

plant and total plant fresh and dry weights (g) were 

estimated, at after 120 days from sowing date.  

Fruit yield components: At harvest stage, number of 

umbels/ plant, fruit yield /plant (g) was tabulated, and 

then fruit yield / feddan (kg) was studied. 

Volatile oil production: A sample of fennel dry 

fruits was possessed randomly of each treatment. 

Hydro distillation for 3 hr., was utilized to extract the 

volatile oil percentage from air dried fruits of fennel 

as described by Guenther (1961). Then, volatile oil 

yield per plant (ml) and volatile oil yield per feddan 

(l) was calculated. 

Chemical constituents: Total chlorophyll a+b 

content (mg/100g as fresh weight) in fennel leaves 

was determined at 120 days after sowing according to 

Mazumder and Majumder (2003). Furthermore, 

total carbohydrates percentage of fennel fruits was 

determined according to the methods substantive 

through AOAC (1990). Also, potassium percentage 

was estimated in fennel fruits according to the method 

reported by Chapman and Pratt (1978). 

Statistical Analysis 

Data were analyzed according to Gomez and 

Gomez (1984). Least significance difference (LSD) 

was used to differentiate means at the at 5 % level of 

probability. The means were compared utilizing 

computer program of Statistix version 9 (Analytical 

software, 2008). 

RESULTS AND DISCUSSION 

Plant growth 

Data of both seasons in Table 2 show that plant 

height, branch number per plant as well as fresh and 

dry weights of plant (branches + leaves of plant) of 

fennel plant were gradually increased with 

increasing potassium fertilizer rates in both seasons. 

In addition, the maximum fennel growth values with 

significant increases were noticed with 72 kg 

K2O/feddan, while minimum values were recorded in 

control treatment. The increases in total dry 

weight/plant were about 52.05 and 47.37% for 72 kg 

K2O/feddan, 20.13 and 14.34 % for 48 kg K2O/feddan 

over the control in 1st and 2nd seasons, respectively. In 

addition, each glutamine or/and tyrosine acids at 100 

ppm significantly increased growth parameters of 

fennel compared to control (sprayed with tap water) 

in 2018/2019 and 2019/2020 seasons. Moreover, 

plant height, number of branches/plant as well as total 

fresh and dry weights/plant of fennel plant were 

significantly increased with tyrosine + glutamine 

acids application. The increases in total fresh weight 

/plant were about 18.38 and 16.00% for Try + Gln 

acid at 100 ppm as well as 14.00 and 10.74 % for Gln 

acid alone at 100 ppm over the control in 1st and 2nd 

seasons, respectively. In the same time, under each 

amino acids type fennel growth parameters were 

gradually increased by increasing potassium 

fertilization rate during both seasons. In addition, the 

best combination treatment in this regard was 72 kg 

K2O/feddan and the Gln+ Tyr acids (100 ppm) 

compared to the other ones including control. 

The enhancement of fennel development and 

growth may be attributed to the role of potassium it 

plays a main role in many metabolisms of 

carbohydrates which reflected in physiological and 

biochemical processes in plant (Marschner, 1995). 

Furthermore, Chrysargyris et al. (2017) pointed out 

that potassium levels significantly impacted plant 

growth and mainly the root development of 

Lavandula angustifolia plant compared to control. 

Also, El-Shayeb et al. (2020) indicated that the 

highest rate of potassium fertilization (48 kg 

K2O/feddan) recorded significant increase in 

fenugreek growth (Plant height, number of branches / 

plant and total dry weight/plant) compared to control. 

Also, Hegazi et al. (2016) found that foliar spray to 

garlic plants with glutamine at 200 ppm gave the 

highest values of plant growth criteria i.e. plant length 

and number of leaves/ plant as compared to the other 

treatments (50 and 100 ppm) and control. Likewise, 

Ali et al. (2020) on roselle demonstrated that tyrosine 

and glutamine acids at any concentration (100 or 200 

ppm) significantly raised plant growth parameters 

compared to control (untreated plants). In conclusion, 

as mentioned above, both potassium fertilization and 

glutamine or tyrosine types (at 100 ppm) enhanced 

plant growth of fennel plant, in turn; they together 

might maximize their influences leading to taller, 

more branches as well as heaviest fresh and dry 

weights of plant. 

Fruit yield components 

The data given in Table 3 show that number of 

umbels per plant, fruit yield per plant as well as fruit 

yield per feddan of fennel plant were gradually 

increased with increasing potassium fertilizer rates 

from 24 to 72 kg K2O/feddan in the first and second 

seasons. The highest values in this connection with 

significant differences achieved when fennel plants 

fertilized with 72 kg K2O/feddan compared to the 

other rates under study. Generally, all amino acids 

type treatments significantly increased fruit yield 

components of Feoniculum vulgare compared to 
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control (Table 3). Furthermore, in the two 

consecutive seasons, Gln + Tyr followed Gln alone at 

100 ppm significantly increased number umbels per 

plant, fruit yield per plant as well as fruit yield per 

feddan compared to control. In the matter of the 

combination, the great influence on fruit yields of 

fennel were obtained with 72 kg K2O/feddan 

combined with amino acid type (Gln + Tyr each at 

100ppm) in the two tested seasons. Utilizing Gln + 

Tyr type at 100 ppm under all potassium fertilization 

rates significantly increased number of umbels per 

plant and fruit yield per plant and per feddan as 

compared to the other combination treatments. 

These results also reported by Hassan et al. 

(2009) on periwinkle plants. They suggested that 

potassium fertilizer (50 kg K2O/feddan) significantly 

enhanced dry herb yield of periwinkle plants 

compared to control and the lowest level under study. 

Ezz El-Din et al. (2010) applying potassium at the 

level of 30 kg fed-1 led to the highest caraway dry 

fruits yield compared to control. Also, Abdelkader 

and Mostafa (2019) revealed that the highest values 

of pods number/ guar plant as well as seed yield/plant 

and per fadden were achieved with the 50 kg K2O rate 

of potassium. However, the foliar spray of amino 

acids can stimulate the plant performance (Abdel-

Mawgoud et al., 2011). In the same time, Shafeek et 

al. (2012) reported that number and weight of 

bulbs/m2, total yield (ton/fed.) and average weight of 

bulb (g) of onion plant were increased by amino acid 

application with concentration of 150 ppm compared 

to the other ones. El-sherbeny and Da-Silva (2013) 

found that tyrosine at 100 and 200 mg·L-1 increased 

yield components of Beta vulgaris plant. 

Furthermore, the highest rate of amino acids as foliar 

spray caused a significant enhance in timothy seed 

yield in comparison with control (Radkowski and 

Radkowska, 2018). 

 

 

Table 2. Influence of foliar spray with glutamine (Gln) and tyrosine (Tyr) on growth parameters of 

Feoniculum vulgare under different potassium fertilization rates during the two seasons of 

2018/2019 and 2019/2020 

Treatments 

Plant height  

(cm) 

Number of 

branches/plant 

Total fresh 

weight/plant (g) 

Total dry 

weight/plant (g) 

1st  

season 

2nd  

season 

1st  

season 

2nd  

season 

1st  

season 

2nd  

season 

1st  

season 

2nd  

season 

Potassium fertilization rates (K2O kg/feddan) 

0.0 125.28 132.69 7.97 8.75 245.90 255.89 33.18 36.27 

24 134.81 140.28 9.25 10.22 256.52 261.87 34.68 36.63 

48 138.64 142.08 11.22 11.39 272.35 280.49 39.86 41.47 

72 141.20 146.97 12.69 13.11 312.59 332.68 50.45 53.45 

LSD 5% 0.62 0.63 0.51 0.45 1.82 1.52 0.65 0.49 

Glutamine and tyrosine acids (100 ppm of each one) 

Control 131.14 135.50 9.36 10.06 259.98 265.95 36.50 38.29 

Gln 136.22 141.86 10.67 11.14 274.83 289.02 40.33 42.64 

Tyr 134.17 140.70 10.03 10.61 269.47 277.92 38.34 40.10 

Gln+Tyr 138.39 143.97 11.08 11.67 283.08 298.05 42.99 46.78 

LSD 5% 0.87 0.79 0.49 0.35 1.89 1.25 0.43 0.56 

Interaction between potassium fertilization rates and amino acid types  

0.0 

Control 122.11 130.00 7.44 8.22 240.87 249.60 31.70 34.30 

Gln 125.55 132.78 8.34 9.11 247.93 259.57 33.87 37.30 

Tyr 124.44 132.11 7.78 8.55 246.10 253.43 32.63 35.10 

Gln+Tyr 129.00 135.89 8.33 9.11 248.70 260.97 34.50 38.37 

24 

Control 131.89 135.78 8.34 9.44 247.93 252.87 32.17 34.67 

Gln 136.22 141.89 9.56 10.44 259.73 263.67 35.30 36.73 

Tyr 133.89 140.56 9.00 9.78 256.07 260.10 34.27 35.60 

Gln+Tyr 137.22 142.89 10.11 11.22 262.33 270.83 37.00 39.50 

48 

Control 133.78 136.11 9.89 10.34 262.20 269.93 36.23 36.93 

Gln 140.00 143.78 11.44 11.89 273.37 284.90 40.33 42.17 

Tyr 137.89 141.45 11.11 11.22 268.80 275.53 38.27 39.07 

Gln+Tyr 142.89 147.00 12.44 12.11 285.03 291.60 44.60 47.70 

72 

Control 136.78 140.11 11.78 12.22 288.93 291.40 45.90 47.27 

Gln 143.11 149.00 13.34 13.11 318.27 347.93 51.83 54.37 

Tyr 140.44 148.66 12.22 12.89 306.90 322.60 48.20 50.63 

Gln+Tyr 144.45 150.11 13.44 14.22 336.27 368.80 55.87 61.53 

LSD 5% 1.62 1.51 0.99 0.75 3.74 2.65 0.98 1.08 
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Table 3. Influence of foliar spray with glutamine (Gln) and tyrosine (Tyr) on yield components of 

Feoniculum vulgare under different potassium fertilization rates during the two seasons of 

2018/2019 and 2019/2020 

Treatments 
Umbels number per plant Fruit yield/plant (g) Fruit yield/feddan (kg) 

1st  
season 

2nd  
season 

1st  
season 

2nd  
season 

1st  
season 

2nd  
season 

Potassium fertilization rates (K2O kg/feddan) 

0.0 47.72 49.30 19.29 19.63 463.00 471.20 

24 51.06 54.08 21.04 22.13 505.00 531.20 

48 53.33 57.72 22.52 23.60 540.30 566.44 

72 59.70 63.14 23.62 24.63 566.80 591.20 

LSD 5% 1.16 0.96 0.72 0.18 17.29 4.28 

Glutamine and tyrosine acids (100 ppm of each one) 

Control 47.42 49.19 19.14 19.67 459.30 472.04 

Gln 54.11 57.86 21.04 23.08 527.20 553.80 

Tyr 51.69 55.14 22.52 22.24 540.30 533.80 

Gln+Tyr 58.58 62.06 23.62 25.02 566.80 600.40 

LSD 5% 0.89 1.01 0.39 0.54 9.48 13.04 

Interaction between potassium fertilization rates and amino acid types  

0.0 

Control 44.11 41.89 17.53 16.40 420.80 393.60 

Gln 48.22 50.89 19.43 20.30 466.40 487.20 

Tyr 46.11 47.11 19.97 19.40 455.20 465.60 

Gln+Tyr 52.44 56.33 21.23 22.43 509.60 538.40 

24 

Control 46.00 47.33 18.07 18.87 433.60 452.80 

Gln 51.11 54.67 21.27 22.87 510.40 548.80 

Tyr 49.55 53.78 20.87 21.83 500.80 524.00 

Gln+Tyr 57.56 60.56 23.97 24.97 575.20 599.20 

48 

Control 47.78 51.33 19.93 21.00 478.00 504.16 

Gln 54.44 60.00 23.13 24.43 555.20 586.40 

Tyr 51.89 57.11 22.03 23.43 528.80 562.40 

Gln+Tyr 59.22 62.45 24.97 25.53 599.20 612.80 

72 

Control 51.78 56.22 21.03 22.40 504.80 537.60 

Gln 62.67 65.89 24.03 24.70 576.80 592.80 

Tyr 59.22 61.55 23.37 24.30 560.80 583.20 

Gln+Tyr 65.11 68.89 26.03 27.13 624.80 651.20 

LSD 5% 1.91 1.10 0.99 0.96 23.76 22.99 

 

Volatile oil production 

Table 4 reveals that using potassium fertilization 

at any rate increased volatile oil %, volatile oil yield 

per plant and per feddan of fennel plant compared to 

control in the 2018/2019 and 2019/2020 seasons. 

Such increase was significant by using 24, 48 and 72 

kg K2O/feddan during both seasons. In the same time, 

the best values in this regard were obtained from the 

rate 72 kg K2O/feddan compared to the other rates 

under study. The increases in volatile oil yield per 

feddan were about 39.26 and 29.97% for 72 kg 

K2O/feddan, 44.61 and 35.46 % for 48 kg K2O/feddan 

over the control in 1st and 2nd seasons, respectively. 

Furthermore, all amino acids types significantly 

increased volatile oil production of fennel in both 

seasons compared to control. Also, the highest values 

in this concern of Feoniculum vulgare plant was 

achieved by Gln + Tyr at 100 ppm with significant 

difference between it and the other types under study 

in the two consecutive seasons. In general, spraying 

fennel plants five times under the highest rate of 

potassium fertilization with glutamine + tyrosine 

acids at 100 ppm gave the highest volatile oil 

production in comparison to those under potassium 

fertilization treatments in the two seasons. Moreover, 

under each amino acids type fennel volatile oil were 

gradually increased by increasing potassium 

fertilization rate during both seasons. 

Moreover, Younis et al. (2012) pointed out that 

fertilized fennel plants with 30 kg K2O/feddan were 

effective on raising the productivity of essential oil. 

Also, El-Tarawy et al. (2012) noticed the best values 

number of essential oil productivity when fennel 

plants fertilized with 75 % NPK + 200 ppm of 

ascorbic or salicylic acids in comparison to the 

control. Helaly and Hegazy (2016) revealed that K 

fertilization level at 50 kg K2O/feddan significantly 

raised lavender volatile oil production depressed as 

volatile oil percentage and volatile oil yield/plant of 

compared to control. Furthermore, using amino acids 

as foliar spray caused a significant improve in 

rosemary essential content compared to control 

(Foroutan et al., 2014). In addition, the foliar 

application of free amino acids can be effective on 

essential oil content of lemon balm (Mehrafarin et 

al., 2014).  
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Table 4. Influence of foliar spray with glutamine (Gln) and tyrosine (Tyr) on volatile oil production of 
Feoniculum vulgare under different potassium fertilization rates during the two seasons of 
2018/2019 and 2019/2020 

Treatments 
Volatile oil percentage Volatile oil yield/plant (ml) Volatile oil yield/feddan (l) 

1st  
season 

2nd  
season 

1st  
season 

2nd  
season 

1st  
season 

2nd  
season 

Potassium fertilization rates (K2O kg/feddan) 

0.0 2.871 2.911 0.554 0.573 13.303 13.749 

24 3.106 3.194 0.657 0.711 15.756 17.054 

48 3.188 3.281 0.720 0.776 17.290 18.624 

72 3.256 3.358 0.772 0.828 18.526 19.882 

LSD 5% 0.009 0.031 0.023 0.007 0.55 0.16 

Glutamine and tyrosine acids (100 ppm of each one) 

Control 2.917 3.008 0.559 0.595 13.424 14.287 

Gln 3.162 3.235 0.697 0.750 16.733 17.989 

Tyr 3.110 3.213 0.665 0.718 15.965 17.229 

Gln+Tyr 3.235 3.287 0.781 0.825 18.753 19.803 

LSD 5% 0.015 0.016 0.011 0.019 0.271 0.458 

Interaction between potassium fertilization rates and amino acid types  

0.0 

Control 2.820 2.807 0.494 0.460 11.867 11.051 

Gln 2.887 2.920 0.561 0.592 13.464 14.226 

Tyr 2.863 2.930 0.543 0.569 13.035 13.641 

Gln+Tyr 2.913 2.987 0.619 0.670 14.846 16.081 

24 

Control 2.870 2.907 0.518 0.548 12.444 13.161 

Gln 3.193 3.310 0.679 0.757 16.298 18.164 

Tyr 3.090 3.223 0.645 0.704 15.474 16.892 

Gln+Tyr 3.270 3.337 0.784 0.833 18.808 19.997 

48 

Control 2.923 3.113 0.582 0.654 13.974 15.699 

Gln 3.263 3.313 0.755 0.810 18.117 19.431 

Tyr 3.210 3.317 0.707 0.777 16.974 18.653 

Gln+Tyr 3.53 3.380 0.837 0.863 20.094 20.712 

72 

Control 3.053 3.207 0.642 0.718 15.413 17.239 

Gln 3.303 3.397 0.794 0.839 19.052 20.135 

Tyr 3.277 3.383 0.766 0.822 18.375 19.731 

Gln+Tyr 3.403 3.443 0.886 0.934 21.264 22.423 

LSD 5% 0.027 0.042 0.030 0.034 0.0718 0.809 

 

Chemical constituents 

It is evident from the obtained data in Table 5 that 

total chlorophyll content (mg/10 g as fresh weight) in 

leaves, total carbohydrates percentage and potassium 

percentage in fruits of fennel content were gradually 

increased with as potassium fertilization rates were 

increased in both seasons. However, maximum 

chemical constituents' values were recorded with the 

highest rate (72 kg K2O/feddan), while minimum 

values were observed in fennel plants without 

potassium application. The increases in total 

chlorophyll content were about 21.21 and 13.25% for 

72 kg K2O over control in 1st and 2nd seasons, 

respectively. Furthermore, each Gln + Tyr acids at 

100 ppm significantly increased fennel chemical 

constituents compared to control (sprayed with tap 

water) in first and second seasons. The increases in 

total carbohydrates percentage were about 9.97 and 

8.86 % for Gln +Tyr as well as 8.13 and 4.17% for 

Gln acid alone over the control in 1st and 2nd seasons, 

respectively. Generally, the best combination 

treatment in fennel chlorophyll and total 

carbohydrates and potassium percentages was that 

potassium fertilization at 72 kg K2O/feddan 

combined with Gln+ Tyr acids at 100 ppm. 

Furthermore, total chlorophyll content and 

potassium percentage of cluster bean were increased 

by using the rate of 50 kg K2O /feddan potassium 

(Abdelkader and Mostafa, 2019). Also, El-Shayeb 

et al. (2020) noticed that 48 kg K2O /feddan treatment 

seems promising in enhancing fenugreek chemical 

constituents (total chlorophyll content as well as 

potassium and total carbohydrates percentages) 

compared to control. Many researchers pointed out 

those amino acids have various roles in plant 

metabolism, and exogenous application of amino 

acids may have benefits and stimulation effects on 

plant growth which reflected on chlorophyll and 

active ingredients (Abd El-Aal and Eid, 2018; Khan 

et al., 2019). In the same time, as mentioned above, 

both potassium fertilization and glutamine or/and 

tyrosine concentrations (at 100 ppm) increased yield 

components of fennel plant, in turn; they together 

might maximize their impacts leading to more 

chlorophyll content and potassium percentage. 
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Table 5. Influence of foliar spray with glutamine (Gln) and tyrosine (Tyr) on chemical constituents of 

Feoniculum vulgare under different potassium fertilization rates during the two seasons of 

2018/2019 and 2019/2020 

Treatments 

Total chlorophyll content 

a +b as (mg/100g, fresh 

weight) 

Total carbohydrates 

percentage 

Potassium  

percentage 

1st  

season 

2nd  

season 

1st  

season 

2nd  

season 

1st  

season 

2nd  

season 

Potassium fertilization rates (K2O kg/feddan) 

0.0 26.50 29.06 13.78 14.28 1.98 1.98 

24 28.20 29.88 14.27 14.38 2.04 2.04 

48 28.46 32.41 14.43 14.60 2.09 2.20 

72 32.12 32.91 14.75 15.10 2.19 2.25 

LSD 5% 0.48 0.63 0.22 0.12 0.04 0.01 

Glutamine and tyrosine acids (100 ppm of each one) 

Control 26.96 28.84 13.92 14.14 1.95 2.04 

Gln 28.52 31.84 14.49 14.73 2.08 2.15 

Tyr 28.48 30.34 13.92 14.37 2.08 2.09 

Gln+Tyr 31.33 33.23 14.89 15.11 2.18 2.18 

LSD 5% 0.51 0.67 0.16 0.09 0.02 0.01 

Interaction between potassium fertilization rates and amino acid types  

0.0 

Control 25.63 27.63 13.40 13.80 1.85 1.92 

Gln 26.33 30.03 14.03 14.53 1.95 2.02 

Tyr 25.97 28.40 13.30 14.23 2.02 1.95 

Gln+Tyr 28.07 30.17 14.40 14.53 2.08 2.05 

24 

Control 26.47 28.80 13.93 14.13 1.92 2.01 

Gln 27.97 30.17 14.47 14.67 2.07 2.04 

Tyr 27.40 29.13 13.77 13.87 2.03 2.01 

Gln+Tyr 30.97 31.43 14.91 14.83 2.12 2.09 

48 

Control 26.87 29.17 14.07 14.23 1.95 2.10 

Gln 28.10 33.17 14.50 14.20 2.10 2.24 

Tyr 28.43 32.00 14.20 14.63 2.07 2.17 

Gln+Tyr 30.43 35.30 14.93 15.33 2.24 2.28 

72 

Control 28.87 29.77 14.27 14.40 2.05 2.15 

Gln 31.67 34.00 14.97 15.53 2.21 2.31 

Tyr 32.10 31.83 14.43 14.73 2.21 2.24 

Gln+Tyr 35.83 36.03 15.33 15.73 2.29 2.31 

LSD 5% 1.10 1.31 0.35 0.20 0.05 0.03 

 
 

Conclusion 

From above mentioned results, it could be 

concluded that, fertilized fennel plants with72 kg 

K2O/feddan rate combined with glutamine + tyrosine 

acids each at 100 ppm five times per season as foliar 

spraying is suitable for improve the growth, fruit yield 

components, volatile oil production as well as total 

chlorophyll of fennel (Feoniculum vulgare Mill.) 

plant under Ismailia Governorate conditions. 
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