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ABSTRACT  
Two field experiments were conducted during the two successive winter seasons of 2010/2011 and 

2011/2012 at the farm of the National Research Centre in Nubaria region to investigate the effect of foliar spray 
by dry yeast, amino acid and chitosan on growth, yield and some chemical contents of two sweet fennel 
cultivars. The results indicated that, the highest leaves number was recorded by Botanic variety with foliar spray 
of chitosan in the both seasons. Furthermore, highest values of bulb height and fresh weight of leaves were 
obtained by using Botanic variety with foliar spray of yeast in both experimental seasons. While, the highest 
amount of bulb diameter, fresh weight of bulbs and dry weight percentage of leaves and bulbs as well as total 
yield of sweet fennel were recorded by Zefa fino variety with foliar spray of chitosan in both seasons. The 
lowest values of all parameters were recorded by control treatment. 
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Introduction 
 

Sweet fennel (Foeniculum vulgare Mill.) is a plant belonging to the Umbelliferae (Apiaceae) family, 
which is an annual, biennial or perennial aromatic herb, depending on the variety (Farrell, 1988, Wichtl and 
Bisset, 1994). It is native to North Africa, Mediterranean Region, southern Europe and Asia (Abd El- Wahab 
and Mehasen, 2009). It contains phytochemical hormones (saponins), flavonoids, lipids, proteins and essential 
oils. Medicinal and aromatic plants are important economic products which represent significant sources of 
economic revenue and foreign exchange and are among the most important agricultural export products (Watt 
and Breyer, 1962). 

In recent years, the world focused his attention to minimize environmental pollution and human health 
impacts, by reducing the use of synthetic fertilizers and chemicals in crops production. Especially, vegetables 
which are eaten fresh using natural alternatives, (IFAOM/SOEL, 2000 and FAO/TTC, 2001). Hence, the goal of 
our research was to improve vegetative growth and yield as well as fruits quality of sweet fennel plants using 
some natural extracts which are non toxic, environmentally friendly, organic and costless. 

Bread yeast (Saccharomyces cerevisiae) is considered as a type of biofertilizers which is usually added 
to soil or as foliar application to vegetable crops (EL-Ghamriny et al., 1999) because it's content of many 
nutrient elements as well as its role in producing important substances like growth regulators such as 
gibberellins, auxins  and its ability to produce a group of enzymes ( Dinkha and Al-Khazragji 1990).Yeast 
treatment was suggested to participate beneficial role in improving growth and fruiting of vegetable crops 
(Omer and Khalieda 2003 and Sarhan 2008) 

Dry yeast is a natural bio-substance suggested to be of useful stimulatory, nutritional and protective 
functions when it is applied on vegetable plants during stress conditions due to its content of hormones, sugars, 
amino and nucleic acids, vitamins and minerals. Thereby, it can induce thermatolerance due to its role in the 
synthesis of protein and nucleic acids and in minimizing their degradation (Natio et al, 1981). Improving growth 
and productivity of vegetable crops by application of active yeast extract were recorded by Amer (2004) and El-
Tohamy and El-Greadly (2007) on beans; El-Tohamy et al. (2008) on eggplant, El- Ghamriny et al. (1999) on 
tomatoes, Tartoura (2001) and El-Desuki and El-Greadly (2006) on pea, Taha and Omar (2010) on potato 
plants. 

Many investigations cleared out that, application of dry yeast as a foliar spray was found to increase 
growth, yield and quality of some vegetable crops. (Abdel Aziz 1997, Fathy and Farid 2000 on some vegetable 
crops, Abou El – Nasr et al, 2001 on squash, Fathy et al 2002 and Khedr and Farid 2002 on tomato plants and 
Tarek 2003 and Mona et al, 2005 on cucumber plant). 

Amino green compound contains (w/v) and organic acids plus amino acids 15% and some 
microelements such as iron, zinc and manganese.  Amino acids are well known biostimulants which have 
positive effects on plant growth, yield and significantly mitigate the injuries caused by a biotic stresses 
(Kowalczyk and Zielony 2008). Saeed et al. (2005) on soybean found that treatments of amino acids 
significantly improved growth parameters of shoots and fresh weight as well as pod yield. El- Zohiri and Asfour 
(2009) on potato found that spraying of amino acids at 0.25 ml/L significantly increased vegetative growth 
expressed as plant height and dry weight of plant. There has been a recent trend to use naturally-occurring 
compounds (including amino acids) to achieve such regulation. Davies (1982) reported that amino acids as 
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organic nitrogenous compounds are the building blocks in the synthesis of proteins, which are formed by a 
process in which ribosome's catalyze the polymerization of amino acids. The possibilities of using amino acid in 
modern agriculture have been studied by many researchers (Fawzy et al., 2010; Abdel-Mawgoud et al., 2011; El 
Awadi et al., 2011; Razieh et al., 2012). 

Few researches were carried on the effects of chitosan on plant growth and development and its 
productivity (Patkowska et al. 2006, Sereih et al. 2007, Gornik et al. 2008). Recently, chitosan enhanced plant 
growth and development have been reported by Chibu et al. (2002) and Mondal et al. (2012). 

Chitosan is a natural polymer derived from deactivation of chitin. Chitin is readily available from 
shellfish waste from food processing. It is a polysaccharide called 2-Amino-2-deoxybeta-D-glucosasmine 
(Peniston and Johnson, 1980). Chitosan is mainly for stimulation of plant defense (Roby et al., 1987; Lawton et 
al., 1996; Siegrist et al., 1997; Ohta et al., 2001; Yu and Meuhlbauer, 2001). 

Chitosan, a given name to a deacetylated form of chitin, is a natural biodegradable compound derived 
from crustaceous shells such as crabs and shrimps, whose main attributes corresponds to its polycationic nature 
(Bautista-Banos et al., 2006). Chitosan also, a high molecular polymer, nontoxic, bioactive agent has become a 
useful appreciated compound due to its fungicidal effects and elicitation of defense mechanisms in plant tissues 
(Terry and Joyce, 2004). Chitosan is a low acetyl form of chitin mainly composed of glucosamine, 2-amino-2- 
deoxy-β-D-glucose (Freepons, 1991). The positive charge of chitosan confers to this polymer numerous and 
unique physiological and biological properties with great potential in a wide range of industries such as 
cosmetology (lotions, hair additives, facial and body creams) (Lang and Clausen, 1989), food coating, 
preservative, antioxidant, antimicrobial (Shahidi et al., 2001).  

Chitosan also promoted growth of various crops such as cabbage (Hirano, 1988), soybean sprouts (Lee 
et al., 2005), sweet basil (Kim, 2005), strawberry (Abd El Mawgoud et al., 2010) and sweet pepper plants 
(Ghoname et al., 2010). Several experiments on the effects of concentration and frequency of chitosan 
application were conducted using various crops such as chilli, Chinese cabbage, celery and bitter cucumber 
(Chandrkrachang et al., 2003 and Boonlertnirun et al., 2005). It is reported that, chitosan concentration and 
frequency of application significantly increased growth rates of chilli and the harvest yield of Chinese cabbage 
(Chandrkrachang et al., 2003). 

This work was carried out to study the effect of dry yeast, amino acid compound and chitosan as a 
foliar spray on the growth, yield and chemical contents of two varieties of sweet fennel plants. 

 
Materials and Methods 
 

The present investigation was carried out during the two successive seasons of 2010/2011 and 
2011/2012 at the Farm of the National Research Centre, Nubaria Rejoin, Behira Governorate, to study the effect 
of four treatments as a foliar application .i.e., dry yeast, amino acid compound and chitosan compared with the 
control (spray with water only) on growth, yield and chemical content of two varieties of sweet fennel plants.  

Drip irrigation lines were elongated over the ditches. Irrigation took place three days before 
transplanting. Healthy seedlings of 60 days age were transplanted in the first week of November, two besides 
every dripper. Drip irrigation was adapted half an hour tow times daily, in the morning and afternoon. Irrigation 
time was increased as plant growth increased till harvest time. Irrigation lines were 75cm apart and drippers 
were 50cm apart in this system. 

Plants were sprayed with dry yeast, amino acid compound and chitosan solution at 6 and 8 weeks after 
transplanting.  

Pest control and other agriculture practices, such as cultivation and irrigation, etc. were applied 
wherever it was necessary and as commonly recommended in the commercial sweet fennel production. 
Harvesting was carried out 110 and 120 days after transplanting in the first and second seasons, respectively.  

With regard to the chemical analysis of the dry yeast, N.R.P 1977 stated that, the analysis of dry yeast 
was protein (47.2%), arginine (2.6%), glycin (2.6%), histidin (1.4%), islysine (2.9%), lauicine (3.5%), Lysine 
(3.8%), methionine systine (0.6%), phnyl-alanine (3%), tyrosine (2.1%), threonine (2.6%), tryptophan (0.5%) 
and vitamin B (2.9%).  

Goyal and Khuller (1992), Ahmed et al (1997) and Khedr and Farid (2002) reported that, yeast 
preparation contained carbohydrates, sugars, proteins, fatty acids, amino acids, hormones, macro and micro 
elements in suitable balance.  

Amino green compound contains (w/v) total organic acids plus amino acids 15%, iron (Fe) 2.9%, zinc 
(Zn) 1.4% and manganese (Mn) 0.7%, free amino acids, proline, hydroxy proline, glycine, alanine, valine, 
methionine, escaliosin, lysine, cycteine, phenylalanine, serine, glutamic, arginine, histidine, lysine and hystiden.  

Chitosan (Commercial product by Oxford Laboratory India). It includes 90-95% chitosan (2-Amino-2-
deoxy-beta-D-glucosasmine.) at 1%. i. e., 10 g from Chitosan dissolved in 0.1 NaOH and completed to 1 liter of 
distilled water. 
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Data recorded: A random sample of five plants was taken from each experimental treatment 90 days 
after transplanting and the following data were recorded during the two seasons. 

I) Vegetative growth characters: Plant height (cm); leaf number per plant; bulb dimensions (length, 
width and thickness); leaves, bulbs and total plant fresh and dry weight (g/plant). 

II) Total yield of bulbs of sweet fennel plants (ton/fed.) 
Chemical composition; plant samples of leaves and bulbs were oven dried at 70 0C and digested. N, P 

and K were determined according to Cottenie et al. (1982). 
  

Chemical content: 
  

Samples of leaves were oven dried at 70°C then fine grounded and wet digested. Total nitrogen, 
phosphorus and potassium concentration in the tissues of plant leaves were determined according to the methods 
described by Jackson (1958), Troug and Mayer (1939) and Brown and Lilleland (1946), respectively.  Statistical 
analysis:-  Data obtained were subjected to the statistical analysis according to the method of Gomez and Gomez 
(1984).  
 
Results and Discussion 

 
Vegetative growth parameters and total yield  
 
a)- Effect of sweet fennel cultivars 
 

Data in Table (1) show that, sweet fennel varieties in both seasons significantly different in their 
vegetative growth parameters and total yield. Except for bulb diameter and bulb height in the second season.  
Meanwhile, the highest values of plant length and number of leaves parameters were recorded in cv.  Botanic. 
However, cv. Zefa fino gave the lowest values of this vegetative growth parameter. These results held true in the 
two seasons of the study. On the other hand.  The highest values of bulb diameter, bulb height as well as dry 
weight of leaves and bulb were recorded by Zefa fino cultivar. These results held true in both seasons of study. 
About total yield of sweet fennel, the highest total yield was recorded by Zefa fino cultivar in both experimental 
seasons.   The observed differences in vegetative growth of cultivars are mainly due to the genotype of each 
cultivar. This result was in harmony with previous findings by Abou El-Magd  et  al., (2010)   and  Abou El-
Magd and   El-Basiony (2013) of sweet fennel plants   
 
Table 1. Evaluation of some sweet fennel cultivars under newly reclaimed soils during two seasons (2010/2011 and 2011/2012). 

Cultivars 
of 

sweet fennel 

Plant 
length 
(cm) 

Leaves 
No./ 
plant 

Bulb 
dia. 
(cm) 

Bulb 
height 
(cm) 

Fresh weight 
(g/plant) 

Dry weight 
% 

Total 
green yield 

(ton/ 
fed.) 

Yield  
increase 

Leaves Bulbs Total Leaves Bulbs (ton 
/fed.) 

(%) 

First season (2010/2011) 

 Botanic 53.74 8.88 9.49 7.70 212.00 190.85 402.85 11.83 15.20 4.580 0.000 0.00 
Zefa fino 51.38 8.50 10.28 8.08 193.51 228.83 422.34 12.41 15.60 5.490 0.910 19.87 
L.S.D at 0.05 2.34 0.19 0.66 0.26 9.09 27.92 18.51 0.58 NS 0.670 --- --- 

Second season (2011/2012) 
 Botanic 54.66 9.27 10.00 7.87 216.49 198.40 414.89 11.78 15.80 4.760 0.000 0.00 

Zefa fino 51.85 8.83 10.94 8.32 207.49 241.01 448.50 12.48 16.27 5.780 1.020 21.43 
L.S.D at 0.05 1.69 0.34 NS NS 3.98 22.18 13.08 0.37 0.21 0.860 --- --- 

 
b) - Effect of foliar application of yeast, amino acid and chitosan 
 

Data in Table (2) show clearly that, using dry yeast, amino acid and chitosan as a foliar spray on sweet 
fennel significantly increased all growth parameters and total yield of sweet fennel plants. These findings were 
true in both seasons. Furthermore, the highest plant height and bulb height as well as fresh and dry weight of 
leaves were recorded by foliar spray of yeast. On the contrary, the highest amount of leaves number, bulb 
diameter and fresh and dry weight of bulb as well as total yield of sweet fennel were found by using chitosan 
treatment as a foliar spray. On the other hand, the lowest amount of all parameters was found by control 
treatment. These findings held true in both seasons of study. 

The positive effect of applying active dry yeast was attributed to its own contents of different nutrients, 
high percentage of protein, large amounts of vitamin B and natural plant growth regulators such as cytokinins 
(Ahmed et al 1997). These results agree with those reported by Abou El – Nasr et al, 2001 on squash, Fathy et 
al 2002 on tomato plants, Tarek 2003 and Mona et al, 2005 on cucumber plant. Moreover, Abdel Aziz (1997) 
on tomato concluded that, using yeast (5 g/L) solution significantly increased total yield of tomato plants. Also, 
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using yeast preparation was the best treatment for growth and yield (136% of control) of snap bean (Fathy et al, 
2002) 
 
Table 2. Effect of yeast, amino acids and chitosan foliar application on growth and yield of sweet fennel under newly reclaimed soils   

during two seasons (2010/2011 and 2011/2012). 
Foliar 

application 
treatments 

Plant 
length 
(cm) 

Leaves 
No./ 
plant 

Bulb 
dia. 
(cm) 

Bulb 
height 
(cm) 

Fresh 
 weight(g/plant) 

Dry  
weight % 

Total 
Green 
 yield 

(ton/fed.) 

Yield increase 

Leaves 
 

Bulbs 
 

Total 
 

Leaves 
 

Bulbs 
 (ton 

/fed.) 
(%) 

First season (2010/2011) 

Control 47.63 8.00 8.98 6.55 152.40 161.73 314.13 11.20 14.35 3.880 0.000 0.00 
Yeast 57.88 8.75 10.25 8.58 240.98 225.55 466.53 12.75 16.00 5.410 1.530 39.43 
Amino 
acids 50.18 8.75 9.10 8.15 220.30 202.43 422.73 12.13 15.00 4.860 0.980 25.26 
Chitosan 54.55 9.25 11.20 8.28 197.35 249.65 447.00 12.40 16.25 5.990 2.110 54.38 

L.S.D at 

0.05 1.22 0.76 0.61 0.41 18.75 15.07 16.91 0.59 1.07 0.360 --- --- 
Second season (2011/2012) 

Control 47.38 8.23 9.39 6.50 148.07 166.33 314.40 11.04 14.79 3.990 0.110 2.76 
Yeast 59.58 9.12 10.91 8.91 273.47 237.11 510.58 12.88 16.75 5.690 1.810 45.36 
Amino 
acids 50.42 9.12 9.54 8.41 224.87 209.60 434.47 12.14 15.56 5.030 1.150 28.82 
Chitosan 55.62 9.72 12.04 8.56 201.56 265.79 467.35 12.47 17.05 6.380 2.500 62.66 

L.S.D at 

0.05 2.18 NS 0.88 0.37 15.33 21.15 18.24 0.31 0.58 0.420 --- --- 

 
The improving of vegetative growth of pea plants, pods yield and pod quality by increasing the level of 

yeast extract application may be due to that, yeast extracts are natural components contain many of the nutrient 
elements and cytokininis, which are safe and non-pollutant. Yeast extracts contain a considerable amounts of 
amino acids (Abou zaid, 1984); mineral elements, carbohydrates, reducing sugars, enzymes and vitamins 
B1,2,3,12 (Castelfranco and Beale, 1983; Spencer et al., 1983; Fathy and Farid, 1996). Also it is a source of 
cytokinins and protein that enhance cell division and enlargement of cell. Moreover, Yeo et al., (2000) found 
that yeast extracts contain trehalose-6-phosphate synthase which is a key enzyme for trehalose bio synthesis. 

The superiority of the total produce yield due to this safety compounds applications chitosan  are 
connected with the highest increments in vegetative growth rate in Table(1) which consequently affected on 
produced yield. Moreover, the highest increments in yield and its components due to using chitosan, Abd El-
Mawgoud et al. (2010) and Mondal et al.(2012)., Fawzy et al. (2010), Abdel- Mawgoud et al. (2011) and El-
Awadi et al. (2011). 

c) - Effect of the interaction: The results of the interaction effects of cultivars and different foliar 
application treatments were statistically significant at 5 % level for all parameters expect for leaves number in 
the first season and dry weight of bulb in both seasons (Table 3). The highest values of plant height was found 
by Botanic variety with foliar spray with yeast in both seasons. Furthermore, the highest leaves number was 
recorded by Botanic variety with foliar spray of chitosan in the both seasons. Furthermore, highest values of 
bulb height and fresh weight of leaves were found by using Botanic variety with foliar spray of yeast in both 
experimental seasons. While, the highest amount of bulb diameter, fresh weight of bulbs and fresh and dry 
weight of leaves and bulbs as well as total yield of sweet fennel were recorded by Zefa fino variety with foliar 
spray of chitosan in both seasons.  These results held true in the two seasons of the study. The lowest amount of 
all parameters found by control treatment  
 
N, P and K % of leaves and tubers of sweet fennel plants:  

 
a) - Effect of sweet fennel varieties:  Data in Table (4) show that, sweet fennel varieties in both seasons 

had significantly different in their N, P and K % of leaves and tubers of sweet fennel plants except for bulb P% 
in leaves and tubers of sweet fennel plants in both seasons.  . Meanwhile, the highest values of the N, P and K % 
of leaves of sweet fennel plants were recorded in cv.  Zefa finp. However, cv. Botanic gave the highest values of 
N, P and K % of tubers. These results held true in the two seasons of the study. This result was in harmony with 
previous findings by Abou El-Magd et al., (2010)   and Abou El-Magd and   El-Basiony (2013) of sweet fennel 
plants.   

b)- Effect of foliar application of yeast, amino acid and chitosan: Data in Table (5) show clearly that, 
using dry yeast, amino acid and chitosan as a foliar spray on sweet fennel significantly increased N, P and K % 
of leaves and bulbs except for P% in leaves and tubers of sweet fennel plant in both seasons.  These findings 
were true in both seasons. Furthermore, the highest N, P and K % of leaves and tubers of sweet fennel plants 
were recorded by foliar spray of chitosan. Except for K% of leaves of sweet fennel plant. On the contrary, the  
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Table 3.Effect of the interaction between cultivars and foliar application treatments on growth and yield of sweet fennel under newly 
reclaimed soils during two seasons (2010/2011 and 2011/2012). 

Cultivars 
of sweet 
fennel 

Foliar 
application 
treatments 

Plant 
length 
(cm) 

Leaves 
No./ 
plant 

Bulb 
diameter 

(cm) 

Bulb 
height 
(cm) 

Fresh weight(g/plant) Dry weight % Total 
green 
yield 

(ton/fed.) 

Yield 
 increase 

Leaves 
 

Bulbs 
 

Total 
 

Leaves 
 

Bulbs 
 (ton/ 

fed.) 
(%) 

First season (2010/2011) 

Botanic 

Control 49.50 8.50 8.30 6.45 145.80 128.25 274.05 10.85 14.05 3.080 0.000 0.00 

Yeast 58.25 9.00 10.60 8.90 290.05 236.00 526.05 13.20 16.30 5.660 2.580 83.77 

Amino acids 53.60 8.50 8.40 7.70 214.90 178.70 393.60 11.95 14.90 4.290 1.210 39.29 

Chitosan 53.60 9.50 10.65 7.75 197.25 220.45 417.70 11.30 15.55 5.290 2.210 71.75 

 
Zefa fino 

 

Control 45.75 7.50 9.65 6.65 159.00 195.20 354.20 11.55 14.65 4.680 1.600 51.95 
Yeast 57.50 8.50 9.90 8.25 191.90 215.10 407.00 12.30 15.70 5.160 2.080 67.53 
Amino acids 46.75 9.00 9.80 8.60 225.70 226.15 451.85 12.30 15.10 5.430 2.350 76.30 

Chitosan 55.50 9.00 11.75 8.80 197.45 278.85 476.30 13.50 16.95 6.690 3.610 117.21 

L.S.D at 0.05 1.73 NS 0.87 0.59 26.52 21.31 23.92 0.83 NS 0.510 --- --- 
Second season (2011/2012) 

Botanic 

Control 49.62 8.83 8.59 6.39 140.21 131.66 271.87 10.62 14.43 3.160 0.080 2.60 

Yeast 60.03 9.42 11.32 9.30 301.87 249.55 551.42 13.42 17.11 5.990 2.910 94.48 
Amino acids 54.49 8.83 8.71 7.87 222.44 181.36 403.80 11.93 15.44 4.350 1.270 41.23 

Chitosan 54.49 10.02 11.38 7.93 201.44 231.05 432.49 11.16 16.21 5.550 2.470 80.19 

 
Zefa fino 

 

Control 45.15 7.64 10.19 6.62 155.92 201.00 356.92 11.45 15.14 4.820 1.740 56.49 
Yeast 59.14 8.83 10.49 8.53 245.07 224.68 469.75 12.35 16.39 5.390 2.310 75.00 
Amino acids 46.34 9.42 10.37 8.94 227.29 237.83 465.12 12.35 15.68 5.710 2.630 85.39 

Chitosan 56.76 9.42 12.69 9.18 201.68 300.54 502.22 13.78 17.88 7.210 4.130 134.09 
L.S.D at 0.05 3.26 1.07 0.95 1.21 36.11 35.63 35.87 0.76 NS 0.670 --- --- 

 

 
Table 4. Evaluation of some sweet fennel cultivars under newly reclaimed soils during two seasons (2010/2011 and 2011/2012). 

Cultivars 
of 

sweet fennel 

First season (2010/2011) Second season (2011/2012) 

N% P% K% N% P% K% N% P% K% N% P% K% 

Leaves Bulbs Leaves Bulbs 

 Botanic 1.14 0.04 0.72 1.01 0.10 1.13 1.13 0.04 0.70 0.97 0.12 1.19 

Zefa fino 1.18 0.04 0.87 0.84 0.07 1.08 1.18 0.04 0.88 0.77 0.08 1.13 

L.S.D at 0.05 0.03 NS 0.06 0.11 NS 0.04 0.03 NS 0.09 0.13 NS 0.05 
 
 
Table 5. Effect of yeast, amino acids and chitosan foliar application on growth and yield of  kohlarabi under newly reclaimed soils during 

two seasons (2010/2011 and 2011/2012). 

Foliar 
application 
treatments 

First season (2010/2011) Second season (2011/2012) 

N% P% K% N% P% K% N% P% K% N% P% K% 

Leaves Bulbs Leaves Bulbs 

Control 1.09 0.02 0.58 0.66 0.03 0.86 1.07 0.02 0.54 0.56 0.05 0.87 
Yeast 1.18 0.03 0.66 0.81 0.04 0.91 1.17 0.02 0.63 0.73 0.06 0.93 
Amino acids 1.16 0.05 0.99 0.98 0.10 1.31 1.17 0.06 1.03 0.93 0.11 1.40 
Chitosan 1.23 0.06 0.94 1.26 0.17 1.34 1.23 0.06 0.96 1.27 0.19 1.44 
L.S.D at 0.05 0.05 NS 0.12 0.21 NS 0.13 0.06 NS 0.19 0.18 NS 0.11 

 
lowest amount of all parameters (N, P and K % of leaves and tubers of sweet fennel plants) was found by 
control treatment. These findings held true in both seasons of study. The superiority of the N, P and K % of 
leaves and tubers of sweet fennel plants due to the application of this safe compound (chitosan)  are connected 
with the highest increments in vegetative growth rate as shown  in Table (1) .Moreover, the highest increments 
N, P and K % of leaves and tubers of sweet fennel plants due to using chitosan were indicated by other 
researchers ( Abd El-Mawgoud et al. (2010) and Mondal et al.(2012)., Fawzy et al. (2010), Abdel- Mawgoud et 
al. (2011) and El-Awadi et al. (2011). 
 
c)- Effect of the interaction: 
 

The results of the interaction effects of varieties and different foliar application treatments were not 
significant at 5 % level for all parameters (N, P and K % of leaves and tubers of sweet fennel plants) (Table 6).  
The highest values of N% in leaves and N,P and K% in tubers of sweet fennel plants were found by Botanic cv. 
with foliar spray of chitosan. Furthermore, the highest value of P% in leaves was recorded by Botanic cv with 
foliar spray of amino acid. Moreover, highest value of K% in leaves was recorded by Zefa fino cv with foliar 
spray of amino acid. On the other hand, the lowest values of all parameters (N, P and K % of leaves and tubers 
of sweet fennel plants) were recorded by Botanic cv. with foliar spray of water (control plants). 
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Table 6. Effect of the interaction between cultivars and foliar application treatments on growth and yield of  sweet fennel under newly 
reclaimed soils during two seasons (2010/2011 and 2011/2012). 

Cultivars 
of  

sweet 
fennel 

Foliar 
application 
treatments 

First season (2010/2011) Second season (2011/2012) 
N% P% K% N% P% K% N% P% K% N% P% K% 

Leaves Bulbs Leaves Bulbs 

Botanic 

Control 1.07 0.02 0.49 0.69 0.03 0.84 1.04 0.01 0.43 0.59 0.05 0.85 
Yeast 1.12 0.02 0.56 0.83 0.04 0.89 1.10 0.02 0.52 0.76 0.06 0.91 
Amino acids 1.12 0.06 0.93 1.04 0.13 1.42 1.12 0.08 0.96 1.01 0.14 1.54 
Chitosan 1.26 0.06 0.88 1.47 0.21 1.36 1.27 0.06 0.90 1.52 0.24 1.47 

 
Zefa 
fino 

 

Control 1.11 0.02 0.67 0.63 0.03 0.87 1.09 0.03 0.65 0.52 0.04 0.89 

Yeast 1.23 0.03 0.75 0.78 0.04 0.92 1.23 0.03 0.74 0.70 0.05 0.94 
Amino acids 1.19 0.04 1.05 0.91 0.07 1.19 1.21 0.04 1.10 0.85 0.08 1.27 
Chitosan 1.19 0.06 0.99 1.05 0.12 1.32 1.19 0.05 1.03 1.02 0.13 1.42 

L.S.D at 0.05 NS NS NS NS NS NS NS NS NS NS NS NS 
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