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Field experiments were conducted during the two successive seasons of 2013/2014 and 

2014/2015 to investigate the response of Fennel plants to manure, compost and 

biofertilizers.  Thus, natural possible alternatives to highly soluble fertilizers had been 

used as manure and compost mixture with and without biofertilizers (two bacterial 

strains) inoculation on fennel plants yield, essential oil production and constituents in 

comparison with recommended dose of chemical fertilizers (NPK) as control. 

 The results revealed that manure and compost mixture with biofertilizers gave significant 

increases over control plants in all growth and chemical parameters. Where, the 

maximum value of fruit yield was recorded for plants received manure+compost 

+biofertilizers treatment in both seasons. The combined treatment of manure + compost + 

biofertilizers significantly increased the essential oil percentage as compared with the 

other treatments .The highest content of anethole  as well as fenchone was obtained from 

NPK treatment. On the other hand, limonene resulted from the manure+ compost 

+biofertilizers treatment was higher than control. Myrcene compound was increased with 

manure + compost treatment in comparison with control.  The highest value of estragole 

resulted from control plants, while the lowest amount of this compound was recorded 

from the treatment with manure+ compost +biofertilizers. 

 
        Key Words: Biofertilizers, Chemical fertilizers, Compost, Manure, essential oil, Fennel. 

 

 

1. Introduction  
Even though herbs had been priced for their medicinal, flavoring and aromatic qualities for 

centuries, the imitation products of the modern age surpassed their value for a while. 

However, the unsighted dependence on synthetics was trouncing all the barricades and incite 

people to come again to the naturals with optimism of safety and sanctuary.  

The side effects of chemical treatments make medical plants more accepted among the other 

ways of treatment, therefore these herbs worth a lot (Sharifiashoriabadi et al., 2002 and 

Akbarinia et al., 2003). The cost of producing can be increased by using artificial fertilizers, 

however, they can cause some lethal ecological damages on the environment. For satisfying 

the current needs of herbs and steadiness of agriculture systems we must employ new input 

and sources (Rigby et al., 2001). The term “organic farming” at the present is well defined by 

the EU regulations 2092/91 (1991) and has been approved by the FAO and the WHO in 1999 
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 (Codex Alimentarius, 2001). Organic farming engages holistic production management 

systems (for crops and livestock) highlight the use of management practices in preference to 

the use of off-farm inputs. This is achieved by using, wherever possible, cultural, biological 

and mechanical systems in favorite to synthetic materials. Consequently to increase the crops 

quality particularly medicinal and aromatic plants, organic fertilization is more acceptable 

than chemical fertilizers and organic farming is a quality standard to be matched well by 

small farmers from all over the world (Abou El-Fadl et al. 1990). 

Biofertilization including microbial inoculations is capable of improving the soil fertility and 

boost crop fertilizer use efficiency and consequently crop growth and yield (El-Naggar et al., 

2005) and (Badran 2009). This might be of economic value from the applied point of view of 

minimizing the applied dose of mineral fertilizers, thus reduce agricultural costs and soil 

pollution as well. The task of biofertilizers alone or in combination with organic or inorganic 

fertilizers has recently got appreciation in sustainable crop production (Kennedy et al., 2004; 

Bloemberg et al., 2000; Abdullahi and Sheriff, 2013). As a consequence several studies 

reported that, an increase in non-legume yields and its components due to inoculation with 

biofertilizer like Azotobacter and/or Azospirillum (Hamed, 1998; Said, 1998 Mohamed, 

2000); (Ghallab and Salem, 2001); (Abd El -Maksoud, 2002; Khafagy, 2003 and Youssef et 

al., 2004). Quite a lot of experiments have shown that, the use of biological fertilizers make 

changes in essential oil’s components (Darzi et al., 2008; Marotti et al., 1993 and Gross et al., 

2002). Application of organic manures similarly, has affirmative effects on soil physical and 

biochemical properties. It lowers soil bulk density; increases water holding capacity, CEC, 

build up beneficial soil microbes, improve soil structure and aggregates as well (Doran, 1995; 

Drinkwater et al., 1995; Stamatiadis et al., 1999). 

An important economic member of Apiaceae family is Fennel plants (Chiej, 1984), its 

perennial herb used to maintain health or treat symptoms of diseases such as digestive 

disorders, alleviating mild spasmodic, gastrointestinal ailments, relief of symptoms during 

inflammations of mucous membranes of the upper respiratory tract, mouth fresheners, 

treatment of anemia, constipation, increase immune system and brain function,  and 

maintaining bone structure and decreases cancer tumor growth (EMA, 2008), and (medical 

news today). The pharmacopeia use concentrates on the fruits and the important ingredient 

represented in essential oil. According to the composition of the fruits oil the pharmacopeia 

differentiates between sweet fennel with about 2 % oil content with about 80 % anethole and 

bitter fennel with about 4 % oil content, 60% anethole and about 15 % fenchone (Wagner, 
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1999). There other components in the essential oil are Limonene, Estragole and Methyl 

Cavicol (Darzi et al., 2008).  

 Objectives  

The present investigation was designed to study the effect of manure, compost and bio-

fertilization on growth, productivity, essential oil yield and components of fennel plant in 

order to reduce and protect the environment against pollution caused by using extra chemical 

fertilizer applications, and to know which forms of organic fertilizers are the most appropriate 

for a good quality of fruits and essential oils.    

MATERIAL AND METHODS 

Site and soil 

The present work was conducted at the Department of Ornamental Horticulture, Faculty of 

Agriculture, Cairo University, Giza, Egypt, during the two successive seasons of 2013/2014 

and 2014/2015.Before planting, the soil was first mechanically ploughed and planked twice 

till the soil surface has been settled, some physical and chemical analysis of the soil was 

carried out as described by Page et al., (1982) represented in (Table 1).  

Plant materials 

Fennel (Foeniculum vulgare Mill) seeds (fruits) were obtained from the experimental Farm of 

Medicinal and Aromatic plants, Faculty of Pharmacy, Cairo Univ., Egypt. The experimental 

field was cropped with fennel seeds by broadcasting method on 13
th

 Oct for the two seasons 

2013/2014 and 2014/ 2015, the rows were at 40 cm abort, while it was  30 cm between the 

plants. The harvesting was done on 15
th

 May for two years, No pests or diseases were found 

during the growing period in both seasons, hence no pesticide was used.  

Table 1: Some soil physical and chemical properties of the experimental farm. 

 

 

Parameter  2013/14 2014/15 Parameter 2013/14 2014/15 

Physical characteristics   Chemical  

 

  

Texture  Clay Clay Soluble cations(meq/l)   
Clay (%) 37.1 40.5 Ca

++
 7.00 7.22 

Silt (%) 36.2 35.1 Mg
++

 2.87 2.98 

Fine sand (%) 22.9 21.0 K
+
 0.27 0.33 

Coarse sand (%) 3.80 3.40 Na
+
 5.88 6.22 

pH 8.03 7.88 Soluble anions (meq/l)   

EC dS/m 1.65 1.63 Cl
-
 3.60 3.50 

Organic matter% 1.50 1.70 SO4
-
 2.38 2.45 

   Available N   (ppm) 27.0 30.1 

   Available P    (ppm) 20.5 22.5 
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Treatments: 

The fertilizer treatments were applied as follows:- 

1. Full dose of NPK as recommended doses.     

2. Compost + manure 1:1 (w/w). 

3. Biofertilizers mixture.  (Azospirillum lipoferum + Bacillus megaterium)                               

4. Compost + manure + biofertilizers. 

NPK Treatment (control): 

Recommended fertilizers doses were 125 kg / feddan ammaonium sulphate (20.5%N), 25 

kg/feddan potassium sulphate (48% K2O) and 20 kg / feddan mono-calcium super phosphate 

(15.5% P2O5). Super phosphate was added during soil preparation before sowing. 

Ammonium sulphate and potassium sulphate were added at twice equal dose. The first one 

was done after two weeks and the second after one month from sowing date.  

Compost + manure mixture 1:1 (2.5 tons for each) was added to the soil 3 weeks before 

sowing. Analysis of the compost and manure components were determined according to 

Jackson (1973), shown in (Tables 2.and 3)   

Biofertilizers 

Two bacterial cultures (strains) containing 109-110 c.f.u. from Bacillus megaterium and 

Azospirillum lipoferum were prepared individually in Biofertilizer Unit, Soils Water and 

Environ. Res. Inst., Dept. of Microbiology, Agriculture Research Center (A. R. C.),Giza, 

Egypt, then, they were mixed well together by 1:1 (v/v). Inoculation was performed just 

before sowing: bacterium suspension was mixed with fennel seeds before planting, this 

mixture of bacteria was added to plant rhizosphere through a view holes already made in the 

soil surface for inoculated (4 holes/ row) at 30, 60 and 90 days after transplanting. 

Table 2: Some chemical analysis of compost  
Property Value Property Value 

pH (1:5) 7.5 N-NH
+

4 (ppm) 274.7 

EC (1: 5 extract) ds/m 3.1 N-NO
- 

3 (ppm) 33.1 

Organic-C % 33.11 Ashes % 30 

Organic matter % 70 Total content of Bacteria 2.5 x 10
7 

Total-N % 1.82 Total content of Fungi 7 x 10
5 

Total-K % 1.25 Weed seeds 0 

C/N ratio 14:1 Nematode 0 

Total-P % 1.29 Phosphate dissolving Bacteria 2.5 x 10
6 

Fe-ppm 1019 Dehydrogenase activity (mg TPF/100g) 32.5 

Mn-ppm 111 Nitrogenous activity (N mol C2H4/g/hr) 123.5 

Cu-ppm 180 Seed germination after 48 hr. (%) 81.5 

Zn-ppm 280 
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Table3. Some chemical analysis of manure. 

 
Property   Value Property   Value 

Macronutrients (%)  Micronutrients  (ppm)  

N % 3.21 Fe 20.2 

P% 0.71 Zn 31.2 

K% 1.15 Mn 12.8 

pH 7.50 Cu 25.0 

C/N ratio 18.9 Organic matter (%) 63.6  

 

Recorded parameters: 

For interpretation of the growth characteristics the following parameters have been taken into 

account at harvest time: 

-Plant height (cm). 

-Number of branches per plant. 

- Stem diameter (cm). 

-No. of umbels/plant. 

-Weight of fruits /plant (gm). 

-Diameter of umbell(cm). 

-Weight of 100 seeds / gm. 

-Herb fresh weight (Ton / fed.).(20000 plant density). 

-Herb dry weight (Ton / fed.). 

 

Chemical analysis 

 

Chemical composition of the fresh leaves: 

Total chlorophyll contents were determined in fresh leaves samples (mg/g FW) according to 

(Saricet. al., 1967). 

Chemical composition of the dry herb 

The herb at cutting date was dried in an electric oven at 70C
°
 for 24 hours according to 

(A.O.A.C.1970), then finely ground for chemical determination of macro-elements (N,P and 

K) The nitrogen percentage was determined after digestion according to the micro-kjeldhl 

method (Jackson, 1967). The phosphorus percentage was determined colorimetrically 

according to the method of (MurphyandReily 1962). Potassium percentage was determined 

with using the Atomic Absorption Spectrophotometer (3300) according to (Wilde et al. 

1985). Total carbohydrates in the dry leaves were determined by using a colorimetric method 

(Herbert et al., 1971). 
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Volatile oil of fruits:  

         1-Volatile oil percentage  

         2-Volatile oil constituents. 

Essential oil extraction 

Essential oil was isolated using a Clevenger-type apparatus according to (Marotti and 

Piccaglia 1992). 100 g of fruits have been distilled for three hours in one liter water. The 

volatile oil obtained was analyzed using DsChrom 6200 Gas Chromatograph equipped with a 

flame ionization detector for separation of volatile oil constituents. The analysis conditions 

were as follows:- 

-The chromatograph apparatus was fitted with capillary column BPX-5, 5% phenyl (equiv.) 

polysillphenylene-siloxane 30m x 0.25mm ID x 0.25µm film. 

-Temperature program ramp increase with a rate of 1º C / min from 70º to 80º C, rate of 5º C 

/ min from 80º to 120º C and rate of 10º C / min from 120º to 190º C  

-Flow rates of gases: Nitrogen at 1 ml / min, hydrogen at 30 ml / min and 330 ml /min for air.  

-Detector and injector temperatures were 300º C and 250º C, respectively. The obtained 

chromatogram and report of GC analysis for each sample were analyzed to calculate the 

percentage of the main components of the volatile oil. 

Statistical Analysis 

The experiment was designed at complete randomized block with 5 replicates in 4 treatments. 

Data on 5 plants were recorded for each treatment as replications, and analyzed using 

ANOVA at 5% significance level. The difference between treatments then analyzed using 

DMRT (Duncan Multiple Range Test) at 5%. 

RESULTS AND DISCUSSION 

 Growth characters and yield: 

Data in Tables (3 and 4) showed that growth characters of fennel plants were influenced by 

manure and compost mixture with biofertilizers treatments either individual or in 

combination in both growing seasons. Where, it was clear that, biofertilizers treatment alone 

resulted in significantly the lowest values as compared to NPK treatment regarding all growth 

parameters. 
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Table 3: Growth characters of fennel plants as affected by NPK, manure, compost, biofertilizers and 

their combination during the two growth seasons.(2013/2014 and 2014/2015). 

 
Treatments Plant height 

(cm) 

No. of 

branches / 

plant 

Stem diameter 

(cm) 

Herb F.W 

(Ton / fed.) 

Herb D.W 

(Ton / fed.) 

NPK (Control) F1 92.5b 12.2b 1.26b 4.560b 1.127b 

F2 94.4b 14.4b 1.33b 4.778b 1.221b 

Compost+ 

manure 

F1 78.2c 13.3b 1.19c 4.470b 1.015b 

F2 81.8c 13.4b 1.25b 4.580b 1.120b 

Biofertilizers F1 70.6d 9.5c 1.10c 3.421c 0.850c 

F2 73.3d 10.2c 1.14c 3.509c 1.002b 

Compost 

+manure + 

biofertilizers 

F1 118.3a 16.3a 1.52a 5.203a 1.700a 

F2 123.2a 18.1a 1.58a 5.807a 1.970a 

Means with the same letter in a column are not significantly different by DMRT 5% 

F1= first season          F2= second season  

 

 

 
Table 4: Yield characters of fennel plants as affected by NPK, manure, compost, biofertilizers and  

their combination during the two growth seasons.(2013/2014 and 2014/2015). 
 

Treatments 
No. of umbels 

/plant 

Weight of 

fruits/plant  /g 

Diameter of umbel 

(cm) 

Weight of 100 

seed / g 

NPK (Control) 
F1 13.2b 31.29b 118.32c  0.60c 
F2 15.3b 33.95b 120.24c 0.69b 

Compost+ 

manure  

F1 12.4c 25.38c 115.97c 0.56c 
F2 14.6b 29.41b 120.11c 0.59c 

Biofertilizers 
F1 9.5c 15.21d 96.71d 0.38d 
F2 11.3c 18.97d 109.22d 0.45d 

Compost 

+manure + 

biofertilizers 

F1 16.2b 39.61a 130.51b 0.71b 
F2 

21.3a 45.84a 150a 0.89a 

Means with the same letter in a column are not significantly different by DMRT 5% 

F1= first season          F2= second season  

 

It was clear that mixture of manure with compost inoculated with biofertilizers significantly 

increased all growth characters as compared to the control treatment (NPK) in both seasons.  

The favorable effects of the combination between manure and compost and biofertilizers may 

be attributed to the effect of the beneficial bacteria on availability of the nutrient, vital 

enzymes, and hormonal stimulating effects on plant growth or increase of photosynthetic 

activity. Moreover, biofertilizers have several possible modes of action on plant growth and N2 

fixation, which contributes N to the plant, hormonal effects which alter plant metabolism and 

growth. General growth improvement in the entire root system resulted in enhanced mineral 

and water uptake. Similar results had been reported by (Bashan et al., 1989) who found that 

Azospirillum and Pseudomonas improved wheat growth through the significant increase in the 
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dry matter, which accumulated in both roots and shoots of the treated plants. Moreover 

(Valssak and Reynders 1980) found that Azospirillum produces IAA, Indol lactic acid, 

gibberellins by bacteria and degree of sensitivity of plants to phytohormones are being 

suggested as the main reason for this phenomenon (Jlik,1995). At the same time, the significant 

positive effect of manure and compost fertilizers on vegetable growth characters may be due to 

the improvement the soil physical and biological properties, and activates many beneficial 

species of living organisms due to luxury of organic matter availability, which release 

phytohormones and may stimulate the plant growth and absorption of nutrients, as well water 

use efficiency by different plants (Abd El-Moezet al., 1999), and (Ghallab and El-Gahadban 

2004).  

Chemical analysis: 

The data presented in (Table 5), showed that the effects of different treatments in Total 

chlorophyll, Total carbohydrates, and concentrations of N, P and K % in the shoots of fennel 

plants were similar to those recorded for growth characters. 

  

Table 5. Total chlorophyll (mg/g fresh weight), total carbohydrates (%) and N, P, K (%)of fennel 

plants as affected by different fertilizers treatments during growth seasons, 2013/2014 and 2014/2015. 

 

Treatments 

Total 

chlorophyll 

mg/g FW 

Total 
carbohydrates 

%DW 

N 

%DW 

P 

%DW 

K 

% DW 

NPK (Control) 
F1 5.1b 18.45b 2.3a 0.27b 3.41b 

F2 5.7b 20.37b 2.5a 0.29b 3.63a 

Manure + compost 
F1 4.6c 17.89b 1.9b 0.26b 3.32b 

F2 5.3b 20.03b 2.2b 0.27b 3.56b 

Biofertilizers 
F1 3.2d 16.22b 1.2c 0.22c 3.04c 

F2 3.8d 18.21b 1.6c 0.23c 3.23b 

Manure + compost + 

biofertilizers 

F1 7.5a 26.32a 2.6a 0.32b 3.81a 

F2 8.7a 28.07a 2.9a 0.45a 3.88a 

Means with the same letter in a column are not significantly different by DMRT 5% 

 

The data (Table 5) evidently showed that, there were significant increases in total 

chlorophylls, total carbohydrates, N, P and K concentration obtained with the combination of 

manure, compost and biofertilizers treatments as compared to the control (NPK) treatment in 

both first and second season. On the other hand, application of biofertilizers treatment alone 

produced the lowest values of same previous parameters in comparison with either control 

plants or other treatments, although these diminishing were not significant with some 

parameters represented in total carbohydrates and K concentration   . This escalating resulted 
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from manure and compost mixture with biofertilizers application might be due to the increase 

in the root surface per unit of soil volume as well as the high capacity of the plants supplied 

with compost fertilizer in building metabolites, which in turn contribute much to the increase 

of nutrient uptake. In this respect (Abd El-Moezet al., 1999) on fennel and coriander plants 

and (Ghallab and El-Gahadban 2004) on marjoram plants, found that the macronutrient 

uptake by plant roots increased significantly by addition of organic compost to the prepared 

soil. They attributed the results to the effect of organic fertilizer on improving not only soil 

physical and biological properties but also chemical characteristics resulting in more release 

of available nutrient elements to be absorbed by plant roots and the water efficiency by 

different plants. These results are in agreement with those obtained by (Jacoub 1999) on 

Ocimum basilicum L. and Thymus vulgaris L. plants; (Mansour et al., 1999) on spearmint and 

marjoram plants and (Badran and Safwat 2004) on fennel plants.  

Regarding the promotion effects of biofertilizers mixture on macronutrients accumulation 

could be attributed to the inoculation of fennel plants, which resulted in a further effect on 

roots development and consequently their function in the uptake of the water and nutrients. 

Parallel results were reported by (Harridyet al., 2001) who mentioned that, in soils deficient 

in P, mycorrhizal colonization supports plant development by supplying the plant with 

additional P and sometimes with N, K on lemongrass. More supportive evidences for the 

obtained results were found in the work of Ghallab and Salem 2001 on wheat, they found that 

the application of Azospirllium and Serratia mixture inoculation greatly enhanced the uptake 

of N, P, K as well as accumulation of these minerals in wheat plants. Also Omar et al., 1991 

reported that inoculation with Azospirllium cultures stimulated the uptake and accumulation 

of nutrients from the soil. Furthermore Dashtiet al., 1997 suggested that the promotive 

mechanism of growth and nitrogen fixation had been induced by plant growth-promoting 

rhizobacteria (PGPR) and beneficial fungus included both direct and indirect effects. The 

direct effects include an increase in the mobilization of insoluble nutrients followed by 

uptake enhancements by the plants (Lifshitzet al., 1987) and production of plant growth 

regulators that stimulate plant pigments and growth (Gaskins et al., 1985). The indirect 

effects include positive effects on symbiotic nitrogen fixation by enhancement of root nodule 

number or mass (Yahalomet al., 1987). 

Essential oil percentage. 
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The results showed that the combined treatment of manure + compost + biofertilizers 

significantly increased  the essential oil percentage in the fruits, giving 1.25  and 1.51 % ,in 

both seasons respectively ( Table 6)  as compared with other treatments giving the lowest 

values 0.18 and 0.21 %,respectively of  essential oil percentage for biofertilizers treatment. 

The increment of volatile oil productivity with combined treatment could be explain on the 

basis of available elements, vitamins, gibberellins, cytokines , hormone like substances, 

amino acids and sugars that lead to an increase in biochemical processes within the plant 

(luxury of metabolism) reflected on vegetative growth, in terms of the fresh yield  

consequently an increase in volatile oil percentage. Similar results were recorded by 

(Mohamed and Matter 2001) on marigold plants.  

 

Chemical composition of oil 
 

The components of fennel essential oil are qualitatively different between not only the 

different varieties of fennel: vulgare (bitter), and dulce (sweet) (Marottiet al. 1994) but also 

between the continental cultivars of fennel (Masada, 1976, Massoud, 1992 and Braun and 

Franz, 1999). Therefore, in this research it was necessary to investigate the effect of different 

treatments on fennel essential oil main components.   

The analysis of the essential oils in fennel fruits (Table 6) showed the presence of 07 

compounds. The major compound was anethole, followed by limonene in all of the 

treatments. These results are in agreement with those obtained by (Embonget al. 1977) and 

(Braun and Franz 1999) who found that anethole, limonene, estragole and fenchone are the 

major constituents of fennel essential oil. 

The highest contents of anethole 50.4 %, as well as fenchone0.60% were obtained from 

control plants (NPK) but the increment was not too high in comparison with data obtained 

from manure, compost and biofertilizers combination. On the other hand, limonene resulted 

from later treatment (40.5%) was higher than control (38.5 %). Also an augmentation was 

recorded in estragole resulted from control plants (4.9%), while the lowest value (3.8%) of 

this compound was obtained as a result of the mixture of manure, compost and biofertilizers. 

Myrcene compound (1.14) was increased with manure, compost and biofertilizers 

combination treatment in comparison with control.   
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Table 6. Percentage of fennel essential oil and its components as affected by different treatments 

during growth season 

Treatments  
 

NPK (Control) 

  

Manure + 

compost 

Biofertilizers Manure + 

compost+ 

biofertilizers 

Percentage of essential oil in fruits during growth seasons, 2013/2014 and 2014/2015. 
 

Oil%, first season , 2013/2014  
0.63c 0.52c 0.18e 1.25a 

Oil%, second season, 2014/2015 
0.85b 0.81b 0.21d 1.51a 

Oil  components  %  , in the second season 2014 / 2015 

Anethole 50.4 40.9 46.2 49.1 

Limonene 38.5 40.0 43.2 40.5 

Fenchone 0.60 0.20 0.40 0.50 

Estragole 4.90 4.00 4.70 3.80 

Myrcene 0.97 1.14 0.55 0.68 

α- pinene 0.64 0.71 0.45 0.69 

B - pinene 0.73 0.82 0.92 0.89 

Unknown 0.52 0.69 1.32 0.45 

 

This finding strongly confirms the previous conclusion drawn about the essential oil 

percentage, and macronutrients (Table 6). In this respect (Bajaj, 1999) and (Nagata and 

Ebizuka, 2002) indicated that almost all oil components of fennel plants have medical useful 

effect; in the sense that any components having high concentration in oil and high medical 

effect if well purified and used alone, does not give the required medical effect unless it is 

found together with other oil components even with less percentage. This indicates the fact 

that all oil components rally together to induce the useful medical effect.  

 

CONCLUSION 

It could be concluded that, the combined treatment of manure, compost with biofertilizers 

increased the studied morphological characters, yield and different chemical parameters of 

fennel plants. This combination of organic and biological organisms resulted in considerable 

and even significant increases in the most studied parameters, over the control treatment 

(plants receiving only the recommended dose of NPK fertilizer). In addition to that, it was 

obvious that, manure and compost were more efficient when mixture with biofertilizers, due 

to its characters and enrichment of nutrients in comparison with biofertilizers mixture alone, 

as a result we can assess that obtained economic yield cannot be relay on application of 

biofertilizers alone. Also economic value should be taken into consideration, the production 

of safe plants without using high costs of chemical fertilizers which in turn minimize the 

agricultural costs as well as environmental pollution. The mixture of manure, compost and 
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biofertilizers reduced estragole from (4.9%) for the control plants (NPK) to the lowest 

amount (3.8%) for the combined treatment of manure, compost with biofertilizers. 

REFERENCES 

A.O.A.C. (1970). Official Methods of Analysis of the Association of Official Agricultural Chemists (A.O.A.C.) 

Twelf 14 editation, Washington. D.C. 

Abd El-Maksoud, M.E. (2002). Response of some wheat cultivars to biofertilizer and nitrogen fertilizer level. 

Zagazig J. Agric. Res., 29(3), pp 891-905. 

Abd El-Moez. M.R. ; A.L. and Sh. A.H. Wanas (1999). Influences of some organic composts on yield, nutrients 

uptake and consumptive use of fennel and coriander plants and some soil properties. J. Agric., 24(10), 

pp 6237-6253. 

Abdullahi, R. and H. H. Sheriff  (2013). Effect of Arbuscularmycorrhizal fungi and chemical fertilizer on 

growth and shoot nutrients content of onion under field condition in Northern Sudan Savanna of 

Nigeria. J. Agr. Veterinary Sci.. 3(5), pp 85-90. 

Abou El-Fadl, I.A. ; M. Abou-Baker and A. M. EI-Gamal (1990). Effect of different organic manure composts 

on roselle (Hibiscus sabdariffa L.) plants and soil characteristics. Agic. Res. Review, 68 (5), pp 1077-

1087. 

Akabarinia, A.;A. Ghalavand ;F. Sefidkan ;M. Rezaee and A. Sharifiashurabadi (2003). Evaluation of quality 

and quantity on essential oil content of Carumcopticum. Journal of Research and Development. (61), 

pp 32-41. 

Badran F. S. and M. S. Safwat (2004). Response of fennel plants to organic and Biofertilizers in replacement of 

chemical fertilization. Second International Conference of Organic Agriculture. Cairo International 

Conference Center, 25-27 March, 2004. Nacr City, Cairo, Egypt. Absts Book , PP. 24. 

Badran, M.S.S.( 2009). Improving wheat productivity by bionitrogen fertilization under newly planted sandy 

soils. J. Agric. Sci. Mansoura, 34(3), pp 1781-1795. 

Bajaj, Y.P.S. (1999). Biotechnology in Agriculture and Forestry 43: Medicinal and Aromatic Plants XI . 

Springer, Berlin-Heidelberg, New York. 

Bashan, Y., Ream, Y. Levanony, H. and A. Sade (1989). Nonspecific responses in plant growth, yield and root 

colonization or non cereal crop plant to inoculation with Azospirillumbrasilense. Can. J. Bot., (67), 

pp 1317-1324. 

Bloemberg, G. V.; G. E. M. Wijfijes; Lamers N. Stuurman and B. J. J. Lugtenberg (2000).Stimultaneous 

imaging of Pseudomonas flourescens WCS 3655 populations expressing three communities. Molecular 

Plant Microb. Int. 13: 1170-6. 

Braun, M. and G. Franz (1999). Quality criteria of bitter fennel oil in the German  pharmacopeia. Pharm. 

Pharmacol Lett, 9 (2), pp 48-51. 

Chiej, R. (1984). The Macdonald Encyclopaedia of Medicinal Plants. Macdonald & Co., London. 

Codex Alimentarius Commission (2001). Definition of organic farming. Guidelines for the production, 

Processing, Labelling and Marketing of Organically Produced Foods, CAC/GL 32.1999, Point 7. 

Darzi, M.T.; A.Ghalavand ; F. Sephidkan and F.Rejali   (2008). Effect of mycorrhiza, vermicompost and 

biological phosphate fertilizer on the quality and quantity of essential oil of Fennel. Iran Arom. and 

Med.Plant Res. J. (24), pp 396-413. 

Dashti, N. ; F. Zhang ; R. Hynes and D. L. Smith (1997). Application of plant growth-promoting rgizacteria to 

soybean increases protein and dry matter yield in short season conditions. Plant Soil (188), pp 33-41. 

Doran, J. (1995). Building Soil Quality. In: Proceedings of 1995 Conservation Workshop on Opportunities and 

Challenges in Sustainable Agriculture. Red Deer, Alta., Canada. Alberta Conservation Tillage Society 

and Alberta Agriculture Conservation, Development Branch. pp. 151- 158. 



Arabian Journal of Medicinal & Aromatic Plants                 Boosting Fennel Plant yield and Component 

 

                                                                                                      

AJMAP 2016  V2 N(1) 28-36                                           49    

 

Drinkwater. L. E.; D. K. Letourneau ; F. Workneh ; A. H. C. van Bruggen and C. Shennan (1995). Fundamental 

differences between conventional and organic tomato agroecosystems in California. Ecol. App. 5: pp 

1098-1112. 

El-Naggar, A.A.M.; F.M. El-Fawakhry and A.I. Sharaf (2005). Effect of bio-fertilizers, organic manar and 

mineral fertilizer on production of Narcissus tazetta, L. bulbs grown on sandy loam soil. J. Agric. 

Sci.,Mansoura univ., 30(3), pp 1795-1816. 

EMA, (2008). Committee on herbal medicinal products (HMPC) assessment report on Foeniculumvulgare 

Miller. Doc. Ref: EMEA/HMPC/137426/2006. 

Embong, M. B. ; D. Hadziyev and S. Molnar (1977). Essential oils from spices grown in Alberta. Fennel oil 

(Foeniculumvulgarevar. Dulce). Canad. J. Plant Sc.; 57(3), pp 829-837. 

Gaskins M. H. ; S. L. Albrect and D. H. Hubbel (1985).Rhizosphere bacteria and their use to increase 

productivity : a review Agric. Ecosys. Environ. 12: pp 99-116. 

Ghallab A. M. and S. M. Salem (2001). Effect of some biofetilizer treatments on growth, chemical composition 

and productivity of wheat plants grown under different levels of NPK fetilization. Annuals Agric. 

Sci., Ain Shams Univ., Cairo, 46 (2), pp 485-50. 

Ghallab, A. M. and E.A.El-Gahadban (2004).Physiological response of marjoram plants to biofertilizer and 

organic fertilization.J.Agric.Sci.Mansoura Univ.,29(4), pp 1743-1759. 

Ghallab, A.M. and S.M. Salem (2001). Effect of some bio-fertilization treatments on growth, chemical 

composition and productivity of wheat plants grown under different levels of NPK fertilization. 

Annals Agric. Sci., Ain Shams Univ. Cairo., 46(2), pp 485-509. 

Gross, M.; J. Friedman ; N. Dudai ; O. Larkov ; Y. Cohen and E.Bar (2002). Biosynthesis of Estragole in bitter 

fennel (Foeniculum vulgare Mill. var. vulgare) chemotypes. Changes in SAM: phenylpropene o- 

methyltranferase activities during development. Plant Sc., 163: pp 1047-1053. 

Hamed, M.F., (1998). Wheat response to inoculation source and rate of nitrogen fertilization. J. Agric. Sci. 2(3), 

pp 1021-1027 Mansoura Univ. Egypt. 

Harridy I. M. A. ;  G. I. Soliman and Mervat A. T. Amera (2001). Physiological chemical and biological studies 

on lemongrass “ Cymbopogancitralus” (DC) staphf in Response to diazotrophic bacteria. J. Agric. 

Sci. Mansoura Univ., 26 (10), pp 6131-6154. 

Herbert, D.; P.J., Philips and R.E. Strange (1971). Determination of total carbohydrates. Methods in 

Microbiology, 58, pp 209-344. 

Jackson, M.L. (1967). Soil Chemical Analysis. Prentice Hall of India, Private Limited; New Delhi, p. 115. 

Jacoub, R. W. (1999). Effect of some organic and non organic fertilizers on growth, oil yield and chemical 

composition of Ocimunbasilicum L. and Thymus vulgaris L. plants. Ph. D. Thesis, Fac. of Agric. 

Cairo Univ. Egypt. 

Jlick, B.R. (1995). The enhancement of plant growth by free-living bacteria. Can. J. Microbial., 41: pp 109-117. 

Kennedy, I.R.; A.T.M.A. Choudhury and M.L. Kecsk’es (2004). Non-symbiotic bacterial diazotrophs in 

cropfarming systems: can their potential for plant growth promotion be better exploited? Soil Biol. 

Biochem.. 36: pp 1229-1244. 

Khafagy, H.A. (2003).Biofertilizer and organic mater in the improvement of plant growth and soil fertility in 

some newly reclamed soils Ph. D. Thesis, Fac. of Agric., Microbiology Dept. Mansoura Univ. Egypt. 

Lifshitz R.; J. W. Kloepper and M. Kozlowski (1987). Growth promotion of canola (respeced) seedlings by a 

strain of pseudomonas putida under genotobioties conditions Can. J. Microbiol (33), pp 390-395. 

Mansour, H. A.; E. I. El-Maddawy and E. A. El-Ghadban (1999).Organic and inorganic fertilization of spearmit 

and marjoram.Bull. Fac. Agric. Cairo Univ. Vol(1), pp 226-239. 

Marotti, M. ; R. Piccaglia ; E. Giovanelli ; S.G. Deans and E. Eaglesham (1994). Effects of variety and 

ontogenic stage on the essential oil composition and biological activity of fennel 

(FoeniculumvulgareMill.). J. Essential Oil Res. 6 (1), pp 57-62. 

Marotti, M. and R. Piccaglia (1992). The influence of distillation conditions on the essential oil composition of 

three varieties of FoeniculumvulgareMill. J..Essential Oil Res., (4), pp 569-576. 



Arabian Journal of Medicinal & Aromatic Plants                 Boosting Fennel Plant yield and Component 

 

                                                                                                      

AJMAP 2016  V2 N(1) 28-36                                           50    

 

Marotti, M; V. Dellacecca ; R. Piccaglia and E. Glovanelli (1993). Agronomic and chemical evaluation of three 

varieties of FoeniculumvulgareMill. Acta Horticulture, 331: pp 63-69. 

Marino, S.D., Gala, F., Borbone, N., Zollo, F., Vitalini, S., Visioli, F.,Iorizzi, M., (2007). Phenolic glycosides 

from Foeniculumvulgarefruitand evaluation of antioxidative activity. Phytochem. 68, pp 1805–1812. 

Masada, Y. (1976). Analysis of essential oils by gas chromatography and mass spectrometry. Copyright by the 

Hirokawa Publishing company, INC printed in Japan. 

Massoud, H. (1992). Study on the essential oil in seeds of some fennel cultivars under Egyptian environmental 

conditions. Planta Med. (Germany). 58(7), pp 681-682. 

Mohamed, S.A. (2000). Effect of mineral and fertilization on growth, yield chemical constituents and 

anatomical structure of wheat and broad bean plants growth under reclaimed soil conditions. Ann. 

Agric. Sci. Mashtohor, 38(4), pp 2039-2063. 

Mohamed, S.A. and F.M.A. Matter (2001). Effect of ammonium nitrate and organic fertilizers on growth, 

volatile   oil yield and chemical constitiuents of marigold (Target mimuta L.) plant Fayoum. J. Agric., 

Res. & Dec. 15 (1), pp 95-107. 

Murphy, J. and J.P. Reily (1962).A modified single method for determination of phosphorus in natural water. 

Anal. Chem. Acta., 27: pp 31-36. 

Nagata, T. and Y. Ebizuka (2002). Biotechnology in Agriculture and Forestry 51 : Medicinal and Aromatic 

Plants XII . Springer, Berlin-Heidelberg, New York. 

Omar, M.N.A. ; M.H. Heagazy ; R.A. Abd El-Aziz ; M.S.M. Abo-Soliman and M.M. Sobh (1991). Effect of 

inoculation with rgizobacteria on yield of wheat under graded level of nitrogen fertilization. Annals. 

Agric. Sci. Ain Shams Univ., Cairo, 36 (1), pp 99-104. 

Page, A. I. , R. H. Miller and T. R. Keeney (1982). Methods of Soil Analysis part 2 Amer.Soc.Agr.Inc.Madison 

W19:595. 

Telci, I., Demirtas, I., Sachin, A., (2009). Variation in plant propertiesand essential oil composition of sweet 

fennel (FoeniculumvulgareMill.) fruit during stages of maturity. Ind. Crops Prod. 30, pp 126–130. 

Rigby, D.  and D.Caceres (2001). Organic farming and the sustainability of agricultural systems. Agr. Syst., 68: 

pp 21-40. 

Said, M.A. (1998). Studies on productivity of barley response to mineral and biofertilizer in the newly reclaimed 

land .M.Sc. Thesis ,Fac. Of Agr., Alx. Univ., Egypt. 

Saric, M.; R. Kastrori; R. Couria; T. Cupina and I. Gerie (1967). Chlorophyll determination. Univ. 

UnovensaduParktikum is FiziologizeBilijaka, Beagard, Hauncan, Anjiga, p. 215. 

Sharifiashurabadi, A.; G.H. Mirza and M. Rezvani (2002). Effect of food system (chemical, combine and 

organic) on quality of sweet fennel. J.  Res. Develop.. 57: pp 78-87. 

Stamatiadis, S.; M. Werner ; and M. Buchanan (1999). Field assessment of soil quality as affected by compost 

and fertilizer application in broccoli field (San Benito County, California). App. Soil Ecol.. 12: pp 217-

225. 

Valssak, K. and L. Reynders (1980).Azospirllumrhizocoensoes in agricultural practice. IV. Int. Symp. On N-

Fixation. Camberra. pp. 423-436. 

Wagner, H. (1999).Arzneidrogen und ihreInhaltsstoffe Band 2. WissenschaftlicheVerlagsgesellschaftmbH 

Stuttgart. 

Wilde, S.A.; R.B. Corey ; J.G. Lyer and G.K. Voigt (1985). "Soil and Plant Analysis for Tree Culture" pp. 93-

106, 3rd ed. Oxford and IBM. Publishing Co., New Delhi.  

Yahalom, E. ; Y. Okanad and A. Dovral (1987).Azospirllumeffects on sucepit ability to Rhizobium nodulation 

and nitrogen fixation of several forage lugums. Can. J., Microbobiol., 33: pp 510-514. 

Youssef, Soad, A.; E.E. El-sheref; A.A. El-Hag and A.A. Rania (2004). Effect of nitrogen levels and 

biofertilizers sources on two barley cultivars. J. Agric. Sci., 29(12), pp 6787-6808. 

http://www.medicalnewstoday.com. 

Arabian Journal of Medicinal and Aromatic Plants 

5920-ISSN 2458          www.ajmap.org 


