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ABSTRACT 
 

This experiment was conducted at Baluza Research Station (North Sinai), Desert Research 
Center, during the two successive seasons of 2014/2015 and 2015/2016 to study the effect of 
biofertilization and licorice extract on growth, yield, essential oil and chemical composition of fennel 
plant. This experiment was split plot design with three replications, the main plots licorice extract 
[without, as a drench soil and a foliar spray (Lo, L1 and L2, respectively)], the sub main plots were the 
biofertilization [control (without biofertilization) (B0)], Phosphate Dissolving Bacteria (PDB) (B1) and 
Mycorrhiza (B2), respectively]. The results showed that, using licorice extract as a foliar spray 
application recorded a significant increase in plant height, number of umbels/plant, fresh and dry 
weights/plant, fruit weight/plant, fruit yield/fed, oil yield/fed and content of (N, P and K %). Also, 
inoculated fennel plant by mycorrhiza or Phosphate Dissolving Bacteria (PDB) led to a significant 
increase in the same former characteristics. But, inoculated plants with mycorrhiza were superior 
compared to PDB treatments. Interaction between the licorice extract and biofertilization had a 
significant effect on all vegetative parameters, fruit yield, oil yield/fed and chemical constituents (N, P 
and K %). Using licorice extract as a foliar spray application plus using mycorrhiza caused the best 
results. Meanwhile, the main compounds of the essential oil resulted from this treatment (L2B2) were 
Estragole (66.12%), Limonene (14.41%), Fenchone (12.89%), α-Pinene (2.97%), Sabinene (0.75%), 
1,8 Cineole (0.57%) and γTerpinene (0.43%). Therefore, we recommend using mycorrhiza and 
spraying fennel plant with licorice extract to produce fennel plant under sandy soil conditions. 
 
Key words: Mycorrhiza, Phosphate Dissolving Bacteria (PDB), licorice extract, Foeniculum vulgare, 

Mill., Estragole, Limonene. 
 

Introduction 
 

Fennel (Foeniculum vulgare Mill.) is one of the most important medicinal and aromatic plants in 
Egypt, which belongs to Apiaceae family. Many medicinal uses for fennel plant such as a 
carminative, anti-inflammatory and antimicrobial, the volatile oil of fennel are used to dyspepsia and 
colic in children. 

The effect of licorice extract on different plant characters could be interpreted in the light of the 
following findings. Faraj and Ghaloom, (2012) showed that an interaction licorice extract spraying 
and in addition to soil significantly gave the highest plant height, dry weight, bulb weight and the 
highest yield of onion plant. Hamadah et al., (2012) foliar application of licorice extract significantly 
increased plant height, dry weight of plant, potassium content in leaves, nitrogen and protein 
percentages in tubers. In addition, it gave higher means of total and marketable yield of potato plant. 
Shafeek et al., (2015) indicated that foliar application of yeast extract, seaweeds extract and licorice 
extract at the same time had the highest stimulation effect on onion plant growth characters, i.e. (plant 
length and number of leaves as well as fresh and dry weight of leaves, nick and pulps), total bulb yield 
and its components as well as content of the percentage of bulb tissues of nitrogen, protein and dry 
matter compared to the control and other treatments. 

The mutualistic association between roots and mycorrhiza fungi can improve a plant’s nutritional 
state since it facilitates the absorption of the main elements in the soil (N, P and K), increases the 
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volume of soil explored by the root system, improves the plant’s resistance to some diseases, and 
increases its production of dry matter Mohsen et al., (2014). At elevated heavy metal concentrations 
in soils, mycorrhizal fungi have been shown to detoxify the environment for plant growth, increased 
production of plant growth hormones such as cytokinins and gibberelins Muchovej (2001). The 
highest seed yield and essential oil yield of fennel were obtained by using mycorrhiza inoculation 
Mohammad, (2012). Using two arbuscular mycorrhizal (AM) fungi Glomus macrocarpum and 
Glomus fasciculatum significantly improved growth and essential oil concentration of Foeniculum 
vulgare, Mill. Kapoor et al., (2004) 

Phosphorus plays an important role in virtually all major metabolic processes in plant including 
photosynthesis, energy transfer, signal transduction, macromolecular biosynthesis and respiration 
Khan et al., (2010). It is abundantly available in soils in both organic and inorganic forms. Plants are 
unable to utilized phosphate because 95-99% phosphate present in the insoluble, immobilized, and 
precipitated form Pandey and Maheshwari (2007). Plant growth promoting rhizobacteria present in 
the soil employ different strategies to make use of unavailable forms of phosphorus and in turn also 
help in making phosphorus available for plants to absorb Sharma et al, (2013). Phosphate solubilizing 
included in the genera Bacillus and Pseudomonas have attracted the attention of agriculturists as soil 
inoculums to improve plant growth and yield Bhattacharyya and Jha (2012). 

Therefore, this study was conducted to evaluate the effect of biofertilization (Mycorrhiza and 
Phosphate Dissolving Bacteria (PDB) (Bacillus megatherium var. phosphaticum) and licorice extract 
on growth, yield, essential oil and chemical composition of fennel plants under Sinai conditions. 
 
Materials and Methods 

 
The present study was carried out at Baluza Station, North Sinai Governorate during the two 

successive seasons of 2014/2015 and 2015/2016. 
The objective of this work was to study the effective of applying biofertilization (mycorrhiza and 
phosphate dissolving bacteria (PDB) (Bacillus megatherium var. phosphaticum) and licorice extract 
on the vegetative growth, chemical composition and essential oil productivity of Foeniculum vulgare, 
Mill. under North Sinai conditions. 
 
Plant material and procedure: 

 
Seeds fennel of local varieties were obtained from the Medical and Aromatic Plant Research 

Department at Dokky, Giza. The seeds were sown on 12th  and 15th   October 2014 and 2015, 
respectively at distances of 50 cm between hills (thinned to one plant/hill) and 60 cm between rows. 
Drip irrigation system was applied in the whole experiment using droppers (4 L /h) every 2 days (for 
two hours).  

Mycorrhiza and Phosphate Dissolving Bacteria (PDB) (Bacillus megatherium var. 
phosphaticum), were obtained from Soil Fertility and Microbiology Department, Desert Research 
Center. Mycroohiza was added before sowing seeds, by added latex material to seeds, then added 
mycorrhiza to seeds. Phosphate Dissolving Bacteria (PDB) was added in two times, the first one was 
applied since sowing seeds and the second time was added after 60 days from the first one. 

Preparation of licorice extract: soaked grinded licorice roots dry (10 g) in distilled water (1 L) 
for 24 hours and then filtered using filter paper. The active components in Licorice roots extract 
Contains of volatile oils, tannins, carbohydrates, saponins, phenols, glycosides, flavonoids and fixed 
oils. The elements analysis in Licorice roots extract Contains of K, Ca, Fe, P, Mg, SO4, N, Na, Mn, 
Zn and Co 
 
Biofertilization and licorice extract treatments: 

 
An experiment was carried out to study the effects of two factors, the first factor was the 

application methods of the licorice extract, where licorice extract (10 g/L) was applied either as a 
control [without licorice extract (L0)], soil drench (L1) and foliar spray (L2). Adding licorice extract at 
three times, the first one was applied when plant height was 15 cm approximately and the second time 
was added after 21 days from the first one, while the third time was added 21 days after the second 
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one. The second factor was the biofertilization, which applied three treatments [control (without 
biofertilization) (B0)], Phosphate Dissolving Bacteria (PDB) (B1) and Mycorrhiza (B2)]. The 
experiment consists of 9 treatments (3 biofertilization + 3 licorice extracts of application methods)  

Compost and chemical fertilizers were added as basic dose for all experiment, compost at the 
rate of 20 m3/fed, chemical fertilizers at 200 kg/fed ammonium sulfate (20.5%N), 150 kg/fed 
calcium super phosphate (16 % P2O5) and 100 kg/fed potassium sulfate (48% K2O). Compost and 
calcium super phosphate were added before sowing date. Nitrogen as well as potassium fertilizer 
were added in two equal doses, the first one was applied after thinning, whereas the second one was 
added after 30 days from the first one.  
 
Harvested and data recoded: 

 
The plants in the two seasons were harvested on 10th and 15th May in the first and second 

seasons, respectively. Data were recorded for the following parameters: plant height, number of 
umbels/plant, fresh and dry weights/plant, fruit weight/plant, fruit yield/fed, volatile oil percentage 
and oil yield/fed.  
 
Statistical analysis: 

 
The layout of the experiment was split plots design with three replications, the main plots were 

the method of licorice extract added, and the sub plots were the biofertilization. The data from this 
experiment were subjected to the statistical analysis of variance using M-state Statistical Software. L. 
S. D. test at 0.05 which was used to compare the average means of treatments, carried out according 
to Snedecor and Cochran (1982). 
 
Determination of oil percentage and constituents by GC/MS analysis of volatile oil: 

 
The essential oil percentage in fruits fennel was determined according to British Pharmacopoeia 

(1963). The chemical composition of the essential oil were determined using a Thermo Scientific, 
Trace GC Ultra/ISQ Single Quadrupole MS, TG-5MS fused silica capillary column (30 m, 0.251 mm, 
0.1 mm film thickness). The quantification of all the identified components was investigated using a 
percent relative peak area. A tentative identification of the compounds was performed based on the 
comparison of their relative retention time and mass spectra with those of the NIST, WILLY library 
data of the GC/MS system according by Adams, (2007).     
 
Determination of Nitrogen, Phosphorus and Potassium: 

 
Elements contents were determined in the acid digested solution, which was prepared according 

to Hach et al., (1985). Nitrogen content was determined by modified micro-Kjeldahl method and 
phosphorus were estimated using according to the methods adapted by Hucker and Catroux, (1980). 
Potassium was estimated using flame photometer method according to Chapman and Pratt (1961). 
 
Soil analysis: 

 
The physical and chemical analyses of experimental farm soil in Baluza station are shown in 

Table (A). Soil samples representing the experimental area were taken at 0-30 cm depth.  
 
Table A: Physical and chemical properties of the experimental farm soil in Baluza station 

Particle size 
distribution (%) 

Text
ure 
soil 

EC 
dsm
-1 
 

pH Available nutrients (Cations) Available nutrients (Anions) 

S
and

 

S
ilt 

C
lay    P % 

Na+ 

% 
K+% 

Ca++ 
Meg/l 

Mg++ 
Meg/l 

CO3
-- HCO3

- 
Meg/l 

SO4
-- Cl- 

90 5 5 Sand 1.37 8.20 0.42 4.78 0.54 3.65 4.40 - 3.85 6.5 3.3 
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Results and Discussion 
 
Vegetative parameters and fruit yield: 

 
Data in Tables (1, 2 and 3) showed that, a significant increase in vegetative characters including 

plant height, number of umbels/plant, fresh and dry weights/plant, fruit weight/plant and fruit 
yield/fed as a result of treating fennel plants with mycorrhiza or Phosphate Dissolving Bacteria (PDB) 
(Bacillus megatherium var. phosphaticum) compared with control plants (without biofertilization). 
But, Mycorrhiza was superior compared to Phosphate Dissolving Bacteria in the results of the 
previous attributes.  

 
Table 1: Effect of biofertilization and licorice extract on plant height and number of umbels/plant of fennel 

(Foeniculum vulgare, Mill.) plant, during 2014/2015 and 2015/2016 seasons 

 
Plant height (cm) 

 
First season, 2014 Second season, 2015 

 
B0 B1 B2 Means B0 B1 B2 

 
L0 106.63 114.07 116.40 112.37 111.03 119.97 123.83 118.28 

L1 111.10 120.93 130.37 120.80 119.07 128.77 134.27 127.37 
L2 139.07 146.50 155.47 147.01 144.23 155.37 160.00 153.20 

Mean 118.93 134.08 127.17 
 

124.78 134.70 139.37 
 

L.S.D at 0.05 4.80 2.44 5.87 
 

4.15 2.67 5.57 
 

 
Number of umbels/plant 

 
First season, 2014 Second season, 2015 

 
B0 B1 B2 Means B0 B1 B2 

 
L0 54.00 58.67 56.67 56.44 54.67 57.00 59.67 57.11 

L1 55.00 61.33 62.33 66.89 55.00 61.00 63.67 68.44 
L2 66.00 66.67 68.00 59.56 67.33 67.67 70.33 59.89 

Mean 58.33 61.56 63.00 
 

59.00 61.89 64.56 
 

L.S.D at 0.05 1.47 0.77 1.81 
 

1.01 1.28 2.06 
 

 
Lo = without licorice extract B0 = without biofertilization 

 
L1 = licorice extract drench soil 

B1 = Phosphate Dissolving Bacteria 
(PDB) 

 
L2 = licorice extract B2= Mycorrhiza 

 
Increasing the vegetative growth as a result of using Mycorrhiza or Phosphate Dissolving 

Bacteria (PDB) may be due to symbiosis of mycorrhiza with plants stimulates degradation of soil 
organic materials and increase the absorption of nutrients. Also, increased overall absorption capacity 
of roots due to morphological and physiological changes in the plant. There was increased absorption 
surface area, greater soil area explored (since the fungus acts as an extension of the root) Muchovej 
(2001). Also, phosphate solubilizers contribute through solubilization of fixed nutrients and enhanced 
uptake of plant nutrients, Gupta et al., (2015). Many studies indicate that, using biofertilization such 
as mycorrhiza or phosphate dissolving bacteria led to increase in vegetative growth. Alireza, (2012) 
reported that, inoculation mycorrhiza and phosphate dissolving bacteria with applied NP fertilizers, 
increased vegetative growth of fennel plants compared to chemical fertilizer treatments only. Darzi et 
al., (2012) on anise plant, demonstrated that, phosphate solubilizing bacterium showed significant 
effects on number of umbels/plant, biological yield and seed yield. Mohammad, (2012) on fennel 
plant and Fatemeh et al., (2013) on dill plant, reported that the highest seed yield was obtained with 
mycorrhiza application. Habibi and Talaei, (2014) on ajowan plant, showed that, the greatest plant 
highest and seed yield were obtained by a treatment of biological phosphate (Pseudomonas putida) + 
chemical phosphorus (50 kg/ha P2O5). 

Using spray licorice extract (L2) led to the highest significant increase in plant height, number of 
umbels/plant, fresh and dry weights/plant, fruit weight/plant and fruit yield/fed. Licorice extract had a 
different chemical components (as shown in tables C and D) such as many elements (N, P, K, Zn, Fe 
and Mn) and many active materials such as tannins, carbohydrates, glycosides, flavonoides, volatile 
and fixed oil, may be absorption these materials through the plant would increase in the biological 
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processes such as photosynthesis and synthesis carbohydrates and protein, which reflected in 
increased growth parameters. Many studies indicated that, licorice extract was rich in nutrients such 
as Moses et al., (2002) Glycyrrhiza glabra contain a wide range of elements and nutrients. Damle 
(2014) found that, Glycyrrhiza glabra was to contain important phytoconstituents such as 
glycyrrhizin, glycyrrhizinic acid, glabrin A and B and isoflavones. 

There are a lot of researchers had confirmed the effect of licorice extract stimulate for growth 
plant such as Abdel Moniam and Elias (2011) treating bean plant with Algaren and licorice root 
extract increased significantly plant length, leaf area, percentage of chlorophyll and dry weight/plant 
and total yield. Babilie et al., (2015) on onion plant, found that foliar spray with licorice root extract 
(15 g/l) was significantly the best treatment in vegetative growth parameters and seed production. 
 
Table 2: Effect of biofertilization and licorice extract on fresh and dry weights (g.)/plant of fennel 

(Foeniculum vulgare, Mill.) plant, during 2014/2015 and 2015/2016 seasons 
 Fresh weight/plant (g) 
 First season, 2014 Second season, 2015 
 B0 B1 B2 Mean B0 B1 B2 Mean 
L0 112.60 168.63 179.87 153.70 119.13 185.33 190.30 164.92 
L1 144.30 254.67 284.07 227.68 165.67 277.80 305.83 249.77 
L2 322.97 358.60 405.57 362.38 352.60 376.37 441.67 390.21 
Mean 193.29 260.63 289.83  212.47 279.83 312.60  
L.S.D at 0.05 16.19 8.11 19.70 5.14 7.65 11.93 
 Dry weight/plant  (g) 
 First season, 2014 Second season, 2015 
L0 39.50 60.03 50.00 49.84 45.93 71.77 64.10 60.60 
L1 105.43 136.90 120.77 121.03 112.67 147.30 130.57 130.18 
L2 45.30 95.70 68.40 69.80 53.00 105.20 75.47 77.89 
Mean 63.41 97.54 79.72  70.53 108.09 90.04  
L.S.D at 0.05 7.35 5.21 10.33 3.07 4.83 7.4 
 Lo = without licorice extract B0 = without biofertilization 
 L1 = licorice extract drench soil B1 = Phosphate Dissolving Bacteria 
 L2 = licorice extract B2= Mycorrhiza 

 
 

Table 3: Effect of biofertilization and licorice extract on fruit weight/plant (g) and fruit yield/fed (kg) of fennel 
(Foeniculum vulgare, Mill.) plant, during 2014/2015 and 2015/2016 seasons. 

 Fruit weight/plant (g) 

 First season, 2014 Second season, 2015 

 B0 B1 B2 Mean B0 B1 B2 Mean 

L0 31.18 55.88 51.41 46.16 40.45 65.38 58.88 54.90 

L1 41.28 70.95 67.15 59.79 51.21 83.31 73.25 69.26 

L2 79.18 95.88 86.88 87.31 86.41 106.68 93.08 95.39 

Mean 50.55 74.24 68.48  59.36 85.12 75.07  

L.S.D at 0.05 5.57 3.71 7.59 2.25 3.53 5.45 

 Fruit yield/fed (kg) 

 First season, 2014 Second season, 2015 

 B0 B1 B2 Mean B0 B1 B2 Mean 

L0 436.5 719.8 782.3 646.2 566.3 824.3 915.3 768.6 

L1 577.9 940.1 993.3 837.1 717.0 1025.5 1166.4 969.6 

L2 1108.5 1216.3 1342.3 1222.4 1209.8 1303.1 1493.5 1335.5 

Mean 707.7 958.7 1039.3  831.0 1051.0 1191.7  

L.S.D at 0.05 77.93 51.93 106.30 31.49 49.36 76.31 

 Lo = without licorice extract B0 = without biofertilization 
 L1 = licorice extract drench soil B1 = Phosphate Dissolving Bacteria (PDB) 

 L2 = licorice extract B2= Mycorrhiza 
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Concerning the interaction between the biofertilization and licorice extract treatments, the 
highest average from plant height, number of umbels/plant, fresh and dry weights/plant, fruit 
weight/plant and fruit yield/fed resulted from L2B2 (spraying the fennel plants by licorice extract and 
inoculated with mycorrhiza).   

 
Volatile oil percentage and oil yield/fed:  

 
Data presented in Table (4) revealed that, in the second season, fennel plant gave the higher 

essential oil percentage and oil yield/fed than in the first season. In addition, it is evident that, the 
highest values resulted from inoculated fennel plant by mycorrhiza compared with treating the plants 
by Phosphate Dissolving Bacteria (PDB) or control plants.  
 
Table 4: Effect of biofertilization and licorice extract on volatile oil percentage (%) and oil yield/fed (L) of 

fennel (Foeniculum vulgare, Mill.) plant, during 2014/2015 and 2015/2016 seasons. 

 Volatile oil percentage (%) 

 First season, 2014 Second season, 2015 

 B0 B1 B2 Mean B0 B1 B2 Mean 

L0 0.59 0.96 1.13 0.89 0.62 1.06 1.22 0.96 

L1 0.65 1.24 1.32 1.07 0.76 1.33 1.42 1.17 

L2 1.66 1.78 1.87 1.77 1.76 1.98 2.18 1.97 

Mean 0.97 1.33 1.44  1.04 1.46 1.61  

L.S.D at 0.05 0.13 0.08 0.17 0.05 0.04 0.07 

 Oil yield/fed (L) 

 First season, 2014 Second season, 2015 

 B0 B1 B2 Mean B0 B1 B2 Mean 

L0 2.60 6.87 8.82 6.10 3.51 8.70 11.14 7.78 

L1 18.41 21.68 25.07 21.72 5.44 13.60 16.53 26.58 

L2 3.73 11.66 13.10 9.49 21.26 25.85 32.62 11.85 

Mean 8.24 13.40 15.66  10.07 16.05 20.10  

L.S.D at 0.05 2.18 1.05 2.62 0.66 1.00 1.56 

 Lo = without licorice extract B0 = without biofertilization 

 L1 = licorice extract drench soil B1 = Phosphate Dissolving Bacteria (PDB) 

 L2 = licorice extract B2= Mycorrhiza 

 
The observed results were supported by several investigators such as Karagiannidis et al. (2011) 

on oregano and mint plants, suggested that the use of mycorrhiza fungi may allow plant growth in low 
fertility soils, reduce fertilizer inputs and increase the production of essential oil. Mohammad, (2012) 
on fennel plants, reported that the highest essential oil yield was obtained with mycorrhiza 
application. Habibi and Talaei (2014) on ajowan plant, showed that the greatest essential oil yield 
were obtained by a treatment of biological phosphate (Pseudomonas putida) + chemical phosphorus 
(50 kg/ha P2O5).  

As the same trend, using licorice extract as a foliar spray gave the high significant increment in 
volatile oil percentage and oil yield/fed compared to the soil drench for licorice extract or control 
plants. These results are in harmony with obtained by Ali et al., (2011) on caraway plant, revealed 
that plant extracts (licorice and fenugreek extracts) were effective in increasing the yield traits (fruit 
yield and essential oil yield).  

Interaction between the biofetilization and licorice extract treatments, had a significant effect on 
volatile oil percentage and oil yield/fed. It noticed that, inoculated fennel plants with mycorrhiza led 
to a significant increase in volatile oil percentage and oil yield/fed irrespective the licorice extract 
treatments. Generally, inoculated fennel plants with mycorrhiza plus spraying licorice extract 
recorded the highest values.   
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Chemical composition:  
 
Nitrogen, phosphorus and potassium content: 

 
Data in Table (5) showed that, inoculated fennel plant with mycorrhiza caused increase in 

nitrogen, phosphorus and potassium content compared with Phosphate Dissolving Bacteria (PDB) or 
control treatments.  
 
Table 5: Effect of biofertilization and licorice extract on N, P and K content of fennel (Foeniculum vulgare, 

Mill.) plant during 2014/2015 and 2015/2016 seasons 

 
N % 

 
First season, 2014 Second season, 2015 

 
B0 B1 B2 Means B0 B1 B2 Means 

L0 2.21 2.36 2.46 3.27 2.26 2.41 2.51 2.40 

L1 2.27 2.77 2.88 2.34 2.31 2.82 2.93 2.69 

L2 3.18 3.28 3.37 2.64 3.22 3.31 3.41 3.32 

Means 2.55 2.80 2.90 
 

2.60 2.85 2.95 
 

Lsd 0.02 0.03 0.02 
 

0.02 0.03 0.02 
 

 
P % 

L0 0.293 0.333 0.357 0.328 0.300 0.350 0.410 0.353 
L1 0.317 0.470 0.490 0.426 0.320 0.473 0.493 0.429 

L2 0.520 0.543 0.620 0.561 0.540 0.560 0.640 0.580 

Means 0.377 0.449 0.489 
 

0.387 0.461 0.514 
 

Lsd 0.024 0.041 0.024 
 

0.023 0.038 0.021 
 

 
K % 

L0 2.09 2.17 2.22 2.16 2.10 2.19 2.25 2.18 

L1 2.13 2.27 2.27 2.22 2.15 2.28 2.29 2.24 

L2 3.16 3.25 3.38 3.26 3.19 3.28 3.40 3.29 

Means 2.46 2.56 2.62 
 

2.48 2.58 2.65 
 

Lsd 0.02 0.04 0.03 
 

0.02 0.03 0.02 
 

 
Lo = without licorice extract B0 = without biofertilization 

 
L1 = licorice extract drench soil B1 = Phosphate Dissolving Bacteria (PDB) 

 
L2 = licorice extract B2= Mycorrhiza 

 

Also, spraying the fennel plants with licorice extract (L2) led to the highest content of this 
elements (N, P and K %) compared with the other treatments (without licorice extract (L0) and soil 
drench (L1)). As far as, the interaction between the biofertilization and licorice extract treatments, had 
a significant effect on nitrogen, phosphorus and potassium content. It noticed that, in inoculated 
fennel plant with mycorrhiza plus using licorice extract as a foliar spray gave the highest content of N, 
P and K, whereas the control plant gave the lowest nutrient content in both seasons. This result may 
be due to the high content from N, P and K in Licorice extract as shown in Table (D). Also, the effect 
of Licorice extract in increasing of endogenous hormones like GA3 in treated plants which increased 
the metabolic processes role and its effect in element content in tissue Thanaa et al. (2016). Also, 
increased N, P and K content in inoculated fennel plant with mycorrhiza due to raising absorption 
these element from the soil by mycorrhiza. Supported this trend with several researchers such as 
Kapoor et al., (2004) on fennel plant, reported that, AM inoculation of plants with phosphorus 
fertilization significantly enhanced P-uptake of plants compared to either of the components applied 
separately. Karagiannidis et al., (2011) found that, mycorrhiza inoculated with oregano and mint 
plants had a higher content of nutrient elements than non-mycorrhiza plants. Mohsen et al., (2014) 
reported that, the mutualistic association between roots and mycorrhiza fungi can improve a plant’s 
nutritional state since it facilitates the absorption of the main elements in the soil (N, P and K), 
increases the volume of soil explored by the root system.  
 
 
 



Middle East J. Appl. Sci., 6(4): 990-1002, 2016 
ISSN 2077-4613 

997 

Analysis of fennel volatile oil components by GC-MS:  
 

The samples of the essential oil during the second season were subjected to (GC-MS) analysis. 
The main compounds are shown in Tables (6) and Figures (1, 2 and 3). Twenty nine compounds were 
identified, the main compounds of the essential oil were Estragole, Limonene, Fenchone, α-Pinene, 
1,8-Cineole, Sabinene and γTerpinene  which represent from  97.79 - 98.72 % of fennel oil. 

Using the Mycorrhiza (B2) as the biofertilization caused led to the highest content of Limonene 
in fennel oil compared with using PDB biofertilization or control treatments, the highest value was 
17.25 % resulted from L1B2 treatment (adding the licorice extract as the soil drench plus inoculated 
fennel plants with mycorrhiza). The same trend obtained with α-Pinene, but, L2B2 treatment recorded 
the highest content (2.97 %). 

The highest content of Fenchone resulted from using PDB biofertilization irrespective using 
licorice extract, meanwhile, using L2B1 treatment (spraying the fennel plants by licorice extract plus 
treating by PDB biofertilization) gave the highest content (13.57 %). Also, using PDB biofertilization 
caused obtained to the highest content of 1,8-Cineole, especially with using the licorice extract as the 
soil drench (1.50 %).  

It can be noticed that, when using the biofertilization from B0 to B2 resulted in a continuous 
significant decrease in Estragole content, the values were 78.84, 77.92 and 74.07 % without adding 
the licorice extract, 77.79, 73.08 and 69.91% with adding the licorice extract as the soil drench and 
79.72, 66.36 and 66.12 % (without biofertilization, PDB biofertilization and mycorrhiza, respectively) 
with spraying the fennel plants by licorice extract. The lowest content of Estragole (66.12 %) obtained 
with L2B2 treatment (spraying the fennel plants by licorice extract and inoculated with mycorrhiza) 
Eisa, (2000), Shalaby et al. (2011) and Salam (1999) on Foeniculum valgare Mill. 

From the previous results it can be noted that, the volatile oil resulted from L2B2 treatment 
(spraying the fennel plants by licorice extract and inoculated with mycorrhiza) was the best oil 
quality, due to a decrease in Estragole percentage and an increase in Limonene and Fenchone 
percentages compared with other treatments.  

 
Table 6: Chemical composition of the essential oils of Foeniculum vulgare, Mill, plant using GC-MS : 

Compound name L0B0 L0B1 L0B2 L1B0 L1B1 L1B2 L2B0 L2B1 L2B2 
α-pinene 1.83 2.55 2.42 2.09 1.86 2.25 2.12 2.48 2.97 
Camphene 0.06 0.06 0.07 0.07 0.08 0.09 0.10 0.11 0.12 
Sabinene 0.43 0.60 0.59 0.56 0.47 0.58 0.52 0.61 0.75 
β-pinene 0.11 0.16 0.17 0.14 0.12 0.16 0.14 0.18 0.20 
α-Myrcene 0.19 0.24 0.22 0.21 0.48 0.26 0.28 0.31 0.36 
D-Limonene 7.69 10.46 14.41 9.81 9.65 17.25 13.51 13.74 14.41 
1,8-Cineole 0.51 0.54 0.54 0.64 1.50 0.42 0.44 0.72 0.57 
α-Phellandrene 0.14 0.16 0.16 0.18 0.16 0.18 0.11 0.17 0.19 
γ-Terpinene 0.20 0.19 0.23 0.26 0.71 0.39 0.13 0.53 0.43 
Cyclohexanol 0.11 0.08 0.13 0.12 0.17 0.26 0 0.16 0.03 
Linalool 0.03 0.05 0.09 0.06 0.11 0.02 0.11 0.02 0.09 
Fenchone 9.21 6.46 6.19 7.43 10.52 7.58 11.97 13.57 12.89 
Limonene oxide 0.01 0.03 0.08 0.06 0.07 - 0.05 - 0.03 
Bicyclo 0.33 0.15 0.17 0.21 0.42 0.17 0.24 0.51 0.27 
Terpinen-4ol 0.05 0.05 0.08 0.06 0.10 0.08 0.05 0.09 0.05 
Estragole 78.84 77.92 74.07 77.79 73.08 69.91 79.72 66.36 66.12 
Anethole 0.22 0.2 0.14 0.23 - 0.22 0.39 0.21 0.28 
2,Oxabicycl - - 0.08 0.04 - 0.04  0.05 0.04 
transCaryophyllene - 0.02 0.02 - - - 0.01 0.02 0.03 
α-Copaene 0.01 0.02 0.04 0.02 0.26 0.04 0.03 0.04 0.04 
D-Germacrene  0.02 0.04 0.04  0.05 0.05 0.04 0.04 0.04 
Humulene - 0.01 - - - - 0.03 - - 
Cyclopenta 0.01 - - - - - - - - 
Total 100 99.99 99.94 99.98 99.81 99.95 99.99 99.92 99.93 
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Fig. 1: Chromatogram of Foeniculum vulgare, Mill., plant oil extracted from plants treated with control 
[without licorice extract] (L0 B0 ), Phosphate Dissolving Bacteria (PDB) (L0 B1) and Mycorrhiza (L0 B2) 
during the second season 2016. 

 
 



Middle East J. Appl. Sci., 6(4): 990-1002, 2016 
ISSN 2077-4613 

999 

 
Fig. 2: Chromatogram of Foeniculum vulgare, Mill., plant oil extracted from plants treated with licorice extract 

soil drench (L1 B0), licorice extract soil drench + Phosphate Dissolving Bacteria (PDB) (L1B1) and 
licorice extract soil drench +Mycorrhiza (L1B2) during the second season 2016. 
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Fig. 3: Chromatogram of Foeniculum vulgare, Mill. plant oil extracted from plants treated with licorice extract 

foliar spray (L2 B0), licorice extract foliar spray + Phosphate Dissolving Bacteria (PDB) (L2B1) and 
licorice extract foliar spray + Mycorrhiza  (L2B2) during the second season 2016. 
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Conclusion 
 

Generally, inoculated fennel plants with mycorrhiza plus spraying licorice extract (L2B2) 
recorded the highest growth parameters (plant height, number of umbels/plant, fresh and dry 
weights/plant), fruit yield (fruit weight/plant and fruit yield/fed), volatile oil production (oil 
percentage and oil yield/fed), chemical constitute (N, P and K %) and the lowest content of Estragole 
(66.12%) in the volatile oil. Meanwhile, the main compounds of the essential oil resulted from this 
treatment (L2B2) were Estragole (66.12%), Limonene (14.41%), Fenchone (12.89%), α-Pinene 
(2.97%), Sabinene (0.75%), 1,8-Cineole (0.57%) and γTerpinene (0.43%). Therefore, we recommend 
using mycorrhiza and spraying fennel plant with licorice extract to produce fennel plant under sandy 
soil conditions, especially, in Baluza region-North Sinai Governorate. 
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