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ABSTRACT 
 

Two field experiments were carried out during the two successive seasons of 2013 / 2014 and 

2014/2015 at the experimental farm of Baluza Research Station, Desert Research Center, North Sinai, 

Egypt. To study the effect of Bio-fertilizers combined with licorice extract by different solvent (cold 

water extract - hot water extract - alcohol extract and acetone extract) on the vegetative growth, fruit 

yield, volatile oil percentage, oil constituents and chemical composition of Foeniculum valgare, Mill. 

The obtained data revealed that the best growth, essential oil and chemical composition were obtained 

with combination of Bio-fertilizers and cold water extract of Licorice  root. The main compounds of 

the essential oil resulted from this treatment were Estragole (69.78%), Fenchone (13.19), Limonene 

(12.43) and α-Pinene (2.44). Therefore, we recommend using Bio-fertilizers and spraying fennel plant 

with cold water extract of Licorice to produce the fennel plant under sandy soil conditions.     
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Introduction 

 
Fennel (Foeniculum valgare, Mill. belonging Apiaceae family) is an important medicinal and 

aromatic plant. Fennel is primarily grown for mature fennel fruits (seeds) contain essential oil and are 

used as flavoring agents in food products such as bread, pickles and cheese, as well as an herbal 

remedy for poisoning and stomach conditions. It has also been used as a stimulant to promote milk 

flow in breast-feeding and induce menstruation (Rahimi and Ardekani, 2013).  

The utilization of bio-fertilizers is considered today as a promising alternative for mineral 

fertilizers to reduce amount of applied it and supports an effective tool for desert development under 

less risk to the environment, since their tissues contain lower levels of chemical residues. From the 

economical point of view, such application reduces the agricultural costs as a result of reducing the 

amount of expensive inorganic fertilizers. (Subba Rao, 1984 and Abd El-Hadi, et al. 2009) 

The highest yield of Foeniculum valgare plant was imported varieties have are costly. Recent 

studies showed that plant extracts could be used as an alternative that is safer than chemically growth 

regulators. Licorice root extract Glycyrrhiza glabra is a plant which grows in Egypt and some other 

countries of the world. The Licorice root extract contains some compounds, which have similar effect 

to those growth promoters such as minerals, phenolic compounds, flavonoids, amino acid, vitamins 

and also contains mevalonic acid used in gibberellins synthesis. (Shibata, 2000 and Moses et al., 

2002) 

 Many author reports the significant effects of Licorice root extract Glycyrrhiza glabra using 

with foliar application on the growth and chemical composition of several plants (Nasser et al., 2014 

on Trigonella foenum-graecum , Babilie et al., 2105 on Allium cepa,  Al-Obady 2015 on tomato and  

Thanaa et al., 2016 on  Prunus amygdalus)    

The aim of this study is to investigate the effect of bio-fertilizer and foliar application of Licorice 

root extract with different solvent on the vegetative growth and chemical composition of   Foeniculum 

valgare, Mill. Under sandy soil condition of Baluza Station, North Sinai, Egypt. 
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Material and Methods 
 
Two field experiments were carried out during the two successive growth seasons of 2013 / 2014 

and 2014/2015 at the experimental farm of Baluza Station, North Sinai-Egypt, to study the effect of 
Bio-fertilizer combined with Licorice extract by different solvents on the vegetative growth, fruit 
yield, volatile oil percentage, oil constituents and chemical composition of Foeniculum valgare, Mill. 
Fennel seeds of local verities were sown on 12th October 2013 and 2014 seasons. After complete 
germination the seedlings were thinned to one plant/hill. The experiment area (plot) was (3*2) meters 
contents 20 plants per plot the distance between rows 60cm and between hills 50 cm. The 
experimental layout was spilt plot design with three replicates.  
 
Extracts preparation: 

 
Dried powdered roots (10 g) of Licorice were extracted with 1 Liter of distilled water (cold and 

hot) then filtered and both filtrates were kept spraying of the plants. Also dried powdered roots (10 g) 
of Licorice were extracted with (alcohol and acetone) filtered and concentrated under reduced 
pressure using rotary evaporator both alcoholic and acetone extracts (2 g) were mixed with drops of 
twenty and complete the volume to 1 Liter distilled water. The active components in Licorice  roots 
extract are showed in Table (A) and The elements analysis in Licorice  roots extract are showed in 
Table (B). 
 
Table A: the active components in Glycyrrhiza glabra roots extract. 

 Cold water extract Hot water extract Alcohol extract Acetone extract 
Volatile oils + - - - 
Terpenoids  + - - - 
Tannins  + + + + 
Carbohydrates  + + + - 
Saponins + - + - 
Amino  acids  + - - - 
Alkaloids  + - - - 
Phenols  + - - - 
Glycosides  + - - - 
Flavonoides + + + + 
Gums & mucilages + + + - 
Fixed oils & fates + + + + 
Phytosterols - - + + 
Resins - - - - 
+ = present; - = absent 

 

Table B: The elements of Licorice analysis roots extract. 

Elements  K+1 Ca +2 Fe+3 P-3 Mg+2 SO4
-2 N-3 Na+1 

Mn+2 Zn+2 Co+2 

ppm 1230 500 1400 520 5 900 16500 700 1700 35000 0.07 

 
Data of present study were statistically analyzed according to Snedecor and Cochran (1972), 

using new L.S.D at 5% for comparison between the different treatments by using computer program 
mstatc.       

The experiment consists of 10 treatments including combinations between Bio-fertilizer 
treatments (without bio-fertilizer control and Bio-fertilizer) and different solvent of Licorice extracts 
(cold water extract- hot water extract – alcoholic extract- acetone extract). Bio-fertilizer was added as 
mixture of three strains of bacteria normally Azotobacter choococcum, Azospirillum lipoferum and 
Bacillus megatherium provided from soil fertility and Microbiology Department, Desert Research 
Center (DRC), Egypt. The Bio-fertilizer was added as a soil drench four times monthly per season. 

Foliar applications of Licorice extract was added on three times of 21 days intervals starting on 
15th of January in both seasons. All plant received 20m3 /fed compost was added before planting in 
each season. All plants have been received half recommended dose of  chemical fertilization at rate of 
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150 kg/fed of calcium superphosphate (15% P2O5), 20 m3/fed of compost during soil preparation, 300 
kg/fed of ammonium sulfate (20.5% N) and 75 kg/fed of potassium sulfate (48% K2O) were added as 
two equal parts. (Salam, 1999).  The first addition was after one month from transplanting and the 
second one added after two months from the first addition.  All plants received normal agriculture 
practices whenever they needed. 

The following data were recorded after harvesting such as plant height, fresh and dry weights per 
plant (g), number of umbel per plant, and weight of fruits per plant and per feddan, The essential oil 
percentage in fruit 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).     

Chemical analysis was carried out on the air dried seeds samples from the different treatments. 
The dried seeds were grind to a fine powder for determination of N, P, and K elements percentage. 
Nitrogen percentage was determined modified Micro Kjeldahele method as described by Kock and 
Mc-Meekin (1924), Phosphorus percentage was determined climatically using the method described 
by Murphy and Riley (1962) and Potassium percentage was estimated using Flame-Photometry 
methods according to Coltenie et al. (1982). 

The physical and chemical analyses of experimental farm soil in Baluza Station are shown in 
Table (C). Soil samples representing the experimental area were taken at 0-30 cm depth.  
 
Table C: Physical and chemical properties of the experimental farm soil in Baluza station 

Particle size 
distribution (%) 

T
ex

tu
re

 s
oi

l 

E
C

 d
sm

-1
 

 pH 

Available nutrients (Cations) Available nutrients (Anions) 

S
an

d 

S
il

t 

C
la

y 

P 
% 

Na+ 

% 
K+

% 
Ca++ 
Meg/l 

Mg++ 
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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 

  
Results and Discussion 
 
Vegetative growth: 
 
Plant height and number of umbels: 
  

Regarding the effect of bio-fertilizer treatments on plant height and number of umbels the data 
recorded in Table (1) indicated that plant height and number of umbels of Foeniculum valgare, Mill. 
Were increased as a result of bio-fertilizer treatments, compared to the control plants, in both seasons. 
These results are similar to those found by (Agamy, 2004 and Mahfouz and Sharaf-Eldin 2007), on 
the same plant. While, applying of foliar spraying with cold water extracts of Licorice plant caused 
significant increase in plant height and number of umbels compared to anther methods of extracts. 
These results are in harmony with those found by (Babilie et al. 2105 on Allium cepa and Al-Obady, 
2015 on tomato). The interaction between bio-fertilizer and foliar spraying of Licorice extract showed 
that, using bio-fertilizer combined to foliar spraying of cold water extracts of Licorice plant give the 
beast result compared to other treatments. Regarding the interaction between organic fertilizer and 
foliar application of Licorice extract discussed by Nasser et al., 2014 on Trigonella foenum-graecum, 
showed that the combination between foliar Licorice extract and organic fertilizer increased the values 
in growth characters.      
 
Fresh, dry weight plant (g) and seed weight per plant (g) and per feddan (kg): 
 

The date shown in Table (2 and 3) revealed that, fertilizing fennel plants using bio-fertilizer 
increased fresh weight/plant, dry weight/plant and seed weight per plant and per feddan compared 
with control treatment. These results may be due to the role of Azotobacter choococcum, Azospirillum 
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lipoferum in nitrogen fixation. They provide growth promoting substance such as indole acetic acid 
and gibberellins (Okon and Lanabdera, 1994 and Gilic 1995). The phosphate dissolving bacteria 
Bacillus megatherium also may have increase the availability of phosphorus and it may increase the 
uptake of trace elements (Chen, et al, 2006 and Khan et al. 2006). 
 
Table 1: Effect of bio-fertilizer, licorice extracts and their interaction on plant height (cm) and number of umbel 

per plant of Foeniculum valgare, Mill. plants during the two seasons 2013 / 2014 and 2014/2015. 

Treatment 

Plant height (cm) 
First season Second season 

Without Bio Mean Without Bio Mean 
 Control  104.47 133.13 118.80 109.47 133.13 121.30 
Cold 127.97 160.07 144.02 133.13 163.10 148.12 
Hot 127.00 139.17 133.09 119.03 135.13 127.08 
Alcohol 125.63 148.63 137.13 128.17 145.00 136.59 
Acetone 117.50 144.50 131.00 122.50 148.67 135.59 
Mean  120.51 145.10  122.46 145.01  

LSD at 5% 
Bio 

Extract 
Bio*ext. 

6.92 
4.65 
6.58 

9.22 
2.35 
3.32 

 Number of umbels 
 Control  42.67 65.67 54.17 50.00 67.00 58.50 
Cold 63.67 96.33 80.00 68.33 92.33 80.33 
Hot 56.00 85.00 70.50 63.00 73.33 68.17 
Alcohol 62.00 73.67 67.84 70.00 78.67 74.33 
Acetone 59.33 72.00 65.67 65.00 75.67 70.33 
Mean  56.73 78.53  63.27 77.40  

LSD at 5% 
Bio 

Extract 
Bio*ext. 

6.04 
2.33 
4.03 

6.85 
1.73 
2.44 

 

Table 2: Effect of bio-fertilizer, licorice extracts and their interaction on herb fresh and dry weights per plant (g) 
Foeniculum valgare, Mill. plants during the two seasons of 2013 / 2014 and 2014/2015   

Treatment  

Fresh weight/ plant (g) 
First season Second season 

Without Bio Mean without Bio Mean 
Control 133.47 294.53 214.00 152.33 315.47 233.90 
Cold 263.97 470.70 367.33 274.23 522.27 398.25 
Hot 174.50 318.37 246.43 192.33 331.67 262.00 
Alcohol 217.00 428.17 322.58 262.17 466.97 364.57 
Acetone 195.47 345.27 270.37 206.33 380.17 293.25 
Mean 196.88 371.41  217.48 403.31  

LSD at 5% 
Bio 

Extract 
Bio*ext. 

10.02 
24.43 
34.55 

25.21 
14.18 
20.05 

 Dry weight / plant (g) 
Control 44.87 100.00 72.43 60.33 115.23 87.78 
Cold 88.83 160.40 124.61 105.07 181.40 143.23 
Hot 58.17 107.10 82.63 70.40 119.30 94.85 
Alcohol 73.13 143.60 108.36 91.47 164.37 127.92 
Acetone 65.47 117.77 91.62 75.33 125.40 100.37 
Mean 66.09 125.77  80.52 141.14  

LSD at 5% 
Bio 

Extract 
Bio*ext. 

4.01 
7.76 

10.98 

9.29 
8.35 

11.80 

 
In the same trend, application foliar with all Licorice root extracts showed positive reaction for 

fresh, dry and seed weight per plant and per feddan compared to control. While, the highly significant 
of this characters results be using cold water to extract Licorice root. This increase may be due to the 
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effect of Licorice  extract which contain many various important compounds such as Triterpene 
saponins (including glycyrrhizin), mevalonic acid which is the initiator in the synthesis of gibberellins 
in plants, polysaccharide, vitamins, and many mineral which play an important role in the growth of 
plant (Shibata 2000 and Zadeh et al.2013) The interaction between bio-fertilizer and application of 
Licorice  root extract be cold water gave the highly significant of fresh weight/ plant (470.70 and 
522.27 g), dry weight/ plant (160.40 and 181.40 g), weight of seed/plant (83.05 and 91.64 g) and 
weight of seed/feddan (1162.60 and 1283.00 kg)  in the first and second seasons, respectively. On the 
other hand, the control gave the lowest values of these parameters in both seasons.  

 
Table 3: Effect of bio-fertilizer, licorice extracts and their interaction on weight of seed per plant (g) 

Foeniculum valgare, Mill. plants during the two seasons of 2013/2014 and 2014/2015.   
 Weight of seed /plant(g) 

Treatment 
First season Second season 

Without bio Mean without bio Mean 
Control 25.08 60.01 42.54 34.77 68.41 51.59 
Cold 57.58 83.05 70.31 72.81 91.64 82.22 

Hot 33.55 71.65 47.58 39.34 74.47 56.90 

Alcohol 49.85 61.61 60.75 59.51 83.52 71.52 

Acetone 39.94 68.71 54.32 56.11 78.87 67.49 

Mean 41.20 69.00 
 

52.51 79.38 
 

LSD at 5% 

Bio 0.015 0.050 

Extract 0.025 0.080 

Bio*ext. 0.034 0.112 

 
Weight of seed /feddan(kg) 

Control 351.10 840.10 595.57 486.80 957.70 722.30 

Cold 806.10 1162.60 984.35 1019.30 1283.00 1151.10 

Hot 469.60 862.50 666.06 550.80 1042.60 796.70 

Alcohol 697.80 1003.00 850.44 833.20 1169.30 1001.20 

Acetone 559.20 961.90 760.54 785.50 1104.20 944.90 

Mean 576.76 966.03 
 

735.10 1111.30 
 

LSD at 5% 

Bio 0.21 0.693 

Extract 0.35 1.121 

Bio*ext. 0.48 1.568 
 

Essential oil percentage:  
 
Data presented in Table (4) revealed that bio-fertilizer increased the percentage of essential oil 

compared to control plant.  
 

Table 4: Effect of bio-fertilizer, licorice extract and their interaction on essential oil % Foeniculum valgare, 
Mill. plants during the two seasons of 2013/2014 and 2014/2015. 

Treatment 

Oil  % 

First season Second season 
Without Bio Mean Without Bio Mean 

Control 1.01 1.61 1.31 1.16 1.67 1.42 

Cold 1.51 2.64 2.08 1.57 2.68 2.13 

Hot 1.18 1.67 1.42 1.16 1.69 1.43 
Alcohol 1.38 2.06 1.72 1.42 2.19 1.81 

Acetone 1.26 1.96 1.61 1.38 2.07 1.72 

Mean 1.27 1.99 
 

1.34 2.06 
 

LSD at 5% 

Bio 0.06 0.05 

Extract 0.09 0.06 

Bio*ext. 0.12 0.10 
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In addition, it is evident that Foeniculum valgare treated with cold water extract of Licorice root 
gave significantly values of essential oil percentage compared to other extract methods. Meanwhile, 
the interaction between bio-fertilizer and cold water extract of Licorice root gave the highly values of 
essential oil. The same results were obtained by Gad (2001), who reported that applying bio-fertilizer 
to fennel plants increased the volatile oil percentage in the seed.  
 
Essential oil yield ml/ plant and L/ feddan: 

 
The results of Essential oil yield ml/ plant and Essential oil yield L/ feddan, using application 

foliar with all Licorice root extracts are shown in tables (5). The results reflected a significant increase 
that Essential oil yield ml/ plant and Essential oil yield L/feddan were enhanced significantly in both 
seasons. The treatment cold water extract of Licorice root gave significantly values of these 
parameters compared to other extract methods. 

On the other hand the results reflected that bio-fertilizer significant increase in Essential oil yield 
ml/ plant and Essential oil yield L/feddan compared to control plant these results hold true during both 
seasons.  

As for interaction between bio-fertilizer and cold water extract of Licorice root gave the highly 
values of Essential oil yield ml/ plant  ( 2.193 and 2.453 ml) and Essential oil yield L/ feddan ( 30.71 
and 34.34 L). 

 
Table 5: Effect of bio-fertilizer, licorice extract and their interaction on essential oil % Foeniculum valgare, 

Mill. plants during the two seasons of 2013/2014 and 2014/2015  . 

Treatment 
Essential oil yield ml/ plant 

First season Second season 

Without Bio Mean Without Bio Mean 

Control 0.252 0.968 0.610 0.403 1.142 0.773 

Cold 0.870 2.193 1.532 1.145 2.453 1.799 
Hot 0.393 1.029 0.711 0.456 1.260 0.858 

Alcohol 0.688 1.477 1.082 0.846 1.830 1.338 

Acetone 0.503 1.348 0.926 0.771 1.632 1.201 

Mean 0.541 1.403 
 

0.724 1.663 
 

LSD at 5% 

Bio 0.046 0.064 

Extract 0.085 0.087 

Bio*ext. 0.111 0.133 

 Essential oil yield L/ feddan. 

 
First season Second season 

Without Bio Mean Without Bio Mean 

Control 3.53 13.55 8.54 5.65 15.99 10.82 

Cold 12.18 30.71 21.44 16.03 34.34 25.19 
Hot 5.51 14.41 9.96 6.39 17.64 12.01 

Alcohol 9.63 20.67 15.15 11.84 25.63 18.73 

Acetone 7.04 18.88 12.96 10.80 22.84 16.82 

Mean 7.58 19.64 
 

10.14 23.29 
 

LSD at 5% 

Bio 0.64 0.89 

Extract 1.19 1.21 

Bio*ext. 1.56 1.86 

 
Analysis of  Foeniculum vulgare, Mill. volatile oil components by GC/MS: 

 
Concerning the effect of Bio-fertilizer and foliar application of Licorice  extract treatments on 

the essential oil constituents, the data presented in Table (6) and Figures (1, 2 and 3) showed that, in 
the second seasons, Twenty seven compound were identified, the main compounds of the essential oil 
were Estragole, Limonene, Fenchone, α- Pinene. 

Regarding the effect of foliar application of Licorice  extract with cold water combined with Bio-
fertilizer produced the highest Limonene (12.43%) followed by alcohol extract alone (12.19%) 
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compared to the other treatment. The same trend obtained with Fenchone, foliar application with cold 
water and Bio-fertilizer led to the beast values (13.19%) but, the following recoded obtained by using 
hot water and bio-fertilizer (12.52%). while, α- Pinene compound  resulted from application extract 
with hot water (2.48%) followed by Alcohol and bio-fertilizer (2.29%) Eisa (2000), Shalaby et al. 
(2011) and Salam (1999) on Foeniculum valgare Mill. 

It can be noticed that, plants received extract of Licorice with cold water combined with bio-
fertilizer decrease in Estragole percentage compared to the other extract and treatment. From the 
previous results it can be noted that, the essential oil constituent resulted from foliar application of 
Licorice extract by cold water and add Bio-fertilizer in soil was the beast oil quality, because it gave 
the highest values of fenchone, limonene and decrease estragole (undesirable component) percentage 
compared with other treatments.      
 
N, P and K content: 
 

Data presented in Table (5) revealed that, application of bio-fertilizer treatments increased N, P 
and K percentage in the seed of Foeniculum valgare, as compared to without bio-fertilizer.   

 
Table 6: Chemical composition of the essential oil of Foeniculum vulgare, Mill. plant using GC-MS 
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Phellandrene 0.14 0.12 0.11 0.09 0.12 0.14 0.13 0.14 0.14 0.16 
α- Pinene 1.83 1.93 2.48 1.97 1.90 2.01 2.44 1.94 2.29 2.20 
Camphene 0.06 0.08 0.08 0.06 0.07 0.05 0.09 0.09 0.08 0.08 
Sabinene 0.43 0.46 0.58 0.50 0.45 0.48 0.49 0.44 0.52 0.48 
α-Myrcene 0.19 0.23 0.26 0.20 0.23 0.21 0.25 0.24 0.27 0.24 
D-Limonene 7.69 10.15 10.32 11.19 12.19 11.55 12.43 10.99 11.40 9.33 
1,8-Cineole 0.51 0.54 0.50 - 0.52 0.51 - 0.42 0.46 0.43 
α- terpinene 0.20 0.10 0.46 0.13 0.25 0.33 0.14 0.43 0.35 0.39 
Cis-Sabinene Hydrate - 0.03 0.05 1.94 0.01 0.05 0.04 0.03 0.03 0.04 

Fenchone 9.21 11.49 9.38 6.57 9.10 5.54 13.19 12.52 9.95 11.75 
Linalool 0.03 - 0.03 0.04 0.08 - 0.06 0.03 - 0.03 
D-Fenchyl alcohol - - 0.06 - 0.10 - 0.10 0.03 0.12 0.12 
Limonene oxide 0.01 0.06 0.03 0.05 0.04 0.06 0.05 0.05 0.05 0.04 
Isopinocarveol - 0.01 - 0.01 - 0.01 0.01 - 0.01 0.02 
Camphor  0.22 0.20 0.15 0.18 0.15 0.26 0.29 0.21 0.24 
Terpinen-4-ol 0.05 0.06 0.07 0.06 0.06 - 0.07 0.05 0.05 0.05 
Estragole 78.84 74.43 75.15 76.69 74.43 78.46 69.78 71.71 73.96 74.28 
Anethole 0.22 0.05 0.22 0.11 0.19 0.18 0.42 0.24 0.04 0.02 
Copaene  0.01 - 0.02 0.02 0.02 0.02 0.02 0.02 0.01 
Trans-Caryophyllene  - - - 0.01 0.01 - 0.02 0.01 0.01 

Germacrene-D 0.02 0.01 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.03 
α-Ionone - - - 0.01 0.01 - - - - - 
Cis-verbenol - 0.02 - 0.12 0.02 0.11 - 0.10 - - 
Geranyl-isovalerate - - - - - - 0.01 - - - 

Caryophyllene-Oxide - - - - - - - 0.05 -- - 

α-Cadinol - - - - - - - 0.08 - - 
Elemene - - - - - - - 0.03 - - 

 
This resulted may be attributed to the soil microorganisms that colonize the rhizosphere assist 

plants in the uptake of several vital nutrients, such as N from soil (Cocking, 2003). Moreover, the 
increment of phosphorus percentage in plant tissues as a result of bacteria which secrete organic acids 
lead to transferring fixed phosphate to available phosphate, causing the increment of available 
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phosphorus in the root zone, which increase P uptake (Khan et al. 2006) in both seasons, plant foliar 
by cold water extract of Licorice root give higher N, P and K% than that foliar with any anther 
extract. This result may be due to the effect of Licorice root 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). Generally, plants fertilizer with bio-fertilizer and foliar 
by cold water extract of Licorice root gave the highest nutrients content, whereas the control plant 
gave the lowest nutrient content in both seasons. 

 
Fig. 1: Chromatogram of Foeniculum vulgare, Mill. plant oil extracted from plants treated with Control 

[without licorice extract], licorice extract with cold water  and licorice extract with hot water during the 
second season 2015. 
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Fig. 2: Chromatogram of Foeniculum vulgare, Mill., plant oil extracted from plants treated with licorice 
extract with alcoholic, licorice extract with acetone and bio-fertilizer during the second season 2015. 
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Fig. 3: Chromatogram of Foeniculum vulgare, Mill., plant oil extracted from plants treated with licorice 

extract with cold water + bio-fertilizer, licorice extract with hot water + bio-fertilizer, licorice extract 
with alcoholic + bio-fertilizer and licorice extract with acetone + bio-fertilizer during the second 
season 2015. 

 
Table 7: Effect of bio-fertilizer, licorice extract their interaction on nitrogen, phosphorus and potassium 

percentages of Foeniculum valgare, Mill. plants during the two seasons 2013 / 2014 and 2014/2015   
Treatment Nitrogen % Phosphorus % Potassium % 
 First season 

without bio Mean without Bio mean Without bio mean 
Control 2.15 2.72 2.43 0.22 0.43 0.32 2.28 3.13 2.70 
Cold 2.62 3.17 2.90 0.40 0.62 0.51 2.85 3.75 3.30 
Hot 2.32 2.82 2.57 0.20 0.50 0.35 2.30 3.29 2.80 
Alcohol 2.52 3.15 2.84 0.33 0.60 0.46 2.69 3.72 3.21 
Acetone 2.45 2.94 2.70 0.38 0.52 0.45 2.48 3.45 2.96 
Mean 2.41 2.96  0.31 0.53  2.52 3.47  

LSD at 5% 
Bio 

Extract 
Bio*ext. 

0.01 
0.03 
n.s 

0.02 
0.02 
n.s 

0.07 
0.12 
n.s 

 Second season 
 without bio mean without bio mean without bio Mean 
Control 2.20 2.78 2.49 0.26 0.48 0.37 2.35 3.17 2.76 
Cold 2.68 3.20 2.94 0.45 0.68 0.56 2.95 3.99 3.47 
Hot 2.37 2.87 2.62 0.28 0.53 0.41 2.41 3.36 2.89 
Alcohol 2.56 3.17 2.86 0.39 0.62 0.51 2.76 3.78 3.27 
Acetone 2.47 2.98 2.73 0.31 0.57 0.44 2.53 3.54 3.03 
Mean 2.46 3.00  0.34 0.58  2.60 3.57  

LSD at 5% 
Bio 

Extract 
Bio*ext. 

0.03 
0.02 
n.s 

0.01 
0.02 
n.s 

0.05 
0.05 
n.s 
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Conclusion 
 

From the above mentioned results above conclude that the use of Bio-fertilizer or Licorice root 
extracts for agriculture in sandy soils gave enhancement effects on the plant growth and essential oil 
of Foeniculum valgare, Mill. 

In this experiments, application of a mixture of Bio-fertilizer and cold water Licorice root extract 
resulted in the beast plant growth and chemical composition of Foeniculum valgare, Mill. 
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