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Abstract 

The present work was conducted at the Experimental Farm, Faculty of Agriculture, Al-Azhar University, Assiut, 

Egypt during the two successive seasons of 2019/2020 and 2020/2021 to study the impact of sowing methods 

(normal and reciprocal) and foliar spray with some stimulant substances (compost tea, E.M. (effective 

microorganisms) and vitamin E), as well as, their interactions on the growth traits, fruit yield/plant and per feddan 

(feddan = 4200m2), essential oil % and essential oil yield/plant and per fed of fennel (Foeniculum vulgare Mill.) 

plants. The plants were foliar sprayed with stimulant substances namely, control (no sprayed plants), compost tea at 

25, 50 and 100 g/l, compost tea at 25 g/l + 5 ml E.M. compost tea at 50 g/l + 5 ml E.M, compost tea at 100 g/l + 5 ml 

E.M., compost tea at 25 g/l + 50 ppm vitamin E, compost tea at 50 g/l + 50 ppm vitamin E and compost tea at 100 

g/l + 50 ppm vitamin E. The obtained results showed that the application of sowing methods positively affected the 

plant growth traits (plant height, branch number/plant and herb dry weight/plant), fruit yield/plant and per feddan, 

essential oil %, essential oil yield/plant and per feddan. Clearly, reciprocal sowing method gave better results of 

these parameters than those detected by normal sowing method. As for stimulant substance treatments, all examined 

parameters significantly influenced by foliar spray with these substances. Obviously, foliar spray with all stimulant 

substances at all concentrations, either single or together, resulted a significant augment in all studies aspects, except 

for compost tea at 25 and 50 g/l, mostly, as compared to no sprayed ones. Foliar spray with the combined treatment 

(compost tea at 100 g/l + 50 ppm vitamin E) and the combined one (compost tea at 100 g/l + 5 ml E.M.) proved to be 

more effective in increasing these traits than other treatments and control. The interaction between the two tested 

factors on all parameters was statistically significant, for the two seasons. Apparently, reciprocal sowing method 

with foliar spray with compost tea at 100 g/l + 50 ppm vitamin E or with compost tea at 100 g/l + 5 ml E.M. gave the 

most effective treatments in augmenting these traits. 
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1. Introduction 

 
Fennel (Foeniculum vulgare Mill.) is 

member of the most important medicinal 

and aromatic plants. It belongs to 

Apiaceae family; it is an annual, biennial, 

or perennial aromatic herb, depending on 

the variety (Farrell, 1988; Wichtl and 

Bissel, 1994). Fennel has useful in 

medicinal folklore as sedative, 

carminative, stimulant and diuretic 

(Charles et al., 1993). The fruits of fennel 

contain essential oil which plays 

important roles as carminative, 

flavouring agents, and laxative 

preparations (Lawless, 1997). Stary and 

Jirasck (1975) suggested that the 

essential oil is 1-3 % in fennel fruits 

which has been antiflammatory and 

antispasmodic effect on smooth muscle. 

Planting method is one of the most 

important cultural practices which has 

been affected the growth, yield and 

chemical composition of different plant 

species. Sowing arrangement and sowing 

distance are essential cultivating activity 

to obtain environmentally efficient 

natural resources and act a major role in 

regulating the competition between 

neighbour plant canopies (Li et al., 

2020). Proper plant arrangement not only 

improves the land productivity, but also 

prevents growing the weeds (Osnigbove 

et al., 2016). Organic agriculture is one 

of the most agricultural practices in order 

to enhancing the growth, yield and 

chemical composition, particularly 

obtaining high quality of products. 

Organic manures have been advantages 

for examples: Safe for human, animals 

and environment, free of polluters, 

environmentally friendly. Minimize 

mineral fertilizers consequently lowering 

the production costs, improve the fertility 

of soil and soil properties. Organic 

manures contain plant growth substances 

like, indole-3-acetic acid (IAA) and 

gibberellic acid (GA), macronutrients, 

necessity micronutrients and beneficial 

microorganisms (Natarajan, 2007 and 

Sreenivasa et al., 2010). Compost plays 

important roles whereas, it utilized to 

enhance soil physical and biological 

properties namely water retention 

capacity, pH drainage, better availability 

of soil microorganisms and lowering the 

negative effect of chemical-based 

pesticides and fertilizers in the 

ecosystems (ZheljazKov and Warman, 

2004). Compost tea has a liquid extract 

which is useful for the soil and plants 

more quickly than compost. It augments 

the ability of soil to hold nutrients and 

retain water (Martin and Brathwaite, 

2012; Scheuerell and Mahaffee, 2002). 

The use of compost tea as foliar spray led 

to preventing the diseases due to the 

impact of beneficial organisms (Ingham, 

2005; Scheuerell and Mahaffee, 2004; 

Souleymane et al., 2010). The unique 

role of compost in augmenting the 

growth, seed yield and essential oil 

content have been described by 

Mohamed and Abdou (2004), El-Kouny 

and Salem (2006), Abdou et al. (2012a), 

Ali et al. (2017) and Abo-Kutta (2016) 

on fennel plants, Ibrahim (2017) on white 

mustard and Abd El Kader et al. (2022) 
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on peppermint. Concerning compost tea, 

Ezz-El-Din and Hendawy (2010) on 

borage, Gharib et al. (2008) on 

margoram and Jasson et al. (2017) on 

Hypoxis hemerocallidea and 

Siphonochilus aethiopicuscte plants. 

Effective microorganisms (E.M.) has 

been bio stimulant substance and it used 

as bio fertilizer due to it contains N-

fixing bacteria (photosynthetic bacteria + 

lactic acid bacteria + yeasts). E.M. 

substance plays an important role in 

enhancing soil properties and stimulating 

the fruit yield, as well as, raising the 

tolerance (Ho and Hwan, 2000). 

Recently, E.M. technology has to be used 

in agricultural practices, forestry and this 

technology is totally natural and 

environmentally safe (Allahverdiyev et 

al., 2011). The promotion of the growth, 

seed yield and essential oil content as a 

result of applying E.M. was exhibited by 

Abdou et al. (2012b) on fennel, Ibrahim 

(2014) on Ammi visnaga, El-Houssini 

(2009), Fouad (2017) on borage, Ali et 

al. (2016) and Abd El-Rahman (2016) on 

chamomile, Abdalla (2009) on roselle 

and Marzok (2011) on basil plants. 

Alpha-tocopherol (vitamin E) is group of 

compounds synthesized only by 

photosynthetic organisms. It has believed 

to protecting the chloroplast membranes 

from photo oxidation and helps to 

provide an optimal environment for the 

photosynthetic machinery (Munne- 

Bosch and Algere, 2002). Vitamin E has 

to be protecting the plants against various 

environmental stresses (Hess, 1983). The 

enhancement in the growth, seed yield 

and essential oil content due to the 

addition of vitamin E have been explored 

by Botros (2013) on caraway, Helmy 

(2016) on cumin, Ayad et al. (2009) on 

geranium, Ismail (2008) on black cumin 

and Abd El-Salam and Nora (2014), and 

Marzok (2017) on basil. Therefore, the 

objective of this research was to 

investigate the influence of planting 

methods (normal and reciprocal) and 

some stimulant substances (compost tea, 

E.M. and vitamin E), as well as their 

interactions on the growth, fruit yield, 

essential oil % and essential oil yield of 

fennel (Foeniculum vulgare Mill.) plants 

to figure out the most suitable treatment 

for enhancing these traits. 

        
2. Materials and methods 
 

2.1 Experimental site and treatments 

description 
 

The present investigation was carried out 

during the two seasons of 2019/ 2020 and 

2020/2021 at the Experimental Farm, 

Faculty of Agriculture, Al-Azhar 

University, Assiut, Egypt to determine 

the influence of sowing methods and 

some stimulant substances, as well as 

their interactions on the growth aspects, 

fruit yield/ plant and per feddan, essential 

oil % and essential oil yield/plant and per 

fed of fennel (Foeniculum vulgare Mill.) 

plants. The fruits of fennel (Foeniculum 

vulgare Mill.) were obtained from 

Department of Medicinal and Aromatic 

Plants, Horticulture Research Institute, 

Giza, Egypt. This experiment was set up 
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in a split plot design with three 

replicates. The main plots (A) were 

sowing method including two methods, 

while stimulant substance treatments 

occupied the sub-plots (B) included ten 

treatments, thus the interaction 

treatments (A×B) were twenty 

treatments. Fennel seeds were sown on 

Nov 10th, for both seasons, in the 

Experimental suit (2×1.8 m) in hills 

spaced in between 40 cm. containing 3 

rows at 60 cm apart. These seeds were 

sown by the two methods as follows: 

One side of the row (normal method) and 

two sides (reciprocal method or paired 

row). The plants were thinned fourty 

days later to two plants/hill, therefore, the 

experimental plot contained 30 plants. 

The physical and chemical characterizes 

of the used soil were determined 

according to Klute (1986) and Yancy et 

al. (1982) and are listed in Table (1). 

 
Table (1): The physical and chemical properties of the used soil for 2019/2020 and 

2020/2021 seasons. 
 

Characters 
Value 

Characters 
Value 

2019/2020 2020/2021 2019/2020 2020/2021 

Clay (%) 50.11 49.81 CaCo3 (%) 2.49 2.39 

Silt (%) 38.53 37.91 pH (1:2.5) 7.6 7.5 

Sand (%) 11.36 12.28 E.C (m/mhos/cm) 1.31 1.34 

Texture Clay loam  Clay loam  Total N (%) 0.16 0.15 

Organic matter (%) 2.41 2.59 

Available P (%) 2.83 3.03 

Exchange K (mg/100 g soil) 2.27 2.23 

Exchange Ca++ (mg/100 g soil) 34.1 35.57 

Exchange Na (mg/100 g soil) 2.19 2.28 

 
The treatments of stimulant substances 

(B) were as follows: control (no sprayed 

plants, compost tea at 25 g/l compost tea 

at 50 g/l, compost tea at 100 g/l, compost 

tea at 25 g/l + 5 ml E.M., compost tea at 

50 g/l + 5 ml E.M., compost tea at 100 

g/l + 5 ml E.M., compost tea at 25 g/l + 

50 ppm vitamin E, compost tea at 50 g/l 

+ 50 ppm vitamin E. and compost tea at 

100 g/l + 50 ppm vitamin E. Compost tea 

extract was prepared as follows: It is 

prepared by leave out the used tap water 

in the open air for 24 h before its uses to 

be chlorine-free. Fine plant residues 

compost was weighted according to the 

used concentrations in this study i.e., 25, 

50 and 100 g/l water and was added pure 

molasses at 1 ml/l to the bucket and 

brewed aerobically for 48h through a 

continuously running air pump during the 

fermentation period until completion of 

the fermentation process, whereas the 

color of extract becomes light brown, and 

it was applied immediately (Ingham, 

2015; Martin, 2015). E.M. at 5 ml/l was 

added to the components during the 

preparation of compost tea extract, in 

case of preparing the treatments of 

compost tea extract + E.M at 5 ml/l. The 

chemical analysis of compost tea extract 

according to Sakr (2017) is presented in 

Table (2).  
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Table (2): The chemical analysis of compost tea extract according to Sakr (2017). 
 

Parameters Value Parameters Value 

Humidity (%) 99.44 HCO3 (meq/L) 40.00 

Organic carbon (%) 29.93 Cl (meq/L) 34.00 

Total N (mg/l) 73.50 SO4 (meq/L) 49.20 

Total P (mg/l) 11.24 Ca (meq/L) 7.41 

Total K (%) 0.22 Mg (meq/L) 5.85 

pH 7.87 
Na (meq/L) 48.62 

EC (d.S/m) 6.93 

 
E.M. substance was obtained from 

Ministry of Environment - Egypt (Each 

of 1 ml E.M. contains 107 cells of active 

bacteria.) and vitamin E (alpha-

tocopherol) was obtained from 

Aljumhuriah Chemicals Company. These 

examined stimulant substances were 

foliar sprayed four times at two weeks 

interval starting December 30th, in the 

two seasons, the plants were foliar spray 

till run off.  One day period was allowed 

between spraying these substances. All 

other agricultural practices were 

performed as usual. At the end of the 

experiment (the first week of May), in 

both seasons, the following data were 

recorded: Plant height (cm), branch 

number/plant, herb dry weight (g)/plant, 

fruit yield (g)/plant and fruit yield 

(ton)/feddan was calculated. Also, 

essential oil % in the fruits was extracted 

and determined according to the method 

described by Guenther (1961), then 

essential oil yield (ml)/plant was 

calculated by multiplying essential oil % 

in the fruits in fruit yield (g)/plant and 

essential oil yield (l)/feddan, was 

calculated. All obtained data were 

tabulated and statistically analyzed 

according to MSTAT-C (1986) using the 

L.S.D. test at 5% to know the differences 

among all treatments according to Mead 

et al. (1993).  

 
3. Results and discussion  

 

3.1 Plant height (cm) 
 

The presented data in Table (3) revealed 

that plant height of fennel was 

significantly affected by the application 

of cultivation methods (normal and 

reciprocal), in the two seasons. Clearly 

such trait was significantly increased due 

to using reciprocal method by 3.5 and by 

3.1 % over than normal one, during the 

two experimental seasons, respectively. 

The positive effect of reciprocal method 

on plant height was also studied by 

Gadissa and Chemeda (2009) on green 

pepper (Capsicum annuum L.). As for 

stimulant substance treatments, data in 

Table (3) pointed out that spraying fennel 

plants with the three examined stimulant 

substances, either single or mixed led to 

a significant augment in plant height, in 

both seasons, except for the treatment of 

compost tea at 25 g/l, in the first season, 

as compared to no sprayed ones. In most 

cases, the combined treatments gave 

higher values of such trait than those 

detected by single ones, during the two 

growing seasons. Obviously, foliar spray 

with the combined treatments (compost 
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tea at 100 g/l + vitamin E at 50 ppm) and 

the combined one (compost tea at 100 g/l 

+ E.M. at 5 ml) gave the longest plants 

reached 10.9, 9.9, 10.5 and 8.7 % over 

the check treatments during the two 

consecutive seasons, respectively. 

 
Table (3): Effect of sowing methods, compost tea, E.M., alpha-tocopherol and their 

interactions on plant height (cm) of fennel during 2019/2020 and 2020/2021 seasons. 
 

Biostimulants (B) 

Planting method (A) 

First Season Second Season 

One Two Mean (B) One Two Mean (B) 

Control 149.8 155.9 152.9 155.4 159.8 157.6 

Compost tea 25 g/l 153.3 159.0 156.2 160.1 165.1 162.6 

Compost tea 50 g/l 156.6 160.1 158.4 162.2 167.7 165.0 

Compost tea 100 g/l 161.8 166.5 164.2 169.1 172.4 170.8 

Compost tea 25 g/l + 5 ml E.M. 157.4 164.7 161.0 161.9 167.8 164.8 

Compost tea 50 g/l + 5 ml E.M. 162.3 169.9 166.1 167.8 173.3 170.5 

Compost tea 100 g/l + 5 ml E.M. 165.8 170.5 168.1 168.3 174.2 171.3 

Compost tea 25 g/l + 50 ppm vitamin E 156.0 161.5 158.7 164.3 169.8 167.1 

Compost tea 50 g/l + 50 ppm vitamin E 161.1 167.2 164.2 166.8 170.8 168.8 

Compost tea 100 g/l + 50 ppm vitamin E 167.4 171.7 169.6 170.9 177.4 174.2 

Mean (A) 159.2 164.7  164.7 169.8  

L.S.D 0.05 % A= 1.7      B= 4.6      AB= 6.5 A=2.0           B= 4.3         AB= 6.1 

 
The role of compost in increasing plant 

height was also demonstrated by Ezz El-

Din and Hendawy (2010) on borage, 

Ibrahim (2014) on Ammi visnaga, Abo-

Kutta (2016) on fennel plants, Ibrahim 

(2017) on white mustard and Sakr (2017) 

on marigold. The enhancement in plant 

height due to applying E.M. was also 

concluded by Abdou et al. (2012b) on 

fennel, Fouad (2013) on Calendula 

officinalis, Ibrahim (2014) on Ammi 

visnaga plants, Mohamed (2009) on guar 

plant and Marzok (2011) on basil plant. 

Many authors emphasized that vitamin E 

addition led to an augment plant height 

like Ramraj et al. (1997) on mustard, 

Ismail (2008) on black cumin and Abdou 

et al. (2013) on caraway. In regard to the 

interaction, it was statistically significant 

effect on plant height of fennel, during 

the two experimental seasons. 

Apparently, the longest plants were 

detected from the application of 

reciprocal cultivation method with 

spraying compost tea at 100 g/l + vitamin 

E at 50 ppm followed by the same 

method with compost tea at 100 g/l + 

E.M. at 5 ml in comparison with those 

obtained by other combination 

treatments, in both seasons, as clearly 

shown in Table (3). 

 
3.2 Number of branches/plant 
 

The revealed data in Table (4) cleared 

that cultivation methods positively 

affected branch number/plant of fennel 

during both seasons. Obviously, the 

application of reciprocal method 

significantly increased branch 

number/plant by 2.3 and by 2.2 % over 

the normal method, in the first and 

second seasons, respectively. The 

importance of applying reciprocal 

cultivation method in enhancing branch 

number have to examined by Gadissa and 
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Chemeda (2009) on green pepper 

(Capsicum annuum, L.). Concerning 

stimulant substance treatments, it could 

be noticed that foliar spray with these 

materials, either separately or in 

combinations resulted a significant 

increase in branch number/plant, except 

for the treatment of compost tea at 25 g/l 

+ E.M. at 5 ml comparing to no sprayed 

plants, in the first season. Similarly, such 

parameter was significantly augmented 

due to foliar spray with these substances, 

except for the treatments of compost tea 

at 25 and 50 g/l, as well as compost tea at 

25 g/ l + E. M. at 5 ml, as compared to 

untreated ones, in the second season. 

Clearly, higher values of branch 

number/plant were detected by utilizing 

the combined treatments, mostly than 

those given by individual ones, in the 

two seasons. Moreover, foliar spray with 

the combined treatment (compost tea at 

100 g/l + vitamin E at 50 ppm) and the 

combined one (compost tea at 100 g/l + 

E.M. at 5 ml) proved to be more effective 

in increasing branch number/plant than 

those observed by other treatments and 

control. Numerically, the two previous 

superior treatments augmented such 

aspect by 15.7, 13.3, and 20.2 and by 

15.5 % over control during the two 

consecutive seasons, respectively, as 

clearly declared in Table (4). The 

enhancement in branch number as a 

result of applying compost was also 

insured by Abdou et al. (2012b) on 

fennel plants, Sakr (2017) on marigold, 

Ezz El-Din and Hendawy (2010) on 

borage, Ibrahim (2014) on Ammi 

visnaga. The beneficial influence of E.M. 

on augmenting branch number was also 

stated by Abdou et al. (2012b) on fennel 

Fouad (2013) on Calendula officinalis, 

Ibrahim (2014) on Ammi visnaga plants, 

Mohamed (2009) on guar plant and 

Marzok (2011) on basil plant.  

 
Table (4): Effect of sowing methods, compost tea, E.M., alpha-tocopherol and their 

interactions on branch number of fennel during 2019/2020 and 2020/2021 seasons. 
 

 

Biostimulants (B) 

Planting method (A) 

First Season Second Season 

One Two Mean (B) One Two Mean (B) 

Control 8.1 8.5 8.3 8.5 8.4 8.4 

Compost tea 25 g/l 8.7 8.6 8.7 8.6 8.7 8.7 

Compost tea 50 g/l 8.9 8.4 8.7 8.6 8.9 8.8 

Compost tea 100/l 8.7 8.9 8.8 8.9 9.4 9.1 

Compost tea 25 g/l + 5 ml E.M. 8.5 8.7 8.6 8.7 8.6 8.7 

Compost tea 50 g/l + 5 ml E.M. 9.2 9.1 9.2 9.0 9.6 9.3 

Compost tea 100 g/l + 5 ml E.M. 9.4 9.4 9.4 9.5 9.8 9.7 

Compost tea 25 g/l + 50 ppm vitamin E 8.6 8.8 8.7 9.3 9.3 9.3 

Compost tea 50 g/l + 50 ppm vitamin E 9.0 9.7 9.3 9.4 9.4 9.4 

Compost tea 100 g/l + 50 ppm vitamin E 9.5 9.6 9.6 9.9 10.2 10.1 

Mean (A) 8.8 9.0  9.0 9.2  

L.S.D 0.05% A=0.2       B=0.4      AB=0.6 A=0.2      B=0.5      AB=0.7 

 
The augment in branch number due to 

the use of vitamin E was also proved by 

Ismail (2008) on black cumin, and 

Hendawy and Ezz El-Din (2010) on 

fennel. With respect to the combined 

between the two studied factors, the data 
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in Table (4) pointed out that branch 

number/ plant of fennel was significantly 

influenced by the interaction treatments, 

in both seasons. Apparently, the 

maximum values of branch number/ 

plant were noticed from the application 

of reciprocal planting method plus 

compost tea at 50 or 100 g/l + vitamin E 

at 50 ppm fallowed by the same method 

with compost tea at 100 g/l + E.M. at 5 

ml comparing to those revealed by other 

combination treatments, in the two 

seasons. 

 
3.3 Herb dry weight/plant 
 

Table (5) illustrated that herb dry weight/ 

plant of fennel was significantly affected 

by the utilization of planting methods, 

during the two growing seasons. It is 

obvious that the use of reciprocal 

planting method registered higher values 

of herb dry weight/ plant than those 

obtained by normal planting method as 

ranged 4.0 and 2.3 % in the two seasons, 

respectively. The role of reciprocal 

planting method in improving herb 

weight was also explored by Gadissa and 

Chemeda (2009) on green pepper 

(Capsicum annuum, L.). It worthy that 

spraying fennel plants with stimulant 

substances, either alone or together 

caused a significant increase in herb dry 

weight/ plant, in both seasons, except for 

compost tea at 25 g/l in the first season, 

comparing to the check treatment. 

Apparently, supplemented the plants with 

the combined treatments recorded higher 

values of herb dry weight/plant, mostly 

than those given by single ones, during 

the two seasons. Moreover, the heaviest 

herb dry weight/plant were obtained from 

the addition of the combined treatment 

(compost tea at 100 g/l+ vitamin E at 50 

ppm) and also the combined one 

(compost tea at 100 g/l + E.M. at 5 ml) 

reached 24.0, 19.3, 25.6 and 21.9 % over 

no sprayed plants, in the first and second 

seasons, respectively, as clearly 

emphasized in Table (5). The stimulating 

effect of compost on herb weight was 

also described by Ezz El-Din and 

Hendawy (2010) on borage, Ibrahim 

(2014) on Ammi visnaga, Abdou et al. 

(2012b), Ali et al. (2016) and Abo- Kutta 

(2016) on fennel. The enhancement of 

herb weight due to the application of 

E.M. have to be revealed by Abdou et al. 

(2012b) on fennel, Fouad (2013) on 

Calendula officinalis, Ibrahim (2014) on 

Ammi visnaga plants, Mohamed (2009) 

on guar plant and Marzok (2011) on basil 

plant. The positive influence of vitamin E 

on herb weight was also pointed out by 

Ismail (2008) on black cumin and Abdou 

et al. (2013) on caraway. In relation to 

the interaction, it was statistically 

significant effect on herb dry 

weight/plant of fennel during the two 

experimental seasons (Table 5). From the 

obtained results, it could be concluded 

that the application of reciprocal method 

with foliar spray with compost tea at 100 

g/l + vitamin E at 50 ppm and the same 

method plus compost tea at 100 g/l + 

E.M. at 5 ml registered the most effective 

treatments on increasing herb dry 

weight/plant, in comparison with these 
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noticed by other combination treatments, in the two seasons.  

Table (5): Effect of sowing methods, compost tea, E.M, alpha-tocopherol and their 

interactions on herb dry weight/plant (g) of fennel during 2019/2020 and 2020/2021 

seasons. 
 

 

Biostimulants (B) 

Planting method (A) 

First season Second season 

One Two Mean (B) One Two Mean (B) 

Control 91.1 95.9 93.5 99.8 100.8 100.3 

Compost tea 25 g/l 95.9 101.3 98.6 102.9 106.5 104.7 

Compost tea 50 g/l 102.4 105.1 103.7 100.8 110.9 105.9 

Compost tea 100/ l 103.7 108.9 106.3 118.9 111.4 115.1 

Compost tea 25 g/l + 5 ml E.M. 99.8 102.2 101.0 108.2 111.0 109.6 

Compost tea 50 g/l + 5 ml E.M. 105.7 110.6 108.2 115.9 120.9 118.4 

Compost tea 100 g/l + 5 ml E.M. 110.3 112.7 111.5 119.8 124.8 122.3 

Compost tea 25 g/l + 50 ppm vitamin E 100.8 109.9 105.4 111.7 115.7 113.7 

Compost tea 50 g/l + 50 ppm vitamin E 107.8 112.2 110.0 116.1 118.8 117.5 

Compost tea 100 g/l + 50 ppm vitamin E 116.1 115.7 115.9 124.9 127.0 126.0 

Mean (A)  103.4 107.5  111.9 114.8  

L.S.D 0.05%      A=3.0      B=6.3     AB=8.9     A=2.7     B=4.0       AB=5.6 

 
3.4 Fruit yield (g)/plant and (tons) per 

feddan 

 

Shown data in Tables (6 and 7) indicated 

that fruit yield/plant and per fed of fennel 

were positively responded to the 

application of the two planting methods, 

during both seasons. Obviously, the 

application of reciprocal method gave 

higher fruit yield/plant and per feddan by 

7.8 and by 7.0 % over than of the normal 

sowing method, in the two seasons, 

respectively. Moreover, reciprocal 

sowing method produced 1.930 and 

2.113 kg/feddan fruits, while the normal 

one recorded 1.791 and 1.975 kg/feddan 

fruits, in the first and second seasons, 

respectively. The beneficial role of 

reciprocal planting method in 

augmenting fruit yield was also reported 

by Aujla et al. (2004), Plaut et al. (1988) 

on cotton plant and Antony and 

Singandhupe (2004) on capsicum. It is 

evident from the revealed data in Tables 

(6) that foliar spray with the examined 

stimulant substances, either separately or 

in combinations led to a significant 

increase in fruit yield/plant and per fed, 

except for the treatment of compost tea at 

25 g/l for both seasons, comparing to 

untreated plants. Clearly higher values of 

these traits were detected due to the 

combined treatments, mostly than those 

observed by individual ones in the two 

seasons. The highest fruit yield/ plant and 

per fed were obtained when supplying 

the plants with the combined treatment 

(compost tea at 100 g/l + vitamin E at 50 

ppm) and, also the combined one 

(compost tea at 100 g/l + E.M. at 5 ml) as 

ranged 33.9, 30.9, 30.3 and 27.7 % over 

the check treatment, during the two 

growing seasons, respectively. In 

connection, these above-mentioned 

superior treatments yielded 2.093, 2.045, 

2.277 and 2.228 ton/feddan fruits, in 

relative to control (1.563 and 1.747) 

ton/feddan fruits, during both seasons, 
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respectively. The role of compost in 

augmenting fruit yield has been 

explained by Ali et al. (2016) on fennel 

plants, Ezz El-Din and Hendawy (2010) 

on borage, Helmy (2016) on cumin 

plants and Ibrahim (2014) on khella 

plants. The capability of E.M. on 

enhancing fruit yield was also 

demonstrated by Abdou et al. (2009) on 

borage, Ibrahim (2014) on Ammi 

visnaga, Ismail (2008) on black cumin 

and Botros (2013) on caraway.  

 

Table (6): Effect of sowing methods, compost tea, E.M, alpha-tocopherol and their 

interactions on fruits weight/plant (g) of fennel during 2019/2020 and 2020/2021 

seasons. 
 

Biostimulants (B) 

Planting method (A) 

First Season Second Season 

One Two Mean (B) One Two Mean (B) 

Control 44.3 49.5 46.9 49.8 55.0 52.4 

Compost tea 25 g/l 48.0 51.1 49.5 53.5 56.6 55.0 

Compost tea 50 g/l 50.3 54.9 52.6 55.8 60.4 58.1 

Compost tea 100/l 55.8 60.5 58.2 61.3 66.0 63.7 

Compost tea 25 g/l + 5 ml E.M. 52.2 56.1 54.1 57.7 61.6 59.6 

Compost tea 50 g/l + 5 ml E.M. 55.5 59.8 57.7 61.0 65.3 63.2 

Compost tea 100 g/l + 5 ml E.M. 58.7 64.0 61.4 64.2 69.5 66.9 

Compost tea 25 g/l + 50 ppm vitamin E 54.4 56.7 55.6 59.9 62.2 61.1 

Compost tea 50 g/l + 50 ppm vitamin E 57.1 61.9 59.5 62.6 67.4 65.0 

Compost tea 100 g/l + 50 ppm vitamin E 61.0 64.6 62.8 66.5 70.1 68.3 

Mean (A) 53.7 57.9  59.2 63.4  

L.S.D 0.05% A=2.4        B=3.4      AB=4.8 A=3.0         B=3.2       AB=4.5 

 
Table (7): Effect of sowing methods, compost tea, E.M, alpha-tocopherol and their 

interactions on fruits yield (tons/feddan) of fennel during 2019/2020 and 2020/2021 

seasons. 
 

Biostimulants (B) 

Planting method (A) 

First Season Second Season 

One Two Mean (B) One two Mean (B) 

Control 1.478 1.649 1.563 1.661 1.832 1.747 

Compost tea 25 g/l 1.599 1.702 1.651 1.782 1.886 1.834 

Compost tea 50 g/l 1.678 1.829 1.753 1.861 2.012 1.937 

Compost tea 100/l 1.861 2.016 1.938 2.044 2.199 2.122 

Compost tea 25 g/l + 5 ml E.M. 1.740 1.869 1.804 1.923 2.052 1.988 

Compost tea 50 g/l + 5 ml E.M. 1.851 1.993 1.922 2.034 2.176 2.105 

Compost tea 100 g/l + 5 ml E.M. 1.956 2.134 2.045 2.139 2.318 2.228 

Compost tea 25 g/l + 50 ppm vitamin E 1.813 1.890 1.852 1.997 2.073 2.035 

Compost tea 50 g/l + 50 ppm vitamin E 1.904 2.064 1.984 2.088 2.248 2.168 

Compost tea 100 g/l + 50 ppm vitamin E 2.033 2.153 2.093 2.217 2.337 2.277 

Mean (A) 1.791 1.930  1.975 2.113  

L.S.D 0.05% A=0.100    B=0.110   AB=0.157 A=0.111       B=0.105    AB=0.149 

 
The primitive influence of vit. E on fruit 

yield was also proved by Hendawy and 

Ezz El-Din (2010) on fennel and Abdou 

et al. (2013) on caraway. Concerning the 

interaction between the two studied 

factors, it was statistically significant 

effect on fruit yield/plant and per fed of 

fennel, during the two experimental 

seasons. It appears that the most effective 

treatments in increasing seed weight/ 

plant and per fed were obtained from the 

application of reciprocal sowing method 
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plus compost tea at 100 g/l + vitamin E at 

50 ppm and, also the same method with 

compost tea at 100 g/l + E.M. at 5ml, in 

comparison with those detected by other 

combination treatments in the two 

seasons. In this concern, the two preneus 

superior treatment to amounted 2.153, 

2.134, 2.337 and 2.318   ton/feddan fruits 

in contrast with untreated plants gave 

(1.478 and 1.661) ton/feddan fruits 

during the two seasons, respectively, as 

clearly postulated in Table (7). 

 
3.5 Essential oil % 
 

Data in Table (8) emphasized that the 

application of the planting methods 

significantly affected essential oil % of 

fennel fruits, during the two experimental 

seasons. It is obvious that reciprocal 

cultivating method gave higher values of 

essential oil % by 3.9 and by 4.7 % over 

than the normal method, in both seasons, 

respectively. In respect to stimulant 

substance treatments, data in Table (7) 

cleared that essential oil % in fennel 

fruits was significantly augmented as a 

result of foliar spray with the three 

stimulant substances, either individual or 

mixed, in both seasons, except for the 

treatment of compost tea at 25 g/l in the 

two seasons and also compost tea at 50 

g/l in the second one, as compared to 

untreated plants. Apparently, higher 

values of such trait were obtained from 

using the combined treatments, mostly, 

than these revealed by single ones, 

during the two growing seasons. 

 

Table (8): Effect of sowing methods, compost tea, E.M, alpha-tocopherol and their 

interactions on essential oil % of fennel during 2019/2020 and 2020/2021 seasons. 
 

Biostimulants (B) 

Planting method (A) 

First season Second season 

One Two Mean (B) One Two Mean (B) 

Control 1.49 1.58 1.53 1.58 1.69 1.64 

Compost tea 25 g/l 1.54 1.63 1.59 1.60 1.74 1.67 

Compost tea 50 g/l 1.83 1.88 1.86 1.66 1.78 1.72 

Compost tea 100/l 1.85 1.91 1.88 1.95 1.98 1.97 

Compost tea 25 g/l + 5 ml E.M. 1.78 1.82 1.80 1.91 2.02 1.97 

Compost tea 50 g/l + 5 ml E.M. 1.81 1.88 1.85 2.05 2.07 2.06 

Compost tea 100 g/l + 5 ml E.M. 1.99 2.03 2.01 2.18 2.30 2.24 

Compost tea 25 g/l + 50 ppm vitamin E 1.82 1.86 1.84 2.01 2.03 2.02 

Compost tea 50 g/l + 50 ppm vitamin E 1.90 2.01 1.95 2.13 2.20 2.17 

Compost tea 100 g/l + 50 ppm vitamin E 2.03 2.09 2.06 2.27 2.37 2.32 

Mean (A) 1.80 1.87  1.93 2.02  

L.S.D 0.05% A=0.05      B=0.07    AB=0.10 A=0.07       B=0.10     AB=0.14 

 
In connection, the highest values of 

essential oil % were noticed when foliar 

spray with the combined treatment 

(compost tea at 100 g/l+ vitamin E at 50 

ppm) and also the combined one 

(compost tea at 100 g/l + E.M. at 5 ml) 

which they increased it by 34.6, 31.4, 

41.5 and by 36.6 % over no sprayed 

ones, in the first and second seasons, 

respectively. The capability of compost 

on enhancing essential oil % was also 

exhibited by Sakr (2001), Scavroni et al. 
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(2005), Abdou et al. (2012a) and Abd El-

Kader et al. (2022) on Mentha piperita 

plants, Sukhmal et al. (2006) on Mentha 

arvensis, El-Nady (2015) on 

Cymbopogon citratus plants, El-Gendy et 

al. (2001), Carlen et al. (2004), Khalid et 

al. (2006) and El-Sanafawy (2007) on 

Ocimum basilicum, Abdou et al. (2014) 

on lavender, Ali et al. (2016) on fennel. 

The stimulation in essential oil % due to 

the addition of E.M. have to be studied 

by Kamel (2016) on yarrow. The 

augment in essential oil % as a result of 

applying vitamin E was also reported by 

Refaat and Balbaa (2001) on lemongrass, 

Hendawy and Ezz El-Din (2010) on 

fennel. Accordingly, the combined 

between the two examined factors on 

essential oil of fennel fruits had a 

significant effect, during the two 

consecutive seasons. Obviously, the 

application of reciprocal sowing method 

in combination with compost tea at 100 

g/l + vitamin E at 50 ppm and the same 

method plus compost at 100 g/l + E.M. at 

5 ml achieved the highest values of 

essential oil %, in comparison with those 

detected by other combination 

treatments, during the two experimental 

seasons, as clearly declared in Table (8). 

 
3.6 Essential oil yield (ml)/plant and (l)/ feddan 
  

The illustrated data in Tables (9 and 10) 

revealed that essential oil yield/ plant and 

per fed of fennel were positively affected 

by the application of sowing methods, 

during the two growing seasons. Clearly, 

reciprocal planting method significantly 

increased these aspects by 11.3 and by 

11.4 % over the normal method, in the 

two seasons, respectively.  

 
Table (9): Effect of sowing methods, compost tea, E.M, alpha-tocopherol and their 

interactions on essential oil yield/plant (ml) of fennel during 2019/2020 and 

2020/2021 seasons. 
 

Biostimulants (B) 

Planting method (A) 

First Season Second Season 

One Two Mean (B) one Two Mean (B) 

Control 0.66 0.78 0.72 0.79 0.93 0.86 

Compost tea 25 g/l 0.74 0.83 0.79 0.86 0.98 0.92 

Compost tea 50 g/l 0.92 1.03 0.98 0.93 1.08 1.00 

Compost tea 100/l 1.03 1.16 1.09 1.19 1.31 1.25 

Compost tea 25 g/l + 5 ml E.M. 0.93 1.02 0.97 1.10 1.25 1.17 

Compost tea 50 g/l + 5 ml E.M. 1.01 1.12 1.06 1.26 1.35 1.30 

Compost tea 100 g/l + 5 ml E.M. 1.17 1.30 1.23 1.39 1.60 1.50 

Compost tea 25 g/l + 50 ppm vitamin E 0.99 1.06 1.02 1.20 1.26 1.23 

Compost tea 50 g/l + 50 ppm vitamin E 1.08 1.24 1.16 1.33 1.48 1.41 

Compost tea 100 g/l + 50 ppm vitamin E 1.24 1.35 1.29 1.51 1.66 1.59 

Mean (A) 0.98 1.09  1.16 1.29  

L.S.D 0.05% A=0.07       B=0.08     AB=0.12 A=0.04     B=0.14      AB=0.20 

 
Moreover, reciprocal method produced 

36.3 and 43.0 l/feddan essential oil, in 

relative to the normal one gave 32.6 and 

38.6 l/feddan essential oil, during both 

seasons, respectively. Obviously, foliar 

spray with these stimulant substances, 

either separately or in combination led to 

a significant augment in essential oil 
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yield plant and per fed of fennel, except 

for the treatment of compost tea at 25 g/l, 

in the two seasons, as compared to the 

check treatment. In most cases, higher 

values of essential oil yield plant and per 

feddan were obtained by foliar spray with 

the combined treatments than those given 

by alone application, in the two seasons. 

Apparently, the highest essential oil 

yield/ plant and per fed were detected 

from supplying the plants with the 

combined treatment (compost tea at 100 

g/l + vitamin E at 50 ppm) and also the 

combined one (compost tea at 100 g/l + 

E.M. at 5 ml) than those noticed by other 

treatments and control, during the two 

seasons. Numerically, these previous 

superior treatments augmented these 

characteristics by 79.6, 71.3, 84.3 and by 

73.9 % over no sprayed ones, in the two 

seasons, respectively. In this connection, 

these above-mentioned treatments 

produced 43.1, 41.1, 52.9 and 49.9 

l/feddan essential oil, while control 

plants gave 24.0 and 28.7 l/feddan 

essential oil, in the first and second 

seasons, respectively, as clearly proved 

in Table (10).    

 
Table (10): Effect of sowing methods, compost tea, E.M., alpha-tocopherol and their 

interactions on essential oil yield (l/feddan) of fennel during 2019/2020 and 

2020/2021 seasons. 
 

 

Biostimulants (B) 

Planting method (A) 

First Season Second Season 

One Two Mean (B) one two Mean (B) 

Control 22.0 26.1 24.0 26.3 31.0 28.7 

Compost tea 25 g/l 24.6 27.8 26.2 28.5 32.7 30.6 

Compost tea 50 g/l 30.7 34.4 32.6 30.9 35.8 33.4 

Compost tea 100/l 34.4 38.5 36.4 39.8 43.6 41.7 

Compost tea 25 g/l + 5 ml E.M. 31.0 34.0 32.5 36.8 41.5 39.1 

Compost tea 50 g/l + 5 ml E.M. 33.5 37.4 35.5 41.9 45.0 43.4 

Compost tea 100 g/l + 5 ml E.M. 39.0 43.2 41.1 46.5 53.4 49.9 

Compost tea 25 g/l + 50 ppm vitamin E 33.0 35.2 34.1 40.0 42.1 41.1 

Compost tea 50 g/l + 50 ppm vitamin E 36.1 41.5 38.8 44.4 49.5 46.9 

Compost tea 100 g/l + 50 ppm vitamin E 41.2 45.1 43.1 50.4 55.4 52.9 

Mean (A) 32.6 36.3  38.6 43.0  

L.S.D 0.05% A=2.0        B= 2.5      AB=3.6 A=1.2          B=4.8       AB=6.8 

 
The capability of compost tea on 

augmenting essential oil yield has been 

stated by Abdou et al. (2014) on 

lavender, Ali et al. (2016) on fennel. The 

enhancement of essential oil yield due to 

applying E.M. was also demonstrated by 

Kamel (2016) on yarrow. The promoting 

effect of vitamin E on essential oil yield 

was also emphasized by Refaat and 

Balbaa (2001) on lemongrass, Hendawy 

and Ezz El-Din (2010) on fennel. As for 

the combined, the listed data in Tables (9 

and 10) indicated that essential oil 

yield/plant and per fed of fennel were 

significantly influenced by the interaction 

treatments, during the two growing 

seasons. Clearly, the application of 

reciprocal sowing method with spraying 

the plants with compost tea at 100 g/l + 

vitamin E at 50 ppm and the same 

method plus compost tea at 100 g/l + 

E.M. at 5 ml proved to be more effective 
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in increasing essential oil yield/plant and 

per fed than these revealed by other 

combination treatments, during the two 

seasons. Moreover, the two previous 

superior treatments yielded 45.1, 43.2, 

55.4 and 53.4 l/feddan essential oil in 

relative to the check treatment recorded 

22.0 and 26.3 l/feddan essential oil, in 

both seasons, respectively. From the 

obtained results, it could be discussed as 

follows: The enhancement of growth, 

fruit yield and essential oil content due to 

the application of reciprocal sowing 

method as proper plant arrangement 

might be attributed to the beneficial roles 

of reciprocal method which was 

explained by some investigators like, 

Isaac et al. (2020) on sesame, Zhou et al. 

(2015) on wheat and soybean, Osnighove 

et al. (2016) and Mansaray et al. (2020) 

on cassava and Hossain et al. (2005) on 

turmeric plants. The augment in the 

previous aspects resulting from the 

addition of compost tea reflected the 

positive, biological and physiological 

roles of compost as organic manure 

which was reached by many authors such 

as, Bohn et al (1985) suggested that 

organic matter is a main source of N, P 

and S, as well as, high concentrations of 

both B and Mo, besides to as a source of 

energy for the growth of Azotobacter. 

Organic manures are vital role in 

improving soil structure (Dauda et al., 

2008) and also augmenting the microbial 

biomass (Dhull et al., 2004). Compost is 

one of the most widely important organic 

manures, which plays an essential role in 

the soil like, water retention capacity, 

pH, the drainage, better availability of 

microorganisms in soil and lowering the 

negative influence of chemical fertilizers 

and pesticides in the ecosystems 

(Zheljazkov and Warman, 2004). E.M. 

(Effective microorganisms) is a bio-

fertilizer; it contains N fixing bacteria 

(photosynthetic bacteria + lactic acid 

bacteria + yeasts). The application of 

E.M. to the soil, plant ecosystem led to 

an enhance in the growth, yield and 

quality of craps, as well as soil health 

(Kengo and Hui-lian (2000). Moreover, 

adding E.M. caused an enhancement in 

the maturational status, morphological, 

physical and chemical properties (Correa, 

2002). Alpha-tocopherol (vitamin E) is a 

major antioxidant substance which acts 

protect the membranes lipids from photo 

oxidation process particularly those of 

chloroplast (Havaux et al., 2000; Hess, 

1983; Zhang et al, 2000). Foliar spray 

with vitamin E positively affected the 

chemical constituents of medicinal plants 

(Ayad et al., 2009). From the obtained 

results, it could be recommend led to 

cultivating fennel (Foeniculum vulgare 

Mill) seeds by reciprocal method and 

foliar spray with compost tea 100 g/l + 

vitamin E at 50 ppm or + E.M. at 5 ml to 

enhancing the growth and augmenting 

fruit yield and essential oil production 

under this investigation conditions. 
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