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ABSTRACT  
 

This experiment was undertaken at the experimental nursery of the Ornamental Horticulture 
Department, Faculty of Agriculture, Cairo University, Giza, during the two successive seasons of 
2014/2015 and 2015/2016 seasons. The aim of present research was to evaluate the effect of some 
bio-stimulants and micronutrients mixture and their interactions on vegetative growth, yield, essential 
oil production and chemical compositions of Majorana hortensis plants. The plants were treated with 
actosol as bio-stimulant applied monthly as soil drench at the concentrations of 0.25 and 0.50 ml/l, in 
addition to control and foliar spraying with micronutrients mixture (Fe+ Mn + Zn) applied monthly at 
the concentrations of 30 and 60 ppm in addition to control that sprayed with tap water. The results 
showed that;  

Actosol treatments significantly increased plant height, fresh and dry weights of herb in the 
first and third cuts, root length, roots number, oil percentage and oil yield, content of chlorophyll a 
and carotenoids, total carbohydrates % (in the second season) as well as Fe, Mn and Zn content  in dry 
herb as compared to the control. N and K% in dry herb were increased significantly with Actosol at 
high concentration.   On the other hand, fresh and dry weights of herb in the second cut, fresh and dry 
weights of roots, and chlorophyll b content (in first seasons) were reduced significantly with 
application of Actosol treatments as compared to the control. 

Foliar application of micronutrients mixture at the two concentrations significantly increased 
plant height at the first cut, fresh and dry weights of herb at the three cuts, root length, roots number, 
chlorophyll a, carotenoids, N, K, Fe, Mn and Zn contents in dry herb as compared to the control. 
Application of the low concentration significantly increased fresh and dry weights of roots and total 
carbohydrates %, while high concentration (60 ppm) caused significant increase in oil percentage and 
oil yield (in first season). 

As for the interaction effects, the combined treatment of Actosol at 0.25 ml /l and 
micronutrients mixture at 60 ppm resulted in the highest values for  plant height in the first and third 
cuts, fresh and dry weights of herb in the tree cuts, roots number, oil percentage and oil yield (in first 
season).whereas, Actosol at 0.25 ml /l plus micronutrients at 30 ppm resulted in the highest values for 
root length, fresh and dry weights of roots, oil percentage and oil yield (in second season).  

GLC analysis of essential oil revealed that thirteen compounds (representing 85.33 to 
93.71%) were identified and among the major constituents, Terpine-4-ol, β-Phyllandrene and α-
Pinene recorded the highest values with the combined treatment of Actosol at 0.25 ml /l plus 
micronutrients at 60 ppm.   

Based on the obtained results, it is possible recommended that treating Majorana hortensis 
plants monthly with Actosol at 0.25 ml + micronutrients  mixture ( Fe+ Mn +Zn) at 60 ppm for high 
growth production and oil yield. 

 
Key words: Majorana hortensis, Biostimulants, Actosol, Humic acid, micronutrients (Fe, Mn and Zn). 

 
Introduction 

 
Marjoram (Majorana hortensis, M.) is aromatic and medicinal perennial plant belongs to the 

family Lamiaceae (Labiatae), native to Mediterranean region and commonly known as sweet 
marjoram. It grows to 30 to 60 cm height and has a large number of stalks with small leaves; the 
leaves reach 21mm long and 11mm wide, oblate to broadly elliptical, entire margin, greyish green in 
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color. The flowers are small, white or pinkish or red. For many years both marjoram and Oregano 
were known as Origanum majorana, today marjoram is identified as Majorana hortensis, Moench 
(Kumar, 2011). Marjoram plant was known to the ancient Egyptians as flavor food and a miraculous 
herb to cure various diseases.  Now the plant cultivates as one of the important economic export crops 
for its preservative and medicinal properties. The herb harvesting is at full blooming stage and can be 
repeated more than one time per year.  The essential oil isolated from herb used in traditional 
medicine, as spices in the industry of food, also used in perfumes, cosmetics and pharmaceutical 
industry for its antibacterial, antimicrobial, antifungal, anti-inflammatory, antidote, anticonvulsant, 
anti-anxiety anti-gout , antidiabetic, antitumor , Hepatoprotective and  antioxidant activity (Burdock, 
1995;  Tiziana and Dorman, 1998 and Tripathy et al., 2017). It has been reported that essential oil 
components of marjoram were cis-sabinene hydrate, terpinen-4-ol, p-cymene, sabinene, γ-terpinene, 
α-terpinene, trans-sabinene hydrate and β-caryophyllene (Gharib et al., 2008).  

In recent years, using natural biostimulants have a growing concern by researchers for 
enhancing the quality, quantity of agricultural crops especially medicinal and aromatic herbs, in order 
to the high costs of chemical inputs, their safety for  human health and environment. Among the 
different categories of plant biostimulants, humic substances which are natural organic compounds 
applied to plants for enhancing nutrition efficiency and crop quality traits (du Jardin, 2015). Humic 
acid usually utilized for plant nutrition, promote root, growth traits and yield owing to its action on 
physiological and metabolic processes. The efficiency of humic acid and its valuable role has been 
reported to its direct impact on physiological and biochemical processes in plant and its indirect 
impact on enhancing physical, chemical and biological soil properties (Tan, 2003). Its affect the 
functions of cell membrane by enhancing respiration, nutrients absorption, biosynthesis of nucleic 
acid as they are hormone-like substances (Yang et al.,  2004 ). Previous studies have shown the 
beneficial effects of humic acid on different medicinal and aromatic plants such as increasing 
vegetative growth and root parameters (El-Sherbeny et al., 2012; Ameri et al., 2013 and Hanafy et al., 
2017 ), essential oil percentage and oil yield (El-Sayed et al., 2015 and Said-Al Ahl, et al., 2016 ), 
pigments content  (Rajpar et al., 2011), carbohydrate content (El-Khateeb et al.,  2017 ), N, P and K  
contents (Ali, et al., 2014)  and micronutrients (Jamali et al.,2015). 

Micronutrients are the element that necessary in low concentration for plant growth and 
development. Iron (Fe), manganese (Mn) and zinc (Zn) are some of such elements which play vital 
roles in plant via their impact on various physiological and biochemical processes (Taiz and Zeiger, 
2002 and Putra et al., 2012). Under the conditions of arid and semi-arid regions, pH of soil is usually 
high (pH> 7.0) which render the elements converted to chemical forms at which most of plants unable 
to absorb due to reduced solubility at alkaline pH values. Foliar application is one of the best practices 
providing the plants with needed micronutrients especially that are ineligible to absorb by plant roots 
(Allen and David, 2007). In this concern, , the positive effect of micronutrient s(Fe, Mn or Zn) foliar 
applied separately or in a mixture has been reported on promotion vegetative growth and root 
parameters of various medicinal and aromatic plants including Cymbopogon flexuosus (Refaat and 
Balbaa, 2001), Matricaria chamomilla (Hassanain et al. 2006; Nasiri et al., 2010; Nasiri and Najafi, 
2015), Trachyspermum ammi (Abd-El-Wahab, 2008),  Mentha piperita (Zehtab-Salmasi et al., 2008), 
Ocimum basilicum (Said-Al Ahl and Mahmoud, 2010), Cuminum cyminum (Mazaheri et al., 2013), 
and Melissa officinalis (Yadegari, 2017). Also foliar application of Fe, Mn or Zn has been reported on 
increasing essential oil percentage and oil yield (Mazaheri et al., 2013 and Nasiri and Najafi, 2015). 
Additionally, increases in the contents of pigments, total free amino acids, carbohydrate, protein, 
macronutrients and micronutrients have also been reported owing to foliar application of Fe, Mn or 
Zn (Refaat and Balbaa, 2001; Hassanain et al. 2006 and Abd-El-Wahab, 2008). 

Although the importance and useful roles of micronutrients (such as Fe, Mn and Zn) on 
medicinal and aromatic plants and their valuable impact on promoting growth and production has 
been previously studied. However, there is lake of data about their efficiency on the growth and 
production of marjoram plants. Therefore, the purpose of this research was to determine the effect of 
some bio-stimulants and mixture of such micronutrients and their interactions on vegetative growth, 
herb yield, essential oil production and chemical composition of Majorana hortensis plants.  
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Materials and Methods 
 

The current experiment was performed at the experimental nursery of the Ornamental 
Horticulture Department, Faculty of Agriculture, Cairo University, Giza, during the two successive 
seasons of 2014/2015 and 2015/2016. The main aim of this study was to evaluate the effect of some 
bio-stimulants and micronutrients and their combination on vegetative growth, herb yield, essential oil 
production and chemical composition of Majorana hortensis plants.  

 
Experimental procedures 
 

On 6th April, in two seasons, uniform seedlings of Majorana hortensis (with 10-15 cm in an 
average height) were obtained from private nursery and planted in plastic pots of 30 cm diameter filled 
with a clay sand soil. Some physical and chemical properties of the experimental soil were carried out 
as described by Jackson (1973) and registered in Table 1.   

 
Table 1: Some Physical and chemical properties of the soil used for growing Majorana hortensis plants in the 

two seasons. 
 

Seasons 
Coarse 
sand 
(%) 

Fine 
sand 
(%) 

Silt 
(%) 

Clay 
(%) 

 
Soil 
type 

 
pH 

 
EC 

(dS/m 

Organic 
matter 

(%) 

micro-elements 
(ppm) 

Fe Zn Mn 

2014/2015 8.15 23.15 29.25 39.45 Clay 
sand 

7.45 1.56 1.30 10.14 2.12 4.44 
2015/2016 7.25 30.55 25.82 36.38 7.80 1.41 1.52 9.84 2.65 5.67 

 
On 6th May in two seasons, the treatments were initiated and the plants were received Actosol 

(commercial name of humic acid, consists of 20% of humic acid, Fulvic acid, Amino acids and 
seaweeds + Potassium 6% + Phosphor 5% + Nitrogen 2%, and 0.5 % of Fe, Zn, Mn and Cu) applied 
monthly as a soil drenching at the concentrations of 0.25 and 0.50 ml/L (1liter of solution/ pot). In 
addition to the control plants received no Actosol treatment. In both seasons, the same plants were 
subjected to foliar spraying with micronutrients mixture of Fe, Mn and Zn (EDTA-Chelated form, 8.5, 
14 and 16%, respectively) applied monthly at the concentrations of 30 and 60 ppm, in addition to 
control that sprayed with tap water.  

 Each concentration of Actosol or micronutrients mixtures was prepared separately to avoid 
contamination and the prepared solution of micronutrients mixtures were foliar applied using a hand 
sprayer after adding Bio-new film at 1 ml /L as wetting agent and the foliage of plants were sprayed 
until run off point (150 ml of solution/ plant). In both of studied seasons, all the plants were fertilized  
monthly with NPK in form of  life green (NPK 20:20:20) at the rate of 1 g/pot in addition to common 
agricultural practices like regular irrigation, hand picking of weeds and pest control were also 
performed as recommended in the commercial production.  

 
Layout of experiment 
 

The layout of the experiment was factorial in randomized complete block design with 9 
treatments [3 Actosol concentrations (including the control) X 3 micronutrients mixtures (including 
the control)] each treatment consisting of 18 pots arranged in 3 replicates (6 pots / replicate). 

 
Harvesting  
 

The plants were harvested three times during every season at full blooming stage by cutting the 
aerial parts at 5 cm above the soil surface. The three cuts were done after 3, 6 and 9 months from 
planting namely, on 6th of July, October and January in both seasons, respectively. 
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Data recorded 
 

At each cut the vegetative growth parameters were recorded including; plant height (cm) and 
fresh and dry weights of herb/plant. Root parameters including root length (cm), roots number and 
fresh and dry weights of root/plant were recorded at the end of third cut. 

 
Extraction and analysis of essential oil 
 

Essential oil was determined in the dried herb of third cut by distilling 100 g of dried herb for 
2.5 - 3.0 hours for extracting the essential oil according to Egyptian Pharmacopeia (1984). Oil 
percentage and oil yield was calculated as follows: 
Oil (%) = observed volume of oil (mL)/weight of sample (g) ×100 
Oil yield (ml /plant) = (Oil % × dry weight of herb)/100 

The extracted essential oil was dehydrated over anhydrous sodium sulphate and stored at 
freezer till used for analysis. Samples of the dehydrated oil obtained in third cut of the second season 
were separately subjected to Gas Liquid Chromatography (GLC) analysis at the Laboratory of 
National Research Centre. The retention time (RT) of the components was used to identify the 
constituents of the essential oil, and the report of GLC analysis for each sample were analyzed to 
calculate the percentage of main components of essential oil according to British Pharmacopoeia 
(1980).  

 
Determination of chemical constituents 
 

In third cut of both seasons chemical constituents including total chlorophylls (a + b) and 
carotenoids contents (mg/g fresh matter) in fresh leaf samples were determined according to the 
procedure described by Lichtenthaler (1987), total carbohydrates (% of dry matter) determined in 
dried herb using the method of Dubois et al. (1956). Samples of dried herb were digested to extract 
nutrients using the method described by Piper (1947).The digested solution was chemically analyzed 
to determine the concentration of N, P and K according to the methods recommended by Cottenie et 
al. (1982), The contents of, Fe, Mn and Zn (ppm) were estimated according to Issac and Kerber 
(1971). 

 
Statistical analysis  
 

The data recoded on tested characteristics were subjected to an analysis of variance (ANOVA) 
as a factorial experiment in randomized complete block design, and Least Significant Difference 
(LSD) test at the 0.05 level was used to compare the differences between means of the treatments 
according to Steel et al., (1997). 

 
Results and Discussion 
 
A. Vegetative growth parameters 
 
1. Plant height (cm) 
 

From the data in Table (2) it is obvious that, Actosol treatments had a stimulator effect on plant 
height. In the first and third cuts of both seasons, application of Actosol concentrations significantly 
increased plant height, with only one exception detected at the first cut of second season with 
application of Actosol at the low concentration (0.25 ml /l) which recorded insignificant increase, 
compared to the control. In the second cut, application of Actosol at 0.25 ml/l in the second season 
was the only treatment caused significant increase in the plant height compared to the control. The 
data also revealed that,  in the second and third cut of both seasons, Actosol at the low concentration 
was superior in its significant effect since resulted higher values than those of control plant with no 
significant differences detected between the two tested concentrations in most cases. Similar results 
were obtained by El-Khateeb et al., (2017) on Majorana hortensis as they reported that application of 
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humic acid at the low concentration gave the higher values for plant height compared with the high 
one. Hanafy et al., (2017) on Artemisia abrotanum, found that application of Actosol as soil drench at 
the rate of 1 and 2 ml/pot, significantly increased plant height compared to the untreated plants. 
 
Table 2: Effect of actosol, micronutrients mixture treatments and their interactions on plant height, fresh and 

dry weights of herb at the three cuts of Majorana hortensis during 2014/2015 and 2015/2016 seasons.   
 

Treatments 
 

First season (2014  /2015 ) 
Plant height (cm) F. W of herb ( g) /plant D.W of herb ( g) /plant 

cut st1  cutnd2  cutrd3 cut st1  cutnd2  cutrd3 cut st1  cutnd2  cutrd3 
 

Actosol 
(A) 

Control  24.95 26.45 49.74 50.80 26.16 68.46 15.77 7.15 20.74 
A1= 0.25 ml/l  26.62 26.72 53.51 66.25 22.77 75.26 16.72 6.33 21.35 
A2= 0.5 ml/l 27.50 25.26 53.30 50.82 16.15 66.31 15.08 4.30 18.73 

 
*Micronutrients 

mixture (M) 

Control 23.83 26.78 50.72 55.77 20.22 65.09 15.35 5.31 19.87 
M1 =30 ppm  27.05 25.93 54.55 51.24 21.71 70.66 15.23 5.94 20.78 
M2 =60 ppm  28.19 25.73 51.28 60.87 23.14 74.28 16.99 6.52 20.16 

 
 

Interactions 
A X M 

 

Cont.+ Cont. 23.28 29.05 49.45 50.70 28.02 55.55 16.60 7.18 21.79 
Cont.+ M1 25.00 25.34 53.11 47.85 27.90 81.49 13.66 7.80 23.95 
Cont.+ M2 26.56 24.95 46.67 53.86 22.55 68.35 17.04 6.48 16.47 
A1+ Cont 23.61 26.00 49.97 63.19 18.65 64.93 15.44 5.01 20.22 
A1+ M1 26.42 26.61 54.92 56.87 20.36 73.49 14.70 5.54 19.29 
A1+ M2 29.83 27.56 55.64 78.70 29.29 87.36 20.02 8.43 24.53 
A2+ Cont 24.61 25.28 52.75 53.43 13.98 74.80 14.01 3.75 17.60 
A2+ M1 29.72 25.83 55.61 49.00 16.88 56.99 17.34 4.48 19.10 
A2+ M2 28.17 24.67 51.53 50.04 17.59 67.13 13.90 4.66 19.49 

L.S.D. (0.05)  
           A 0.77 0.92 1.23 3.30 1.13 1.39 0.89 0.24 0.55 

             M 0.77 0.92 1.23 3.30 1.13 1.13 0.89 0.24 0.55 
              AX M 1.33 1.59 2.14 5.71 1.95 2.40 1.54 0.42 0.96 

Second season (2015 / 2016) 
 

Actosol 
(A) 

Control  31.84 36.19 66.50 21.31 31.13 100.7 5.87 6.99 32.19 
A1= 0.25 ml/l  32.39 37.34 71.04 22.78 29.91 112.5 6.16 6.55 34.10 
A2= 0.5 ml/l 34.28 36.86 70.73 22.86 26.89 118.6 6.13 6.01 36.84 

 
Micronutrients 

mixture (M 

Control 30.04 37.30 70.30 21.39 27.21 102.0 5.80 6.03 33.18 
M1 =30 ppm  32.43 37.82 68.69 22.85 33.24 117.5 6.10 7.39 36.36 
M2 =60 ppm  36.04 35.26 69.28 22.72 27.48 112.4 6.26 6.13 33.59 

 
 

Interactions 
A X M 

  

Cont.+ Cont. 32.50 36.67 71.28 22.90 33.47 118.2 6.35 7.27 38.61 
Cont.+ M1 31.67 38.61 63.67 21.66 35.41 101.4 5.33 8.06 33.16 
Cont.+ M2 31.34 33.28 64.56 19.38 24.52 82.61 5.94 5.63 24.81 
A1+ Cont 25.33 36.28 70.06 20.66 23.31 76.57 5.51 5.42 24.85 
A1+ M1 31.44 39.06 69.83 23.24 34.83 128.2 6.23 7.44 38.18 
A1+ M2 40.39 36.67 73.22 24.45 31.60 132.9 6.74 6.80 39.28 
A2+ Cont 32.28 38.95 69.56 20.60 24.86 111.3 5.55 5.39 36.08 
A2+ M1 34.17 35.80 72.56 23.65 29.49 122.9 6.74 6.66 37.75 
A2+ M2 36.39 35.83 70.06 24.33 26.33 121.6 6.10 5.97 36.69 

L.S.D. (0.05)  
         A 0.66 0.93 1.95 0.78 0.95 5.40 0.26 0.24 2.46 
         M 0.66 0.93 1.95 0.78 0.95 5.40 0.26 0.24 2.46 

            AX M 1.15 1.61 3.37 1.36 1.64 9.35 0.44 0.42 4.26 
* M= Micronutrients mixture of Fe +Mn +Zn 

 
The data in the same Table indicated that the effect of micronutrients treatments on plant height 

was varied from one cut to the others. In the first cut foliar application of micronutrients 
concentrations (30 or 60 ppm) caused steady significant increase in plant height as compared to the 
control. At the second cut, the values were reduced significantly with application the high 
concentration, while the low concentration had no insignificant effect in this respect. At the third cut, 
application of the low concentration in the first season was the only treatment resulted in significant 
increase in plant height compared to control. Increasing plant height due to foliar application of 
mixture of Fe, Mn and Zn treatments are in agreement with findings of Hassanain et al., (2006) on 
Matricaria chamomilla, Abd-El-Wahab, (2008) on Trachyspermum ammi, Said-Al Ahl and Mahmoud 
(2010) on Ocimum basilicum and Mazaheri et al., (2013) on Cuminum cyminum. 

Regarding the interaction effects between Actosol and micronutrients treatments the data in 
Table (2) showed that the combination treatments caused significant increase in plant height at the 
first cut of both seasons and third cut of first season as compared to control (not received any 
treatments).  At the first and third cuts of both seasons, the tallest plants (29.83, 40.39 and 55.64, 
73.22 cm, respectively) were obtained due to soil drench of Actosol at 0.25 ml /l and foliar spraying 
of micronutrients at 60 ppm, while the corresponding highest values of the second cut were (29.05 
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cm) that resulted from control plants in the first season, and (39.06cm) obtained from Actosol at 0.25 
ml /l plus micronutrients at 30 ppm in second one. 

 
2.  Fresh and dry weights of herb 
 

The data in Table (2) showed that fresh and dry weights of herb in response to Actosol 
treatments were differed from one cut to others. In the second cut of both seasons, fresh and dry 
weights of herb were reduced significantly with application of Actosol at the two concentrations 
compared to the control. In the first and third cuts of both seasons, in most cases, fresh and dry 
weights of herb were increased significantly as a result of any concentration of Actosol was applied as 
compared to the control. The only exception treatment was detected in the first season of both cuts 
with application of the high concentration (0.50 ml/l) which had no significant effect on fresh and dry 
weights of herb in the first cut, while caused significant reduction in the recorded mean values of the 
third cut as compared to the control.  

The reduction of fresh and dry weights of herb in the second cut due to Actosol application are 
in agreement with findings of  Khalil  and Yousef   (2014) on Hibiscus sabdariffa, whereas the  
obtained increasing in fresh and dry weights of herb in the first and third are in accordance with 
findings of  Prabhu  et al., (2010) on  Ocimum sanctum, El-Sherbeny et al., (2012) on Brassica rapa, 
Hendawy et al. (2015) on Mentha piperita, El-Sayed et al., (2015) on Ocimum sp, Hanafy et al.,  
(2017) on Artemisia abrotanum and El-Khateeb et al.,  (2017) they reported that increases in fresh 
and dry weights of herb as a result of humic acid treatments. 

Concerning the effect of micronutrients treatments the data in Table (2) revealed that fresh and 
dry weights of herb were markedly affected by foliar application of micronutrients treatments. In the 
three cuts of both seasons, in most cases, the values of fresh and dry weights of herb were increased 
significantly due to foliar application of micronutrients at the two concentrations as compared to the 
control. Only some exceptions were detected in the first cut of first season, as application of the low 
concentration (30 ppm) caused significant reduction in fresh weight of herb and insignificant 
reduction in dry weight of herb. Also, application of the high concentration (60 ppm) caused 
insignificant increase in fresh and dry weights of herb in the second cut of second season and resulted 
in insignificant increase in dry weight of herb in the third cut of both seasons as compared to the 
control. Increasing fresh and dry weights of herb due to due to mixture of Fe, Mn and Zn treatments 
are in agreement with findings of  Hassanain et al., (2006) on Matricaria chamomilla, Abd-El-
Wahab, (2008) on Trachyspermum ammi, Said-Al Ahl and Mahmoud (2010) on Ocimum basilicum, 
Yadegari (2017) on Melissa officinalis.  

The favorable effect of micronutrients mixture on plant growth may be due to important 
functions played by such the tested elements in physiological and biochemical processes, such as 
photosynthesis, synthesis of auxin, chlorophyll and protein, carbohydrate metabolism and activation 
of enzyme through cell division and cell elongation (Taiz and Zeiger, 2002). 

Regarding the interaction effects between the treatments the data in Table (2) showed that in 
the tree cuts of both seasons, in most cases the highest values of herb fresh and dry weights were 
obtained from soil drench of Actosol at 0.25 ml /l and foliar spraying of micronutrients at 60 ppm, 
while the lowest values were resulted from treatments differed from one season and/or cut to others. 

 
B. Root parameters 
 

As shown from data listed in Table (3), root length and roots number were increased 
significantly as a result of Actosol treatments, with exception the concentration of 0.50 ml/l which 
caused insignificant reduction in roots number in the first season as compared to the control. In 
contrast, fresh and dry weights of roots were decreased significantly due to Actosol treatments, except 
the concentration of 0.25 ml /l that caused the only significant increase in dry weight of roots in the 
second season as compared to the control. 

In this regard El-Sherbeny et al., (2012) on Brassica rapa found that application of humic acid 
treatments at 0.04% registered maximum values of root length, fresh and dry weights of roots and the 
same results were reported by Ali et al., (2014) on Brassica rapa. Ameri et al., (2013) found that 
application of humic acid at 5g/l increased root length of Ocimum basilicum.  
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 Table 3: Effect of actosol, micronutrients mixture treatments and their interactions on root length, roots number 
as well as fresh and dry weights of roots of Majorana hortensis during 2014/2015 and 2015/2016 
seasons.  

Treatments  
 

Root length (cm) Roots number F. W of root (g)  D. W of root  (g)  

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

 
Actosol 

(A) 

Control  28.15 29.17 10.83 7.56 13.99 20.09 7.51 7.24 
A1= 0.25 ml/l  29.96 33.28 12.43 9.83 12.35 14.74 6.97 8.17 
A2= 0.5 ml/l 29.35 32.76 10.74 9.74 11.47 12.36 4.75 6.36 

 
*Micronutrients 

mixture (M) 

Control 28.94 29.44 10.54 8.41 11.98 14.97 6.20 6.91 
M1 =30 ppm  29.28 32.00 11.39 9.76 13.69 17.28 7.12 7.91 
M2 =60 ppm  29.24 33.76 12.08 8.96 12.13 14.94 5.90 6.95 

 
 

Interactions 
A X M 

  

Cont.+ Cont. 28.19 27.94 10.94 5.56 14.32 21.97 7.22 7.89 
Cont.+ M1 28.53 28.39 11.50 10.44 14.61 21.51 7.84 7.62 
Cont.+ M2 27.72 31.17 10.06 6.67 13.05 16.78 7.47 6.22 
A1+ Cont 29.94 29.61 11.67 9.61 9.25 11.77 7.00 6.42 
A1+ M1 30.58 35.17 11.94 9.28 17.10 16.30 9.30 9.33 
A1+ M2 29.36 35.06 13.67 10.61 10.70 16.16 4.60 8.75 
A2+ Cont 28.69 30.78 9.00 10.06 12.38 11.17 4.39 6.42 
A2+ M1 28.72 32.44 10.72 9.56 9.37 14.02 4.22 6.79 
A2+ M2 30.64 35.06 12.50 9.61 12.65 11.88 5.63 5.88 

L.S.D. (0.05)  
             A 0.77 1.47 0.68 0.72 0.64 1.28 0.44 0.64 
             M 0.77 1.47 0.68 0.72 0.64 1.28 0.44 0.64 

               AX M N.S N.S 1.18 1.24 1.11 2.22 0.76 1.12 
* M= Micronutrients mixture of Fe +Mn +Zn 

 
The data in Table (3) also showed that, micronutrients treatments had a noticeable effect on 

root parameters. In most cases, root length, roots number, fresh and dry weights of roots were 
generally increased as a result of foliar application of micronutrients at the two concentrations as 
compared to the control, with the superiority of the low concentration on fresh and dry weights of 
roots. However, such increase in root length was insignificant in the first season with application of 
micronutrients at the two concentrations; also the high concentration (60 ppm) caused insignificant 
increase in roots number in the second season, and had no significant effect on fresh and dry weights 
of roots in both seasons as compared to the control. The increase in root parameters as a result of 
mixed Fe, Mn and Zn treatments are in agreement with findings of Yadegari, (2013) on Borago 
officinalis and Yadegari (2017) on Melissa officinalis. 

Regarding the interaction effects between Actosol and micronutrients treatments the data in 
Table (3) evinced that the combination treatments caused increase in root length and roots number as 
compared to control (not received any treatments).  In most cases, the highest values of root length, 
fresh and dry weights of roots were obtained from soil drench of Actosol at 0.25 ml /l combined with 
foliar spraying of micronutrients at 30 ppm, while the highest values of roots number were gained 
from Actosol at 0.25 ml /l combined with micronutrients at 60 ppm. 

 
C. Oil percentage and oil yield/plant  
 

It is evident from data in Table (4) that in most caes, oil percentage and oil yield at third cut 
were increased significantly as a result of Actosol treatments, the only exception was application of 
Actosol at the low concentration (0.25 ml/l) which caused insignificant increase in oil percentage in 
the second season as compared to the control.  

The obtained results are in agreement with those reported by Juárez et al., (2011) on Thymus 
vulgaris, Hendawy et al., (2015) on Mentha piperita, El-Sayed et al., (2015) on Ocimum sp, Said-Al 
Ahl, et al., (2016) on Anethum graveolens, Hanafy et al.,  (2017) on Artemisia abrotanum and El-
Khateeb et al.,  (2017) on Majorana hortensis. 

As for the effect of micronutrients treatments, the data in Table (4) revealed that oil percentage 
and oil yield/plant was increased as a result of foliar application of micronutrients concentrations as 
compared to the control. In most cases, this increase was insignificant and application of the high 
concentration (60 ppm) in the first season was the only treatment caused significant increase in the 
recorded mean values compared to the control. The results of increasing oil percentage and oil yield 
by the effects of mixed Fe, Mn or Zn treatments are coincided with those obtained by Abd-El-Wahab, 
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(2008) on Trachyspermum ammi, Nasiri et al., (2010) on Matricaria chamomilla, Mazaheri et al., 
(2013) on Cuminum cyminum, Nasiri and Najafi (2015) on Matricaria chamomilla and Sinta et al., 
(2015) on Coriandrum sativum. 

 
Table 4: Effect of actosol, micronutrients mixture treatments and their interactions on oil percentage and oil 

yield/plant at the third cut of Majorana hortensis during 2014/2015 and 2015/2016 seasons.  
Treatments  

 
Oil % ( dry herb) Oil yield/plant (ml) 

1st season 2nd season 1st season 2nd season 

 
Actosol 

(A) 

Control  1.48 1.61 0.31 0.52 
A1= 0.25 ml/l  1.89 1.88 0.41 0.65 
A2= 0.5 ml/l 1.87 2.06 0.35 0.76 

 
*Micronutrients 

mixture (M) 

Control 1.61 1.76 0.32 0.59 
M1 =30 ppm  1.69 1.91 0.35 0.70 
M2 =60 ppm  1.94 1.88 0.40 0.64 

 
 

Interactions 
A X M 

  

Cont.+ Cont. 1.33 1.75 0.29 0.68 
Cont.+ M1 1.53 1.47 0.37 0.49 
Cont.+ M2 1.58 1.60 0.26 0.40 
A1+ Cont 1.67 1.70 0.34 0.42 
A1+ M1 1.58 1.85 0.30 0.71 
A1+ M2 2.43 2.10 0.60 0.82 
A2+ Cont 1.83 1.82 0.32 0.66 
A2+ M1 1.97 2.42 0.38 0.91 
A2+ M2 1.82 1.93 0.35 0.71 

L.S.D. (0.05)  
           A 0.17 0.31 0.04 0.13 
           M 0.17 0.31 0.04 0.13 

          AX M 0.30 N.S 0.07 0.22 

 
The interaction effects between the two studied factors (Table 4) disclosed that, increase in oil 

percentage and oil yield was recorded in most cases as result of the combination treatments compared 
to control (not received any treatments).  In the first season, the highest values of oil percentage and 
oil yield (2.43 % and 0.60 ml/plant, respectively) were obtained from soil drench of Actosol at 0.25 
ml /l combined with micronutrients at 60 ppm, while the highest values in the second season (2.42 % 
and 0.91 ml/plant, respectively) were acquired from Actosol at 0.50 ml /l combined with 
micronutrients at 30 ppm. 

 
D. GLC analysis of essential oil 
 

The data presented in Table (5) and Fig. (1and 2) showed analysis of marjoram essential oil 
detected by Gas Liquid Chromatography (GLC) in the third cut of the second season. The obtained 
results revealed that thirteen compounds (representing 85.33 to 93.71%) were detected and identified, 
the identified constituents were divided into two groups, the major constituents (more than 3%, 3.90- 
44.31% ) and minor constituents (less than 3%, 1.28-1.74%).  Accordingly, Terpine-4-ol (30.26 to 
44.31 %), β-Phyllandrene (10.58 to 18.71%), Linalyl acetate (7.28 to 10.47 %), α-Pinene (8.51 to 9.72 
%), Linallool (0.58 to 6.94 %), Myrcene (0.61 to 6.23%), α-Terpineol (3.27 to 4.01%) and Limonene 
(2.06 to 3.90 %) are considered as major constituents, while the others constituents are represented as 
minor constituents. 

The data cleared that, Terpine-4-ol and α-Terpineol constituents were increased in plants 
treated with Actosol at the two concentrations, application of Actosol at the low concentration 
increased β-Phyllandrene, while the high concentration slightly increased α-Thujene as compared to 
the control. On contrast, the others identified constituents were reduced by application of Actosol 
treatments as compared to the control. In this regard, resent study reported that application of humic 
acid at 2.5 ml/l increased terpinen-4-ol constituent, while reduced Sabinene and γ-terpineol in the oil 
of Majorana hortensis (El-Khateeb et al., 2017). 

  Concerning the effect of micronutrients treatments the data showed that, foliar application of 
concentrations of the micronutrients increased Terpine-4-ol, α-Pinene with superior effect of the low 
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Table 5: Effect of actosol, micronutrients mixture treatments and their interactions on the essential oil constituents of Majorana hortensis at the third cut of the second season 
(2015/2016). 
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Actosol 

(A) 

Control  1.47 9.36 1.67 5.87 1.46 1.25 11.60 3.04 5.10 9.21 32.00 1.08 3.39 86.50 13.50 

A1= 0.25 ml/l  1.43 9.07 1.43 4.11 1.40 1.03 14.09 2.24 1.86 8.58 40.07 1.04 3.58 89.93 10.07 

A2= 0.5 ml/l 1.49 9.10 1.64 5.76 1.43 1.16 11.46 2.52 3.51 9.03 34.01 1.13 3.61 85.85 14.15 

 
*Micronutrients 

mixture (M) 

Control 1.43 9.09 1.63 6.04 1.41 1.35 11.82 2.50 3.75 8.56 33.60 1.17 3.45 85.80 14.20 

M1 =30 ppm  1.41 9.11 1.62 5.57 1.39 1.24 11.16 2.98 4.00 9.77 35.71 1.05 3.30 88.31 11.69 

M2 =60 ppm  1.55 9.33 1.50 4.14 1.50 0.85 14.17 2.31 2.72 8.50 36.77 1.03 3.83 88.20 11.80 

 

 
 
 
 

Interactions 
A X M 

  

Cont.+ Cont. 1.52 9.27 1.69 6.02 1.48 1.18 11.74 2.52 4.90 10.29 30.26 1.09 3.37 85.33 14.67 

Cont.+ M1 1.41 9.13 1.60 5.35 1.43 1.36 10.58 3.90 6.94 9.50 33.25 0.99 3.31 88.75 11.25 

Cont.+ M2 1.48 9.67 1.72 6.23 1.48 1.20 12.47 2.69 3.45 7.85 32.49 1.16 3.50 85.39 14.61 

A1+ Cont 1.38 8.98 1.60 5.99 1.33 1.52 11.56 2.34 3.44 8.11 35.31 1.15 3.44 86.15 13.85 

A1+ M1 1.39 8.51 1.51 5.74 1.27 1.31 12.01 2.31 1.57 9.35 40.58 1.09 3.31 89.95 10.05 

A1+ M2 1.51 9.72 1.18 0.61 1.61 0.27 18.71 2.06 0.58 8.29 44.31 0.88 3.98 93.71 6.29 

A2+ Cont 1.39 9.01 1.60 6.10 1.43 1.36 12.15 2.65 2.91 7.28 35.23 1.28 3.54 85.93 14.07 

A2+ M1 1.43 9.68 1.74 5.62 1.46 1.05 10.90 2.73 3.49 10.47 33.30 1.07 3.27 86.21 13.79 

A2+ M2 1.65 8.60 1.59 5.57 1.41 1.08 11.32 2.19 4.13 9.35 33.50 1.04 4.01 85.44 14.56 

* M= Micronutrients mixture of Fe +Mn +Zn 
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concentration. linalyl acetate, linallool and limonene were increased only at the low concentration, 
while β-Phyllandrene and α- Terpine were increased only at the high concentration as compared to the 
control. In this concern, Abd-El-Wahab, (2008) on Trachyspermum ammi found that spraying the 
plants with Fe + Zn + Mn at 50 ppm increased thymol, p-cymene γ-terpinene  and α- -pinene 
constituents compared to control.  

Regarding the interaction effect, it was noticed that the highest mean of Terpine-4-ol, β-
Phyllandrene, α-Pinene and α- Terpine (44.31, 18.71 9.72 and 1.61 %, respectively) were obtained 
from the combined treatment of Actosol at 0.25 ml /l plus micronutrients at 60 ppm, the highest 
values of Linalyl acetate and Sabinene (10.47 and 1.74%, respectively) were obtained from the 
combined treatment of Actosol at 0.50 ml /l plus micronutrients at 30 ppm. Application of the 
micronutrients at the low concentration without Actosol treatments registered the highest values of 
Linallool and Limonene (6.94 and 3.90 %, respectively). 

 

Retention time 
Fig. 1: Gas Liquid Chromatography (GLC) of the essential oil of Majorana hortensis grown under control 

treatment. 

 

 
Retention time 

Fig. 2: Gas Liquid Chromatography (GLC) of the essential oil of Majorana hortensis treated with Actosol at 
0.25 ml /l plus micronutrients at 60 ppm. 
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E. Chemical constituents 
 
1. Pigments content  

 
The data shown in Table (6) showed that the synthesis and accumulation of pigments content 

(chlorophyll a, chlorophyll b and carotenoids) in the third cut were considerably affected by Actosol 
treatments. In both seasons, chlorophyll a and carotenoids contents in leaves of plants received 
Actosol at two concentrations were significantly higher than those of the control. These findings are 
similar to those obtained by El-Khateeb et al.  (2017) on Majorana hortensis found that application of 
humic acid at 2.5 ml /l increased chlorophyll a and carotenoids.  

Chlorophyll b content showed different trend in response to Actosol treatments. In both 
seasons, chlorophyll b content was reduced by application of Actosol concentrations; however this 
reduction was significant in the first season and insignificant in the second one as compared to the 
control. 

The data in Table (6) also revealed that foliar application of micronutrients treatments increased 
pigments content in most cases as compared to the control. In both seasons, the increase in 
chlorophyll a and carotenoids content was significant, while the obtained increase in the case of 
chlorophyll b content was insignificant as compared to the control. In both seasons, no significant 
differences were detected between the two concentrations of micronutrients on increasing pigments 
content in most cases.  The results of increasing pigments content with mixture of Fe, Mn and Zn 
treatments are in conformity with that recorded by Selim  et al., (2001) on Calendula officinalis, Refaat 
and Balbaa (2001) on lemongrass and Hassanain et al. (2006) on Matricaria chamomilla 

Increasing pigments content by foliar application of tested micronutrients treatments may be 
due to their roles in chlorophyll synthesis, Iron play a pivotal role for chlorophyll synthesis as 
essential for the synthesis of precursor of chlorophyll (δ-aminolevulinic acid),also play somewhat  a 
similar role of magnesium  in the porphyrin structure of chlorophyll. Zinc may interfere with iron 
utilization in the leaves for chlorophyll synthesis (Taiz and Zeiger, 2002). 

Concerning the interaction effects, the data in Table (6) evinced that, in most cases, the highest 
values of chlorophyll a and chlorophyll b contents were formed in leaves of plants not received 
Actosol treatments (control) and foliar sprayed with micronutrients at 30 ppm, whereas the 
corresponding highest values of carotenoids content were formed in leaves of plants treated with 
Actosol at 0.50 ml /l combined with foliar spraying of micronutrients at 60 ppm. 

 
Table 6: Effect of actosol, micronutrients mixture treatments and their interactions on pigments contents (mg/g 

fresh matter) and total carbohydrates (% of dry matter) at the third cut of Majorana hortensis during 
2014/2015 and 2015/2016 seasons.  

Treatments  
 
 

chlorophyll A 
(mg/g F.W) 

chlorophyll B 
(mg/g F.W) 

Carotenoids 
(mg/g F.W) 

T. carbohydrates (%) 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st season 2nd 
season 

 
Actosol 

(A) 

Control  0.83 1.20 0.43 0.83 0.25 0.47 23.50 22.46 
A1= 0.25 ml/l  0.91 1.39 0.22 0.67 0.36 0.58 24.19 25.81 
A2= 0.5 ml/l 0.91 1.33 0.22 0.64 0.46 0.73 24.06 25.01 

 
*Micronutrients 

mixture (M) 

Control 0.82 1.24 0.27 0.71 0.31 0.50 22.44 22.43 
M1 =30 ppm  0.92 1.31 0.33 0.77 0.37 0.58 26.31 26.62 
M2 =60 ppm  0.91 1.37 0.28 0.65 0.40 0.70 23.00 24.23 

 
 

Interactions 
A X M 

  

Cont.+ Cont. 0.62 1.31 0.39 0.65 0.22 0.46 21.73 22.39 
Cont.+ M1 0.94 1.08 0.51 0.99 0.27 0.42 25.79 23.76 
Cont.+ M2 0.93 1.20 0.40 0.84 0.27 0.54 22.98 21.24 
A1+ Cont 0.91 1.27 0.17 0.68 0.38 0.42 23.92 24.41 
A1+ M1 0.92 1.39 0.25 0.76 0.36 0.61 26.32 28.05 
A1+ M2 0.91 1.51 0.25 0.56 0.34 0.70 22.33 24.96 
A2+ Cont 0.92 1.13 0.25 0.81 0.34 0.62 21.67 20.49 
A2+ M1 0.91 1.45 0.22 0.56 0.47 0.72 26.81 28.05 
A2+ M2 0.90 1.41 0.20 0.56 0.58 0.86 23.70 26.48 

L.S.D. (0.05)  
               A 0.03 0.07 0.11 0.22 0.05 0.03 3.60 2.46 
               M 0.04 0.11 0.11 0.22 0.06 0.03 3.60 2.46 

                 AX M 0.06 N.S N.S N.S N.S 0.05 N.S N.S 
* M= Micronutrients mixture of Fe +Mn +Zn 
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2. Total carbohydrates 
 

The data presented in Table (6) showed that total carbohydrates % in dry herb of third cut were 
generally increased as a result of Actosol treatments, however the noticed increase was insignificant 
in the first season, while its was significant in the second one as compared to the control. The 
obtained results are similar to the findings of El-Sherbeny et al.,(2012) on Brassica rapa , Ali, et al., 
(2014) on Brassica rapa, Hanafy et al.,  (2017) on  Artemisia abrotanum and El-Khateeb et al.,  
(2017) on Majorana hortensis, they found that application of humic acid increased total carbohydrates 
in tested plants. 

With regard to the effect of micronutrients treatments the data in Table (6) also indicated that, 
the values of total carbohydrates % were increased significantly with foliar spraying of micronutrients 
at the low concentration (30 ppm), whereas the highest one (60 ppm) had no significant effect in this 
concern as compared to the control. The increase in total carbohydrates may be indirectly attributed to 
the effect of treatments on increasing the total chlorophylls content that leading to an increase in 
photosynthesis and consequently carbohydrate synthesis to be increased. These findings are similar to 
those obtained by Hassanain et al. (2006) on Matricaria chamomilla and Abd-El-Wahab, (2008) on 
Trachyspermum ammi.  

Respecting the interaction effects the data in Table (6) exhibited that, the highest percentages 
(26.81 and 28.05 % in the first and second seasons, respectively) were formed in herb of plants 
received the combined treatment of Actosol at 0.50 ml /l plus micronutrients at 30 ppm, while the 
lowest values (21.73 and 20.49% in the two seasons, respectively) were registered with control plants 
in the first season and Actosol only at 0.50 ml /l without micronutrients treatments in the second one. 

 
3. Contents of N, P and K (% of dry matter) 

 
Results in Table (7) showed that the accumulation of N and K % in dry herb were increased 

significantly with application of Actosol at high concentration, while the low one caused a significant 
reduction in N% and had no significant effect on accumulation of K % as compared to the control. 
These results are in harmony with the finding of Ali, et al., (2014) on Brassica rapa that reported 
increase in N and K with increasing humic acid rate. 

In the cease of P% the data showed different trend as the recorded values were increased 
significantly with application of Actosol at low concentration, while the high one had no significant 
effect in this regard. 

 
Table 7: Effect of actosol, micronutrients mixture treatments and their interactions on N, P and K (% of dry 

herb) at the third cut of Majorana hortensis during 2014/2015 and 2015/2016 seasons  
Treatments  

 
 

N% P% K % 
1st season 2nd season 1st season 2nd season 1st season 2nd season 

 
Actosol 

(A) 

Control  1.59 1.63 0.33 0.32 1.30 1.28 
A1= 0.25 ml/l  1.42 1.47 0.40 0.43 1.29 1.36 
A2= 0.5 ml/l 1.77 1.82 0.34 0.35 1.43 1.40 

*Micronutrients 
mixture (M) 

Control 1.44 1.51 0.37 0.42 1.30 1.27 
M1 =30 ppm  1.81 1.86 0.35 0.34 1.41 1.41 
M2 =60 ppm  1.54 1.55 0.34 0.33 1.31 1.36 

 
 

Interactions 
A X M 

  

Cont.+ Cont. 1.52 1.63 0.27 0.31 1.16 1.08 
Cont.+ M1 1.90 1.86 0.36 0.42 1.43 1.45 
Cont.+ M2 1.35 1.39 0.35 0.22 1.30 1.31 
A1+ Cont 1.35 1.39 0.50 0.56 1.43 1.45 
A1+ M1 1.55 1.63 0.36 0.33 1.20 1.31 
A1+ M2 1.37 1.39 0.33 0.39 1.24 1.33 
A2+ Cont 1.44 1.52 0.34 0.38 1.31 1.28 
A2+ M1 1.97 2.09 0.34 0.28 1.59 1.47 
A2+ M2 1.91 1.86 0.33 0.38 1.38 1.45 

L.S.D. (0.05)  
             A 0.09 0.05 0.06 0.07 0.10 0.09 
             M 0.09 0.05 0.06 0.07 0.09 0.09 

               AX M 0.15 0.09 0.10 0.13 0.14 0.13 
* M= Micronutrients mixture of Fe +Mn +Zn 

  



Int. J. Environ., 7 (1):  37-52, 2018 
ISSN: 2077-4508 

49 

As for the effect of micronutrients treatments the data in Table (7) indicated that the values of 
N and K % were increased significantly with application of any concentration of micronutrients 
treatments as compared to the control. The only exception was detected with the concentration of 60 
ppm which caused insignificant increase in accumulation of N% in second season and K% in first 
one. Increasing accumulation of the macronutrients (N and K %) may be due to the above-mentioned 
improving roots parameters by foliar application of micronutrients mixture which leading to more 
roots absorbing surface and consequently increasing their uptake from the soils and accumulation in 
plant organs via the roots. These results are in agreement with findings of Refaat and Balbaa (2001) 
on lemongrass and Hassanain et al., (2006) on Matricaria chamomilla they reported increase in N and 
K % with foliar application of micronutrients treatments. On the other hand, P% were generally 
reduced in response to micronutrients treatments, however this reduction was insignificant in the first 
season and significant in the second one. 

Concerning the interaction effects the data in Table (7) showed that the highest N and K % 
were registered with plants received the combined treatment of Actosol at 0.50 ml /l plus 
micronutrients at 30 ppm, meanwhile the corresponding highest values of P% were obtained from the 
combined treatment of Actosol at 0.25 ml /l without micronutrients treatments. 

 
4. Contents of Fe, Mn and Zn  

 
It is obvious from data in Table (8) that the accumulation of Fe, Mn and Zn contents in dry herb 

of the third cut were strongly affected by Actosol treatments. In most cases, treating the plants with 
any of the tested Actosol treatments caused a significant increase in the determined micronutrients as 
compared to the control, with the superiority of high concentration. The only one exception to this 
trend was recorded in the first season with the plants treated with Actosol at 0.25 ml /l which had 
insignificantly higher values of Zn content in their leaves than those of control.  Such results are in 
conformity with that recorded by El-Sherbeny et al., (2012) on Brassica rapa and Jamali et al., (2015) 
on Ocimum basiilicum as they reported increases in Fe, Mn and Zn contents in tested plants due to 
humic acid treatments. 

 
Table 8: Effect of actosol, micronutrients mixture treatments and their interactions on Fe, Mn and Zn at the 

third cut of Majorana hortensis during 2014/2015 and 2015/2016 seasons  
Treatments  

 
 

Fe (ppm) Mn (ppm) Zn (ppm) 
1st season 2nd season 1st season 2nd season 1st season 2nd season 

 
Actosol 

(A) 

Control  578 586 202 212 461 467 
A1= 0.25 ml/l  631 633 243 232 463 486 
A2= 0.5 ml/l 662 661 281 292 507 515 

 
*Micronutrients 

mixture (M) 

Control 588 593 205 217 480 467 
M1 =30 ppm  628 621 250 251 482 512 
M2 =60 ppm  655 667 271 268 470 489 

 
 

Interactions 
A X M 

  

Cont.+ Cont. 558 564 189 207 470 482 
Cont.+ M1 556 542 181 203 452 446 
Cont.+ M2 619 651 236 225 461 473 
A1+ Cont 578 571 215 219 497 463 
A1+ M1 651 657 258 231 435 546 
A1+ M2 663 671 257 245 458 449 
A2+ Cont 627 643 212 224 472 455 
A2+ M1 676 663 311 318 559 544 
A2+ M2 682 678 321 333 490 545 

L.S.D. (0.05)  
               A 1.85 2.38 2.18 2.20 2.50 1.97 
               M 1.85 2.38 2.18 2.20 2.50 1.97 

                AX M 3.20 4.13 3.77 3.80 4.33 3.41 
* M= Micronutrients mixture of Fe +Mn +Zn 
 

The data in Table (8) also revealed that in most cases, application of any concentration of 
micronutrients treatments resulted in significant increase in Fe, Mn and Zn contents as compared to 
the control. The only exceptions to this trend were detected in the first season with Zn content as it 
was increased insignificantly with the concentration of 30 ppm and reduced significantly with the 
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concentration of 60 ppm as compared to the control.  These results are in agreement with those 
recorded by Refaat and Balbaa (2001) on lemongrass and Hassanain et al. (2006) on Matricaria 
chamomilla. 

As for the interaction effects the data in Table (8) displayed that, the combination treatments 
caused increase in Fe and Mn contents as compared to control (not received any treatments). In both 
the highest values of Fe and Mn content were obtained from the combined treatment of Actosol at 
0.50 ml /l plus micronutrients at 60 ppm, while the corresponding highest value of Zn content were 
obtained from the combined treatment of Actosol at 0.50 ml /l plus micronutrients at 30 ppm in the 
first season and Actosol at 0.25 ml /l plus micronutrients at 30 ppm in the second one. 
 
Conclusion  
 
 From the   obtained results it   can   be concluded that, soil drenching of Actosol and foliar 
spraying of micro-elements mixture enhanced the growth, oil percentage and oil yield in marjoram 
plants. Based on the trial results, it is possible recommended that treating Majorana hortensis plants 
monthly with Actosol at 0.25 ml + micronutrients  mixture of Fe+ Mn +Zn at 60 ppm for high growth 
production and high oil yield. 
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