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Abstract 

This study conducted during the 2020/2021 and 2021/2022 seasons investigated the influence of Zinc (Zn) and Magnesium 

(Mn), alone or combined, on oregano plants' growth, yield, and essential oil composition. Results revealed that oregano height 

peaked with 50 ppm Zn, while 100 ppm Zn and a combination of 50 ppm Zn with 50 ppm Mn produced the highest number of 

shoots and branches. Optimal fresh and dry yields occurred with 50 ppm Zn and 100 ppm Mn. The greatest essential oil 

percentage resulted from the combination of 100 ppm Zn and 50 ppm Mn. Zn and Mn, independently or combined, led to a 

significant reduction in chlorophyll "a," "b," and carotenoids, with 50 ppm Zn most affecting chlorophyll "a" and "b" and the 

combination of 100 ppm Zn and 50 ppm Mn predominantly impacting carotenoids. Total phenolic and flavonoid levels 

increased with the addition of Zn and Mn, particularly with 100 ppm Zn and 50 ppm Mn. Antioxidant activity, assessed by the 

DPPH assay, reaching its peak it 100 ppm Zn and 100 ppm Mn. GC-MASS analysis identified 22 compounds, with carvacrol 

and thymol as major constituents, carvacrol consistently surpasses thymol in concentration across treatments. Interestingly, 

low concentrations of Zn or Mn, when applied individually, had a more pronounced impact than their combination, 

particularly on carvacrol. Conversely, Mn exhibited a more noticeable effect on thymol compared to Zn. These findings 

suggest that incorporating Zn and Mn, especially at low concentrations, in oregano fertilization enhances both yield and 

quality. 
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1. Introduction 

Origanum vulgare L. subsp. hirtum, commonly 

referred to as Greek oregano, is a perennial plant that 

belongs to the Lamiaceae family. This herb finds is 

widely used in the food and pharmaceutical industries 

[1]. Greek oregano thrives in regions with ample 

sunlight, typically growing at altitudes of up to 1500 

meters above sea level. One of its distinctive features 

is the presence of dense glandular trichomes, which 

contribute to a higher concentration of essential oils 

[2, 3]. In addition to its role as a popular spice and 

seasoning, Greek oregano is highly valued for its 

essential oil, primarily found in its inflorescences, 

leaves, and stems. The aerial parts of the plant also 

serve as rich sources of polyphenols, flavonoids, and 

triterpenoids, and they yield significant quantities of 

carvacrol and thymol, both well-known bioactive 

compounds [2, 4]. 

Oregano is a commonly used ingredient for its 

preservative and flavor-enhancing properties in a 

wide range of products, including foods, alcoholic 

beverages, cosmetics, and soaps [5, 6]. Depending on 

its chemical composition, oregano essential oil is 
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categorized into two primary chemotypes: carvacrol 

and thymol. These categories are determined by the 

relative levels of these two phenolic compounds [3, 

7]. Due to its abundance of secondary metabolites, 

Greek oregano is known for its antibacterial [8, 9], 

antifungal [10, 11], insecticidal [12], antioxidant [13] 

and nematicidal [14] properties. 

Zinc is a vital micronutrient for plants, serving a 

key role in many biological processes within plant 

tissues. It plays essential roles in gene expression, 

protein synthesis, the maintenance of membrane and 

protein structural integrity, in addition to functions as 

a catalyst for numerous enzymes [15-18]. 

Furthermore, zinc is indispensable for vegetative 

growth, as it serves as a precursor to phytohormones 

such as auxins, which have a direct impact on cell 

elongation and division [19]. Zinc also plays a critical 

role in the process of photosynthesis and contributes 

to carbohydrate metabolism by stabilizing or 

activating proteins involved in these processes [20]. 

In agricultural practices, solid zinc oxide (ZnO) 

fertilizers are commonly employed to supply plants 

with the necessary zinc. The application of foliar 

treatments with ZnO or nano-ZnO has been 

demonstrated to have positive effects on growth 

parameters, biochemical characteristics, and 

ultimately, crop yield [21, 22]. 

Manganese (Mn) is an essential element in the 

biology of virtually all living organisms, serving two 

primary functions: as an enzyme cofactor and as a 

catalytic metal within biological clusters [23]. In the 

context of plant biology, Mn is one of the 17 essential 

elements critical for growth and reproduction. 

Although plants require Mn in relatively small 

quantities, its importance for growth is on par with 

that of essential nutrients. Manganese acts as a 

crucial micronutrient for plant growth and 

development, playing vital roles in various cellular 

compartments [24]. Mn is particularly indispensable 

for processes like photosynthesis. Mn deficiency is a 

common issue, often observed in sandy soils, organic 

soils with a pH above 6, and highly weathered 

tropical soils. Cool and wet conditions tend to worsen 

this deficiency [25]. Many crop species are 

susceptible to Mn deficiency in such soils, and they 

exhibit improved growth when Mn is added as a 

fertilizer. The repercussions of Mn deficiencies in 

these crops include reduced dry matter production, 

decreased yield, compromised resistance to 

pathogens, and increased vulnerability to drought and 

heat stress. 

In photosynthetic organisms, Mn plays a critical 

role as an essential component of the metallo-enzyme 

cluster in the oxygen-evolving complex within 

photosystem II. Despite its significance in 

photosynthesis, the regulation of Mn levels within 

plants, known as Mn homeostasis, has been 

insufficiently explored. Mn deficiency can become a 

significant nutritional issue for plants, particularly in 

soils with high pH and elevated oxygen levels, where 

Mn bioavailability can fall below the levels needed 

for normal plant growth [26]. 

Micronutrients play a crucial role in plant growth and 

the synthesis of active substances. The primary goal 

of this study was to evaluate the impact of Zn and 

Mn, whether applied individually or in combination, 

on the growth, yield, and essential oil composition of 

oregano plants. 

2. Materials and methods 

This field experiment was carried out over the 

consecutive seasons of 2020/2021 and 2021/2022 at 

the Experimental Farm of the National Research 

Centre in Nubaria, El-Buheira Governorate, Egypt. 

The objective was to investigate the influence of zinc 

and manganese on the growth of oregano (Origanum 

vulgare L. subsp. hirtum) and the composition of its 

essential oil. The oregano seeds, obtained from the 

Egyptian Ministry of Agriculture, were sown in 

nursery beds prepared in September for both seasons. 

After two months, the seedlings were transplanted 

into rows, spaced 60 cm apart, with a 30 cm gap 

between plants within hills. The soil in the field 

experiment had a sandy texture in both seasons, and 

soil and water analyses are presented in Tables 1 and 

2. Each experimental unit (plot) comprised two rows, 

60 cm apart, and was 3 m long. 

The experiment utilized a completely randomized 

block design with three replicates. There were nine 

treatments, including a control group, and various 

combinations of zinc (Zn) and manganese (Mn) 

concentrations: 50 ppm Zn, 100 ppm Zn, 50 ppm Mn, 

100 ppm Mn, 50 ppm Zn + 50 ppm Mn, 50 ppm Zn + 

100 ppm Mn, 100 ppm Zn + 50 ppm Mn, and 100 

ppm Zn + 100 ppm Mn. The irrigation was 

administered through a drip system, and standard 

agricultural practices were followed. Foliar spraying 

was conducted three times, specifically at 45, 90, and 

135 days after transplanting the seedlings in both 
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seasons. Harvesting took place in June of each year, and data were collected for analysis. 

Table (1): Physical and chemical analysisof the used experimental soil 

Soil 

Texture 

pH 

1:2.5 

EC 

dsm-1 

Soluble cations 

(meq/100 g soil) 

Soluble anions 

(meq / l00g soil) 

   Na+ K+ Ca++ Mg++ HCO-3 Cl- SO-4 

Sandy 7.84 0.20 0.75 0.18 0.32 0.22 0.45 0.78 0.24 

 

Table (2): Analysis of irrigation water under study 

pH 

1:2.9 

EC 

dsm-1 

Soluble cations 

meq/l 

Soluble anions 

meq/l 

  Na+ K+ Ca++ Mg++ HCO-3 Cl- SO-4 

7.49 0.48 2.45 0.20 1.48 0.57 1.18 2.77 0.75 

 

2.1. Vegetative growth and yield traits 

Vegetative growth parameters such as plant height 

(cm), the number of shoots per plant, and the number 

of lateral branches per plant on the main branch were 

documented. In terms of yield traits, the fresh weight 

per plant was recorded. Subsequently, the shoots 

were allowed to air dry under shaded conditions for 

one week, and the dry weight per plant was then 

recorded. 

2.2. Extraction of essential oil 

Essential oil content of each sample was 

determined according to AOAC [27] and expressed 

as mL/100 g dried sample. Essential oil was extracted 

according to Rafea et al.[28], using hydro-distillation 

method in a Clevenger-type apparatus for 3 h. The 

resulting oil was dried over Na2SO4 and stored at -20 

°C in amber glass vials until analysis. 

2.3. Essential oils analysis  by Gas Chromatography 

Mass spectrometry  

The GC-MS analysis of the oregano essential oil 

samples was carried out using TRACE GC Ultra Gas 

Chromatographs (THERMO Scientific™ Corporate, 

USA), coupled with a single quadrupole mass 

spectrometer (Thermo Scientific ISQ™ EC) at the 

Department of Medicinal and Aromatic Plants 

Research, National Research Centre, Egypt. The GC-

MS system was equipped with a TR-5 MS column 

(30 m × 0.32 mm i.d., 0.25 μm film thickness) and 

helium as carrier gas at a flow rate of 1.0 mL/min. 

Oven temperature was held at 60°C for 1 min; then 

raised by 4.0°C/min to 240°C and held for 1 min, 

while the temperature of injector and ion source were 

held at 210°C. Essential oil samples were dissolved 

in hexane (1:10 v/v) and 1 μL was injected with a 

split ratio of 1:10. Mass spectra were recorded by 

electron ionization (EI) at 70 eV and scan range of 

m/z from 40 to 450. 

The separated compounds were identified using 

two different methods: (a) KI, Kovats indices in 

reference to n-alkanes (C9-C22) by using AMDIS 

software (www.amdis.net), and (b) based on the mass 

spectra of the National Institute of Standards and 

Technology (NIST) and Wiley spectral library 

collection. 

2.4. Photosynthetic pigments 

To determine pigments, 0.5 g of leaf samples 

underwent extraction with methanol using a magnetic 

stirrer at 700 rpm for 15 minutes. Following the 

separation of the supernatant, the extraction process 

was repeated. Chlorophyll a, chlorophyll b, and total 

carotenoids were quantified using a UV-Vis 

spectrophotometer (UVS-2800, Labomed Inc., USA). 

The absorbance readings were taken at 470, 645, and 

666 nm using a glass cuvette. The concentrations of 

chlorophylls and carotenoids were calculated based 

on the method described by Costache et al. [29]. 

2.5. Total phenolic content 

Total phenolics of dried leaves were determined 

according toYousif et al. [30] using Folin-Ciocalteu 

technique. Briefly, 100 µL of the extract was put in a 

test tube, and distilled water were used to adjust the 

volume to 3.5 mL. For oxidation, 250 µL of Folin-
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Ciocalteau reagent was then added. A 20% aqueous 

sodium carbonate (Na2CO3) solution containing 1.25 

mL was added to the mixture to neutralizeit after five 

minutes. The absorbance was measured at 725 nm 

against the solvent blank after an incubation period of 

40 minutes. Using a calibration curve made using 

gallic acid, the total phenolic content was calculated 

and represented as milligrammes of gallic acid 

equivalent (mg GAE) per gramme of the sample. 

2.6.  Determination of total flavonoid content:  

The total flavonoid content of the dried leaves 

was ascertained using an aluminum chloride (AlCl3) 

colorimetric assay, in accordance with the 

methodology reported by Yousif et al. [30]. A simple 

approach involved mixing 100 µL of the extract with 

300 µL of 5% sodium nitrite (NaNO2). Following a 

6-minute duration, 300 µL of a 10% AlCl3 solution 

was added, and the volume was then adjusted with 

distilled water to 2.5 mL. After seven more minutes, 

1.5 mL of 1 M NaOH was added, and the mixture 

was centrifuged for ten minutes at 5000 g. At 510 

nm, the supernatant's absorbance was calculated in 

relation to the solvent blank. Using a calibration 

curve made using catechin, the total flavonoid 

content was calculated and represented as milligrams 

of catechin equivalent. 

2.7. Radical DPPH scavenging activity 

The extracts' ability to scavenge free radicals was 

evaluated through the application of the stable 

DPPH* (2,2-diphenyl-1-picrylhydrazyl) technique, as 

described by Mehaya et al. [31]. 3.0 mL was the 

overall reaction volume, and 200 µM was the final 

concentration of DPPH*. Following a 60-minute dark 

incubation period, the absorbance at 517 nm was 

measured in comparison to a pure methanol blank. 

The DPPH free radical's % inhibition was computed 

using the formula: 

𝑰𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏 (%) =  
𝑨𝒄𝒐𝒏𝒕𝒓𝒐𝒍 − 𝑨𝒔𝒂𝒎𝒑𝒍𝒆

𝑨𝒄𝒐𝒏𝒕𝒓𝒐𝒍

× 𝟏𝟎𝟎 

Where: Acontrol is the absorbance of the control 

reaction (containing all reagents except the test 

compound), Asample is the absorbance with the test 

compound. 

A standard curve was generated using Trolox, and 

the results were expressed as milligrams of Trolox 

equivalents (TE) per gram of the sample. If the 

measured DPPH value exceeded the linear range of 

the standard curve, additional dilution was 

performed. 

2.8. Statistical analysis 

The data obtained underwent statistical analysis 

utilizing the "F" Test, as described by Snedecor and 

Cochran [32]. Subsequently, the means were 

compared using a least significant difference (L.S.D.) 

test, following the methodology outlined by Gomez 

and Gomez [33]. The entire statistical analysis was 

conducted using the Statistix 8.1 program. 

3. Results 

Analysis of variance showed highly significant 

effects of Zn and Mn either alone or in combination 

on oregano growth characters; plant height, number 

of shoots and number of branches as compared to 

control (Table 3). All treatments showed significantly 

incrementin both seasons compared to control, except 

treatment with Mn at 100 ppm and Zn 100 ppm 

combined with Mn 50 ppm in the first season. The 

tallest plant was shown in the treatment with 50 ppm 

Zn in the first season, and with 50 ppm Zn combined 

with 100 ppm Mn followed by 50 ppm Zn in the 

second season. On the other hand, the greatest 

number of shoots per plant were shown under 

treatment with 50 ppm Zn combined with 50 ppm Mn 

followed by 100 ppm Zn in the first season, and 

under treatment with 100 ppm Zn followed by 50 

ppm Zn combined with 100 ppm Mn in the second 

season. Meanwhile 50 ppm Zn combined with 50 

ppm Mn led to the greatest number of branches in 

both seasons.  
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Table (3): Plant height, number of shoots and number of branches of oregano as affected by Zn and/or Mn. 

Treatments 

Plant height  

(cm) 

Number of shoots Number of branches 

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

Control 36.67de 40.67e 24.67d 27.33f 9.00c 9.67d 

Zn 50 ppm 50.33a 51.67ab 31.33c 35.33d 10.33c 11.67c 

Zn 100 ppm 41.00b 42.33de 36.33ab 41.33a 15.33ab 16.33b 

Mn 50 ppm 35.00e 45.33cd 35.33ab 38.33bc 14.67b 16.00b 

Mn 100  ppm 39.00bcd 45.33cd 30.67c 35.67d 14.00b 15.33b 

Zn 50 ppm+ Mn 50 ppm 41.67b 49.33bc 37.33a 37.33c 17.33a 18.33a 

Zn 50 ppm+ Mn 100 ppm 40.67bc 53.67a 34.67b 39.67b 15.67ab 16.67ab 

Zn 100 ppm+ Mn 50  ppm 37.67cde 43.33de 30.67c 34.67d 13.67b 15.67b 

Zn 100 ppm+ Mn 100 ppm 40.33bc 43.67de 29.33c 32.33e 13.67b 15.33b 
Mean within the columns that are followed by different letter (s) are significantly different at p= 0.05. 

In addition, Zn and Mn alone or in combination 

led to significant increases of herb fresh and dry 

weight as well as essential oil percentage (Table 4). 

In term of herb yield, the highest herb fresh and dry 

weights were shown under treatment with 100 ppm 

Mn in the first season, and under treatment with 50 

ppm Zn combined with 100 ppm Mn followed by 50 

ppm Mn in the second season. In term of essential oil 

content (%), the differences were not significant in 

the first season, and was highly significant in the 

second season. The highest essential oil percentage 

was shown under treatment with Zn at 50 or 100 ppm 

in the first season, and under treatment with 100 ppm 

Zn combined with 50 ppm Mn in the second season.  

Table (4): Herb fresh and dry weight of oregano as well as essential oil content (%) as affected by Zn and/or Mn. 

Treatments 

Fresh weight/plant  

(g) 

Dry weight/plant  

(g) 

Essential oil  

(%) 

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

Control 26.33c 67.16d 7.13c 17.27d 0.057c 0.073b 

Zn 50 ppm 39.93ab 114.67ab 9.90b 33.20a 0.087a 0.103b 

Zn 100 ppm 38.27b 96.27bc 10.40ab 22.91bc 0.080ab 0.097b 

Mn 50 ppm 34.67b 118.27a 9.77b 33.77a 0.067bc 0.117b 

Mn 100  ppm 47.00a 82.07cd 12.47a 22.80bc 0.073abc 0.083b 

Zn 50 ppm+ Mn 50 ppm 35.00b 72.80d 10.27b 20.93c 0.067bc 0.040b 

Zn 50 ppm+ Mn 100 ppm 40.07ab 119.37a 11.07ab 35.00a 0.070abc 0.107b 

Zn 100 ppm+ Mn 50  ppm 37.67b 80.80cd 11.40ab 25.00b 0.077ab 0.130a 

Zn 100 ppm+ Mn 100 ppm 40.33ab 75.60cd 11.73ab 23.23bc 0.073abc 0.113ab 
Mean within the columns that are followed by different letter (s) are significantly different at p= 0.05. 

In contrast to growth and yield characters, 

photosynthetic pigments; chlorophyll “a”, “b” and 

carotenoids showed significant decreases when plants 

treated with Zn and Mn alone or in combination 

compared to control (Table 5). The highest values of 

chlorophyll “a”, “b” and carotenoids were shown 

under control conditions in both seasons. The lowest 

chlorophyll “a” was shown under treatment with 50 

ppm Zn in both seasons. The lowest chlorophyll “b” 

was shown under treatment with 100 ppm Zn 

combined with 50 ppm Mn in the first season, and 

under treatment with 50 ppm Zn combined with 100 

ppm Mn in the second season. Meanwhile the lowest 

carotenoids content was shown under treatment with 

100 ppm Zn combined with 50 ppm Mn in both 

seasons.  

Meanwhile application of Zn and Mg alone or in 

combination led to highly significant increases of 

total phenolic, total flavonoids and antioxidant 

activity(Table 6). In term of total phenolic and total 

flavonoids, the highest values were shown under the 

treatment of 100 ppm Zn combined with either 50 

ppm Mn or 100 ppm Mn, respectively. In term of 

antioxidant activity, the highest values were shown 

under treatment with 100 ppm Zn combined with 100 

ppm Mn.  
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Table (5): Chlorophyll “a”, “b” and carotenoids contents of oregano leaves as affected by Zn and/or Mn. 

Treatments 
Chlorophyll “a” Chlorophyll “b” Carotenoids 

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

Control 1.721a 1.780a 0.548a 0.613a 0.173a 0.177a 

Zn 50 ppm 1.160f 1.185d 0.368c 0.373f 0.134de 0.135d 

Zn 100 ppm 1.523b 1.589ab 0.448b 0.470c 0.164b 0.165b 

Mn 50 ppm 1.192ef 1.455bc 0.376c 0.382ef 0.131e 0.132e 

Mn 100  ppm 1.374c 1.481bc 0.437b 0.515b 0.139c 0.141c 

Zn 50 ppm+ Mn 50 ppm 1.257de 1.323cd 0.373c 0.427d 0.126f 0.127f 

Zn 50 ppm+ Mn 100 ppm 1.370c 1.323cd 0.440b 0.372f 0.136cd 0.128f 

Zn 100 ppm+ Mn 50  ppm 1.178ef 1.226cd 0.335d 0.418de 0.123f 0.123g 

Zn 100 ppm+ Mn 100 ppm 1.304cd 1.390bcd 0.425b 0.534b 0.131e 0.133e 
Mean within the columns that are followed by different letter (s) are significantly different at p= 0.05. 

 
Table (6): Total phenolic, total flavonoids and antioxidant activity of oregano as affected by Zn and/or Mn. 

Treatments 
Total phenolic 

(mg GAE/g) 

Total flavonoids 

(mg CE/g) 

DPPH 

(mg TE/g) 

Control 2.635f 0.200f 0.220c 

Zn 50 ppm 2.927e 0.250ef 0.267bc 

Zn 100 ppm 3.281d 0.300e 0.201c 

Mn 50 ppm 3.979c 0.450d 0.258bc 

Mn 100  ppm 3.854c 0.500d 0.286bc 

Zn 50 ppm+ Mn 50 ppm 4.042c 0.600c 0.351bc 

Zn 50 ppm+ Mn 100 ppm 4.104c 0.650c 0.342bc 

Zn 100 ppm+ Mn 50  ppm 5.010a 1.150a 0.417b 

Zn 100 ppm+ Mn 100 ppm 4.521b 0.800b 1.174a 

Mean within the columns that are followed by different letter (s) are significantly different at p= 0.05. 

In the current study, oregano plants exhibited 

significant variations in their essential oil 

composition under different treatments. Gas 

Chromatography Mass Spectrometry (GC-MS) 

analysis identified approximately 22 compounds 

(Table 7), with carvacrol and thymol emerging as the 

major constituents in the essential oil. The highest 

Carvacrol level was pointed out in plants fertilized 

with Zn at 50 ppm (50%), followed by treatment with 

Mn at 50 ppm (49%). The highest thymol 

concentration was observed in plants fertilized with 

50 ppm Zn combined with 100 ppm Mn (31%), and 

the lowest was observed under control (16.05%).  

Carvacrol showed clearly higher concentration 

compared to thymol under all treatments (Table 7). 

The effect of low concentration of Zn or Mn alone 

was most clearly compared to the combination in 

term of carvacrol. On the other hand, Mn showed 

clear effect on thymol compared to Zn, followed by 

Mn combined with low concentration of Zn. The 

highest total percentageof (carvacrol + thymol) were 

shown under treatment with Mn alone at 50 ppm 

(77.8%), followed by Mn at 100 ppm (70.7%) and Zn 

at 50 ppm (69.9). these results suggest the important 

role of Zn and Mn not only on the essential oil 

content, but also on its chemical composition and the 

balance between carvacrol and thymol.  

4. Discussion 

Manganese (Mn) and zinc (Zn) are crucial 

micronutrients that plants require for their growth 

[34, 35]. Zinc plays a significant role in promoting 

the generation of plant biomass [36, 37]. It serves as 

an essential component of enzymes and functions as a 

vital regulator and cofactor for various enzyme 

activities [37, 38]. Additionally, Mn has the ability to 

stimulate plant growth and enhance biomass 

production [39]. Mn plays a pivotal role as a 

micronutrient essential for supporting plant growth 

and development. It serves diverse metabolic 

functions within various compartments of plant cells. 

One of its indispensable functions is acting as a 

cofactor for the oxygen-evolving complex within the 

photosynthetic machinery. This complex catalyzes 
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the water-splitting reaction in photosystem II, a crucial process in the photosynthetic pathway[24]. 

Table (7): The main constituents of the essential oil of oregano plant as affected with Zn and/ or Mn that analyzed with GC-MS. 

 Component RI C T1 T2 T3 T4 T5 T6 T7 T8 

1 àThujene  872 0.40 0.57 0.49 0.61 0.23 0.47 0.29 0.28 0.21 

2 àPINENE  903 0.42 0.64 0.30 0.44 1.94 0.60 1.04 0.39 0.22 

3 Sabinene     926 1.19 1.57 1.39 1.21 1.28 1.60 1.23 1.88 1.62 

4 1-Octen-3-ol    931 0.37 0.75 0.58 0.50 1.03 0.81 0.82 1.69 1.60 

5 á Myrcene  952 1.00 1.59 1.12 1.85 1.80 1.96 0.90 0.70 0.30 

6 β-(Z)-Ocimene 957 0.83 0.69 0.65 0.30 0.45 0.24 0.74 0.71 0.64 

7 à Phellandrene 860 0.51 0.38 0.77 0.27 0.38 0.65 0.80 0.32 0.22 

8 à Terpinene 989 3.59 4.42 6.08 7.89 2.77 1.56 2.33 3.33 1.60 

9 β-Ocimene 996 14.25 10.80 9.82 12.30 9.40 10.99 9.33 11.88 13.48 

10 Delta 3Caren2ol 1006 0.24 0.34 0.19 0.24 0.30 0.27 0.70 0.38 0.30 

11 ç Terpinene 1030 10.13 10.71 15.27 10.30 5.30 6.89 1.55 3.85 4.65 

12 à Terpinolene 1037 0.16 0.48 0.34 0.95 0.89 --- 0.58 0.64 0.51 

13 Allo-Ocimene 1043 0.76 0.08 0.10 0.33 0.69 0.40 0.53 0.33 0.41 

14 Terpinen-4-ol 1049 0.85 0.62 0.49 0.30 0.48 0.61 1.53 0.85 0.74 

15 Linalool 1073 0.58 0.81 0.63 0.67 0.72 0.52 0.71 0.73 0.65 

16 Thymol methyl ether 1196 1.11 1.28 3.81 2.27 1.57 1.78 1.85 2.27 1.95 

17 Carvacrol 1201 33.0 50.0 29.5 49.0 42.0 39.0 35.0 35.9 36.0 

18 Carvacrol methyl ether  1210 2.33 2.75 1.11 2.05 1.37 1.71 2.62 2.31 2.11 

19 Thymol 1251 16.05 19.9 21.0 28.8 28.7 28.8 31.0 24.5 23.4 

20 à Bourbonene 1299 0.33 0.47 0.28 0.63 0.87 0.60 0.81 0.68 0.74 

21 Aromadendrene 1320 0.70 0.53 0.98 0.55 0.53 0.19 0.21 0.54 0.45 

22 Trans Caryophyllene  1383 4.42 6.31 4.27 4.17 4.32 3.39 4.32 2.82 2.56 

C: control; T1: 50 ppm Zn; T2: 100 ppm Zn; T3: 50 ppm Mn; T4: 100 ppm Mn; T5: 50 ppm Zn+ 50 ppm Mn; T6: 50 ppm Zn+ 100 ppm Mn; 

T7: 100 ppm Zn+ 50 ppm Mn; T8: 100 ppm Zn+ 100 ppm Mn. 

Zinc is essential for various critical processes in 

plants, including chlorophyll production, pollen 

function, and fertilization [36, 40]. On the other hand, 

Mn is a fundamental component of the Mn cluster 

structure within the oxygen-evolving complex in 

photosystem II, a key player in water splitting and 

electron provision for photosynthesis [41]. This 

importance of Mn is why it is crucial for plant growth 

and development [42]. However, it's important to 

note that excessive Mn can be toxic to plants, leading 

to damage to chloroplasts, as it disrupts the thylakoid 

structure and electron transport chain in 

photosynthesis. In such cases, chloroplasts appear to 

be the primary target of manganese toxicity [42]. In 

the overall metabolism of plants, Photosynthesis is a 

pivotal process in plant biology, encompassing four 

key stages: light perception, electron transfer, energy 

fixation, biosynthesis, and photo-assimilation 

transfer. It serves as the primary determinant of plant 

growth and yield [43]. Proper nutrition plays a crucial 

role in enhancing the rate of photosynthesis [44]. To 

meet a plant's nutritional needs, one effective strategy 

is the provision of Mn fertilizer. The application of 

Mn can optimize the photorespiration process in 

plants, leading to efficient photosynthesis and 

streamlining the overall photosynthetic mechanism 

[45]. 

In this study, Mn and Zn addition alone or in 

combination led to significant increases in growth 

parameters including plant height, number of 

branches, number of shoots as well as herb and 

essential oil yield. The results obtained are consistent 

with previously reported data, which have 

demonstrated a significant increase in essential oil 

yield in plants such as Mentha piperita, Allium cepa 

L., Moringa peregrine, Japanese mint, and roselle 

through the application of Zn fertilizer [46-48,23]. A 

similar positive effect of Zn supply on both 

vegetative growth parameters and essential oil yield 



 Heba M. Amer et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No.9 (2024) 

 

 

146 

has also been observed in Matricaria chamomilla L., 

Salvia farinacea, and Coriandrum sativum [49,50]. 

Additionally, it's worth noting that a deficiency of 

Mn can lead to growth inhibition, chlorosis, necrosis, 

early leaf shedding, and reduced nutrient reutilization 

[51]. Several research studies have shown a positive 

impact of micronutrient application, including both 

Zn and Mn, on crop yield and various quantitative 

parameters, as noted by Mousavi et al. [52. In their 

study, Nazarovna et al. [53] found that the application 

of manganese fertilizer at low and medium levels 

resulted in a 9.6% increase in plant height compared 

to plants without manganese fertilizer. However, 

when manganese was applied at a high level, the 

plant height decreased by 7.4% compared to plants 

without manganese fertilizer. 

In contrast, photosynthetic pigments represented 

by chlorophyll “a” and “b” as well as carotenoids 

content decreased with Mn and Zn addition alone or 

in combination. In previous study conducted by Arya 

and Roy [54], it was found that the total chlorophyll 

content increased by 22% when Mn fertilizer was 

provided. This increase in chlorophyll content is 

crucial as chlorophyll is responsible for converting 

sunlight into energy through photosynthesis. 

Nutritional deficiencies can result in chlorophyll 

insufficiency, leading to a reduction in quantum 

photosystem (II) efficiency. Manganese plays a 

significant role in maintaining the normal structure of 

chloroplast membranes, as well as in the 

photosynthetic process. Research conducted by 

Chun-xia et al. [55] demonstrated that the 

administration of Mn and gibberellin concentrations 

in wheat leaves led to an increase in total chlorophyll 

and chlorophyll a, ultimately improving 

photosynthesis parameters. This sustainable 

enhancement of photosynthesis can contribute to 

increased crop yields. Additionally, a study by 

Hisamitsu et al. [56] revealed that zinc deficiency can 

disrupt chlorophyll synthesis. Zinc serves as a 

structural and catalytic component of proteins and 

enzymes, and it acts as a cofactor for the normal 

development of pigment biosynthesis. Therefore, zinc 

is crucial for chlorophyll formation and, by 

extension, effective photosynthesis in plants. 

Zn and Mn play essential roles in the synthesis of 

proteins, activation of enzymes, oxidation, revival 

reactions, and carbohydrate metabolism. According 

to Kelling and Speth [57], the combined utilization of 

elements such as Zn and Mn sourced from sulfate has 

been shown to enhance the efficiency and quality of 

potato crops. Mohamadi [58] similarly observed that 

the foliar application of Zn along with Mn led to an 

increase in the efficiency and quality of potato crops. 

These findings highlight the positive impact of 

coordinated Zn and Mn application on the overall 

performance of potato crops. In this study, Zn and 

Mn played an important role in increasing total 

phenolic, total flavonoid and DPPH activity, 

especially with combination of 100 ppm Zn with 

50/100 ppm Mn.  

Earlier research has indicated that more than 50% 

of oregano oil is composed of phenolic compounds, 

with carvacrol and thymol being the primary 

constituents. Additionally, oregano oil contains 

sesquiterpenes, terpinenes, terpineol alcohol, 

flavonoids, and various other compounds, as reported 

by Arcila-Lozano et al. [59] and Ozkan et al. [60]. In 

this study, about 22 compounds were identified by 

GC-Mass analysis, mainly carvacrol and thymol.  

The chemical composition of essential oil differed 

greatly by addition of Zn and Mn alone or in 

combination. 

5. Conclusion 

It is concluded that growth parameters (plant 

height, number of branches and number of shoots) 

and yield parameters (fresh and dry herb and essential 

oil) as well as biochemical components (total 

phenolic, total flavonoid, and antioxidant activity) 

increased with addition of Zn and Mn alone or 

combination, with the best findings of growth and 

yield parameters obtained with combination of Zn 

and Mn. In contrast, the highest photosynthetic 

pigments had been shown under control conditions, 

and decreased with Zn and Mn addition alone or in 

combination. The chemical composition of essential 

oil differed greatly by addition of Zn and Mn alone or 

in combination. These results suggested the important 

role of Zn and Mn not only on the essential oil 

content, but also on its chemical composition and the 

balance between carvacrol and thymol.    
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