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Abstract: The effects of humic acid on plant yield, essential oil content, the composition of essential
oil and the antimicrobial activity of Origanum vulgare L. subsp. hirtum (Link.) (cv. Tinmaz) cultivated
in 2017 and 2018 under Eskisehir ecological conditions were evaluated. Three humic acid (HA) doses
in response to 50.0 L ha−1 (HA 50), 30.0 L ha−1 (HA 30) and 0.0 L ha−1 (HA 0, as control) were
applied to soil at the vegetative stage and beginning of the blooming stage of the plant throughout
each harvest in both years. Essential oil composition was determined using GC-FID/GC-MS. The
antibacterial and antifungal activity were determined by the well-diffusion method. Fresh herb yield,
dry herb yield and dry leaf yield were highest at HA 50 both years, although essential oil content
increased in 2017 at both HA 50 and HA 30, but was greatest at HA 50 in the second year. The essential
oil content differences between the control dose and 50.0 L HA ha−1 were 0.46% and 0.42% in 2017
and 2018, respectively. The antimicrobial activity of the essential oil samples against two bacteria
species (Enterococcus faecalis and Staphylococcus aureus and two yeast species (Candida albicans and
Candida parapisilosis) was generally higher than that of the control drugs, and the activity increased
with increasing HA doses. Analysis of the essential oil components showed that the carvacrol
and γ-Terpinene ratios generally increased as the HA doses increased to 50.0 L HA ha−1. Soil HA
applications could be recommended for higher quality, plant yield and antimicrobial activity of
Origanum vulgare L. subsp. hirtum.

Keywords: oregano; biostimulant; herb yield; dry leaf yield; essential oil quality; antibacterial effect;
antifungal effect

1. Introduction

Some medicinal and aromatic plants possess antimicrobial activity due to the presence
of essential oils (EOs) [1–5]. EOs contain components that are effective against different
organisms such as bacteria and fungi [6–10] and are therefore especially important in
controlling plant diseases in the field and postharvest [11,12]. Pesticides are commonly
used to effectively control plant diseases, despite their harmful effects for human health
and the environment. Toxic residues are formed as a result of using synthetic fungicides or
bactericides. In addition, new resistant strains of microorganisms may develop due to the
intensive usage of pesticides. Therefore, the use of natural substances such as EOs, which
are safer for consumers and the environment, are preferred [13–15]. Similarly, in medicine,
increased resistance to antibiotics have led researchers to investigate the antimicrobial
activities of medicinal and aromatic herbs [16–18].

Origanum vulgare L. subsp. hirtum (Link.) Letswaart is a perennial plant which is
widely used in agriculture, the pharmaceutical, cosmetic and food industry. Many studies
have reported that the EOs of oregano and its primary component carvacrol were efficient
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in antimicrobial activity [19–21]. It has been stated that there are some factors, such as
environmental, genetic and agronomic which may affect the chemical variability of oregano
EOs’ composition. Particularly agronomic factors are known to have a large influence on
the quality and yield of the plant [22–24].

Many agronomic methods are used to increase plant yield and quality and to improve
the soil properties. Among these agronomic methods is the application of humic substances
to the soil. HAs are the organic substances that increase the chemical and biological
properties of the soil and root environment [25–29]. This substance added to the soil
has both direct and indirect effects on the growth of plants. While the direct effects are
promoting the development of root systems and the uptake of mineral elements applied to
the soil by converting them into absorbable forms, the indirect effect is the improvement
of the physical and chemical texture of the soil. As a result, HA increases the rooting,
flowering, fruiting and the yield of the plant [30–33].

The application of humic substances to medicinal and aromatic plants has gained
prominence recently. The fresh and dry herb weight and essential oil rates of Origanum
syriacum L. increased with increasing humic acid doses [34], and increasing HAD increased
the EOs of Thymus vulgaris L. [35]. Although the literature lacks data on the effects of HS on
yield traits and essential oil content of Origanum vulgare L. plants cultivated especially at
field conditions, a pot trial was conducted with a single dose of HS and revealed significant
differences and high values of fresh weight and essential oil content [24]. In addition, no
research has been conducted on the effects of HS on the antibacterial and antifungal activity
of Origanum vulgare L. In a recent pot trial, basil plants were treated with three different
HS doses, which functioned as an effective biostimulant and improved the production
and bioactive features of basil EOs. In addition, the effects of HS on the antibacterial
activity of basil EOs were found to be significantly high compared to the control doses of
HS and the essential oil composition changed with the maximum dose which induced a
concentration increase in eugenol and methyl-eugenol [36]. On the other hand, different
ecological conditions of essential oil components may depend on day length, climatic
factors, plant development period, photoperiod and vegetation period [37].

It is of great interest to investigate the effects of HA on plant yield, the composition of
EOs and the antimicrobial activity of Origanum vulgare L. subsp. hirtum (Link.) (cv. Tinmaz)
cultivated in the harvest seasons of 2017 and 2018 under Eskisehir ecological conditions.
The objectives of this research were to study the effects of three HA doses applied to soil
(i) on the fresh herb yield, dry herb yield, dry leaf yield, essential oil content and (ii) on the
antifungal and antibacterial activity and composition of EOs of Origanum vulgare L. subsp.
hirtum (Link.) (cv. Tinmaz) which have not been studied previously.

2. Materials and Methods
2.1. Site Conditions

Field experiments were carried out in two growing seasons (2017 and 2018) at the
Faculty of Agriculture (Eskisehir Osmangazi University, Turkey. N 39◦48′, E 30◦31′, altitude
789 m).

In both years, the soil samples (0–30 cm) were taken from each plot at the begin of the
vegetation period. They were dried, sieved through a 2 mm stainless sieve and analyzed
for pH (1:2.5 soil:water), electrical conductivity (EC, 1:2.5 soil:water) [38], lime (Scheibler
calcimeter), organic matter [39], available K (1N ammonium acetate, pH 7), available P
(sodium bicarbonate method) [40] and texture (hydrometer method). Fe, Cu, Mn and Zn
concentrations were analyzed [41] with an atomic absorption spectrometer (Analytik Jena
novAA 350, Jena, Germany).

The soil of the research area was alkaline, loam texture soil. It was moderately
calcareous with low content of organic matter and salt concentration. P2O5 content of
the soil was insufficient. The contents of K2O and Fe were moderately sufficient. An
insufficient content of Zn and sufficient contents of Mn and Cu were obtained (Table 1).
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Table 1. Soil characteristics of the research area in 2017 and 2018.

2017 2018

EC(dS/m) 0.06 0.04
pH 7.83 7.71

CaCO3 (%) 6.70 5.90
Organic Matter (%) 0.79 1.08

P2O5 (kg ha−1) 0.54 0.77
K2O (kg ha−1) 23.41 24.5
Fe (mg kg−1) 2.57 2.84
Zn (mg kg−1) 0.55 0.32
Mn (mg kg−1) 17.81 20.00
Cu (mg kg−1) 0.95 0.82

Meteorological data were obtained by the weather station at Eskisehir (Figures 1 and 2).
Total rainfall amount (221.6 and 229.2 mm) and average air temperature (16.48–17.64 ◦C)
were similar during the growing season in 2017 and 2018. The total rainfall amount was
higher in May to July 2018 compared to the same months of 2017 and long term (Figure 1).
As seen in Figure 2, the mean temperature during the growing season of 2018 was slightly
higher compared to the long term and 2017. The humidity rate, which was between 66.54
and 67.70% for both years, was rather moderate.
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2.2. Experiment Setup

The seeds of Origanum vulgare subsp. hirtum (cv. Tınmaz), obtained from Atatürk Hor-
ticultural Central Research Institute, Yalova, were used as experimental material. Voucher
specimens were deposited at the Herbarium of Department of Field Crops, Agricultural
Faculty, Eskisehir Osmangazi University, Eskişehir. Seeds were sown into multi pots with
a mixture of sand, mulch and manure (1:1:1) in April 2016. Seedlings were transplanted
in June 2016 to the research field at an inter-row spacing of 40 cm and a 20 cm intra-row
spacing. The experiment was arranged in a randomized complete block design with three
replications. The plants were 2 and 3 years old in the first (2017) and second year (2018) of
the research, respectively.

The weeds were controlled by hand weeding. The plants were irrigated once a week
during the summer season of both years. No pesticides and chemical fertilizers were used.
Harvest (1. Harvest and 2. Harvest) was carried out manually two times at the blooming
stage [22,23] in both years. Harvest in the first year was carried out in June and September,
whereas in the second year, the harvest was carried out in July and October. The plants
matured late in the second year compared to the first year. This is because the total rainfall
amount (154.8 mm) was higher in May to July 2018 compared to the same months of 2017
(109.0 mm) (Figure 1). The vegetative growth lasted longer and the blooming time was
delayed in the second year compared to the first year. Therefore, 1. H and 2. H. were
carried out one month later in 2018. The harvest cut height was 15 cm from the soil surface
No frost damage was observed in both years.

Three HA doses, 50.0 L ha−1 (HA 50), 30.0 L ha−1 (HA 30) and 0.0 L ha−1 (HA 0, as
control), were applied to soil from a liquid HA source which included 15% of total organic
matter, 12% fulvic acid + HA (H + F) and 5% potassium oxide (water soluble). HA was
applied to the soil after dissolving in deionized water at the appropriate doses given above,
two times during the growing season each year. The first application was carried out at
the vegetative stage and the second at the beginning of the blooming stage of the plant
throughout each harvest in both years.

2.3. Experimental Procedure
2.3.1. Yield Traits

Fresh herb yield (kg ha−1), dry herb yield (kg ha−1) and dry leaf yield (kg ha−1) were
investigated in 2017 and 2018. The inner two rows were harvested for each plot. Fresh
herb yield was weighed just after the harvest. In order to find the dry herb yield, 500 g of
fresh herbs per plot was dried at room temperature for a week and then dried at 35 ◦C for
24 h. Dry herb yield was weighed after the drying process. The leaves and flowers were
separated from the stems and weighed for the dry leaf yield.

2.3.2. Essential Oil Content

Dried leaves were stored in paper sacks until distillation and were distilled using a
Clevenger apparatus. Essential oil content (%) of the plants was determined by a volumetric
method (mL 100 g−1) [42]. The mean content of essential oil for each application was
obtained from 3 parallels. Essential oils were stored at 4 ◦C until the gas chromatography
GC-FID/GC-MS analysis.

2.3.3. Antimicrobial Activity

The antibacterial and antifungal activities of the Origanum vulgare samples were
determined by the well-diffusion method. Staphylococcus aureus ATCC 29213, Enterococcus
faecalis ATCC 29212, Candida albicans ATCC 14053 and Candida parapisilosis ATCC 22019
were used to investigate the antibacterial and antifungal activities of the studied samples.
The bacterial (S.aureus ATCC 29213, E. faecalis ATCC 29212) and fungal (C. albicans ATCC
14053, C. parapisilosis ATCC 22019) subcultures, were obtained from the Faculty of Medicine,
Eskisehir Osmangazi University, Turkey.
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Staphylococcus aureus and Enterococcus faecalis liquid cultures were prepared in brain
heart infusion broth for their antibacterial activity tests, and Candida albicans and Candida
parapisilosis were prepared in Sabouraud dextrose broth for their antifungal activity tests.
Approximately 1 mL of the 24 h broth cultures containing 106 cfu mL−1 was placed in
sterile Petri dishes. Moltent Mueller Hinton Agar (15 mL) kept at 45 ◦C was then poured
into the Petri dishes and allowed to solidify. Six-millimeter diameter holes were then
punched carefully using a sterile cork borer and completely filled with the test solutions.
The plates were incubated for 24 h at 37 ◦C. Then, the inhibition zone that appeared around
the holes in each plate was measured [43–45].

2.3.4. Composition of Essential Oil

GC-MS conditions: The composition of essential oil (%) was analyzed using a capillary
GC and GC-MS (Agilent Technologies, Inc., Santa Clara, CA, USA) system. HP-Innowax
FSC column (Hewlett-Packard-HP, Palo Alto, CA, USA) (60 m × 0.25 mm i.d., with 0.25 µm
film thickness). Helium was used as a carrier gas (0.8 mL/min). The GC oven temperature
was kept at 60 ◦C for 10 min and programmed to 220 ◦C at a rate of 4 ◦C/min, and kept
constant at 220 ◦C for 10 min and then programmed to 240 ◦C at a rate of 1 ◦C/min. The
split flow was adjusted at 40 mL min−1 with 40:1 split ratio. The injector temperature was
set at 250 ◦C. Mass spectra were taken at 70 eV with the mass range of m/z 35–450.

GC-FID conditions: Agilent 6890N GC system fitted with an FID detector was used and
set at a temperature of 300 ◦C. To obtain the same elution order with GC-MS, simultaneous
auto-injection was carried out on a duplicate of the same column applying the same
operational conditions. Relative percentage amounts of the separated compounds were
calculated from FID chromatograms by using Agilent ChemStation Plus® software with
peak integration process.

Identification of essential oil components was performed by comparing their mass
spectra with those in the Baser Library of Essential Oil Constituents, Wiley GC-MS Library,
Adams Library, MassFinder Library and confirmed by comparing their retention indices. In
order to calculate the relative retention indices (RRI), a homologous series of n-alkanes were
used as a reference. The relative percentages of the separated compounds were calculated
from FID chromatograms.

2.4. Statistical Analysis

The experiment was arranged as two factors (HA doses and harvest times) in a
randomized complete block design with three replications. Data of the yield and yield
components were analyzed by analysis of variance (ANOVA) using SPSS for Windows
(versions 20.0). The differences among the means were compared using the LSD values
(p < 0.05 and p < 0.01).

3. Results
3.1. Yield Traits and Essential Oil Content

Fresh herb yield, dry herb yield, dry leaf yield and essential oil content were signifi-
cantly affected by different humic acid doses (HAD) and harvest times (HT) in both years.
The interaction of HAD x HT was statistically significant for fresh leaf yield in both years
(Table 2).

As demonstrated in Table 3, mean values within the same column and mean values
within the same row with different letters were significantly different at p < 0.05. The mean
values of fresh herb yield, dry herb yield, dry leaf yield and essential oil content at the 1.
Harvest were higher compared to the mean values at the 2. Harvest in both years.
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Table 2. Analysis of variance of HAD and HT on fresh herb yield (kg ha−1), dry herb yield (kg ha−1)
and dry leaf yield (kg ha−1) of O. vulgare subsp. hirtum L. in 2017 and 2018.

2017

Fresh Herb Yield
(kg ha−1)

Dry Herb Yield
(kg ha−1)

Dry Leaf Yield
(kg ha−1)

Essential Oil
Content (%)

HAD 1 ** ** ** **
HT 2 ** ** ** **

HADxHT ** ns 3 ns **

2018

HAD ** ** ** **
HT ** ** ** **

HADxHT ** * ns ns
1: Humic acid doses, 2: Harvest times; 3: ns: non-significant, * p < 0.05, ** p < 0.01.

Table 3. Effects of HAD and HT on fresh herb yield (kg ha−1), dry herb yield (kg ha−1) and dry leaf
yield (kg ha−1) of O. vulgare subsp. hirtum L. in 2017 and 2018.

HAD
(lt ha−1)

Fresh Herb Yield
(kg ha−1)

Dry Herb Yield
(kg ha−1)

Dry Leaf Yield
(kg ha−1)

Essential Oil
Content (%)

2017

1. H 1 2. H 2 Mean 1. H 2. H Mean 1. H 2. H Mean 1. H 2. H Mean

HA 0 3 593.8 320.5 457.1b 188.1 101.7 144.9b 77.8 40.9 59.3b 5.03 3.14 4.08b

HA 30 4 575.2 348.9 462.0b 188.5 114.4 151.4b 76.5 48.4 62.4b 5.10 3.86 4.48a

HA 50 5 651.3 388.3 519.8a 224.8 133.9 179.3a 102.6 61.2 81.9a 5.29 3.79 4.54a

Mean 606.8 a 352.6 b 200.5a 116.67b 85.6a 50.2 b 5.14a 3.60b

2018

HA 0 706.9 433.2 570.0c 268.1 163.5 215.8b 84.6 50.8 67.7b 5.54 2.51 4.02b

HA 30 753.9 512.4 633.1b 258.6 178.9 218.7b 88.7 61.9 75.3b 5.73 2.52 4.12b

HA 50 820.4 653.2 736.8a 300.8 240.7 270.7a 102.7 82.9 92.8a 6.12 2.76 4.44a

Mean 760.4a 532.9b 275.8a 194.3b 92.0a 65.2b 5.79a 2.59b
1 1. H: First harvest, 2 2. H: Second harvest, 3 HA 0 = 0.0 L HA ha−1, 4 HA 30 = 30.0 L HA ha−1, 5 HA 50 = 50.0 L
HA ha−1.

Fresh herb yield, dry herb yield and dry leaf yield increased with increasing doses of
HA 50 at both harvests in both years. All mean values of HA 50 were higher than those of
the control doses HA 0 and HA 30. Essential oil content was highest at HA 50 an HA 30 in
2017, and, similarly, it was highest at HA 50 in the second year (Table 3). The differences in
the essential oil content between the control dose and HA 50 in 2017 and 2018 were 0.46%
and 0.42%, respectively.

3.2. Antimicrobial Activity and Chemical Composition of O. vulgare subsp. hirtum Essential Oil

The antimicrobial activity of the essential oils obtained from plant samples after
1. H and 2. H in both trial years (2017 and 2018) was evaluated and it was determined
that the essential oil samples showed antimicrobial activity against two bacteria species
(Enterococcus faecalis and, Staphylococcus aureus and two yeast species (Candida albicans and
Candida parapisilosis). The antimicrobial effects against S. aureus and C. parapisilosis obtained
from HA 30 and HA 50 were particularly evident. The antimicrobial activity of the essential
oil against E. faecalis, S. aureus, C. albicans and C. parapisilosis in 2017 showed an increase at
HA 30 and HA 50 for both harvests compared to the control dose. In 2018, the antimicrobial
activity of the essential oil was particularly effective against S. aureus and C. parapisilosis at
HA 30 and HA 50 for both harvests compared to the control dose (Table 4). C. parapisilosis
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yeast species exhibited the lowest antimicrobial inhibition zone with 1.0–1.3 mm, which
was obtained from the control dose. The essential oils obtained from HA 30 and HA 50
worked against E. faecalis and C. albicans in the first year and the activity was highest at
HA 50. However, the activity between HA0, HA 50 and HA 30 was similar in the second
year. Generally, the antimicrobial activity of the essential oil against bacteria strains was
higher compared to the yeast species. Among the yeast strains, the essential oil had a
higher antifungal effect against C. albicans compared to C. parapisilosis (Table 4).

Table 4. Antimicrobial activity of O. vulgare subsp. hirtum L. according to HT and HAD in 2017 and 2018.

Year HT HAD (L HA ha−1) A B C D

2017

1. H
0 1.6 3.0 2.2 1.1

30 2.2 3.3 3.0 1.1

50 2.8 3.8 3.2 2.5

2. H
0 2.5 3.2 2.5 1.1

30 3.5 3.8 3.2 1.3

50 3.5 4.2 3.5 1.3

2018

1. H
0 2.1 3.8 3.5 1.3

30 3.4 3.2 2.6 1.5

50 3.2 3.7 3.5 1.6

2. H
0 3.0 4.0 2.8 1.0

30 3.2 4.1 2.5 1.8

50 3.5 4.0 2.5 1.5
Antimicrobial inhibition zone (mm) of A: Staphylococcus aureus; B: Enterococcus faecalis; C: Candida albicans;
D: Candida parapisilosis.

The results of the antimicrobial activity of the control drugs are given in Table 5. Van-
comycin, Levofloxacin and Cefepime were employed as standard antibacterial agents, and
Fluconazole as an antifungal agent. Significant differences existed between the antimicro-
bial effects of the control compounds. The essential oil samples were found to have a similar
and higher antimicrobial activity at some samples than Levoflaxacin and Cefepime control
compounds. The antimicrobial inhibition zone of the essential oil of HA 50 against S. aureus
was higher (2.8–3.5 mm) than Levoflaxacin in both years, particularly for the 2. H (Table 4).
In both years, it was likely more effective (3.7–4.2 mm) than Cefepime against E. faecalis
for both harvests. Vancomycin exhibited high antimicrobial effects against S. aureus, and
the effect of the essential oil against E. faecalis, particularly for 2. H (4.0–4.2 mm) in both
years (Table 4). Fluconazole showed lower activity compared to the essential oil against
C. albicans (2.2–3.5 mm). The activity of the essential oil, even at HA 0, was higher than that
of Fluconazole. Similarly, the antimicrobial inhibition zone of the essential oil of HA 30 and
HA 50 against C. parapisilosis was higher (1.3–2.5 mm) (Table 4) than Fluconazole in both
years (Table 5).

Table 5. Antimicrobial activity of control drugs.

A B C D

Vancomycin 4.2 3.8 Not tested Not tested
Levofloxacin 3.4 3.8 Not tested Not tested

Cefepime 3.2 3.6 Not tested Not tested
Fluconazole Not tested Not tested 1.8 1.2

A: (Staphylococcus aureus); B: (Enterococcus faecalis); C: Candida albicans; D: Candida parapisilosis.

The antimicrobial activity of the essential oils belonging to 1. H and 2. H in both
trial years (2017 and 2018) was shown in Figure 3. It was determined that the essential oil
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samples showed antimicrobial activity against Enterococcus faecalis, Staphylococcus aureus,
Candida albicans and Candida parapisilosis.
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Analysis of the essential oil components showed that the ratios of “carvacrol and
γ-Terpinene” generally increased as the HAD increased, and this increase was more pro-
nounced compared to HA 0 (56.4% and 7.8%), HA 30 (61.4% and 9.8%) and HA 50 (69.2%
and 8.2%) obtained from 2. H in 2017, respectively (Table 6). In 2018, the ratio of “carvacrol
and γ-Terpinene” also increased with increasing doses of HA at both harvest times. The
increase was more pronounced compared to HA 0 (72.7% and 3.3%), at the dose of HA
30 (77.4% and 6.5%) and HA 50 (75.3% and 7.5%) obtained from 1. H, respectively, and
at the dose of HA 0 (63.9% and 4.6%) and HA 30 (72.6% and 5.4%) obtained from 2. H,
respectively (Table 7). The ratios of carvacrol and γ-Terpinene obtained from HA 50 of the
2. H in 2018 was lower and so was the content of the essential oil. In both years, it was
observed that both contents of EOs and carvacrol obtained from the 1. H were higher than
those from the 2. H (Tables 3 and 7).
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Table 6. Essential oil components of Origanum vulgare subsp. hirtum according to the different HT
and HAD in 2017.

HAD (L HA ha−1) 0 30 50

HT 1. H 2. H 1. H 2. H 1. H 2. H

RRI Compounds Yield % IM

1032 α-Pinene 0.6 0.7 0.6 0.6 0.5 0.7 tR, MS

1035 α-Thujene 0.7 1.2 0.7 1.4 0.7 1.1 MS

1076 Camphene 0.2 0.2 0.1 0.2 0.2 0.2 tR, MS

1118 β-Pinene 0.1 0.2 0.1 0.2 0.1 0.1 tR, MS

1132 Sabinene 0.1 0.4 tr 0.1 tr - tR, MS

1174 Myrcene 1.7 1.6 1.6 1.8 1.5 1.7 tR, MS

1188 α-Terpinene 1.2 2.2 1.2 1.9 1.4 1.4 tR, MS

1203 Limonene 0.2 0.5 0.2 0.4 0.2 0.3 tR, MS

1213 β-Phellandrene 0.2 0.5 0.2 0.4 0.2 0.2 tR, MS

1246 (Z)-β-Ocimene - 0.4 0.1 - - - tR, MS

1255 γ-Terpinene 7.7 7.8 7.4 9.8 8.2 8.2 tR, MS

1280 p-Cymene 5.6 10.7 6.3 9.1 5.7 8.3 tR, MS

1290 Terpinolene 0.1 0.5 0.2 0.3 0.2 0.2 tR, MS

1452 1-Octen-3-ol 0.1 0.2 0.2 0.2 0.1 0.4 tR, MS

1474 trans-Sabinene hydrate 0.6 1.4 0.6 1.3 0.8 0.9 tR, MS

1553 Linalool 0.1 0.3 0.1 0.2 0.2 0.1 tR, MS

1556 cis-Sabinene hydrate 1.7 7.8 2. 5.6 2.9 2.9 tR, MS

1571 trans-p-Menth-2-en-1-ol - 0.2 - - - - MS

1611 Terpinen-4-ol 0.8 2.5 0.8 2.2 1.0 1.1 tR, MS

1612 β-Caryophyllene 0.9 1.4 0.9 1.0 0.8 1.1 tR, MS

1614 Carvacrol methyl ether 0.2 0.2 0.1 - 0.2 0.1 tR, MS

1687 α-Humulene 0.1 0.1 0.1 0.4 0.1 - tR, MS

1706 α-Terpineol 0.5 1.1 0.5 0.9 0.5 0.6 tR, MS

1719 Borneol - - - - - - tR, MS

1741 β-Bisabolene 0.5 0.4 0.4 - 0.3 0.4 tR, MS

2198 Thymol 0.3 0.2 0.2 0.2 0.2 0.1 tR, MS

2239 Carvacrol 75.4 56.4 74.4 61.4 73.5 69.2 tR, MS

RRI: Relative retention indices experimentally calculated against n-alkanes; %: calculated from FID data; tr: Trace
(<0.1%); IM: Identification method; tR: Identification based on comparison with co-injected with standards on
a HP Innowax column; MS: Identified on the basis of computer matching of the mass spectra with those of the
in-house Baser Library of Essential Oil Constituents, Adams and Wiley libraries.
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Table 7. Essential oil components of Origanum vulgare subsp. hirtum according to the different HT
and HAD in 2018.

HAD (L HA ha−1) 0 30 50

HT 1. H 2. H 1. H 2. H 1. H 2. H

RRI Compounds Yield % IM

1032 α-Pinene 0.7 0.4 0.6 0.5 0.6 0.5 tR, MS

1035 α-Thujene 0.3 0.9 1.1 1.0 1.2 1.1 MS

1076 Camphene - 0.1 - 0.1 0.1 0.1 tR, MS

1118 β-Pinene - 0.1 - 0.1 0.1 0.2 tR, MS

1132 Sabinene - 0.4 - tr - 2.0 tR, MS

1174 Myrcene 1.4 1.2 1.6 1.2 1.7 1.4 tR, MS

1188 α-Terpinene 1.1 1.2 1.0 0.8 1.1 1.8 tR, MS

1203 Limonene - 0.3 - 0.2 0.2 0.5 tR, MS

1213 β-Phellandrene - 0.3 - 0.2 0.2 0.5 tR, MS

1246 (Z)-β-Ocimene - 0.4 - - - - tR, MS

1255 γ-Terpinene 3.3 4.6 6.5 5.4 7.5 4.6 tR, MS

1280 p-Cymene 7.8 4.5 6.7 9.8 6.6 3.0 tR, MS

1290 Terpinolene - 0.3 - 0.1 0.1 0.6 tR, MS

1452 1-Octen-3-ol - 0.4 - 0.9 0.1 0.2 tR, MS

1474 trans-Sabinene hydrate 0.2 1.6 0.8 0.8 0.8 2.4 tR, MS

1553 Linalool - 0.9 - 0.2 0.1 0.7 tR, MS

1556 cis-Sabinene hydrate 0.2 7.9 1.1 1.1 1.0 1.8 tR, MS

1571 trans-p-Menth-2-en-1-ol - 0.4 - - - 0.5 MS

1611 Terpinen-4-ol 0.5 4.6 0.7 0.8 0.4 7.2 tR, MS

1612 β-Caryophyllene 0.8 1.0 1.0 0.8 0.8 1.2 tR, MS

1614 Carvacrol methyl ether 0.8 - - 0.1 0.2 - tR, MS

1687 α-Humulene - 0.1 - 0.1 0.1 0.1 tR, MS

1706 α-Terpineol - 1.1 - 0.2 - 1.5 tR, MS

1719 Borneol - - - 0.3 - - tR, MS

1741 β-Bisabolene - 0.5 - 0.6 - 0.3 tR, MS

2198 Thymol 0.6 0.3 0.4 0.3 0.3 0.2 tR, MS

2239 Carvacrol 72.7 63.9 77.4 72.6 75.3 50.5 tR, MS

4. Discussion
4.1. Yield Traits and Essential Oil Content

Humic substances are natural products that have beneficial effects on soil and plant
growth. It was stated that they interact directly with physiological processes and have
positive effects on the development of plants. The mean values of fresh herb yield, dry
herb yield and dry leaf yield of the first harvest (1. H) were higher than those of the second
harvest (2. H) in both years due to the climatic differences between the harvest times. The
1. H. occurred during mid-summer, whereas the 2. H. was during autumn in both years.
Due to the mean temperatures for the months in mid-summer being high (22.4 ◦C), the
yield of fresh herb was high (Table 3). The mean temperature of autumn was 19.6 ◦C. The
higher temperatures during mid-summer positively influenced the dry herb yield and dry
leaf yield. The higher the fresh herb yield, the higher the dry yields. Similarly, Ref. [46]
found a higher fresh herb yield, drug herb yield, drug leaf yield and essential oil content
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of Origanum onites in June compared to the yield values obtained in September. Likewise,
the yield and essential oil content of Salvia offıcinalis leaves changed monthly and was
highest in July [47]. In this study, the fresh and dry herb yield values of the second year
were higher than the first year. This is due to the plants’ growing season. In the first year,
a 2-year-old plant was used, whereas in the second year, it was a 3-year-old plant. The
growth of the 2-year-old plant was weaker as it was only planted one year prior, so the
biomass and root production were lower compared to the 3-year-old plant. Likewise, the
total rainfall amount (154.8 mm) was higher in May to July in 2018 compared to the same
months in 2017 (109.0 mm) (Figure 1). Although the vegetative growth lasted longer and
the blooming time was delayed in the second year compared to the first year, it produced
more biomass and this resulted in higher fresh and dry herb yields.

Ref. [24] reported that the essential oil rate was higher in thyme plants treated with
HA compared to the control plants. Ref. [48] applied mycorrhiza and HA to the basil plants
and stated that these substances increased plant growth, essential oil yield and changed
the chemical composition. Although the literature lacks data on the effects of HAD on the
yield traits and essential oil content of cultivated Origanum vulgare L. plants, particularly in
field conditions, research was conducted with one single dose of potassium humate which
showed significant differences and high values of fresh weight and essential oil content for
two growing seasons and two harvests of Origanum vulgare L. plants cultivated in pots [24].
Similarly, Ref. [34] applied four levels of potassium humate doses to Origanum syriacum L.
under saline conditions and found significant increases in fresh herb weight per plant, dry
herb weight per plant and essential oils for both years and harvests compared to the control
dose. Fresh and dry herb yield and essential oil content varied by a factor of 2–3 between
the lowest and highest values. In addition, Ref. [35] examined the effects of various HA
levels (control, 50, 75 and 100 g m−2) on the chemical composition of Thymus vulgaris L. and
determined that the essential oil content increased with the increase in HA levels compared
to the control dose. Ref. [36] conducted a pot trial with basil plants, applying HS from the
residues of green artichoke compost at three different rates (10, 50, 100 mg L−1). Similar to
the results of our research, yield values and essential oil content increased with increasing
HAD. They found the HS to be an effective biostimulant to improve the production and
bioactive features of basil essential oil. Fresh weight biomass increased with increasing
doses of humic substances compared to the control dose. HS behaved as a biostimulant in
the rhizosphere of the plants.

Recently, numerous studies involving different medicinal and aromatic plants have
been conducted. A study was conducted on the Nepeta species regarding the growth and
essential oil responses to potassium humate and harvest time and showed the highest
essential oil content and yield. The highest contents of p-cymene, citronellol and geraniol
were obtained from the application of potassium humate [49]. Likewise, a study on the
effect of humic substances on the growth and essential oil quality of the cultivated Aloysia
tripylla showed that the flowering period was shortened and the percentage of terpenes of
the EO increased, leading to an optimization of the quality of the EOs [50]. The application
of three biostimulators at two concentrations significantly increased the growth attributes
of marjoram plants, including yield components, fresh and dry weights of the herb and
essential oil yield compared to the control plants. High levels of HA resulted in high
contents of cis-sabinene hydrate. As a result, HA was recommended for improving plant
growth, oil yield and primary components of Majorana hortensis [51]. A pot trial, which was
conducted with Nigella sativa, stated that the application of HA increased the seed yield
of the plant, the essential oil content and main essential oil components (pcymene, gama
terpinene and thymoquinone) [52].

4.2. Antimicrobial Activity and Chemical Composition of O. vulgare subsp. hirtum Essential Oil

In this study, the application of HA substances to soil resulted in an increase in
the essential oil content and some main components of oregano and positively affected
antimicrobial activity. Both years demonstrated the synergistic effects of the essential
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oil compounds on the activity against all bacterial and yeast strains. The antimicrobial
effect of EOs may be because of the impairment of various enzyme systems, involved in
component synthesis and energy production [53]. It is clear that the effects of location,
genotype, climate, soil characteristics, fertilization, irrigation and harvest time on the
antimicrobial activity were different, as reported by many researchers [4,24,37,48,54]. In a
study examining the effect of different concentrations of oregano essential oil on biofilms of
Staphylococcus aureus and Escherichia coli bacteria species, it was stated that these EOs reduce
the biofilm level [55]. Likewise, the antibacterial activity of different concentrations of
thyme essential oil, examined with disc and well-diffusion tests against Staphylococcus aureus
and other species, was rather high [56]. Similarly, Ref. [57] reported that different O. vulgare
extracts showed antimicrobial activity against many microorganism species, including
S.aureus, E.faecalis bacteria species and C. albicans yeast species. Ref. [1] investigated the
chemical composition and antibacterial properties of EOs obtained from the above-ground
parts of four different Origanum species. It was determined that the EOs have strong
antibacterial activity and suggested the possibility of using EOs or some of their ingredients
as natural food preservatives. Ref. [4] tested the antimicrobial activities of the EOs obtained
from the O. vulgare plants, which were harvested twice in October and June with and
without irrigation and fertilization, and they tested the EOs against different bacteria
species, detecting some antibacterial activity.

EOs contain substances known as therapeutic and antimicrobial agents such as thymol
and carvacrol, both of which are used for their antifungal and antibacterial properties and
as flavoring agents [58,59]. It is thought that the effective antimicrobial activity obtained
in this study was due to the high carvacrol rates. Some researchers indicate that these
compounds are particularly responsible for antimicrobial activity [60–62] and most studies
have stated that the antimicrobial effect of the thyme plant is due to its high thymol and
carvacrol contents [5,63–65]. The antimicrobial effects of thyme essential oil and the control
compound “ampicillin” were tested against bacteria and yeast species and as a result the
essential oil was found to be high compared to the control compound [20].

Similarly, the antibacterial activities of water, ethanolic and methanolic extracts of EOs
obtained from O. vulgare plants against Gram-positive and Gram-negative microorganisms
were investigated and the results were compared with those of control compounds such as
Vancomycin, Erythromycin, Cloxacillin, Ciprofloxacin and Streptomycin. It was determined
that all extracts exhibit pronounced antibacterial effects and there are significant differences
between the effects of extracts and control drugs [66].

In this study, as HAD increased, a higher ratio of EOs was obtained in general and this
may have caused an increase in carvacrol synthesis. Carvacrol is a monoterpenic alcohol
which is isolated from the oils of marjoram, Origanum, summer savory and thyme, and
utilized as a disinfectant. Carvacrol is reportedly used as a flavoring agent in a number of
foods and beverages [42]. It is also recognized as a broad-spectrum antimicrobial effective
component against bacteria, yeast and fungi, and it is suggested that the use of natural
antimicrobial agents can be an effective alternative or complementary to the control of
microorganisms [59,60,65,67]. Similar to our findings, Ref. [35] reported that HA positively
affected the quantity and quality of chemical compositions, particularly thymol, biological
activities and essential oil content in T. vulgaris and they strongly recommended its use
to promote plant growth. In a study on the antifungal activity of the EOs of Origanum
vulgare L., Satureja hortensis L., Thymus serpyllum L. and Thymus vulgaris L. against clinical
isolates of oral Candida spp., the high content of phenolic monoterpenes compounds
was found to be effective [68]. Many research studies on Origanum vulgare showed high
antimicrobial activity against Streptococcus pneumonia, Staphylococcus aureus, Enterococcus
faecalis, Escherichia coli, Klebsiella pneumoniae, Rhodotorula spp. and Candida albicans. It was
stated that carvacrol-rich Origanum EOs showed potent inhibitory effects on the growth of
common food-borne pathogenic bacteria [68–74].

In this study, it was observed that the carvacrol ratio obtained from the 1. H was
higher than that obtained from the 2. H each year. This difference is due to the fact that the
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two harvest times had different climatic properties and therefore the content of essential oil
obtained from the 1. H was higher than the 2. H, as stated previously (Table 2). Considering
that the 1. H in 2018 occurred in July, whereas the 2. H was in October, the essential oil
content (2.59%) and the ratio of carvacrol (50.5%) were decreased (Tables 3 and 7). Different
ecological conditions of essential oil components may depend on day length, climatic
factors, plant development period, photoperiod and vegetation period [15]. In a study, the
increase in temperature was accompanied by an increase in carvacrol [75]. In addition,
sunlight may play an important role in the biosynthesis of monoterpenes; generally, the
greater the intensity and duration of sunlight exposure, the greater the effects on the
accumulation of monoterpenes [76], because many enzymes of the secondary metabolite
pathways are UV-B-dependent [77].

5. Conclusions

The application of HA to soil significantly influenced the plant yield and essential
oil content of Origanum vulgare subsp. hirtum. Fresh herb yield, dry herb yield and dry
leaf yield increased with increasing doses of HA 50 for both harvests in both years. All
mean values of HA 50 were higher than those of the control dose. Essential oil content
was highest at HA 50 and HA 30 in 2017, and, similarly, it was highest at HA 50 in the
second year. The essential oil content differences between the control dose and HA 50 in
2017 and 2018 were 0.46% and 0.42%, respectively. The antimicrobial activity and main
component, carvacrol, of the essential oil increased with increasing doses of HA. Increased
HAD resulted in a higher EO content of oregano and this may have caused higher carvacrol
synthesis. Carvacrol percentages obtained from the 1. H and HA applications in the first
year were not different but the values for 2. H were higher (61.4–69.2%) compared to the
control dose (56.4%). In the second year, a higher carvacrol percentage was obtained from
the 1. H and HA applications (75.3–77.4%) compared to the control dose (72.7%). The
synergistic effects of the essential oil compounds on the activity against all bacterial and
yeast strains were evident in both years. Oregano EOs showed antimicrobial activity against
two bacteria species (Enterococcus faecalis and Staphylococcus aureus and two yeast species
(Candida albicans and Candida parapisilosis). The antimicrobial effects against S. aureus and
C. parapisilosis obtained from HA 30 and HA 50 were particularly evident.

HA 50 could be recommended for higher essential oil quality, plant yield and antimi-
crobial activity. The antimicrobial inhibition zone of bacteria and yeast species increased
with the increase in HAD. In conclusion, essential oil from Origanum vulgare subsp. hirtum
can be used to combat the increasing resistance of antibiotics in the clinic and can be an
alternative in the food preservation. In addition, the quality and antimicrobial activity of
the essential oil could be increased via HA applications. Eventually, it will be necessary to
test EOs using a variety of bacterial and fungal subcultures and different serial dilution
methods. It is anticipated that the results presented in this study will contribute to other
research on the antimicrobial potential of other different aromatic and medicinal plants.
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activity of the extracts from Origanum vulgare L. growing wild in Bosnia and Herzegovina. Genet. Appl. 2018, 2, 62–66. [CrossRef]

75. Novak, J.; Lukas, B.; Franz, C. Temperature influences thymol and carvacrol differentially in Origanum spp.(Lamiaceae). J. Essent.
Oil Res. 2010, 22, 412–415. [CrossRef]

76. Sharafzadeh, S. Growth and secondary metabolites of basil, mint and thyme as affected by light. Int. J. Pharma Bio Sci. 2012, 3, 43–46.
77. Kun, D.N.; Chappell, J.; Boudet, A.; Hahlbrock, K. Induction of phenylalanine ammonia-lyase and 4-coumarate:CoA ligase

mRNAs in cultured plant cells by UV light or fungal elicitor. Proc. Natl. Acad. Sci. USA 1984, 81, 1102–1106. [CrossRef]

http://doi.org/10.1016/j.foodcont.2013.03.020
http://doi.org/10.1080/08927014.2018.1480756
http://www.ncbi.nlm.nih.gov/pubmed/24320986
http://doi.org/10.1016/j.ijfoodmicro.2004.03.022
http://www.ncbi.nlm.nih.gov/pubmed/15246235
http://doi.org/10.1016/j.ijfoodmicro.2010.12.001
http://doi.org/10.2174/157489112799829684
http://doi.org/10.33762/bvetr.2012.54749
http://doi.org/10.1080/14786410903565184
http://doi.org/10.1515/chem-2020-0011
http://doi.org/10.1080/14786419.2021.1915307
http://doi.org/10.1016/j.foodchem.2021.131629
http://doi.org/10.15407/biotech13.03.064
http://doi.org/10.1002/ffj.3680
http://doi.org/10.31383/ga.vol2iss2pp62-66
http://doi.org/10.1080/10412905.2010.9700359
http://doi.org/10.1073/pnas.81.4.1102

	Introduction 
	Materials and Methods 
	Site Conditions 
	Experiment Setup 
	Experimental Procedure 
	Yield Traits 
	Essential Oil Content 
	Antimicrobial Activity 
	Composition of Essential Oil 

	Statistical Analysis 

	Results 
	Yield Traits and Essential Oil Content 
	Antimicrobial Activity and Chemical Composition of O. vulgare subsp. hirtum Essential Oil 

	Discussion 
	Yield Traits and Essential Oil Content 
	Antimicrobial Activity and Chemical Composition of O. vulgare subsp. hirtum Essential Oil 

	Conclusions 
	References

