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Abstract: Thymus × citriodorus (Lamiaceae) is medicinal, essential oil-bearing hybrid, synthesizing
significant amounts of geraniol. This hybrid is suitable for cultivation in an open ground in the
Baltic region; therefore, increasing the yield and amounts of bioactive compounds by organic matter
fertilization during organic farming is realized. The aim of the present study was to evaluate the effect
of fertilization with liquid cattle dung and humus on the quantitative and qualitative composition
of essential oils as well as on biomass for some morphometrical and anatomical parameters of
Thymus × citriodorus that were grown in open ground for two years. Each fertilization treatment was
carried out on four replications, and four separate experimental plots were used as control plots.
For anatomical investigations, the impress method and light microscopy were used. The essential
oils were isolated by hydrodistillation and analyzed by GC-FID and GC-MS. The results showed
somewhat different effects of liquid cattle dung and humus on the investigated parameters of hybrid
in the first (warmer and drier) and second (rainier and cooler) experimental years. Liquid cattle dung
had positive effects on biomass, height and the area covered by plants and on the number and length
of inflorescences as well as on the density of stomata in the lower epidermis in the first year, but in
the second experimental year, effects were observed on the length of inflorescences only. The effect of
humus on the density of glandular trichomes in the upper epidermis of leaves was positive in the
first year, but negative in the second experimental year. Moreover, in the second experimental year,
humus affected negatively the height of plants and the percentage of the essential oil. The conclusion
was that although it is fertilized with the same organic fertilizers, different climatic conditions in
different years can influence chemical, anatomical and morphometrical parameters of plants growing
in an open ground.

Keywords: lemon thyme; liquid cattle dung; humus; biomass; glandular trichome; stomata; gas
chromatography; geraniol; germacrene D-4-ol

1. Introduction

Thymus × citriodorus (Lamiaceae) is a medicinal, aromatic, essential oil-bearing hybrid
of Thymus vulgaris and Thymus pulegioides geraniol chemotypes, suitable for cultivation
in the Baltic region because of its improved winterhardiness in comparison with Thymus
species such as Thymus vulgaris, Thymus capitatus or Thymus zygis [1,2]. The raw material
of T. × citriodorus is widely used for the enrichment of the aroma and the taste of teas
as well as for fish dishes, desserts, ice creams and chewing gum [2,3]. The essential oil
of this hybrid is rich in geraniol, as well as in geranial, nerol and neral [1,4]. Geraniol
is a commercially important chemical compound, and it is used as aroma in flavour
and fragrance industries, for the production of insecticides and repellents and it also
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has antimicrobial (against Escherichia coli, Listeria monocytogenes and Salmonella enterica),
antioxidant, anti-inflammatory and anticancer properties [5].

In nutrient-deficient soil, non-optimal physical, chemical and biological properties can
have a negative effect on the growth of plants, can reduce their yield and the yield’s quality
of plant material and can influence the amount and chemical composition of secondary
metabolites, including essential oils [6–8]. The supply of main nutrients can be managed
by fertilization [6]. The main soil nutrients that have the greatest impact on the growth
and development of medicinal plants are nitrogen, potassium and phosphorus, as well
as calcium, magnesium, manganese, boron, iron and zinc [9]. Organic fertilizers are the
sources of naturally available minerals. They contain moderate amounts of essential
plant nutrients; help mitigate the risk of eutrophication, ground water contamination
and overfertilization; improve soil (microbiological, physicochemical and biochemical)
properties and thus influence soil quality; and can help minimize environmental damage
without reducing crop yields and achieve sustainable levels of agriculture production [10].
Liquid cattle dung, as one natural organic fertilizer, contains significant amounts of major
nutrients such as nitrogen, phosphorus and potassium as well as magnesium, calcium,
copper, boron and manganese. Liquid cattle dung also can improve soil texture and
structure and render soil more alkaline (increase soil pH) [11–13]. Humus as a processed
organic fertilizer is a major component of soil organic matter that improves fertility and
physical, chemical and biological features of soil. Humus also improves uptake process
of the macro- and microelements as well as water regime and reduces abiotic stress and
uptake of toxin ions for plants [14–16]. Other environmental factors such as temperature,
light, rainfall and wind can also influence growth and the development and secondary
metabolites accumulation of medicinal and aromatic plants [17,18].

Published data indicate that the effect of fertilization on morphological, anatomical and
chemical parameters of aromatic plants can be different. For example, organic fertilization
positively influences plant biomass, plant height and carvacrol accumulation for Origanum
vulgare (Lamiaceae) [19]. Other study shows the positive influence of fertilization with cattle
manure on the number of steams, steam diameter, leaf area and yield of raw material of
O. vulgare [20]. For Thymus vulgaris, organic fertilization increases the number of branches,
biomass as well as the yield of essential oil and the amount of thymol [21]. Cattle manure
has positive effects on the essential oil yield and composition of Apium graveolens [22].
Fertilization with manure increases stomata densities for Pogostemon cablin (Lamiaceae) [23].
The density of trichomes on Artemisia annua increased after applying nitrogen [24]. The
aim of the present study was to evaluate the effect of fertilization with liquid cattle dung
and humus on the quantitative and qualitative composition of essential oils as well as on
biomass for some morphometrical and anatomical parameters of Thymus × citriodorus that
were grown in open ground for two years.

2. Materials and Methods
2.1. Plant Cultivation and Fertilization

T. × citriodorus propagated vegetatively by plant division from one motherplant and
was grown in open-field conditions in the territory of the Nature Research Centre (Mažieji
Gulbinai, near Vilnius, Lithuania). These clones were planted in twelve separate experi-
mental square plots in 2019, and in each experimental square plot, nine sub-individuals
were present. The area of one experimental square plot was 1.44 m2 (Figure 1). A single
clone planted gives rise over time to a bush representing a single plant.

The fertilization experiment started in spring of 2020 and continued for two years
(2020–2021). Every fertilization treatment was carried out in four separate experimental
plots, and four separate experimental plots were also appointed as controls. Plants were
fertilized with liquid cattle dung and humus. Three weeks lasted from the final fertilization
process to harvesting processes.
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Figure 1. Thymus × citriodorus in experimental plots at the field collection. 

The fertilization experiment started in spring of 2020 and continued for two years 
(2020–2021). Every fertilization treatment was carried out in four separate experimental 
plots, and four separate experimental plots were also appointed as controls. Plants were 
fertilized with liquid cattle dung and humus. Three weeks lasted from the final fertiliza-
tion process to harvesting processes.  

Cattle were fed with barley hay and flour. Humus was bought from a shopping cen-
ter and contained humic acids (85%), potassium (12%), iron (1%), nitrogen (1.3%) and 
other minerals (0.7%). Fertilization experiments started at the beginning of the vegetation 
period (from the end of April to early May) and finished two weeks before blooming. The 
fertilization treatment with liquid cattle dung was carried out three times— once per two 
weeks (one liter of liquid cattle dung and 4 L of water for one experimental plot). Fertili-
zation with humus also was performed three times—once per two weeks (10 g humus 
was dissolved in 5 L water for one experimental plot). Fertilization was carried out only 
through soil on cloudy but not on rainy days.  

Meteorological data were obtained from the meteorological bulletins of Vilnius me-
teorology station of the Lithuanian Hydrometeorological Service under the Ministry of 
Environment. The meteorological data (temperature, rainfall and humidity) of 2020 and 
2021 in which T. × citriodorus vegetation started to flower (April–June) are presented in 
Table 1. 

  

Figure 1. Thymus × citriodorus in experimental plots at the field collection.

Cattle were fed with barley hay and flour. Humus was bought from a shopping
center and contained humic acids (85%), potassium (12%), iron (1%), nitrogen (1.3%) and
other minerals (0.7%). Fertilization experiments started at the beginning of the vegetation
period (from the end of April to early May) and finished two weeks before blooming.
The fertilization treatment with liquid cattle dung was carried out three times—once per
two weeks (one liter of liquid cattle dung and 4 L of water for one experimental plot).
Fertilization with humus also was performed three times—once per two weeks (10 g
humus was dissolved in 5 L water for one experimental plot). Fertilization was carried out
only through soil on cloudy but not on rainy days.

Meteorological data were obtained from the meteorological bulletins of Vilnius me-
teorology station of the Lithuanian Hydrometeorological Service under the Ministry of
Environment. The meteorological data (temperature, rainfall and humidity) of 2020 and
2021 in which T. × citriodorus vegetation started to flower (April–June) are presented in Table 1.

Table 1. The meteorological data of Vilnius meteorology station in the period April–August in 2020
and in the period April–June in 2021 (– denotes unanalyzed meanings, because the experiment was
completed in June in 2021).

Month
Temperature, ◦C Rainfall, mm Humidity, %

2020 2021 2020 2021 2020 2021

April 6.6 6.0 6.2 24.7 58.5 69.9
May 12.4 11.2 77.8 147 67.9 73.2
June 19.7 19.5 68.4 55 71.0 66.8
July 17.6 – 66.8 – 70.7 –

August 18.4 – 75.5 – 72.4 –
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2.2. Collection and Analysis of Soil Material

For chemical analysis, soil samples were taken before every fertilization and before
harvesting plant materials. Three sub-samples of soil in each of the four experimental plots
of the same fertilization treatment were taken from a depth of 10–15 cm and mixed and
dried at room temperature. Soil analysis was performed at the Agrochemical Research
Laboratory of the Lithuania Research Centre for Agriculture and Forestry. Soil pH was
determined potentiometrically in 1 M KCl extracts. Organic carbon in soil was established
by a dry combustion method, which removed carbonates (in molecular form) and total
nitrogen by the modified Kjeldahl method (in ionic from); mobile potassium, phosphorus,
calcium and magnesium by Egner-Rim-Doming method (in ionic forms); mobile sulphur
by the turbidimetric method (in ionic form); mobile copper by the atomic absorption
spectrometry (in ionic from) using a 1 M HCl solution. Mobile boron was established
spectrophotometrically (in molecular form, using a H2SO4 ratio 1:10; it boiled for 5 min);
mobile manganese by atomic absorption spectrometry (in ionic from, using 0,1 M H2SO4,
ratio 1:10); and mobile zinc by atomic absorption spectrometry (in ionic from, using
ammonium acetate, pH 4.8, ratio 1:10). After fertilization with liquid cattle dung and
humus, only those soil parameters were analyzed, the quantities of which could change
according to the literature data [13–15,25].

Soil at the field collection of the Nature Research Centre by IUSS Working Group WRB
comprised cambisol.

2.3. Analysis of Plants’ Morphometrical Parameters

Samples for morphometrical, anatomical and chemical analysis were collected on June
23 in the first experimental year and on June 27 in the second experimental year.

The following morphometrical parameters were estimated at the middle of blooming
(end of June): plant height, area covered by plant and the number of inflorescences per plant.
Plant height and area covered by plant were evaluated for each plant per each experimental
plot. The area covered by plant estimation was examined in the following manner: The
diameter of every plant was measured at the widest and the narrowest locations; the
mean value of plant diameter was estimated from these two parameters; every plant was
considered in terms of a circular shape, and the area covered by the plant was calculated by
the formula for calcutating the area of a circle (S = πR2, where S denotes the area covered by
the plant, and R denotes the radius of plant). The number of inflorescences was estimated
for three plants per each experimental plot: for the largest, medium and the smallest plant.
After measuring morphometrical parameters, the above-grounded parts of plants were
harvested and weighed per each experimental plot. Moreover, data about the weight of
fresh plant raw material per each experimental plot were recorded (biomass was related
to the area of 1 m2). The length of fifty inflorescences per every experimental plot was
also measured. Later, raw plant material of each experimental plot was dried at room
temperature separately.

2.4. Analysis of Anatomical Parameters

Densities of glandular trichomes and stomata in a mm2 area and size (diameter) of
glandular trichomes were estimated on the lower and upper epidermis in each fertilization
treatment. An imprint method [26] was used for anatomical investigations: a thin layer of
colorless nail polish was spread on the fresh leaf of the middle flowering stem. The formed
skin of the nail polish was ripped off the leaf and observed with a Leica light microscope.
Two leaves from each of the 12 stems (3 stems from every experimental plot) were used
for the evaluation of anatomical parameters depending on each fertilization treatment.
Apex, base, margins and midrib regions of leaves were not used in this analysis and
avoided the effect of different parts of the same leaf causing variations in the investigated
anatomical parameters.
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2.5. Essential Oil Analysis

After cutting plant materials, the materials were dried at room temperature separately
from each experimental plot. The essential oils from each sample (from leaves and flowers
and stems were not used) were isolated separately by hydrodistillation in a Clevenger
apparatus for two hours. The distillation of essential oils was carried out in 2–6 replications
per each sample. Essential oils from each sample were kept in 2 mL bottles separately. The
amount of essential oils was estimated by percentage (quantitative analysis of essential
oils). For further investigations (qualitative analysis), essential oil solutions of 1 percentage
were prepared in a mixture of diethyl ether and n-pentane (1:1). The identification of
main compounds was based on a GC Plus-2010 instrument equipped with a GC-QP 2010
Plus Shimadzu series mass selective detector in an electron impact ionisation mode at
70 eV. The identification was carried out for chemical compounds that presented at least
10 percent of one sample. A separation of compounds was performed on fused silica
(100% dimethyl polysiloxane column (30 m × 0.25 mm ID × 0.25 µm film thickness)
(Resteck, Bellefonte, PA, USA) with spitless injection: helium as a carrier gas at a flow
rate of 1.6 mL/min and injector and detector temperatures at 250 ◦C. The GC oven’s
temperature was programmed as follows: initial temperature of 50 ◦C (isothermal for
7 min) increased to 250 ◦C at a rate of 4 ◦C/min (isothermal for 5 min), and it further
increased at a rate of 30 ◦C/min to 300 ◦C; the final temperature was kept for 2 min.
The identification of investigated compounds was based on a comparison of retention
indices (RIs) [27], computer mass spectra library (NBS75K) and the analytical standards.
Retention indices had been determined relative to the retention times of a series of alkanes
(C7–C30) with linear interpolation. The qualitative analysis of the main compounds was
carried out using a TRACE GC ULTRA (Thermo Fisher Scientific, Waltman, MA, USA) gas
chromatograph with a flame ionisation detector (FID) on the silica capillary column TR5-MS
(30 m × 0.25mm ID × 0.25 µm film thickness) (Thermo Electron Corporation, Waltman,
MA, USA) under the same chromatographic conditions. The percentage amounts of
investigated compounds were recalculated according to the areas of FID chromatographic
peaks, assuming that all constituents of essential oil comprised 100%.

2.6. Statistical Analysis

Calculations of means and standard deviations (SD) were carried out for soil elements
and morphometrical, anatomical and chemical parameters of T. × citriodorus. For coef-
ficients of variation (CV), the determination of the minimum and maximum value was
carried out for anatomical and chemical parameters of T. × citriodorus. The Mann–Whitney
test was used to estimate differences between the effects of fertilization treatments and
control on soil elements, biomass and chemical parameters of T. × citriodorus. Student’s
t-test was used to estimate differences between effects of fertilization treatments and the
control on the morphometrical and anatomical parameters of T. × citriodorus. The Mann–
Whitney test’s p/U values and Student’s t-test’s p/t values for T. × citriodorus parameters
are presented in Table A2. Correlation analyses were performed using Spearman’s rank
correlation coefficient. Statistical data processing was carried out with the STATISTICA®7
and MS Excel software.

3. Results
3.1. Influence of Fertilization on Soil pH and Chemical Composition

An analysis of soil parameters in the first experimental year showed a significant
(p < 0.05) influence of fertilization with humus on the amount of soil organic carbon. The
mean amount of organic carbon was 0.17 p.p higher in comparison with the control (Table 2).
The fertilization with liquid cattle dung increased the amount of potassium and the amount
of organic carbon by 100 mg/kg and 0.09 p.p, respectively, but these differences were not
statistically significant. The fertilization with humus increased the amount of sulfur until
0.17 mg/kg in soil, but this increase was also not significant in comparison with the control
(Table 2).
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Table 2. Changes in soil pH and chemical composition during fertilization with liquid cattle dung and humus in the first experimental year. 1 denotes soil collection
before the first fertilization with liquid cattle dung and humus; 2 denotes soil collection before the second fertilization with liquid cattle dung and humus; 3 denotes
soil collection before the third fertilization with liquid cattle dung and humus; 4 denotes soil collection before the collection of plant raw material; SD—standard
deviation; line (—) denotes unanalyzed soil parameters.

Fertilization Collection of
Soil

pH
Organic
Carbon,

%

Sum
Nitrogen,

%

Soil Element, mg/kg

K P Ca Mg S Cu B Mn Zn

Control

1 6.2 0.87 0.073 73 125 913 102 1.0 1.17 0.38 39.7 0.33
2 6.0 0.83 0.076 73 125 843 102 1.2 1.17 0.30 39.4 0.68
3 6.0 0.83 0.077 69 120 800 90.8 1.4 1.35 0.45 38.7 0.47
4 5.9 0.74 0.070 72 127 860 96.8 1.1 1.03 0.24 40.2 0.50

Mean ± SD 6.02 ± 0.13 0.82 ± 0.05 0.074 ± 0.003 71.75 ± 1.89 124.25 ± 2.99 854.00 ± 46.74 97.90 ± 5.33 1.18 ± 0.17 1.18 ± 0.13 0.34 ± 0.09 39.50 ± 0.63 0.49 ± 0.14

Liquid cattle
dung

1 5.9 0.90 0.068 68 119 821 95.2 1.2 1.13 0.31 40.0 0.39
2 6.3 0.79 0.070 202 127 782 94.8 1.2 1.25 0.31 38.9 0.47
3 6.1 0.89 0.086 180 131 850 108 1.2 1.11 0.42 38.5 0.51
4 6.1 1.06 0.080 236 129 764 84 1.4 1.07 0.21 39.9 0.89

Mean ± SD 6.1 ± 0.16 0.91 ± 0.11 0.076 ± 0.010 171.50 ± 72.74 126.50 ± 5.26 804.25 ± 38.68 95.50 ± 9.82 1.25 ± 0.10 1.14 ± 0.07 0.31 ± 0.09 39.33 ± 0.74 0.56 ± 0.22

Humus

1 5.9 0.85 0.082 71 125 793 96.8 1.2 1.06 — — —
2 6.2 1.11 0.053 103 120 782 94.8 1.2 1.25 — — —
3 5.9 1.0 0.080 85 123 825 96.2 1.3 1.19 — — —
4 5.8 1.01 0.068 124 161 1068 104 1.7 1.04 — — —

Mean ± SD 5.95 ± 0.17 0.99 ± 0.11 * 0.070 ± 0.010 95.75 ± 22.94 132.25 ± 19.28 867.00 ± 135.24 97.95 ± 4.11 1.35 ± 0.24 1.14 ± 0.10 — — —

*—statistically significant differences (p < 0.05).
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Liquid cattle dung significantly (p < 0.05) affected the amount of potassium in soil: Its
amount was about three times higher in comparison with the control after fertilization with
liquid cattle dung (Table 3). Although the fertilization with humus increased the amount of
pottasium and sulphur by 16.30 mg/kg and 0.3 mg/kg, respectively, in comparison with
the control, these changes were not significant (Table 3).

3.2. Influence of Fertilization on Biomass and Some Morphometrical Parameters of Plants

The results of the first experimental year showed that fertilization with liquid cat-
tle dung significantly (p < 0.05) affected the investigated morphometrical parameters of
T. × citriodorus: Biomass increased by 2.6 times; plant height and the area covered by plant
increased by 1.4 times; the number of inflorescences per plant increased by 1.6 times; the
length of inflorescences increased by 1.4 times in comparison with the control. Humus had
not significant influences any morphometrical parameters in the first experimental year.
The number of inflorescences was the most variable, the plant height was the least variable
morphometrical parameter between all fertilization treatments in the first experimental
year (Figure 2).
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Figure 2. Variations in morphometrical parameters (a—biomass; b—height; c—area covered by 
plant; d—number of inflorescences; e—length of inflorescences) of Thymus × citriodorus depending 
on the fertilization treatment in the first and second experimental years. * denotes statistically 
significant differences (p < 0.05); error bars denote standard deviation. FW—fresh weight. 

  

Figure 2. Variations in morphometrical parameters (a—biomass; b—height; c—area covered by plant;
d—number of inflorescences; e—length of inflorescences) of Thymus × citriodorus depending on the
fertilization treatment in the first and second experimental years. * denotes statistically significant
differences (p < 0.05); error bars denote standard deviation. FW—fresh weight.
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Table 3. Changes in soil pH and chemical composition during fertilization with liquid cattle dung and humus in the second experimental year. 1denotes soil
collection before the first fertilization with liquid cattle dung and humus; 2 denotes soil collection before the second fertilization with liquid cattle dung and
humus; 3 denotes soil collection before the third fertilization with liquid cattle dung and humus; 4 denotes soil collection before the collection of plant raw material;
SD—standard deviation; line (—) denotes unanalyzed soil parameters.

Fertilization Collection of
Soil

pH
Organic
Carbon,

%

Sum
Nitrogen,

%

Soil Element, mg/kg

K P Ca Mg S Cu B Mn Zn

Control

1 6.2 0.85 0.068 63 125 809 94.4 1.2 0.99 0.20 40.4 0.94
2 6.1 0.77 0.072 71 113 840 98.4 1.3 1.09 0.20 40.0 0.30
3 6.2 0.88 0.074 76 131 858 102 1.3 1.07 0.23 38.2 0.33
4 5.9 1.04 0.082 64 120 753 80.0 1.2 1.11 0.26 36.0 0.40

Mean ± SD 6.1 ± 0.14 0.89 ± 0.11 0.074 ± 0.010 68.50 ± 6.13 122.25 ± 7.63 812.50 ± 50.56 93.70 ± 9.64 1.25 ± 0.06 1.07 ± 0.05 0.22 ± 0.03 38.65 ± 2.01 0.49 ± 0.30

Liquid cattle
dung

1 6.1 0.86 0.076 176 121 793 96.8 1.1 1.06 0.16 38.0 0.81
2 6.4 0.82 0.082 256 118 750 93.6 1.6 1.15 0.23 39.3 0.37
3 6.3 0.96 0.065 222 121 808 88.8 1.4 1.03 0.25 34.4 0.22
4 6.0 0.91 0.083 206 124 756 83.2 1.3 1.21 0.37 37.5 0.53

Mean ± SD 6.2 ± 0.18 0.89 ± 0.06 0.077 ± 0.008 215.00 ± 33.32 * 121.00 ± 2.45 776.75 ± 28.21 90.65 ± 5.96 1.35 ± 0.21 1.11 ± 0.08 0.25 ± 0.09 37.30 ± 2.08 0.48 ± 0.25

Humus

1 5.9 0.89 0.075 70 112 851 96.0 1.1 1.12 — — —
2 5.9 0.84 0.070 103 116 818 92.8 1.5 1.11 — — —
3 6.1 0.88 0.071 78 113 779 84.8 1.8 1.06 — — —
4 5.8 0.92 0.073 88 120 771 85.6 1.7 1.13 — — —

Mean ± SD 5.92 ± 0.13 0.88 ± 0.03 0.072 ± 0.002 84.75 ± 4.22 115.25 ± 3.59 804.75 ± 37.04 89.80 ± 5.48 1.53 ± 0.31 1.11 ± 0.03 — — —

*—statistically significant differences (p < 0.05).
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In the second experimental year, the number of inflorescences ranged from around
115 (after humus application) to around 175 (control)—an increase of 52%—while biomass
ranged from around 200 g (after humus application) to around 340 g (after liquid cattle
dung application)—an increase of 70%. Fertilizations with liquid cattle dung significantly
(p < 0.05) affected only the length of inflorescences: Inflorescences were 1.4 times larger in
comparison with the control. Biomass, height and area covered by plants were a little larger
after fertilization with liquid cattle dung in comparison with the control, but the results
were not significant. It was observed that the height of T. × citriodorus plants significantly
(p < 0.05) decreased in comparison with the control after fertilization with humus (Figure 2).

3.3. Influence of Fertilization on Anatomical Parameters of Thymus × citriodorus

The fertilization with liquid cattle dung in the first experimental year showed sig-
nificant (p < 0.05) positive effects on stomata densities in the lower epidermis of leaves:
Stomata density in mm2 was about 1.6 times higher in comparison with the control (Table 4).
Humus also increased stomata densities in the lower epidermis of leaves, but these results
were not significant (p > 0.05) in comparison to the control. The fertilization with liquid
cattle dung and humus did not significantly affect the density of stomata in the upper
epidermis and the density of glandular trichomes in the lower epidermis of leaves. The
highest maximum values on the density of stomata and glandular trichomes in the upper
epidermis of leaves were observed after humus fertilization. Humus significantly (p < 0.05)
affected the density of glandular trichomes in the upper epidermis of leaves: There, the
density of glandular trichomes was 1.6 times higher in comparison with the control. Humus
increased the size of glandular trichomes in the lower epidermis of leaves but the result
did not differ significantly from control.

Table 4. Descriptive statistics of anatomical parameters in the upper and lower epidermis of Thy-
mus × citriodorus depending on the fertilization treatment in the first and second experimental years.
SD—standard deviation; CV—coefficient of variation.

Leaf
Epidermis Anatomical Parameter of Leaves

Fertilization Treatment

Control Liquid Cattle Dung Humus

First experimental year

Upper

Density of stomata
Mean ± SD 69.0 ± 30.6 57.1 ± 18.2 71.0 ± 19.4

in mm2
Min 5 20 41
Max 117 97 133

CV, % 44 32 27

Density of glandular
Mean ± SD 10.0 ± 5.4 7.1 ± 4.5 16.3 ± 8.3 *

trichomes in mm2
Min 0 0 5
Max 20 15 36

CV, % 54 63 51

Size of glandular
Mean ± SD 54.6 ± 32.9 53.7 ± 35.1 59.4 ± 36.6

trichomes, µm
Min 21 21 16
Max 138 138 147

CV, % 60 65 61

Lower

Density of stomata
Mean ± SD 106.2 ± 68.1 174.6 ± 52.8 * 135.3 ± 49.6

in mm2
Min 15 82 56
Max 265 286 230

CV, % 64 30 37

Density of glandular
Mean ± SD 9.0 ± 5.8 11.4 ± 5.8 8.0 ± 5.2

trichomes in mm2
Min 0 0 0
Max 25 26 20

CV, % 64 51 65

Size of glandular trichomes, µm

Mean ± SD 62.6 ± 25.7 52.4 ± 33.7 71.8 ± 27.4
Min 16 21 23
Max 106 138 115

CV, % 41 64 38
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Table 4. Cont.

Leaf
Epidermis Anatomical Parameter of Leaves

Fertilization Treatment

Control Liquid Cattle Dung Humus

Second experimental year

Upper

Density of stomata
Mean ± SD 61.8 ± 18.6 70.6 ± 18.4 54.8 ± 16.6

in mm2
Min 26 36 20
Max 97 102 87

CV, % 30 26 30

Density of glandular
Mean ± SD 10.2 ± 4.5 10.2 ± 6.4 6.2 ± 4.1 *

trichomes in mm2
Min 5 0 0
Max 20 26 15

CV, % 44 63 66

Size of glandular trichomes, µm

Mean ± SD 64.5 ± 35.6 72.5 ± 30.4 76.2 ± 28.2
Min 14 23 24
Max 219 127 127

CV, % 55 42 37

Lower

Density of stomata
Mean ± SD 200.5 ± 55.4 174.3 ± 50.8 207.6 ± 66.5

in mm2
Min 87 97 97
Max 291 265 337

CV, % 28 29 32

Density of glandular
Mean ± SD 11.9 ± 7.1 9.3 ± 5.1 9.6 ± 4.7

trichomes in mm2
Min 0 5 5
Max 31 20 20

CV, % 60 55 49

Size of glandular trichomes, µm

Mean ± SD 67.1 ± 23.9 61.8 ± 32.1 63.5 ± 22.9
Min 16 21 21
Max 115 161 117

CV, % 36 52 36

*—statistically significant differences (p < 0.05).

Results showed that fertilization with humus in the second experimental year signifi-
cantly and negatively influenced (p < 0.05) the density of glandular trichomes in the upper
epidermis of leaves: The density of glandular trichomes decreased by 39.2% in comparison
with the control. The density of glandular trichomes in the lower epidermis decreased
after fertilization with liquid cattle dung and humus but significant differences between
them and the control were not determined. The density of stomata in the lower epidermis
of leaves was the lowest and in the upper epidermis—the highest after fertilization with
liquid cattle dung in comparison with humus fertilization and the control. The size of
glandular trichomes in the upper epidermis of leaves was the highest after fertilization
with humus in comparison with fertilization with liquid cattle dung and the control. The
least variable anatomical parameter was the density of stomata in the lower epidermis
of leaves and the highest parameter was the density of glandular trichomes in the upper
epidermis of leaves (except for the control). It is interesting that the maximum value of
the size of glandular trichomes in the upper epidermis of leaves was observed even after
fertilization procedures—127 µm (Table 4).

3.4. Inluence of Fertilization on Quantitative and Qualitative Composition of Essential Oil

Results of both experimental years showed that the highest percentages of essential oil
in T. × citriodorus were attained after fertilization with liquid cattle dung, and the lowest
percentages were attained after fertilization with humus (Figure 3). In comparison with the
control fertilization with liquid cattle dung, there was an increased percentage of essential
oils; with humus, the percentages decreased in both experimental years, and this became
more pronounced in the second experimental year. In the second experimental year, the
percentage of essential oil significantly (p < 0.05) decreased compared to the control by
37.04% after humus fertilization (Figure 3).
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Figure 3. Variations in percentage of Thymus × citriodorus essential oil depending on the fertilization
treatment in the first and second experimental years. * denotes statistically significant differences
(p < 0.05); error bars denote the standard error of mean. DW—dry weight.

Geraniol was the main chemical compound of essential oils in T. × citriodorus; it
amounted to about a quarter of essential oils in both fertilization treatments and the control
in the first experimental year. In the second experimental year, this chemical compound
amounted to a quarter of essential oils after fertilization with liquid cattle dung and a
fifth of essential oils after fertilization with humus. Fertilization with humus increased
the percentage of geraniol and geranial in the first experimental year but decreased the
percentage of geraniol, geranial and neral in the second experimental year. These changes
in comparison with the control were not significant. The percentages of nerol and neralin
essential oils were similar in all fertilization treatments in the first experimental year: nerol
amounted about 14% and neral amounted to about 11% of essential oil (Figure 4, Table A1).
In the second experimental year, the percentages of nerol and neral varied from the lowest
to highest values (Table A1). Fertilization with liquid cattle dung decreased the percentage
of germacrene D-4-ol in the first experimental year, but this result did not differ significantly
from the control. In the second experimental year, both fertilization treatments increased
the percentage of germacrene D-4-ol, but this increase also did not differ significantly
from the control. Variations in the percentage of germacrene D-4-ol were the highest in
comparison with the other four investigated chemical compounds in both experimental
years (Figure 4, Table A1).
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Figure 4. Variations in the percentage of some chemical compounds in essential oils of Thymus ×
citriodorus depending on the fertilization treatment in the first and second experimental years.

A summary of findings of this research study is presented in Figure 5. A positive
correlation (very strong, strong and weak) was observed between the year and area covered
by plant (0.8), the upper leaf epidermis density of stomata (0.4), the upper leaf epidermis
size of glandular trichomes (0.9), the lower leaf epidermis density of stomata (0.8), the
lower leaf epidermis density of glandular trichomes (0.8), the lower leaf epidermis size
of glandular trichomes (0.20) and the percentage of geranial (0.6), as well as between
fertilization and the upper leaf epidermis density of stomata (0.70), the upper leaf epidermis
density of glandular trichomes (0.9), the upper leaf epidermis size of glandular trichomes
(0.2), the lower leaf epidermis size of glandular trichomes (0.2), the amount of essential
oil (0.1) and the percentage of germacrene D-4-ol (0.9). For other parameters, negative
correlations were observed.
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4. Discussion

The fertilization of plants from soil primarily affects the soil, its structure and its
physical and chemical properties. The present study demonstrated that fertilization with
humus significantly (p < 0.05) enriched soils with organic carbon in the first experimental
year (Table 2). The literature data also suggest that humus-rich compost applications
increased the amount of soil organic carbon [28], which has vital roles in the physical,
chemical and biological behavior of the soil, including soil fertility, structure and water
retention [29–31]. Results demonstrated that liquid cattle dung significantly (p < 0.05)
increased the amount of potassium in the second experimental year (Table 2). Potassium
is one essential macronutrient element of plants: It improves plant yield and the quality
of produce, and it strengthens resistance against drought, salinity, high temperatures
and abiotic and biotic stress. Potassium permits the activation of about 60 enzymes for
participation in lipid and protein syntheses and in the circulation of hydrocarbons [32,33].
The main nutrient element in liquid cattle dung is potassium (this nutrient element does
not evaporate from the soil after fertilization with liquid cattle dung and remains during
the entire vegetation period), and nitrogen, phosphorus, calcium, sulphur, magnesium,
manganese, copper, boron, zinc and auxins can become a part of liquid cattle dung [14,25].

Chemical and organic fertilizers can improve the metabolism of medicinal plants and,
thus, can increase yields [34,35] and influence biomass and morphometrical parameters in
medicinal plants of Ocimum, Thymus, Origanum and Mentha, all belonging to the Lamiaceae
family [21,34,35]. Fertilization with liquid cattle dung significantly (p < 0.05) and positively
affected morphometrical parameters of T. × citriodorus in the first experimental year and
only the number of inflorescences in the second experimental year (Figure 2). Positive
changes in morphometrical parameters may be related to soil enrichment with potassium
and other elements after fertilization with liquid cattle dung. Fertilizations with the
cow dung positively influenced biomass, plant height and the number of branches, as
well as the number, length and thousand mass of leaves in Ocimum sanctum and Mentha
arvensis (Lamiaceae) [36]. Fertilization with cattle manure positively affected the number of
branches in two fertilization seasons and biomass only in the first fertilization season of
T. vulgaris [21]. Fertilization with cattle manure positively affected biomass and leaf areas
in Mentha × piperita [37]. The fertilization with humus negatively influenced (p < 0.05)
the height of T. × citriodorus in the second experimental year (Figure 2b). Humus has
positive impacts on a plant’s morphological parameters due to its improvements on soil
fertility, water regimes and soil structure. The literature data suggest that low temperatures
can reduce humus accumulation and a reduction in soil aeration [38]. According to the
Lithuanian Hydrometeorological Service under the Ministry of Environment, temperatures
in Lithuania at the end of April and at the beginning of May in 2021 (in the second
experimental year) were lower than it customarily was in the past, and the month of May
was very rainy, which could be a reason for the reduction in soil aeration. The literature data
informed that most medicinal and aromatic plants have temperatures (for most medicinal
plants, it is 15–25 ◦C) and water regimes for optimal growth and development [39–41].
Meanwhile, drought and heavy precipitation have negative effects for plant growth and
development [41]. The application of humus-rich compost increases lettuce’s (Lactuca
sativa L.) shoot growth [28], and liquid humus increases the total biomass, flower diameter,
number, length and diameter of stems in Alpinia purpurata [42]. The fertilization treatment
with humic acid did not increase the growth of lettuce [43] and the yield of foxtail millet [44].

Glandular trichomes can be found in approximately 30% of vascular plant species.
Their functions are to secrete or store secondary metabolites, which contribute to increasing
plant fitness relative to the environment [45]. Humus, unlike liquid cattle dung, in the first
experimental year significantly (p < 0.05) and positively affected the density of glandular
trichomes in the upper epidermis of leaves. However, in the second experimental year this
effect was significantly (p < 0.05) negative (Table 4). According to the literature data, the
density of glandular trichomes is higher in plants growing in dry environmental condi-
tions [46]. Humus maintains a suitable water regime and structure of soil [16]. A suitable
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water regime and soil structure could affect the increase in the density of glandular tri-
chomes in the upper epidermis in the first experimental year after humus fertilization.
Meanwhile, a decrease in the density of glandular trichomes in the second experimental
year could be related to the very rainy month of May in 2021 (147 mm and it is 2.6 times
higher than it normally is): The plants have not been able to absorb humus because it could
be more leached from the soil. Foliar fertilization with organic nitrogen, potassium and
microelements negatively affected glandular trichomes densities in hop leaves (Humulus
lupulus L. vs. Cascade) [47].

The fertilization with liquid cattle dung significantly (p < 0.05) and positively impacted
the density of stomata in the lower epidermis of leaves of T. × citriodorus in the first
experimental year (Table 4). As mentioned above, liquid cattle dung also promoted the
growth of biomass and increased parameters of plant height, the area covered by plant, the
number of inflorescences and length of inflorescences in comparison with the control in the
first experimental year (Figure 2). A higher stomata density can improve plant biomass,
but this does not occur in all plant species: It can depend on the species, environmental
conditions and size of stomata (smaller stomata opened more rapidly); for example, a higher
stomata density improves biomass in Arabidopsis thaliana [48,49]. Manure significantly
and positively affected stomata densities at both sides (adaxial and abaxial); meanwhile,
compost was affected positively in the adaxial side but negatively in the abaxial side of
leaves in Pogostemon cablin (Lamiaceae) [23].

Investigations with Thymus migricus show positive effects of soil organic matter on
essential oil contents in this species of genus Thymus [50]. Our results demonstrated that
fertilization with humus significantly (p < 0.05) and negatively influenced the percentage
of essential oil in T. × citriodorus in the second experimental year in comparison with the
control (Figure 3). The percentage of essential oil in Artemisia sieberi plants after fertilization
with humic acid was also lower in comparison with the control [51]. Plants use nutrient
elements primarily for increasing biomass and only then synthesize secondary metabo-
lites [52]. In the second experimental year, morphometrical parameters of T. × citriodorus
after humus fertilization were also lower in comparison with the control (Figure 2). Worse
climatic conditions (rainy and colder weather at the beginning of May in 2021) could
disturb the assimilate of humus from soil and so can slacken the growth of biomass and
the synthesis of secondary metabolites in the hybrid. The literature data also inform that
medicinal plants accumulate more secondary metabolites in drier and warmer weather [17].

This study reported that fertilization with liquid cattle dung applications can help
obtain higher yields of raw material of T. × citriodorus: Liquid cattle dung applications
increased values of the morphometrical parameters of T. × citriodorus plants in both
experimental years; in the first experimental year, all parameters significantly differed from
the control. Humus had no effects or adversely affected morphometrical and anatomical
parameters and the percentage of essential oils. Therefore, the cultivation of T. × citriodorus
in soil with high amounts of humus can negatively affect both biomass and essential oil
yields of this hybrid. Fertilizers and different climatic conditions in different years can
influence chemical, anatomical and morphometrical parameters of plants that are grown in
open grounds (Figure 5).

5. Conclusions

The fertilization treatment with liquid cattle dung (dosing: 0.7 L of liquid cattle
dung and 2.8 L of water for 1m2) increased biomass and morphometrical parameters of
Thymus × citriodorus plants. The fertilization treatment with liquid cattle dung is useful,
particularly when the climate is not very rainy. Humus had unreliable or negative effects
on the biomass and percentage of essential oils of Thymus × citriodorus; therefore, the
fertilization treatment with humus or cultivation in the soil with large amounts of humus
is not economically useful.
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Appendix A

Table A1. Descriptive statistics of some chemical compounds of Thymus × citriodorus essential oil
depending on fertilization treatment in the first and the second experimental year. SD—standard
deviation, CV—coefficient of variation.

Chemical
Compound

Fertilization Treatment

Control Liquid Cattle Dung Humus

First experimental year

Geraniol

Mean ± SD 24.48 ± 1.13 23.78 ± 0.44 26.27 ± 2.73
Min 22.78 23.12 22.42
Max 25.07 24.04 28.74
CV 5 2 10

Geranial

Mean ± SD 12.27 ± 0.39 11.97 ± 1.04 13.04 ± 1.31
Min 11.75 10.93 11.39
Max 12.68 13.41 14.23
CV 3 9 10

Nerol

Mean ± SD 14.62 ± 0.73 14.73 ± 2.13 14.20 ± 1.97
Min 13.96 12.12 11.43
Max 15.66 17.15 16.06
CV 5 14 14

Neral

Mean ± SD 10.95 ± 0.44 11.27 ± 1.99 10.63 ± 2.00
Min 10.33 9.26 7.84
Max 11.33 13.27 12.52
CV 4 18 19

Germacrene D-4-ol

Mean ± SD 9.12 ± 0.91 6.66 ± 1.66 8.74 ± 0.70
Min 8.24 5.20 8.13
Max 10.22 9.00 9.60
CV 10 25 8

Second experimental year

Geraniol

Mean ± SD 23.91 ± 1.35 23.60 ± 2.58 20.55 ± 2.78
Min 22.42 20.06 17.62
Max 25.72 26.11 23.15
CV 6 11 14

Geranial

Mean ± SD 14.40 ± 0.56 13.47 ± 0.45 12.59 ± 1.62
Min 13.90 13.08 10.78
Max 15.18 14.11 13.92
CV 4 4 13
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Table A1. Cont.

Chemical
Compound

Fertilization Treatment

Control Liquid Cattle Dung Humus

Nerol

Mean ± SD 12.75 ± 5.67 15.73 ± 1.10 12.29 ± 1.70
Min 5.14 14.38 10.65
Max 17.32 17.06 14.04
CV 45 7 14

Neral

Mean ± SD 10.95 ± 0.44 11.27 ± 1.99 10.63 ± 2.00
Min 10.33 9.26 7.84
Max 11.33 13.27 12.52
CV 4 18 19

Germacrene D-4-ol

Mean ± SD 9.12 ± 0.91 6.66 ± 1.66 8.74 ± 0.70
Min 8.24 5.20 8.13
Max 10.22 9.00 9.60
CV 10 25 8

Table A2. Mann–Whiney U-test (p/U) of biomass and chemical parameters of Thymus × citriodorus
and Student t-test (p/t) of morphometrical and anatomical parameters of Thymus × citriodorus.
Significant level was chosen as p < 0.05; the significant differences denote *, the statistical parameter
that was not analysed denote –.

Parameter of Thymus × citriodorus

p/U p/t

Fertilization Treatment

Liquid Cattle
Dung Humus Liquid Cattle

Dung Humus

First experimental year

Biomass 0.02/0.0 0.77/7.0 – –
Percentage of essential oil 0.16/44.0 0.46/36.0 – –
Percentage of geraniol 0.25/4.0 0.25/4.0 – –
Percentage of geranial 0.39/5.0 0.39/5.0 – –
Percentage of neral 1.00/8.0 0.77/7.0 – –
Percentage of nerol 1.00/8.0 1.00/8.00 – –
Percentage of germacrene D-4-ol 0.08/2.0 0.39/5.0 – –
Height of plant – – 0.00/−7.38 * 0.41/−0.83
Area of plant – – 0.00/−5.45 * 0.97/0.04
Number of inflorescences of plant – – 0.04/−2.09 * 0.93/−0.09
Length of inflorescences – – 0.00/−10.67 * 0.73/0.34
Density of stomata (upper epidermis) – – 0.08/1.78 0.84/−0.19
Density of glandular trichomes (upper epidermis) – – 0.33/−0.98 0.00/−3.10 *
Size of glandular trichomes (upper epidermis) – – 0.90/0.12 0.47/−0.72
Density of stomata (lower epidermis) – – 0.00/−4.00 * 0.1/−1.70
Density of glandular trichomes (lower epidermis) – – 0.20/1.30 0.55/0.60
Size of glandular trichomes
(lower epidermis) – – 0.10/1.65 0.13/−1.52

Second experimental year

Biomass 0.39/5.0 0.25/4.0 – –
Percentage of essential oil 0.18/158 0.04/31.5 – –
Percentage of geraniol 1.00/8.0 0.08/1.0 – –
Percentage of geranial 0.06/1.5 0.08/1.0 – –
Percentage of neral 0.39/5.0 0.72/5.0 – –
Percentage of nerol 0.77/7.0 0.72/5.0 – –
Percentage of germacrene D-4-ol 0.39/5.0 0.29/3.0 – –
Height of plant – – 0.48/−0.71 0.03/2.16 *
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