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A decrease in agricultural water resources in recent years has led to
the cultivation of plants with low water requirements. Creeping
savory (Satureja spicigera) is a native medicinal species that grows
on rock walls in the north of Iran. To evaluate the effects of different
planting densities and different treatments of organic fertilizer (O.F.)
on creeping savory essential oil (EO) under rainfed cultivation, an
experiment was conducted by a split-plot design based on RCBD with
three fertilizer treatments (rotten cow manure, enriched straw, and
farm soil), and three planting densities (2.66, 4 and 8 plant/m?2). The
experiment was carried out in two crop years (2017-2019) in Mehreg
-an Research Station of Kermanshah Agricultural and Natural Resour
c-es Research and Education Center. After extraction by water
distillation, the EO content and EO yield were calculated and the
chemical compounds were analyzed by GC and GC/MS. A total of 13
compounds were identified in the EO, comprising more than 97% of
the total compounds. The effects of fertilizer treatments had
statistical significance (P<0.01) in terms of EO content, EO yield, and
several chemical compounds. The effects of planting density were
significant on the EO yield and chemical compounds (P<0.01). The
highest EO content was obtained in the treatment of rotten cow
manurexhigh density (3.75%) and the lowest EO content occurred
from the effect of farm soilxhigh density (2.78%). The highest EO
yield was caused by enriched strawxhigh density (72.59 kg ha').
The use of O.F. increased the EO content, EO yield, and thymol
content, but decreased the carvacrol content.

Introduction

As a matter of limited water resources that affect
the cultivation of crops in many regions of Iran
and the world, it is important to study the
cultivation of plants that can be grown in dryland
conditions. S. Spicigera is a procumbent soft
shrublet, which usually has a diffuse growth, with
inflorescences that arise from trailing sinuous
stems. The stems are usually recurved-pubescent

on the two opposite sides. The leaves are linear-
oblanceolate, 8-20(-25) x 2-3(-5) mm,
mucronate, glabrous, green, and bear short
axillary shoots. The inflorescence is usually
oblong to linear. Verticillasters are usually
approximate, pedunculate, laxly (2-) 6-flowered.
The calyx is sub-bilabiate, 3-4(-5) mm, pubescent,
with two lower teeth 1-1.5 x tube, and upper teeth
that are only 1/2-3/4 x the lower pair. The corolla
is 6-8 mm, white, exserted from the calyx, and the
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limb is ample. Stamens are exserted long from the
corolla. Nutlets are 1.2 mm on average and appear
as broadly oblong-ovoid. They can be found in
eroded dry banks and rocky places, ledges, and
screes, with an altitude range of 20-1500 m
(Davis, 1982).

Creeping savory is a medicinal plant, native to
Iran, and is mostly distributed in the north and
north-west of Iran, the Caucasus region, and
Turkey. It is reportedly drought-resistant in
several pharmacopeias. S. spicigera has been
introduced as a medicinal plant that is rich in
volatile oils, the main ingredient of which is
carvacrol. Carvacrol has anticonvulsant and
antiflatulent therapeutic effects (Omidbigi,
2008). S. spicigera is used for food consumption,
preparation of beverages, and production of
sanitary materials (Faker Baher et al,, 2001).

So far, this wild plant has not been cultivated
commercially. In recent years, however, it has
been cultivated only in pilot form and in research
projects in Iran and Turkey. It seems that many
parts of different regions of Iran, including the
mountainous slopes of the west, north, north-
west, and middle Zagros regions are suitable for
irrigated and rainfed cultivations of this species.
For optimal growth and development, plants need
appropriate and balanced values of essential
elements (both micro- and macronutrients).
Chemical fertilizers increase plant growth and
yield by answering the nutritional needs of plants
(Chaudhry et al., 1999). However, their long-term
use can cause environmental pollution and
degradation of soil structure (Nasir Khan et al,,
2017; Chandini et al., 2019). Organic fertilizers
(0.F) contain large amounts of organic matter, as
important sources of NPK nutrients (Fernandez
etal, 1993).

Also, manure contains trace elements such as iron
which improves plant growth. Of course, O.F.
(manures) cannot meet all the nutritional needs
of plants (Mallanagouda, 1995). Organic
fertilizers improve the physical structure of soils
and can balance the chemical properties of the
soil so that plants could better absorb nutrients
(Chaudhry et al., 1999). Soil health and dynamics,
as well as plant access to micronutrients (Zn, Cu,
Fe, Mn, B, and Mo), are strongly associated with
the accumulation of organic matter (Dhaliwal et
al, 2019). The combination or replacement of
chemical fertilizers with a variety of organic
fertilizers is important for the achievement of
sustainable production in agriculture (Roussos et
al, 2017).

Planting density affects the absorption of
radiation, water, and nutrients in plants by
changing the structures of the crown and root
systems (Hammer et al., 2009; Du et al, 2021).
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Plant spacing is an important factor in
determining the microenvironment in the field.
Having a higher planting density increases
competition among plants for light, water, and
nutrients (Ciampitti and Vyn, 2011; Rossini et al,,
2011) and, subsequently, causes abiotic stress in
plants and decreases biomass (Osakabe et al.,
2014). The optimization of plant spacing can lead
to a higher yield in the crop by favorably affecting
the absorption of nutrients and exposure of the
plant to light. Although Nigussie et al. (2015) and
Aflatuni etal. (2005) reported that the EO content
and composition were not influenced by density,
Callan et al. (2007) reported that planting density
affects the yield and quality of aromatic herbs. In
relevant research, the EO content in fennel was
significantly affected by different planting
densities (Khorshidi et al, 2009). Also, row
spacing significantly affected EO yield in mint
(Kizil and Toner, 2005). Given the knowledge gap
in the available literature on Satureja spicigera
and its cultivation, the present study aimed to
evaluate the effects of different organic fertilizers
and planting densities on essential oil content and
components of this plant in rainfed conditions.
The ultimate objective was to obtain the most
effective O.F. treatment and a proper planting
density which could be recommended for its
commercial cultivation in rainfed conditions.

Materials and Methods

Experimental designs and treatments

This experiment was performed as a split-plot
and was based on a randomized complete block
design (RCB), with three organic fertilizers as the
main factor and three planting densities as the
sub-factor. Each treatment group had 3
replications and the experiment was carried out
in the cropping seasons of 2017-2018 and 2018-
2019. There were three main treatment groups,
i.e. rotten cow manure 30 tons ha?l, straw
enriched with ammonium sulfate 10 tons ha-,
and the control without fertilizer (farm soil). In
the second treatment group, two kg of ammonium
sulfate were used per 100 kg of straw. The sub-
factor treatments included three densities (2.66,
4, and 8 plants per m?).

In total, there were 27 plots as experimental units.
The area of each sub-plot was 3 X 4 =12 m?, each
main plot was equal to 36 m2 and the net area of
each replicate was 108 m2. The area of each plot,
without the distances between the plots and
replications, was equal to 324 m2. When including
the distances between the plots and replications,
the area was equal to 690 m2. In autumn, the field
was plowed and leveled. Then, heaps were piled
at 50-cm intervals. To implement the treatments,
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36 kg of rotten cow manure or 12 kg of enriched
wheat straw, enriched by sulfate ammonium,
were evenly distributed on the furrows in each
subplot. Then, the fertilizers were covered with
farm soil. Before the main sowing and in early
autumn, 12 kg of crushed wheat straw was
distributed on the furrows in each subplot and
was enriched with 240 g of ammonium sulfate
(dissolved in 20 liters of water). Subsequently, the
fertilizer was covered with farm soil.

The seeds were provided by the Forests and
Rangelands Research Institute of Iran. The seeds
were disinfected with 5% sodium hypochlorite
for 2 minutes and dried. They were planted in
trays and a peat moss bed in a greenhouse at
temperatures of 18-24 C° and humidity of 35%. In
early April, and before any effective rain, the
seedlings were transferred to the field.

Experimental conditions and plant
materials

In early April, and before any effective rain, the
seedlings of creeping savory were transferred to
the field in Mehregan Research Station of
Kermanshah Agricultural and Natural Resources
Research and Education Center. The field was
situated at 34°.9:- latitude, 47°.9- longitude, at
1270 m altitude. The results of soil and treatment
analyses are presented in Table 1.

The long-term meteorological statistics included
an average annual rainfall of 470.7 mm, an
absolute minimum temperature of -13 °C, an
absolute maximum temperature of 40.5 °C, an
average annual temperature of 13.8 °C, and a
semi-arid steppe climate class that dominated the
region. For two crop years, data were used from
the Kermanshah weather station to provide
meteorological statistics (Table 2) about monthly
and annual rainfall (Table 3). No herbicides or
pesticides were used during the project, and
mechanical methods were used for weed control.

Essential oil extraction

After 50% of flowering, in late August, savory
plants were collected, dried, and weighed for EO
extraction. Seventy grams of crushed plant
powder were used for EO extraction in each
subplot. The EO was extracted by water
distillation using the Clevenger system according
to British Pharmacopoeia (1993). The Clevenger
apparatus operated for 3 hours in total. The
essential oil samples were dehydrated with dry
sodium sulfate (NazSos) and were kept in a
refrigerator (4 °C) until injection into a
chromatographic apparatus. The EO content was
calculated by the W/W method from the following
formula: EO% = EO weight (g) / plant dry weight
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(g) X100 (Khademi Doozakhdarreh et al.,, 2022).
EO yield was obtained by multiplying the EO
percentage by dry plant yield per hectare (Yousefi
etal, 2021).

GC and GC/MS analysis

After diluting 1 pL of essential oil in 2 pL of
dichloromethane, the samples were analyzed by a
gas chromatograph with relevant specifications
(Ultra Fast Model) Thermo-UFM, Chrom-Card
A/D data processor, cap-column Ph-5 (non-
polar), with a length of 10m, an inner diameter of
0.1, with 0.4 pm thickness. The inner surface of
the device was coated with a stationary phase of
5% dimethyl siloxane phenyl (Thermo Company,
Italy). The column temperature was programmed
to an initial temperature of 60 °C and an ultimate
temperature of 285 °C, which increased at a rate
of 80 °C per minute. Then, it stopped at 285 °C for
3 minutes, while the detector type was FID at
290 °C. The temperature of the injection chamber
was 280°C, the carrier gas was helium and the
inlet pressure on the column was set at 0.5 kg cm-
2 (Zakerian et al.,, 2020). The GC/MS device was
Varian 3400, connected to a mass spectrometer
(Saturn II), with an ion telephoto system and
ionization energy of 70 electron volts. It had a DB-
5 column as a semi-polar column (with a length of
30 m, an inner diameter of 0.25 mm, and the static
phase layer was 0.25 microns thick). The column
head gas pressure was set at 35 pounds per
square inch, and the temperature increased from
40 °C to 250 °C, at a rate of 4 °C per minute. The
injection chamber temperature was 260 °C and
the line transfer temperature was 270 °C. The
retention indexes were calculated by the injection
of normal hydrocarbons (C7-C25) under the same
conditions as essential oil injection. Chemical
compounds in the EO were identified by
comparing the spectra with those of different
sources in the available literature (Adams, 2017).

Data analysis

Data were analyzed by Microsoft Excel. The
analysis of variance and Duncan’s mean values
were compared by SPSS (ver.16).
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Table 1. Physical and chemical characteristics of fertilizer treatments and control
Fertilizer treatment  Soil Texture EC (ds/m) pH Absorbable P (ppm) Absorbable K (ppm) O.C. (%)

Farm soil Silty-Clay 0.70 7.03 12.20 520 1.13
Enriched straw - - - 26 860 22.03
Rotten cow manure - - - 138 6800 1.75

Table 2. Metrological statistics in Kermanshah weather station during two crop years of project implementation

Crop Absolute Absolute Average Average of Annual average Average Annual Average of long Average of long
years maximum minimum maximum minimum of temperature humidity evaporation time annual time annual

temperature ("C) temperature temperature temperature CC) (%) (mm) precipitation temperature

(9) (O (9)
2016- 40.8 8.2 24.8 7.7 16.6 37 1931 470.7 12.39
2017
2017- 435 10.6 23.6 8.3 16.74 45 162.6 470.7 12.39
2018
Table 3. Monthly and annual rainfall statistics (mm) in Kermanshah weather station during two crop years of project implementation

Crop October November December January February March April May June July August September
years
2016- 0 1 14.7 75.4 808 68 132.5 22.1 0 0 0 0
2017
2017- 0 33.8 10.2 272 95.1 30.1 63.4 169 52 0 0 0
2018
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Results

Chemical compounds of EO

Atotal of 13 compounds were identified in the EO,
which comprised more than 97% of the EO
compounds. In identifying the chemical
components and presenting them through their
abbreviations (Table 4), the main compounds of
the EO were thymol (29.13%), -carvacrol
(23.84%), p-cymene (21.39%), and y-terpinene

(15.74%). In 6 of the samples, methyl ether
carvacrol was detected only in the second year
and in negligible amounts, so statistical analysis
was not necessary for this particular compound.
Methyl ether carvacrol occurred in different
amounts in plants that grew on farm soil at
medium plant density (1.08-1.27%), on field soil
atlow plant density (0.36-1.1%), and on enriched
straw treatment at medium plant density (0.2-
0.39%).

Table 4. Specification of EO chemical compounds identified in S. spicigeraunder the impact of organic fertilizers and
different plant densities in dry farming *

Chemical classification Chemical name RT RI Formula
Terpinene-4-ol 2.58 1146.53 CioH150
Monoterpene Myrcene 1.16 986.46 CioHie
Terpinolene 1.65 1054.11 CioHie
Carvacrol 4.07 1289.96 CioH140
Thymol 3.96 1281.22 CioH140
Phenol monoterpenoids
Methyl ether thymol 3.32 1224.97 Ci His O
Methyl ether carvacrol 3.60 1250.81 CuHi60
a-pinene 0.87 931.13 CioHis
Bicyclic monoterpene
Trans-caryophyllene 5.33 1376.02 CisHos
Ketonic monoterpene a-thujone 0.84 924.38 CioH160
Isometric monoterpene y-terpinene 1.63 1051.59 CioHise
Sesquiterpenes. B-bisabolene 6.42 1493.57 CisHo4
Benzene alkyl p-cymene 1.36 1014.15 CioHia

* RT = retention time; RI = retention index

Analysis of variance

When compared to each other, the two years
caused no significant difference in EO content,
whereas significant differences were observed in
EO yield between the two years (P<0.01). The
fertilizer  treatments  caused  significant
differences in EO content and EO yield (P<0.01).
Also, the fertilizer treatments showed significant
effects on several EO chemical compounds such as

myrcene, Y-terpinene, terpinene-4-ol, trans-
caryophyllene, and methyl ether thymol
(P<0.01), as well as o«-pinene (P<0.05).

Significant differences were observed between
the different planting densities that affected EO
yield, a-pinene, terpinolene, terpinene-4-ol, and
thymol (P<0.01). This also applied to a-thujone,
methyl ether thymol, and carvacrol (P<0.05). The
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interaction between year and fertilizer had a
significant effect on y-terpinene and trans-
caryophyllene (P<0.01). The interaction effect
between year and planting density was significant
only on a-pinene (P<0.05). The interaction
between fertilizer and planting density was
significant on a-thujone, y-terpinene, terpinolene,
trans-caryophyllene, methyl ether thymol, and
terpinene-4-ol (P<0.01), as well as on myrcene
and thymol (P<0.05). The interaction effects of
year, fertilizers, and planting density were
significant only on a-pinene (P<0.05) (Table 5a
and Table 5b).

Mean comparison of EO content, EO

yield, and EO chemical compounds
According to Duncan’s comparison of means
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(Table 6a and Table 6b), the highest EO content
was caused by the rotten cow manure treatment,
along with high planting density (3.75%),
followed by the effect of enriched straw with a low
planting density (3.73%). The lowest EO content
was observed in plants that grew on the farm soil
with high planting density (2.78%). The highest
EO yield was observed in plants that grew on the
enriched straw with a high planting density
(72.59 kg/ha), whereas the lowest EO yield
(16.76 kg/ha) was obtained from plants that
grew on farm soil with a low planting density. The
highest amount of thymol (33.68%) was
observed in plants that grew on rotten cow
manure with a low planting density, whereas the
lowest amount of carvacrol (26.55%) occurred in
plants with a high planting density on farm soil.

Principal component analysis (PCA)

In principal component analysis, the first four
components had values higher than one. Also,
75% of the variance was explained by the first two
components. The results of PCA showed that
carvacrol (CARVA), terpinolene (TRPNOLN), p-
cymene (PCYM), a-thujone (ATHU]J), terpinene-4-
ol (TRP40L), carvacrol methyl ether (MECRVA),

methyl ether thymol (METHYM) and o-pinene
(APIN) had the most positive contribution to the
first component. Meanwhile, y-terpinene
(GTERP), B-bisabolone (BBISA), a-thujone, trans-
caryophyllene, myrcene (MYRCE), p-cymene,
terpinene-4-ol, and methyl ether carvacrol
(MECRVA) had the most positive contribution to
the second component. Also, thymol (THYM) had
the most negative contribution to the first and
second components.

The treatments of enriched straw and high
planting density (SD1), enriched straw and low
planting density (SD3), and rotten cow manure
with medium planting density (MD2) caused high
levels of trans-caryophyllene, y-terpinene, [3-
bisabolene, and myrcene. Enriched straw and
medium density (SD2), as well as field soil and
medium planting density (CD2), caused high
amounts of a-thujone, terpinolene, p-cymene, and
carvacrol methyl ether. Rotten cow manure and
high planting density (MD1) and farm soil with
high planting density (CD1) caused the highest
values of a-pinene, terpinene-4-ol, carvacrol, and
methyl ether thymol. Finally, field soil and low
planting density (CD3), as well as rotten cow
manure and low planting density (MD3) caused
higher levels of thymol (Fig. 1).

Biplot of EO chemical compounds in S. spicigera
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Fig. 1. Biplot diagram of EO chemical compounds based on different organic fertilizers X planting density
treatments in S. spicigeraunder rainfed cultivation*

* (CD1 = farm soil / high density; CD2 = farm soil / medium density; CD3 = farm soil / low density; MD1 = rotten cow
manure / high density; MD2 = rotten cow manure / medium density; MD3 = rotten cow manure / low density; SD1 =
enriched straw / high density; SD2 = enriched straw / medium density; SD3 = enriched straw / low density; CARVA =
carvacrol; TRPNOLN = terpinolene; PCYM = p-cymene; ATHU] = a-thujone; TRP40OL = terpinene-4-ol; MECRVA =
methyl ether carvacrol; METHYM = methyl ether thymol; APIN = a-pinene; GTERP = y-terpinene; BBISA = f3-

bisabolene; MYRCE = myrcene; THYM = thymol)
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Table 5a. Variance analysis for EO content (%), EO yield (kg ha-1), and EO chemical compounds (%) in S. Spicigera under dry farming, with different O.F. values and planting

densities
Mean Squares

Seurce of df EO content EO yield a- thujone
Variations %) (kg ha) E- caryophyllene (%) Carvacrol (%) Thymol (%) %) v- terpinene (%)
Year (Y) 1 0.01™ 20640%* 8.51%* 12.91m 64.820 0.06™ 58,720
Y/ rep (R) 4 0.07 32.16 0.02 45.60 10.74 0.08 20.01
Fertilizer (F) 2 3.3%% 2419%* 0.6%** 0.03" 16.12 0.03" 38.3%*
Y/F 2 0.94" 674.2* 0.4%* 0.43m 11.90 0.01m 45.1%*
Y/ F /R. 8 0.25"s 97.34 0.04n 12.20m 10.62"s 0.06™ 2.97"
Density (D) 2 0.11m 3896%** 0.03™ 43.90* 142%* 0.10%* 12.11m
Y/D 2 0.06™ 1348%** 0.07" 7.00™ 15.50ms 0.01s 2.72"s
F/D 4 0.230 444%% 0.4%* 28.4* 57.92* 0.03m 13.4%*
Y/F/D 4 0.05™ 154.21 0.05™ 4.62™ 4.09™ 0.04" 10.71"s
Error 24 0.10 7545 0.04 8.61 48.73 0.04 4.13
CV (%) 9.66 23.04 18.50 12.32 14.9 4.88 1291

* and **, significant differences at the level of 5% and 1% respectively; ns = non-significant; EO = essential oil; O.F. = organic fertilizers; CV = coefficient of variation

325



Yousefi, Sefidkon and Safari Int. J. Hort. Sci. Technol. 2023 10(3): 319-332

Table 5b. Variance analysis of EO chemical compounds (%) in S. Spicigeraunder dry farming, with different O.F. values and planting densities

Mean Squares

Methyl ether thymol

Sources of variation df . cymene (%) %) p- bisabolene (%)  Terpinene- 4- ol (%)  Myrcene (%) Terpinolene (%) a- pinene (%)
Year (Y) 1 81.6™ 0.31m 0.97%* 0.002% 0.02% 0.01™ 3.0
Y/rep (R.) 4 119.7 0.37 0.01 0.00 0.05 0.03 0.06
Fertilizer (F.) 2 31.98m 0.50** 0.00" 0.18** 0.3%** 0.01"s 0.6*
Y./F. 2 3.92m 0.01" 0.00" 0.00" 0.02" 0.00" 0.05"
Y./F./R. 8 31.4m 0.05" 0.00" 0.00" 0.02" 0.01"s 0.07"s
Density (D.) 2 67.59™ 0.40%* 0.01m 0.16%** 0.06™ 0.09* 0.2%*
Y./D. 2 5.12m 0.06™ 0.00" 0.00" 0.01m 0.00 0.12%
F./D. 4 26.22m™ 0.8** 0.00" 0.14** 0.25% 0.06** 0.1%**
Y./F./D. 4 3.98m 0.04" 0.00" 0.00" 0.02" 0.00" 0.3%**
Error 24 20.20 0.12 0.01 0.02 0.07 0.01 0.03
CV (%) 21.02 26.2 13.91 26.07 14.78 24.60 18.69

* and **, significant differences at the level of 5% and 1% respectively; ns = non-significant; EO = essential oil; O.F. = organic fertilizers; CV = coefficient of variation
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Table 6a. Mean comparison of interaction effects of fertilizers and planting densities for the EO content (%), EO yield (Kg ha-1), and EO compounds (%) in S. Spicigera under
dry farming, with different O.F. values and different planting densities. ***, ***

Means+SE
Treatments and .
abbreviations EO content (%) (li?g}l]::lg a-thujone (%) a-pinene (%) Myrcene (%) P- cymene (%) y- terpinene (%)
Farm soil (F.S.) x High 2.78+0.08¢c 32.02+10.30c 0.49+0.11bc 1.20+0.26a 1.38+0.07d 21.16£3.02b 14.86+1.45b
density (H.D.)
F.S. x medium density 2.80+0.17¢ 25.8146.45¢d 1.09+0.10a 0.90+0.09bc 1.82+0.09abc 27.47%1.50a 14.55+1.20b
(M.D.)
F.S. x low density (L.D.) 2.82+0.21c 16.76+6.16d 0.60+0.10bc 1.09+0.16ab 1.65+0.08bcd 19.26+2.02b 18.01+1.31a
Rotten  cow  manure 3.75+0.12a 58.81+11.26b 0.48+0.04bc 0.79+0.08¢ 1.78+0.07abc 21.36+2.45b 14.39+1.35b
(R.M.) x H.D.
R.M. x M.D. 3.60+0.15ab 36.04+6.043¢c 0.78+0.12b 0.83+0.07¢c 1.90+0.03ab 22.8042.78ab 14.66+1.24b
RM. xL.D. 3.43+0.16ab 27.634+6.34d 0.55+0.14bc 0.69+0.20cd 1.58+0.05¢d 20.5542.06b 13.68+0.75b
Enriched straw (E.S.) x 3.49+0.12ab 72.59+19.99a 0.44+0.02¢ 0.93£0.14bc 2.00+0.08a 19.5240.53b 18.39+0.34a
H.D.
E.S.x M.D. 3.20+0.19bc 33.09+8.618c 0.58+0.14bc 0.82+0.16¢ 1.7340.10abc 20.4942.36b 15.35+1.32b
E.S. x L.D. 3.73+0.17a 36.54+8.42¢ 0.55+0.05bc 0.51£0.05d 1.92+0.17ab 19.9242.26b 17.73+1.45a

* The common letters in each column indicate no significant difference; ** a= 0.05; *** (EO = essential oil; O.F. = organic fertilizers; CV= coefficient of variation; F.S. = farm soil; R.M.

= rotten cow manure; E.S. = enriched straw; H.D. = high density; M.D. = medium density; L.D. = low density)
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Table 6b. Mean comparisons of the interaction effects between fertilizers and planting densities for the EO chemical compounds (%) in S. Spicigera under dry farming, with
different O.F. values and different planting densities ***, ***

Means = SE

Treatments and Terpi 4-o0l Methyl eth E hyll - bisabol
abbreviations . o erpinene-4-o ethyl ether ° o - caryophyllene - bisabolene

Terpinolene (%) (%) thymol (%) Thymol (%) Carvacrol (%) (%) (%)
Farm soil (F.S.) x High 0.36+0.05¢ 0.67+0.08bc 1.43+0.08b 29.04+3.33ab 26.54+0.76a 0.94+0.18cd 0.21£0.10ab
density (H.D.)
F.S x Medium density (M.D.) 0.54+0.02a 0.75+0.03a 1.55+0.11a 23.66+1.34cb 25.294+0.58a 0.83+0.13d 0.21£0.09ab
F.S x Low density (L.D.) 0.36+0.03¢ 0.35+0.04bc 1.10+0.17b 33.64+0.88a 19.65+1.47b 1.08+0.06cd 0.24+0.11ab
Rotten cow (R.M.) manure x 0.48+0.05ab 0.44+0.04ab 1.12+0.09b 28.58+2.10abc 25.02+1.05a 1.15+0.21bcd 0.18+0.10b
H.D.
R. M x M.D. 0.40+0.02b 0.35+0.02¢ 1.15£0.13b 28.33+1.02abc 22.7742.12ab 1.52+0.26a 0.26+0.12ab
RM x L.D. 0.29+0.02d 0.44+0.06¢ 1.41+0.18ab 33.6940.585a 23.84+1.92ab 1.01£0.23cd 0.20+0.09ab
Enriched straw (E.S.) x H.D. 0.27+0.02d 0.32+0.01c 0.72+0.01c 24.96+1.31bc 23.3440.72ab 1.31£0.23ab 0.21£0.09ab
E.S x M.D. 0.5340.05a 0.60+0.04a 0.74+0.03¢c 30.45+1.29a 25.41£1.50a 1.10+0.22bcd 0.29+0.13ab
E.SxL.D. 0.44+0.07b 0.35+0.03ab 1.61+0.23a 29.8140.99ab 22.66+1.61ab 1.52+0.22a 0.26+0.12ab

* The common letters in each column indicate no significant difference; ** o = 0.05; *** (EO = essential oil; O.F. = organic fertilizers; CV = coefficient of variation; F.S. = farm soil; R M.=
rotten cow manure; E.S. = enriched straw; H.D. = high density; M.D. = medium density; L.D. = low density)
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Discussion

The main compounds of essential oil were thymol,
carvacrol, p-cymene, and y-terpinene. The results
of previous research (Gokturk, 2021) were
precisely in line with the current results, but some
other results obtained herein were almost similar
to those reported in the literature, for instance, in
the case of carvacrol and carvacrol methyl ether
(Farzaneh et al, 2015), carvacrol, y-terpinene,
carvacrol methyl ether, p-cymene, and f3-
caryophyllene (Bahtiyarca Bagda, 2010).

The fertilizer treatments (i.e. rotten cow manure
and enriched straw) had significant effects on EO
content, EO yield, and several chemical
compounds in the EO. These results were rather
expected because of the greater availability of
organic carbon, some nutrients such as N, P, K, and
more moisture in the organic fertilizer treatments
which led to higher biomass yield and EO
accumulation, thereby confirming previous
results. Skubij and Dzida (2019) reported that the
availability of nutrients significantly affected the
process of EO accumulation in savory plants. In
previous research, the use of cow manure led to a
significant increase in EO yield in summer savory
(Gholami Sharafkhanah et al., 2015) and had a
positive effect on improving the quantitative and
qualitative yield of purple basil (Tehrani Sharif et
al, 2015). EO content and EO chemical
compounds significantly affected savory plants
through the application of organic fertilizers
(Esmaielpour et al, 2018). Also, organic
fertilizers affected EO content and EO yield in
some other medicinal plants (Keshavarz et al,
2019; Giovannini Costa et al., 2013; Anwar et al.,,
2005), which were in agreement with our results.
The effects of organic fertilizers on the production
and changes in EO chemical compounds were
found to be variable. In the case of Satureja
hortensis L., Alizadeh et al. (2009) reported that
the amounts of carvacrol and terpinene increased
by the effect of soil and chicken manure as a
mixture. The organic manure increased the
percentage of a-phellandrene and p-cymene in
Anethum graveolens (Rostaei et al, 2018). In
geranium EO, however, citronellol and geraniol
were not affected by organic fertilizers (Ram et
al, 2003). In dragonhead, the percentages of
geranial and neral increased by the effect of
chemical fertilizers, whereas piperitone content
decreased by the effect of organic manure
(Fallaha et al., 2018).

There is a wide range of differences in the
response of medicinal plant species to the
application of organic fertilizers in terms of EO
production and their chemical compounds. These
differences are mainly related to plant genetics
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and species (Tawfeeq, 2017), the type of chemical
compounds in the EO (Nejatzadeh, 2015), as well
as environmental and ecological conditions (Yang
etal, 2018).

The availability or deficiency of low- or high-
consumption nutrients can be very effective in
determining enzyme activity (Seif Sahandi et al,,
2019), especially in producing chemical
compounds or shifts in parallel reactions.
Nonetheless, they may be ineffective or less
effective in forming other compounds. For
example, the availability of nitrogen reportedly
caused increases in ATP and NADPH, which
subsequently led to an increase in terpenoid
compounds (Nejatzadeh, 2015) but reduced the
sesquiterpenes content (Said-Al Ahl et al.,, 2010;
Poshtdar et al., 2016).

In the current study, the plant density affected EO
yield and some chemical compounds but did not
affect EO yield (%). Callan et al. (2007) reported
that planting density affected the EO yield and EO
compounds of aromatic herbs. Also, there have
been several reports on how planting density
affected EO quantity and quality in different types
of medicinal plants (Berimavandi et al, 2011;
Morteza etal., 2009; Okoh et al., 2008). In Satureja
hortensis, the EO content and EO yield
significantly increased in response to higher
planting densities (Karimi et al,, 2021). In cumin
seeds (Hashemi et al, 2008) and Anethum
graveolens L. (El-Zaeddi et al, 2017), EO
compounds were affected by plant densities.
Nonetheless, in Origanum vulgare, the planting
density did not affect EO compounds
(Tuttolomondo et al, 2016). The response of
plants to density in terms of EO compounds is
variable, however, depending on the plant species
and ecological conditions such as duration,
intensity, direction, and frequency of light (Zoratti
etal, 2014).

Conclusion

The use of rotten cow manure (30 tons ha-1) and
enriched straw by ammonium sulfate (12 tons ha-
1) was found to be suitable for the cultivation of
creeping savory. The treatments assisted in the
increase of EO production and made the
cultivation economical in dryland farming. A high
amount of EO yield (72.59 kg ha—1) was obtained
from enriched straw and by the planting density
of 8 plants per m2 A high percentage of EO
(3.75g/100 g) was obtained from the treatment
of rotten cow manure and by the planting density
of 8 plants per m2,
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