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ABSTRACT. Thymus daenensis Celak. is an endemic medicinal plant in
Iran, with high essential oil content and rich source of thymol. In this study
effect of water deficit stress (normal irrigation, withholding irrigation in start of
flowering and withholding irrigation in vegetative stage) on agro
morphological traits, essential oil content and components were
investigated. Results indicated that measured agro morphological traits with
the exception of leaf and flower weight did not significantly affected by
severity of stress. The highest (0.31 g) and the lowest (0.15 g) of leaf and
flower weight was observed in normal irrigation and withholding irrigation in
start of flowering treatment, respectively. Essential oil content and
constituents with the exception of a-thujene did not affected by water deficit
stress. The highest of essential oil content (4.7 %) was observed in
withholding irrigation in start of flowering treatment. Under all treatments,
oxygenated monoterpenes and thymol were the main class of compounds
and the major constituent of essential oil, respectively. Thymus daenensis
Celak. indicated a good tolerance to water deficit and had a good biomass
and essential oil content in these conditions and so can be a suitable choice
for culture in arid and semi-arid regions.

KEY WORDS: endemic, irrigation, thymol, oxygenated monoterpenes.

INTRODUCTION

Water stress is one of the most important abiotic stresses affect growth and
productivity of plants. Plants responds differently to water stress regarding



78 J. Khorshidi et al.

to genus, species and even variety (Xu et al. 2010). Productivity of plants
under water limited condition differs depends on stress intensity,
developmental stage and duration of stress (Jaleel et al. 2008). There are
various mechanisms such as morphological, physiological and
phytochemical variations to survive under water stress conditions (Bray
1993). Changes in chlorophyll and carotenoids contents and secondary
metabolites including terpenes, phenols, alkaloids and cyanogenic
glycosides are affected by water stress in plants (Anjum et al. 2003; Khalid
2006; Selmar 2008). Understanding the response of plants to water stress
could be helpful to choose preferable genotypes for culturing in these
conditions (Martinez et al. 2007). Iran is located in arid and semi-arid
regions of the world with 250 mm annual average rainfall (Saiedfar &
Mahmoudi 2013). It is expected that the plant species growing under the
arid climate have a great adaptation potential to water limited
environments. Many of the medicinal plants with high economical increment
are low water consuming plants and are proper choices for domesticating
and introducing to agriculture systems. There are abundant studies on the
effects of water stress on biomass and secondary metabolites of medicinal
plants but very limited studies have made on endemic medicinal plant of
Thymus daenensis Celak. Jordan et al. (2003) studied the effects of four
irrigation levels on Thymus hyemalis and reported that the applied irrigation
levels had no significant differences in essential oil yields. Eman et al.
(2008) evaluated different irrigation intervals (3, 5, 7 and 10 days) on plant
growth, essential oil yield and the main constituents of oil in Thymus
vulgaris L. Their results showed that the highest dry matter weight and
thymol percentage obtained in plants irrigated every 3 and 10 days,
respectively. Study the effect of drought stress on dry matter and essential
oil quality in Thymus zygis subsp. gracilis showed that maximum plant dry
matter, essential oil yield and thymol concentration achieved under
moderate watering level (Sotomayor et al. 2004). Another study on Thymus
vulgaris L. indicated that water stress decreased plant height, dry and fresh
weight and also led to increase in thymol percentage and proline content
(Babaee et al. 2010). Thymus daenensis Celak. an endemic species in Iran
(Jamzad 2009) has a proper biomass, high essential oil yield and thymol
percentage and also good adaptation to different climates (Barazandeh &
Bagherzadeh 2007). Due to high thymol metabolite in its essential oil, it is
known as a valuable medicinal plant which is utilized in pharmaceutical,
alimentary and hygienic industries. The raw material of the plant is supplied
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from the wild so it is extremely under overthrow danger. Study on the
effects of different factors on biomass and secondary metabolites are
necessary for domesticating and preservation of this plant. In this study
evaluated effect of three irrigation regimes on essential oil content and
components and also on agro morphological traits of Thymus daenensis
Celak.

MATERIALS AND METHODS

Seed gathering, plant preparation and transplanting

Seeds of Thymus daenensis Celak. were collected from natural habitat (Arak
province) with geographical characteristics: altitude 2032 m, latitude 33° 59' 35",
longitude 49° 32' 56". Seeds sowed in pots containing peat and sand (1:1) and
then were keptin the greenhouse located in agricultural and natural resources
campus, university of Tehran, Karaj, Iran. Average daily temperature and relative
humidity of greenhouse were 20°C and 70%, respectively. Pots were irrigated one
time daily for 4 min with an automatic misting system. About four months after
seeds sowing in greenhouse, seedlings were ready for transplant to the main field
(in this stage seedlings had 8 leaves, 30 April 2013). Soil of field analyzed before
planting and also diagram of monthly mean temperature and rainfall of
experimental region were obtained from nearest weather station (Table 1 and
Figure 1). In the field, seedlings planted with 50 cm space on rows and 50 cm
space between rows.

Table 1. Physical and chemical characteristics of field soil.

EC (ds/m) Fe (mg/kg) Zn (mg/kg) Mn (mg/kg) Cu (mg/kg)
1.42 7.5 2.34 23.2 2.28

Soil texture  Lime (%) Sand (%)  Clay (%) __ Silt (%)

Clay Loam 8.7 36 30 34
pH N (%) C (%) P (mg/kg) K (mg/kg)
7.7 0.09 0.64 53.1 390

Experimental design, water deficit treatment and harvesting of plants

The experiment was run as randomized block design with three replications. Nine
seedlings were planted in each plot. Seedling irrigated regularly (once per week)
until reached to 12 leaves stage. Three irrigation treatments were including: normal



80 J. Khorshidi et al.

—dk— Monthly mean temperature (° C)
30,0 : 50,0
—&— Monthly mean rainfall (mm)

45,0
40,0
35,0
30,0
25,0
20,0
15,0
10,0
5,0
= 0,0

Figure 1. Monthly mean temperature and rainfall in experimental region.

irrigation (once per week irrigation until full bloom, 110 days after planting),
withholding irrigation in start of flowering (90 days after planting) and withholding
irrigation in vegetative stage (12 leaves stage, 70 days after planting). Fifteen
plants from each treatment (5 plants from each replicate belonging to each
treatment) were harvested at the full bloom stage (about 3.5 months after
transplanting, 16 July 2013) and dried in room temperature (24 °C) and then were
measured dry matter yield and their agro-morphological traits that mentioned in
Table 2 and Table 3. The number of essential oil glands per leaf was determined
using the visually method at x60 magnification (Figure 2).

Essential oil isolation, GC and GC/MS analysis

Plant samples powdered and essential oils were obtained by conventional hydro
distillation method (by Clevenger) for 3 hours (Rustaiee 2009; Rustaiee et al.
2010). Essential oils dehydrated using anhydrous sodium sulfate and yield of
essential oils were calculated (v/w). Essential oils kept in dark glass and stored at 4
°C until analysis. Analyses of essential oils were done by GC and GC-Mass. Gas
chromatography carried out using TRACE GC with DB-5 column (30 m length, 0.25
mm diameter and 0.25 pym film thickness); Oven temperature was kept at 60 °C for
1 min initially and then raised with rate of 5 °C/min to 250 °C and kept for 10 min in
this temperature. Injector and detector temperature were 250 and 280 °C,
respectively. N, was used as carrier gas with flow rate 1.1 mm/min. Peaks area
percent were used for obtaining quantitate data. Gas chromatograph was coupled
to a quadruple mass spectrometer with ionization temperature 200 °C, ionization
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Figure 2. Essential oil glands of Thymus daenensis Celak.(x60 magnification).

voltage 70 eV and used Helium as carrier gas with flow rate 1.1 ml/min. Retention
indices were obtained for all components using a homologous series of n-alkanes
injected in conditions equal to samples ones. Identification of essential oil
components was accomplished based on comparison of their retention times with
those of authentic standards.

Analyses of data were done using SPSS 21. Duncan’s multiple range test at p <
0.05 were used for mean comparison of data.

RESULTS AND DISCUSSION

Effect of water deficit stress on agro morphological traits

Results indicated that water deficit did not effect on some of agro
morphological traits such as length of flower stem, length of inflorescence,
diameter of inflorescence, number of flower in inflorescence, length of
flower, number of internode, length of leaf, width of leaf, leaf area, length of
internode, diameter of stem, stem weight and dry matter yield. In the other
hand, leaf and flower weight was significantly affected by water deficit
stress (Table 2). Our results were in contrast with previous findings which
obtained in other medicinal and aromatic plants (Delfine et al. 2005;
Dunford & Vasquez 2005; Khalid 2006; Bettaieb et al. 2009; Babaee et al.
2010; Alkire et al. 1993; Farooqi et al. 1999; Eman et al. 2008; Baghalian et
al. 2011). The highest of stem weight and also leaf and flower weight were
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obtained in normal irrigation, whereas the highest of length of internode and
diameter of stem were observed in withholding irrigation in start of flowering
and withholding irrigation in vegetative stage, respectively. However dry
matter yield decreased with the severity of stress, but decrease in dry
matter with the severity of stress was not significant. The highest and the
lowest dry matter yield were obtained in normal irrigation and withholding
irrigation in vegetative stage, respectively (Table 3). Water deficit stress
influence cell deviation and elongation, which consequently decreases
stem height, leaf area and plant biomass (Dadrasan et al. 2015). The
reduction in leaf area in plants under water deficit stress occurs to decrease
water loss through transpiration (Jahansouz et al. 2014). In water deficit
conditions, uptake of nutrient elements decreases, which reduces the dry
matter yield (Diaz-Lopez et al. 2012). It seems this plant has a good
tolerance to water stress and can be suitable growth and biomass
production in these conditions. This finding that Thyme species are adapted
species to drought conditions is agreement with Jordan et al. (2006)
findings in study conducted on Thymus vulgaris L. Correlation between
agro morphological traits, dry matter yield and essential oil content was
showed in Table 4. We noted that there is no strong correlation between
dry matter yield with others agro morphological traits. This result is in
consistent with Aflakian et al. (2012) who demonstrated that was not
significant correlation between dry matter yield in Thymus daenensis Celak.
with stem length, inflorescence length and number of flower in
inflorescence. But found a positive correlation (r= 0.486 at p< 0.05)
between essential oil content and length of internode. So, length of
internode could be considered as an indicator for the indirect selection and
breeding of this plant. Also we observed a strong negative correlation
between numbers of essential oil glands in leaf with length of flower stem
(r=-0.439 at p< 0.05), stem diameter (r= -0.624 at p< 0.05) and leaf area
(r=-0.617 at p< 0.05). This result was in contrast with findings of Azizi et al.
(2012) who reported that there was a strong positive correlation (r= 0.585 at
p< 0.05) between stem diameter with essential oil content in Origanum
vulgare L. Essential oil glands in Thymus daenensis Celak. are more often
located on flowers and leaves (Rustaiee 2009).We noted that larger leaves
had fewer numbers of essential oil glands. Whereas stem of this plant have
a fewer number of essential oil glands compared to flowers and leaves, so
plants with higher stem length and diameter had fewer essential oil glands.
Agro-morphological traits with a high correlation to the biomass, essential
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oil content and components could provide a useful tool for the indirect
selection in breeding of medicinal plants before extraction and analysis of
essential oils.

Changes in glands number and essential oil content affected by water
deficit stress

The major content of essential oil in Thymus daenensis Celak. is produced
in essential oil glands which are located in different organs. Microscopic
study indicates that major of these glands exist on leaves, followed by
flowers and stem (Rustaiee 2009). It seems increase in gland number
cause in increase of essential oil content. We noted that water deficit stress
affected number of these glands, but this effect was not significant. The
highest and the lowest essential oil glands were observed in withholding
irrigation in start of flowering and normal irrigation, respectively (Table 3).
Indeed, gland number increased with moderate stress but decreased with
the severity of stress from moderate to severe. Similar to number of
essential oil glands, water deficit stress did not significantly effect on
essential oil content. This result is in line with the results of Jordan et al.
(2003) in Thymus hymalis and Khazaie et al. (2008) in Thymus vulgaris L.
and Hyssopus officinalis who reported that water deficit stress had no
significant effect on essential oil content. But our result was in contrast with
results of Bahreininejad et al. (2014) in Thymus carmanicus, Vazin (2013)
in Cuminum cyminum, Baher et al. (2002) in Satureja hortensis L. and
Laribi et al. (2011) in Carum carvi who showed that essential olil
percentage increased with the severity of water stress. However similar to
essential oil gland number, the highest essential oil content was obtained in
withholding irrigation in start of flowering, but these changes were not
significant. Essential oil content of Pelargonium graveolens L. grown under
moderate drought stress was higher than plants grown under well water
irrigation and severe drought stress (Amiri et al. 2017). Overall, in most
medicinal plants, moderate stress increases the essential oil content, but
sever stress with negative influence on photosynthesis and primary
metabolite production, reduces essential oil yield (Farsi et al. 2017).

Effect of water deficit stress on essential oil components

GC and GC/MS chromatogram of Thymus daenensis Celak. essential oil
has been shown in Figure 3. In totally, thirty compounds were identified in
Thymus daenensis Celak. essential oil, which thymol was the major
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Figure 3. GC (A) and GC/MS (B) chromatogram of Thymus daenensis Celak.
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compound with 64 to 73% under withholding irrigation in start of flowering
and normal irrigation, respectively (Table 5). Other compounds were noted
such as carvacrol, p-cymene, trans-caryophyllene and y-terpinene. Our
results were agreement with some of other studies (Sajjadi & Khatamsaz,
2003; Barazandeh & Bagherzadeh, 2007; Rustaiee et al. 2010) who
reported that thymol was the major constituent of essential oil in this plant
species. Also we noted that all constituents with the exception of a-thujene
did not affected by water deficit stress, significantly. The highest (1.03 %)
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and the lowest (0.73 %) of a-thujene were observed in withholding irrigation
in start of flowering and withholding irrigation in vegetative stage,
respectively. Similar to our findings, Bahreininejad et al. (2014) reported
that thymol content of Thymus carmanicus was not significantly affected by
water stress. But in contrast with our results, Aziz et al. (2008) and also
Letchamo & Gosselin (1995) demonstrated that thymol content of Thymus
vulgaris L. increased with the severity of stress. The main class of
compounds was oxygenated monoterpenes under all of treatment levels,
followed by monoterpene hydrocarbons (Table 5). The highest
monoterpene hydrocarbons (16.98 %) and sesquiterpenes hydrocarbons
(6.97 %) were identified in withholding irrigation in start of flowering,
whereas the highest quantity of oxygenated monoterpenes (80.67 %) and
oxygenated sesquiterpenes (1.76 %) were identified in normal irrigation and
withholding irrigation in vegetative stage, respectively (Figure 4). It has
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= hdonoberpene hydrocarbons
# Oy genated monoterpenes

Sesquiterpenes hydrocarbons
5 Oxygenated sesquterpenes

Stop irrigation in Stop irrigation in Normal #rigation
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Figure 4. Comparison of essential oil components in Thymus daenensis
Celak. under different irrigation treatments.

been suggested that changes in main class of compounds can be different
related to severity of stress. Some of these compounds decreased with the
severity of stress, but some of others increased with raising stress level.
We noted a strong negative correlations between thymol and carvacrol (r= -
0.759 at p< 0.05) and also between thymol and trans-caryophyllene (r=
0.959 at p< 0.05). These findings were similar to results of Yavari (2009) in
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Thymus migricus Klokov & Des —Shost and Rustaiee (2009) in Thymus
daenensis Celak. Thymol is an isomer of carvacrol and therefore increase
in thymol content is associated with decrease in carvacrol and decrease in
thymol content is giving rise in carvacrol content. Whereas thymol is a
monoterpene and trans-caryophyllene is a sesquiterpene with same
precursor but with two different biosynthesis pathways, so negative
correlation between these two components can be correct.

CONCLUSION

Our results indicated that Thymus daenensis Celak. is a tolerant plant
species to water deficit stress, with high essential oil content and also a rich
source of thymol. Agro morphological traits with the exception of leaf and
flower weight did not significantly affected by severity of stress. The highest
of dry matter yield and essential oil content were obtained in normal
irrigation and withholding irrigation in start of flowering treatments,
respectively. As well as there was no significant correlation between yield
and other traits. Essential oil constituents with the exception of a-thujene
did not affected by severity of stress in this plant species. The main class of
compounds and the major constituent of essential oil in all of treatment
were oxygenated monoterpenes and thymol, respectively. On base these
results, it has been suggested that this plant species is a suitable choice for
culture in arid and semi-arid regions.
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