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SUMMARY 

Thymus vulgaris is an important medicinal plant across the world that has 
been grown in Iran since ancient times. To study the effect of foliar application of 
salicylic acid (SA) on the yield and phytochemical compositions of T. vulgaris, 
an experiment was conducted in Qazvin in 2017. A factorial experiment based on 
a randomised complete block design was conducted with three replications. 
Treatments of SA (0, 100, 150 and 200 mg/L) were applied from the period 
before flowering until the early stages of flowering under well-watered and 
withholding irrigation conditions. The results showed that SA had a significant 
effect on the yield and phytochemical compositions of T. vulgaris under both 
irrigation regimes. SA foliar application led to an increase in total dry matter. The 
highest total dry matter (1958.83 kg ha-1) was obtained by applying 200 mg/LSA 
under normal irrigation. The effect of foliar application of SA on the essential oil 
content of T. vulgaris was influenced by the irrigation regime. The highest 
essential oil content (2.66%) was obtained by applying a foliar spray of 100 
mg/LSA under withholding irrigation conditions. Thymol, carvacrol, p-cymene, 
linalool and γ-terpinene were identified as the main essential oil compounds. The 
highest thymol content was obtained by foliar application of 200 mg/LSA under 
withholding irrigation conditions. Our results demonstrate that foliar application 
of SA reduced the negative effect of water deficit on T. vulgaris and increased 
yield and thymol content. SA foliar application is a simple, eco-friendly and 
relatively commercially viable method of increasing yield and the synthesis of 
phytochemicals; therefore, it may be used to improve the dry matter and quality 
of the essential oils of thyme plants. 
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INTRODUCTION 
Thyme is one of the 8 most important members of the Lamiaceae family. 

More than 360 species of thyme grow in the world, and one of the most important 
species that commonly cultivated in the world is Thymus vulgaris (Lawrence and 
Tucker., 2002; Zarzuelo and Crespo., 2002). Annual global production for dry 
matter and essential oils from thyme are estimated around 1500 and 30 tons, 
respectively. Mediterranean with a value of US$ 1.5 million is the main region of 
production thyme products. Thyme cultivation area in Iran has been reported to 
be 50 ha with the estimated annual production of 270 tons per year (MAJ., 2015; 
McGimpsey., 1993) 

T. vulgaris is one of the medicinal plants, native to southern Europe, and 
has a worldwide distribution (Hosseinzadeh et al., 2015), and in addition to 
higher quantity and quality of essential oils (higher percentage of essential oil and 
thymol and carvacrol compared to other species), it also has a relatively 
widespread distribution in the world, which shows the adaptation and tolerance of 
the plant to different environmental conditions. This plant's valuable essential oils 
are of great importance in the pharmaceutical, cosmetic and perfumery industries, 
and also in preparation of spices (Nickavar et al., 2005). 

T. vulgaris, genetically, morphologically and phytochemically has a very 
high diversity (Nielsen et al., 2017). Phytochemical constituents of thyme mainly 
consist of monoterpene, sesquiterpene and phenolic compounds (Hosseini et al., 
2015; Ebadollahi., 2018). Previous research shows that essential oil compositions 
in thyme mainly consist of thymol, carvacrol, p-cymene and c-terpinene, and 
their quantity changes when affected by environmental stresses (Khalil et al., 
2018; Mohammadi et al., 2019).  

Therefore, achieving the best culture environment by enhancing the 
performance and active components is one of the most important purposes in the 
cultivation of medicinal plants (Jaafar et al., 2012). Drought as one of the most 
important abiotic stresses, and it is a very serious threat to the agricultural 
industry worldwide, which usually reduces growth, yield and also causes 
physiological and phytochemical changes (Karim et al., 2015). Improving the 
drought tolerance is one of the proposed methods to cope with the drought 
problem that it complies with economic demands, so that plants have the 
minimum need for water and maximum production in a drought condition. Due to 
some secondary metabolites and morphological characteristics, medicinal plants 
have the potential to withstand more stress compared to other plants and they are 
a suitable choice for cultivation under stressful conditions (Akula and 
Ravishankar., 2011; Isah., 2019). 

One of the most important techniques to increase the rate of accumulation 
of phytochemicals compounds such as percentage and constituents of essential 
oils is the use of growth regulators under drought stress (Yucel Candan and 
Heybet Elif., 2016; Khalil et al., 2018). 

External usage of growth regulators has been studied as a method to reduce 
the negative effects of drought stress and increase the plant compatibility (Khan 
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et al., 2015; Abbaspour and Babaee., 2017). Salicylic acid or orthohydroxy 
benzoic acid is one group of the plant growth regulators which is available 
throughout the plant dynasty. This growth regulator belong to a diverse group of 
plant phenols which has an aromatic ring with a hydroxyl group and is effective 
on many physiological processes of plants (Tripathi et al., 2019). The effects of 
SA and its key roles in the regulation of different physiological processes of the 
plant have been examined in various studies (Belt et al., 2017). 

Given that SA plays an important role in plant growth and increasing 
performance, recently the use of SA has been increased in raising the resistance 
of the plant against biotic and abiotic stresses (Sawada et al., 2006; Rivas-San 
Vicente and Plasencia., 2011; Liu et al., 2015; Shahmoradi and Naderi., 2018). 
Many reports have shown that SA at low concentrations usually increases 
photosynthesis (Stevens et al., 2006), uptake and transfer of nutrients, 
photosynthetic pigments (Mohammadi et al., 2019), activity of antioxidant 
enzymes (Ananieva et al., 2004; Alam et al., 2013; Habibi., 2017), 
phytochemicals compounds especially phenolic compounds (Khan et al. 2015; 
Khalil et al., 2018), essential oil content (Kovácik et al., 2009; Khalil et al., 
2018), tolerance to oxidative stress and decreases osmotic stress (Nazar et al., 
2011), results of these studies suggest that exogenously applied SA can reduce 
drought stress impact on plants. 

The effects of foliar application of SA, to a great extent, depends on 
genetics and the environmental factors (Idrees et al., 2011), and also on the 
applied method and concentration level (Horváth et al., 2007). Some studies show 
that foliar application of SA has an impact on effective compounds especially the 
percentage and composition of essential oils of oleoresins in Pinus elliottii 
(Rodrigues and Fett-Neto., 2009), triterpenes in Nigella sativa (Elyasi et al., 
2016), Ocimum basilicum L. (Mirzajani et al., 2015), and Rosemary (El-Esawi et 
al., 2017). 

The purpose of the present study was to evaluate the effect of foliar 
application of SA on the improvement of yield and the phytochemical 
constituents of T. vulgaris under water stress. 
 

MATERIAL AND METHODS 
The experiment was conducted at the research field of Qazvin, Iran, during 

2017. The factorial experiment was conducted in the frame of randomized 
complete block design with three replications. The first factor was the irrigation 
regimes (well-watered and withholding irrigation) and the second factor was the 
foliar application of salicylic acid (0, 100, 150 and 200 mg/L). 

The application of the treatments was before flowering until early stages of 
flowering at 70 days after transplanting seedlings into the field. The soil moisture 
content of all plants was maintained at the field capacity (FC) level before starting 
the withholding irrigation treatment. From pre-flowering phase until early stage of 
flowering (when 50% of the plants entered this stage), withholding irrigation was 
applied, while well-watered plants were irrigated to 80% of field capacity. The 
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moisture content of the soil was measured in each plot using TRIME-TDR 
(Bahreininejad et al., 2013; Mohammadi et al., 2019). From this point on, water 
stressed plants were no longer irrigated, while well-watered plants were further 
irrigated until the early stages of flowering. A total of three sprays of SA were 
carried out. SA was applied using a hand sprayer until the solution began to drip 
off leaves at sunset. The plots not receiving SA was treated similarly with 
equivalent amount of distilled water. 

The seeds of the T. vulgaris German cultivar ‘Deutscher Winter was 
purchased from a Pakan Seed Company, Isfahan, Iran. The seeds were planted 
into plastic pots (20cm in length and 25 cm in diameter), which were filled with 
sandy loam soil, pH: 7.2, and kept under light/dark cycle conditions of 16/8 h 
maintained at 23 °C and 73% relative humidity placed in a greenhouse. Then, 
when seedlings reach a height of 12–15 cm, they are transplanted to a field. Each 
experimental plot had three rows with 3 m length and 50 cm distance between 
rows and 30 cm the distance of seedlings on the planting rows. Results of the 
physical and chemical analysis of the field soil (0–30 cm depth) described in 
Table 1. The plant shoots were removed from each treatment at 50% flowering 
stage, Harvested tissues were weighed and dried at 40 ◦C in a forced air oven for 
48h.Plant dry weight, and total phenol and essential oil were extracted and 
measured.  
 
Table 1. Physical and Chemical analysis of the field soil (0–30 cm depth). 

EC 
(dSm-1) pH 

Organic 
matter 

(%) 

Nitrogen 
(%) 

K 
(mg/kg) 

P 
(mg/kg) Texture Sand 

(%) 
Loam 
(%) 

Clay 
(%) 

2.12 7.2 0.61 0.07 139 12.2 Loam 32 38 30 

 
Total phenols content 
Folin-Ciocalteu reagent is used to estimate the total phenols. First, exactly 

0.5 g of the sample is grinded in 10-time volume of 80% ethanol by a pestle and 
mortar. Then, the homogenate is centrifuged at 10,000 rpm for 20 min and the 
supernatant is collected. The residue is then re-extracted with five times the 
volume of 80% ethanol. In the next step, the supernatant is centrifuged and dried 
by evaporating. The residue is dissolved in a certain volume of distilled water (5 
ml). Then, different volumes (0.2 to 2 ml) of residue are combined with water in 
the test tubes. The volume of the resultant mixture in each tube should be 3ml. 
Next, 0.5 ml of Folin-Ciocalteu reagent is added to the mixture. After 3 min, 2ml 
of 20% Na2CO3 solution is added to each tube and the mixture is mixed rapidly. 
Then the tubes are placed in the boiling water for exactly one min. The 
absorbance is measured at 725 nm against a reagent blank after cooling the 
mixture. Finally, different concentrations of Gallic acid are used to prepare a 
standard curve (McDonald et al., 2001).  
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Measuring the yield of essential oil  
The aerial parts of each treatment were dried immediately at room 

temperature in shade, and then the yields (w/w %) of oils were determined by 
using of Clevenger Apparatus. The essential oil extraction time was the same for 
all samples as 2-3 h. The essential oil was dried by anhydrous sodium sulfate, 
then weight of the pure essential oil was determined, and its value was calculated 
according to its weight to the dry weight of the plant sample (w/w %). Finally, the 
obtained essential oils kept in dark sealed vials at 4 ºC until analysis.  

Identifying essential oil compounds 
GC-FID analyses of the available compounds in essential oil were carried 

out using a Thermoquest-Finnigan instrument. The analyses were performed on 
DB-5 fused silica capillary column (30 m × 0.25 mm i.d., film thickness 0.25 
µm). The carrier gas was nitrogen at a constant flow rate of 1.1 mL per min. The 
oven temperature program was set 60 (the initial temperature of the oven)-250 ºC 
at the rate of 5 ºC/min and held isothermally for 10 min at the final. The injector 
and detector (FID) temperature were set at 250 ºC and 280 ºC. The split ratio was 
set at 100:1. GC-MS analyses were performed on Thermoquest-Finnigan Trace 
GC-MS instrument equipped with the same gas chromatography condition as 
mentioned for GC. The carrier gas was helium at the flow rate of 1.1 mL per min 
with the split ratio at 100:1. The transfer line and ion source temperature were set 
at 200 ºC and 250 ºC, respectively. There was a mass spectrometer with 70 eV 
ionization supply voltage. 

Statistical analysis  
The collected data were analyzed using SAS 9.1 software. The mean 

interactions were also compared through the Student-Newman-Keuls test at 5 % 
level using MSTATC software. 

 
RESULTS AND DISCUSSION 

Total dry matter 
Based on the results of analysis of variance (ANOVA) showed that the 

interaction effect of irrigation regimes and foliar applications of salicylic acid has 
significant effect on a dry matter of the foliage (Table 2). Results of mean 
comparisons are presented in Figure 1. The results showed that the highest 
amount of dry matter was obtained, in the normal irrigation conditions and foliar 
application of 200 mg/L SA, that increased by 25 % compared with, under 
withholding irrigation conditions and without foliar application of SA (Figure 1). 
Exogenous SA application significantly increased dry matter in both irrigation 
regimes.  

Increment in dry matter is probably due to increased stabilization of CO2 
by exogenous SA application, which in different physiological processes, such as 
the increase in photosynthetic pigments, promote Rubisco activity, it is ultimately 
providing more ATP and NADPH and stabilizing carbon and producing more 
assimilate (Athar and Ashraf, 2005; Lawlor and Cornic, 2002). 
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Table 2. Analysis of variance (ANOVA) of the effect of  salicylic acid and  
irrigations regimes  on  Thymus vulgaris 

Traits Mean squares for source of variation 
Block Factor a 

(irrigation 
regimes) 

Factor b 
(application 
of salicylic 
acid) 

Interactio
n a×b 

Error 

d.f 2 1 3 3 10 
Total DM 2097.55ns 254018.95** 74772.84** 4987.10* 1029.31 
Essential oil 
yield 0.0017ns 1.05** 0.07** 0.03** 0.001 

Total Phenol 0.08ns 287.22** 18.27** 7.23** 0.28 
Note: *: Significant at the 0.05 probability level; **: Significant at the 0.01 probability 
level; ns: Not significant. 

 
 

 
Figure 1: The effects of exogenous application of salicylic acid on total DM of 

Thymus vulgaris under water stress conditions. 
 
Given that SA facilitates absorption of nutrients, it has a positive role in 

photosynthesis and photosynthetic enzymes, therefore it was expected that plants 
treated with salicylic acid lead to higher dry matter whether under stress 
condition or non-stress condition. The increase of dry matter with foliar 
application of SA under abiotic stress was reported on barley (Habibi., 2011), 
fennel (Askari and Ehsanzadeh., 2015), Thymus kotschyanus and Thymus 
vulgaris (Khalil et al., 2018; Mohammadi et al., 2019). The increase in dry mass 
of water-stressed plants in response to SA may be associated to the induction of 
antioxidant responses that protect the plant from stress damage (Singh and Usha., 
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2003). It is also reported that salicylic acid increases the amount of lignin in the 
cell wall structure, which can be a factor in increasing plant biomass weight 
(Hayat et al., 2010). The ability of SA to increase plant dry mass, negating the 
adverse effects of withholding irrigation, may have significant contributions in 
improving plant growth and overcoming the yield barrier arising from conditions 
of limited water availability. 

 
Essential oil content  
The results of analysis of ANOVA showed that the interaction effect of 

irrigation regime and foliar application of SA has a significant effect on content 
of the essential oil of the leaves (Table 2). According to the results, the highest 
content of essential oil (2.66%) was obtained in withholding irrigation and foliar 
application of 100 mg/LSA, and the lowest content (2.003%) was obtained in 
non-water stress condition and foliar application of SA, but no differences were 
observed between SA concentrations (Figure 2). The content of essential oil was 
higher under withholding irrigation condition compared to non-stress conditions. 

 
Figure 2: The effects of exogenous application of salicylic acid on essential oil 

yield of Thymus vulgaris under water stress conditions 
 
The increase in essential oil content of the thyme leaves under the 

withholding irrigation was reported by Simon et al. (1992). The essential oil 
accumulation by withholding irrigation act as a defense mechanism and it is also 
because of the increase in the number of glands in the leaves (Simon et al., 1992). 
Our results indicate, essential oil content increased with increasing SA 
concentration and water deficit severity. Increase in content of essential oil by 
foliar application of SA can be due to increased nutrient absorption, increased 
number of glands of essential oil accumulation, increased synthesis of 
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monoterpenes, that was conducted in previous studies on T. vulgaris (Khalilet al.,  
2018; Mohammadi et al., 2019) basil and marjoram (Gharib, 2007) and Mentha 
piperita (Saharkhiz and Goudarzi, 2014). In general, in the present experiment, 
the highest percentage of essential oil was obtained under withholding irrigation 
and foliar application of 100 mg/L SA. This achievement might be important 
from economically point of view for thyme essential oil production. 
 

Content of total phenol 
The results of ANOVA indicated that interaction effect of irrigation 

regimes and foliar application with SA had a significant impact on total phenol 
content (Table 2). The highest total phenol content of 18.431 mg GAE/g DW was 
observed under withholding irrigation and 200 mg/LSA foliar application which 
was 58% higher than the control treatment (Figure 3).  

 
Figure 3: The effects of exogenous application of salicylic acid on total phenol of 

Thymus vulgaris under water stress conditions. 
 

Phenolic compounds are an important group of secondary metabolites in 
medicinal plants that act as an antioxidant under environmental stress and its 
quantity usually increases in most plants (Agati and Tattini, 2010).The results of 
this experiment showed that withholding irrigation increased the amount of 
phenolic content. However, this increase was greater with SA foliar application. 
Similar results were reported by Khalil et al. (2018) on T. vulgaris.  

In order to cope against withholding irrigation, plants increase the 
synthesis of secondary metabolites like phenol, which have an antioxidant role. 
SA is known to potentially generate a wide array of metabolic responses in 
plants, and affect a range of plant functions, including plant phenol content 
(Hayat et al., 2010). An increased synthesis of this compound in SA was also 
reported by other researchers (Dihazi et al., 2003; Mendoza et al., 2018; 
Mohammadi et al., 2019). Increase in total phenol occurs by inducing 
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Phenylalanine ammonia-lyase enzyme and Tyrosine ammonia-lyase which are 
key enzymes in the synthesis of this compound in salicylic acid (Beaudoin-Eagan 
and Thorpe, 1985). 
 

Essential oil constituents 
According to the results of GC-MS analysis, 14 compounds were 

identified. The main constituents included thymol, γ-terpinene, carvacrol, 
geranial, ρ-cymene (Table 3). Foliar application of SA and withholding irrigation 
conditions resulted in a significant increase in the amount of thymol compound at 
both irrigation levels. The highest amount of thymol was observed in withholding 
irrigation condition with foliar application of 200mg/LSA, and the lowest amount 
was observed in the normal irrigation and without SA application (Table 3). 

Foliar application of SA and withholding irrigation decreased the amount 
of γ-terpinene compound. The highest amount of this compound was obtained as 
16.11% in non-water stress without foliar application of SA. In non-stress 
condition, foliar application of SA increased the ρ-cymene compound, but under 
withholding irrigation condition, foliar application of SA decreased content. The 
highest amount of α-terpineol was obtained by the foliar application of 150 
mg/LSA and under non-stress conditions, but under withholding irrigation it was 
obtained by 200 mg/L foliar application. Also, SA foliar application significantly 
increased this compound under normal conditions. The highest value was 
obtained as 5.79% in the foliar application of 150 mg/LSA. 

The result indicated that main constituents included thymol, γ-terpinene, 
carvacrol, geranial, ρ-cymene (Table 3). There have already been numerous 
reports that the main constituents in the Thyme plants are thymol, p-cymene, 
carvacrol, and β-caryophyllene (Dehghani Mashkani et al., 2018; Mohammadi et 
al., 2019). 

The results indicated that there is a variation in essential oil compounds in 
the studied treatments. Thymol was the most abundant compound detected in 
essential oil.  Thymol content increased with increasing SA concentration and 
water deficit stress. In previous studies increase in thymol amount has been 
reported under water deficit stress (Bahreininejad et al., 2014; Askary et al., 
2018; Mohammadi et al., 2019). 

A decrease of γ-terpinene was reported with withholding irrigation and 
foliar application of SA on T. vulgaris (Khalil et al., 2018). 
The carvacrol significantly decreased under withholding irrigation condition, 
which other researchers have found similar results on T. vulgaris (Letchamo et 
al., 1995) and T. hyemalis (Aziz et al., 2008). The essential oil compounds had 
different reactions to withholding irrigation and foliar application of SA. So that 
foliar application of SA with a high concentration of 200 mg/L led to a significant 
increase in the compound of oxygenated monoterpenes. Almost all the 
compounds obtained from this treatment that was at value of 99.92 in this group. 
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CONCLUSIONS 
Foliar application of SA at moderate concentrations increased dry matter 

yield, essential oil content and some essential oil compounds of Thymus vulgaris 
the foliage under withholding irrigation conditions. Foliar application of SA (100 
mg/L) increased dry matter yield and essential oil content under withholding 
irrigation, application 200mg/L SA, increased the most important essential oil 
compounds involving thymol. Overall, the present study revealed that exogenous 
SA application could overcome the adverse effects of withholding irrigation by 
further accumulation of phytochemical composition, acting as osmotic and 
metabolic regulators or substrates and in a part as cell component stabilizers. In 
general, it can be mentioned that the application of low and highest 
concentrations of SA improves yield and its high concentration increases some 
active compounds in T. vulgaris. 
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