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ABSTRACT

Environmental factors affect the genotype and determine growth and active substances in medicinal plants.
Nutrients are one of the most important environmental factors. A greenhouse experiment was conducted to
evaluate the effect of nitrogen, phosphorous and potassium fertilizers on qualitative and quantitative
characteristics of garden thyme. N, P2O5 and K2O were applied together in a 1:1:1 ratio with six levels (0, 25,
50, 75, 100 and 125 mg/kg soil of pot) in a randomized complete block design with three replications.
Fertilizer treatments showed significant differences. The maximum shoot height (38.37 cm) was achieved on
50 mg. The highest green herb weight (42.78 g/plant) and drug herb weight (11.92 g/plant) were observed in
100 mg which were not significantly different when compared to 75 mg. Essential oil percentage was
maximum (0.73%) in 100 mg which was not significantly different when compared to 50 and 75 mg. The
highest essential oil content (86.98 mg/plant) was shown in 100 mg. Total phenolic content was maximum
(22.52 mg GAE/g dw) in 50 mg.
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Introduction

Nutrients as one of the most important
environmental factors affect qualitative and
quantitative characteristics of medicinal plants.
Thyme (Thymus vulgaris L.) is a herbaceous
perennial plant belonging to the Lamiaceae family.
The plant is native to the western Mediterranean
region and southern Italy [20]. There are 350 species
of thyme cultivated all over the world [31]. The
green part of thyme plant constitutes the most
popular herbal medicine and spice, used in all
developing countries. The beneficial effects of thyme
are well known from ancient times and consumption
of its extract is recommended all over the world [1].
It is considered as the main ingredient of many
phytopreperations and commonly used as water
extracts for its pharmacological activities and thus,
have a very important role in phytotherapy [30].
Recently, thyme has become one of the most

important medicinal plants used as a natural additive
in poultry and livestock feeding studies [6,13]. Such
studies have shown that thyme plant could be
considered as an alternative natural growth promoter
for poultry instead of antibiotics [21].

Essential oil content of thyme have been
reported from 0.32% [26] to 4.9% [8]. Thymol and
carvacrol, which are the principal constituents of
thyme oil [3] have been reported to act as
antioxidant [19], antimicrobial agent [9,29], antifungal
agent [18] treatment for respiratory tract diseases
[15], wound healing, a stomachic carminative,
diuretic, urinary disinfectant and vermifuge [7].

The composition and quantity of essential oil
from a particular species of thyme plant could be
markedly affected by harvesting season [3],
geographical environment and other agronomical
factors [17,22]. 

The published results reveal that major volatile
constituents obtained from the aerial parts of the
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plant are geranial, linalool, carvacrol, thymol and
trans-thujan-4-ol/terpinen-4-ol [23,25,27,28]. In
samples of thyme were collected during the flowering
period in eastern Morocco (Taforalt) in May,
essential oil yield was 1.0% and camphor (38.54%),
camphene (17.19%), α-pinene (9.35%), 1,8-cineole
(5.44%), borneol (4.91%) and β-pinene (3.90%) were
the major oil components [14]. Howewer,
characteristic compounds of T.vulgaris essential oil
are thymol (44.4 – 58.1 %), p-cymene (9.1-28.5%),
γ-terpinene (6.9 – 18.9%) and carvacrol (2.4-4.2%)
[4,5,10,11].

Various organic fertilizers were applied in North
Sinai, Egypt and major components of essential oils
were thymol (34.50-71.12%) and limonene (0.69-
30.30%) [2]. In another experiment in Cairo, Egypt
several organic fertilizers were used to grow the
plant, and thymol (44.12-52.10%) and P-cymene
(23.14-30.50%) were the main compounds of the oil
[12]. 

Nitrogen, phosphorous and potassium are macro
nutrients and affect the growth, protein synthesis,
reactions, development and reproduction. This study
focuses on effect of these elements on growth and
active substances of garden thyme grown under
greenhouse conditions.

Materials and Methods

Chemical reagent:

G a l l i c  a c i d  m o n o h y d r a t e  ( 3 , 4 , 5 -
Trihydroxybenzoic acid), Sodium carbonate and Folin
Ciocalteu reagent were purchased from Sigma
chemical Co. (St. Louis, USA). Acetone was
purchased from Merc Co. (Darmstadt, Germany).

Plant material and experimental condition:

This study was conducted on experimental
greenhouse of Islamic Azad University, Firoozabad
Branch, Iran (28°35' N, 52°40' E; 1327 m above sea
level). Breeded seeds were sown and the plants were
transplanted in pots containing 1/3 soil, 1/3 sand and
1/3 peat (v/v) at 4-6 leaf stage and kept at
25±2/15±2°C day/night temperatures. N, P2O5 and
K2O were applied together in a 1:1:1 ratio with six
levels (0, 25, 50, 75, 100 and 125 mg/kg soil of
pot). The fertilizers used in this experiment were
ammonium nitrate (33% N), triple super phosphate
(46% P2O5) and potassium sulphate (50% K2O). The
soil of pots were tested before applying treatments
and soil texture was sandy-loam with PH=7.25,
organic C=2.38%, total N=0.19%, available P=19.12
mg/kg, available K=159.20 mg/kg and EC=1.87
dS/m. Experiment was carried out using a
randomized complete block design (RCBD) with
three replications. Each replicate contained 5 pots.

Plants were harvested at prebloom stage, 10 cm
above the pot soil surface in order to determine
green herb weights and were dried at room
temperature for drug herb measurements.

Essential oil extraction:

Isolation of essential oils was performed using
hydrodistillation of 15 g sample of drug herb using
a Clevenger-type apparatus over 4 hours. The oils
were dried over sodium sulphate and the percentage
of the essential oils (w/w) were calculated.

Total phenolic content determination

In order to determine the total phenolic content,
250 mg of drug herb of each replication were ground
and dissolved in 10 ml of 80% acetone. Sample
extracts were rotated for 1 hour in the dark and
centrifuged at 5000 rpm for 10 minutes. The amounts
of total phenolics in extracts were determined with
the Folin-Ciocalteu reagent using the method of
Javanmardi et al. [16]. To 100 µl of each sample,
2.5 ml 1/10 dilution of Folin-Ciocalteu reagent and
2 ml of Na2Co3 (7.5% w/v) were added and
incubated at 45 °C for 15 minutes. The absorbance
of samples was measured at 765 nm using a Perkin
Elmer UV-vis spectrophotometer. Results were
expressed as milligrames of gallic acid equivalent per
gram of dry weight (mg GAE/g dw).

Statistical analysis:

The data were subjected to analysis of variance
(ANOVA) using Statistical Analysis System (SAS)
computer software at P < 0.05 and means compared
with DNMRT.

Results and Discussion

Fertilizer treatments showed significant
differences (Table 1). The maximum shoot height
(38.37 cm) was achieved on 50 mg which was
significantly different when compared to control and
125 mg. The minimum shoot height (29.23 cm) was
observed in 125 mg.

The highest green herb weight (42.78 g/plant)
was shown in 100 mg which was not significantly
different when compared to 75 mg. The lowest green
herb weight (26.03 g/plant) was achieved on control.
Drug herb weight was maximum (11.92 g/plant) in
100 mg and minimum (7.02 g/plant) in control.

Essential oil percentage was maximum (0.73%)
in 100 mg which was significantly different when
compared to control, 25 and 125 mg. The lowest oil
percentage (0.52%) was observed in 125 mg. Oil
content was maximum (86.98 mg/plant) in 100 mg
which was not significantly different when compared
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to 75 mg. The minimum oil content (37.99 mg/plant)
was observed in 125 mg.   

Total phenolic content was maximum (22.52 mg
GAE/g dw) in 50 mg and minimum (18.45 mg
GAE/g dw) in 125 mg (Fig. 1).

In this study, the highest green and drug herb
weights was achieved on 100 mg N, P2O5, K2O/kg
soil of pot (equal to 200 kg/ha). Omidbaigi and
Arjmandi [23] indicated that nitrogen and
phosphorous are necessary for producing the highest
yield. Udagawa [33] showed increasing in leaves
fresh and dry weights of thyme by increasing in
nutrients concentration in aquatic growing medium. 
The results indicated that potassium is useful in high
amounts. Potassium affect the activity of several
important enzymes such as ATPase and Rubisco.
Potassium influence on protein and starch synthesis,
ion and assimilate transport and stomatal movements
[32].

Oil percentage varied from 0.52% to 0.73% in
the treatments. Omidbaigi and Arjmandi [23] applied
several nutrient treatments and 1.1% oil was achieved
on 100 kg/ha nitrogen without phosphorous. In
another report [24] the nitrogen fertilizers did not
affect the oil percentage and the highest amount was
0.61%. These studies were carried out in the field
and used three old year plants. On the other hand,
they harvested plants at full bloom.

Total phenolic content shows positive correlation
with antioxidant activity [16] so, the 50 mg treatment
has probably the highest antioxidant activity.

The percentage and composition of essential oil
could be markedly affected by the geographical
environment, places that plants is grown, physical
and chemical characteristics of soil, seed source,
plant age, parts of plant that which is used for oil
isolation and oil isolation method.

Fig. 1: Effect of nutrient treatments on total phenolic content of garden thyme. Columns with the same letters
are not significantly different at 5% level of Duncan's new multiple range test. 

Table 1: Effect of nutrient treatments on shoot height, green and drug herb weights, oil percentage and oil content of garden thyme.  
Treatments Shoot height (cm) Green herb Drug herb Oil percentage (%) Oil content (mg/plant)
(mg N, P2O5, K2O/kg soil of pot) weight (g/plant) weight (g/plant)
Control (0) 29.30b 26.03c 7.02d 0.57bc 39.72c
25 32.30ab 27.23c 8.01c 0.56bc 44.47c
50 38.37a 32.58b 9.04b 0.65ab 58.77b
75 38.13a 41.53a 11.90a 0.70a 83.72a
100 35.83ab 42.78a 11.92a 0.73a 86.98a
125 29.23b 30.31bc 7.30cd 0.52c 37.99c
In each column, means with the same letters are not significantly different at 5%  level of  Duncan’s new multiple range test.

The results indicated that 125 mg treatment is
unsuitable for growth and active substances
accumulation. Yield reduction at level 125 mg was
explained by Mitcherlich Law.

Conclusion:

The 100 mg treatment produced the highest
growth and active substances but the 100 mg was not
significantly different when compared to 75 mg.   
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