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ABSTRACT. The environmental stress
such as, salinity (soil or water) and drought
are serious obstacles for medical plants and
field crops in further areas of the world,
especially arid and semiarid regions. In
order to investigate salinity and drought
stress on T. daenensis and T. kotschyanus
germination indices, an experiment was
carried out. To create salinity stress, sodium
chloride (NaCl) at the levels of 0 (as
control), -3, -6 and -9 bar, and for drought
stress, polyetylenglycol 6000 (PEG 6000) in
osmotic levels at 0 (as contral), -3, -6 and -9
bar were used. Effect of drought and salt
levels on investigated traits significant at
0.01. Result showed significance different
between evaluated indices. Increasing of
stress levels lead to reduction of
germination and root and shoot length. Salt
stress only in high levels reduced
germination rate. Therefore, T. daenensis
and T. kotschyanus have relative resistance
to salinity in germination stage. Decrease in
osmotic potential progressively inhibited
seed germination of the two thyme species.
In al salt treatments, maximum germination
percentage in T. kotschyanus related to West
Azerbaijan population and maximum
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germination rate related to Gazvin
population. But in T. daenensis the highest
values (both rate and percentage
germination) were observed in  Arak
population. The germination rate of T.
daenensis to the drought stress was more
than the T. kotschyanus germination rate
like the germination percentage. Comparing
the two stresses, it appears that drought has
more effect than salt in germination indices.

Key words: Salinity; Drought;
Germination; Thymus species.
INTRODUCTION

Medicinal plants play an

important role in the provision of
health care in many developing
countries (Timmermans, 2003). The
genus Thymus comprising of around
350 species of perennial, aromatic
herbs and sub shrubs is predominantly
found in Mediterranean region, Asia,
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Southern Europe and North Africa
(Maksimovic et al., 2008).

Thymus is a polymorphic genus
and belongs to the family Lamiaceae.
Thyme species (Lamiaceae) are
amongst medicinal plants that are
largely used in the Mediterranean
basin (Ismaili et al., 2004). Some of
Thymus species are used in folk
medicine. For example, Thymus
vulgaris L. and Thymus zygis L.
extracts have been used orally to treat
dyspepsia and other gastrointestinal
disturbances; coughs due to colds,
bronchitis and pertussis; and laryngitis
and tonsillitis (as a gargle).
Theantiviral and analgesic activities
have been reported for this species
(Elhabazi et al, 2008). Thymus
daenensis and Thymus kotschyanus
are aromatic medicina plants endemic
to Iran. Thymus kotschyanus and
Thymus daenensis known as members
of thyme species is used as traditional
medicine among people of Iran.
Nickavar et al. (2005) characterized
the essential oils of Thymus daenensis
and Thymus kotschyanus by using GC
and GC-MS. Both the essentia oils
were found to be rich in thymol and
carvacrol.

It's evident that many of these
species which are slow-growing and

slow reproducing are especidly
vulnerable to  this  situation.
Consequently, many  medicina

species are threatened and are in
danger of extinction (Zschocke et al.,
2000). Due to this over collection,
essentially in the flowering period,
land converson and aso land
degradation, the species is considered
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now at risk for local extinction. Many
healers recognized that recently the
species become very scarce and that
affect greatly their financial income
and subsequently their livelihoods. In
order to ensure the sustainable
utilization and to meet the growing
demand of these wild species, it has
become necessary, therefore, to
develop rapid methods of their
commercia cultivation. Seeds culture
is an aternative and easy method of
commercia propagation and is being
used widdy for the commercial
propagation of alarge number of plant
species, including manymedicinal
plants. The environmental stress such
as, sainity (soil or water) and drought
are serious obstacles for medical
plants and field crops in further areas
of the world, especially arid and
semiarid regions.

Salt stress leads to suppression
of plant growth and development at
all growth stages, however, depending
upon plant species, certain stages such
as germination, seedling or flowering
stage could be the most critical stages
for salts stress. Seed germination is
first critical and the most sensitive
stage in the life cycles of plants
(Ahmad et al., 2009) and the seeds
exposed to unfavorable environment
conditions like salts and drought
stresses may have to compromise the
seedlings establishment (Albuquerque
and Carvalho, 2003).

The aim of this study was to
evauate the effects of drought and
salinity stresses on Thymus daenensis
and Thymus kotschyanus germination
rate, germination percentage, root
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length, shoot length and ratio of root
length to shoot length (R/S).

MATERIALS AND METHODS

Seeds of Thymus kotschyanuswere
collected from West Azerbaijan, Gazvin,
Semnan (provinces of Iran) but seeds of
Thymus daenensis were collected from
West Azerbaijan, Arak and Guilan
(provinces of Iran) during the June 2010.
Factorial experiment was carried out in
completely randomized design with four
replications on Thymus kotschyanus and
Thymus daenensis in the summer of 2010
in the research laboratory of Tehran
University Iran. Sodium chloride (NaCl)
was used as a salt stimulator and four
osmotic potential levels (salt stress
accompanied with  drought  stress;
PEG6000) of zero (contral), -3, -6, and -9
bar were used. Twenty-five seeds were
sown in Petri dishes (8 cm diameter) lined
with two layers of filter paper. The seeds
of T. kotschyanus and T. daenensis were

Germination rate = .

surface  sterilized in 3%  Sodium
hypochlorite for 2 min, rinsed five times
with distilled water and imbibed in
deionized water for 24 h at 25°C.

Five mL of designated treatment
solution was added to each Petri dish and
digtiled water (5 mL) was used as
control. All petri dishes were covered
with lids and placed in growth chamber
8/16 h light, darkness at 25° for 14 days.
Added periodically to maintain the filter
wet during the course of the experiment.
Only seeds with 1 mm emerged radicle
were considered germinated. The
numbers of germinated seeds were
recorded daily. Based on daily germinated
seeds counting, the number of seeds that
germinated during the experiment period
was recorded. Then, some parameters
including germination percentage,
germination rate, shoot and root lengths
were evaluated. Germination rate was
calculated using the following equation
(Maguire, 1962):

number of germinated seeds

Statistical analysis was carried out
through MSTATC software. The graphs
were designed by using Microsoft Office
Excel 2007 software.

RESULTS AND DISCUSSION

Anaysis of variance results
showed that the effect of salinity was
significant (P<0.01) on the whole
studied traits among two plants
(Tables 1, 2).

Seeds of T. daenensis and
T.kotschyanus germinated best in the
absence of sdlt. The response of
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day of count

germination rate, germination
percentage, root length, shoot length
and ratio of root length to shoot length
(R/S) to salt stress induced by sodium
chloride was different depending on
concentrations. The salt stress has not
remarkable effect on germination rate
and germination percentage at low
concentration of NACL (-3 bar) but at
the value of - 6 bar osmotic potential
or higher levels of salt stress, both rate
and percentage germination was
significantly decreased compared to
the control (Figs. 1, 2).
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Table 1 - ANOVA effects due to salt on measured variables in T. kotschyanus

Germination Germination

Root Shoot

el (%) rate length length RIS

Salinity 3 0.8%* 82.41% 1930  48.72* 13051
Population 2 0.38* 98.71% 7957 197" _ 5.06ns
Salinity *

. 6  0.025ns 10.25* 36.6* 1.1% 5.06*
Population
Error 36 0.012 3.4 13.96 0.31 1.63
Coefiicient of 19.04 36.35 28.53 18.32 33.82

Variation (%)

df: degree of freedom; MS: mean of square; *,** significant at 0.05 and 0.01 probability

levels, respectively. ns; non significant.

Table 2 - ANOVA effects due to salt on measured variables in T. daenensis

Df Germination Germination Root Shoot R/S
(%) rate length length

Salinity 3 0.82** 193.86** 1730** 64.24** 33.98**
Population 2 0.083** 3.71* 26.46ns 0.75ns .66ns
Salinity * . * *
Population 6 0.022 2.46 9.62ns 15 .84ns
Error 36 0.008 0.91 20.11 0.56 0.51
Coefficient of 13.42 15.8 36.73 18.73 29.4

Variation (%)

df: degree of freedom; MS: mean of square; *,** significant at 0.05 and 0.01 probability

levels, respectively. ns; non significant.

In all salt treatments, maximum
germination  percentage in T.
kotschyanus related to  West
Azerbaijan population and maximum
germination rate related to Gazvin
population. But in T. daenensis the
highest vaues (both rate and
percentage germination) were
observed in Arak population (Figs. 1,
2). Also the root length and shoot
length were significantly decreased at
high concentrations of salt. In all salt
treatments, maximum shoot length in
T. daenensis related to West
Azerbaijan population (Figs. 1, 2).

Sodium chloride application at
low concentration (-3 bar) significantly
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increased the ratio of root length to
shoot length (R/S). The increase root
length with NACL application at the
low concentration would have the
potential to enhance root’s absorptive
capacity and nutrient uptake in natural
and agricultural ecosystems.

However, the ratio of root length
to shoot length (R/S) was significantly
decreased by the application of a
higher levels of NaCl, and this
decrease was greater at the higher
concentration. This suggesting that
the effect of NaCl stress on ratio of
root to shoot biomass of T. daenensis
and T. kotschyanus in a concentration-
dependent manner.
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According to analysis of and shoot length, compared with
variance (Tables 3, 4) al drought control treatment but the ratio of root
stress treatments (-3,-6,-9 bar) in two length to shoot length (R/S) was
plants showed a significant reduction increased with increasing of levels of
(P<0.01) in germination rate, drought except at -9 bar osmatic level.
germination percentage, root length,

Table 3 - Analysis of variance for effects of drought stress on germination indices in
T. kotschyanus

Df Germination Germination Root Shoot R/S
(%) rate length length
Drought 3 1.28** 144.02** 2354** 109.5** 219.59**
Population 2 0.19** 29.96** 958.99** 8.75** 84.66**
*

Drought 6 0.035* 5.68** 51ns 1.4% 43.1%
Population
Error 36 0.008 0.55 42 0.5 11.43
Coefficient of
Variation (%) 25.51 21.59 33.07 25.26 55.01

df: degree of freedom; MS: mean of square; *,** significant at 0.05 and 0.01 probability
levels, respectively. ns; non significant.

Table 4 - Analysis of variance for effects of drought stress on germination indices in
T. daenensis

Df Germination Germination Root Shoot R/S
(%) rate length length
Drought 3 1.72%* 231.22** 1877.15**  149.7**  160.83**
Population 2 0.004ns 0.37ns 9.8ns 0.4ns 7.098ns
Drought * 6 0.05** 5.47* 34.27* 1.34* 1.99ns
Population
Error 36 0.005 0.8 14.41 0.52 5.94
Coefficient of 15.87 18.28 12.98 22.83 47.25

Variation (%)

df: degree of freedom; MS: mean of square; *,** significant at 0.05 and 0.01 probability
levels, respectively. ns; non significant.

In al drought treatments, The germination rate of T.
maximum germination rate, root daenensis to the drought stress was
length, shoot length traits in T. more than the T. kotschyanus

kotschyanus related to Gazvin germination rate like the germination

population. But in T. daenensis the percentage. Our results indicated that

highest values for R/S and root length T. daenensis was more resistance

traits were observed in West to sdt and drought stress than

Azerbaujan population (Figs.1, 2). T. kotschyanus in view of germination
indices.
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Germination and  seedling
establishment are critical stages in the
plant life cycle. In crop production,
stand establishment determines plant
density, uniformity and management
options (Cheng and Bradford, 1999).
Seed germination and early seedling
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growth are affected by both salt and
drought stresses.

The response of germination
rate, germination percentage, root
length, shoot length and root
length/shoot length (R/S) to salt stress
induced by sodium chloride was
different depending on concentrations.
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Figure 1- Effects of osmotic levels in
germination indices in T. kotschyanus
populations
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Salinity imposes other stresses
such as ion toxicity on plants, as a
result of ion entry in excess of
appropriate  concentrations  and
nutrient imbalances, as commonly
seen in the displacement of potassium
by sodium. Salinity damage is mainly
due to altered water relation caused by
high sat accumulation in the
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Figure 2 - Effects of osmotic levels in
germination indices in T. daenensis
populations

intercellular spaces (zhang et al,
2006). Increasing sdinity levels
caused delay in seedling emergence as
a result of reducing cell division and
plant growth metabolism (Maas and
Nieman, 1978).

In this study drought stress
caused the germination percentage
decrease in al of the populations.
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PEG causes the seed reserves
materials hydrolysis decrease and
finaly the germination percentage
decrease (Munns and Weir, 1981).
Our results were fortified by those of
Nayar and Gupta, 2006. They
reported that drought stress decreased
the root length in various plant species
wheat and maize. The basal level of
root length was also high in tolerant
and moderately tolerant genotypes as
compared to sensitive genotypes
implying that root length is important
for a plant to exploit the available
water.

CONCLUSION

From this study, it can be
concluded that low water potential
and salt stress (in high levels) inhibit
germination of the two thyme species.
Salt stress only in high levels reduced
germination rate. Therefore, T.
daenensis and T. kotschyanus have
relative resistance to sdinity in
germination stage. The reduction of
the availability of water reduces the
germination and the limits for seeds
germination of the two thyme species
occur between -3 and -9 bar.
Comparing the two species, it appears
that T. daenensis is more tolerant to
the water stress than T. kotschyanus.

REFERENCES

Ahmad S., Ahmad R., Ashraf M.Y.,
Ashraf M., Waraich E.A., 2009 -
Sunflower (Helianthus annuus L.)
response to drought stress at
germination and growth stages. Pak.
J. Bot., 41(2): 647-654.

34

Albuquerque F.M.C.D., Carvalho
N.M.D., 2003 - Effect of type of
environmental  stress on  the
emergence of sunflower (Helianthus
annuus L.), soyabean (Glycine max
(L.) Merril) and maize (Zea mays L.)
seeds with different levels of vigor.
Seed Sci. Technol., 31: 465- 467.

Cheng Z., Bradford K.J.,, 1999 -
Hydrothermal time analysis of
tomato seed germination responses
to priming treatments. Journal of
Experimental Botany 33: 89-99.

Elhabazi K., Ouacherif A., Laroubi A.,
Aboufatima R., Abbad A,
Benharref A., Zyad A., Chait A.,
Dalal A., 2008 - Analgesic activity of
three thyme species, Thymus
satureioides, Thymus maroccanus
and Thymus leptobotrys.Afri. J.
Microbiol. Res., 2: 262-267.

Ismaili H., Milella L., Frih-Tetouani S.,

llidrissi A., Camporese A., Sosa

S., Altinier G., Della Loggia R.,

Aquino R., 2004 - In vitro topical

anti-inflammatory and in  vitro

antioxidant activities of two extracts

of Thymus satureioides leaves. J.

Ethnopharmacol., 91: 31-36.

E.V., Nieman R.H., 1978 -
Physiology of plant tolerance to
salinity. In:E.V. Maas and R.H.
Nieman (eds.), Crop Tolerance to
Suboptimal Land Conditions, pp.
277-299.

Maguire J.D., 1962 - Speed of
germination-Aid in selection and
evaluation for seedling emergence
and vigor. Crop Sci, 2: 176-177.

Maksimovic Z., Stojanovic D., Sostaric
l., Dajic Z., Ristic M., 2008 -
Composition and radical-scavenging
activity of Thymus glabrescens
Willd.(Lamiaceae) essential  oil.
Journal of the Science of Food and
Agriculture. 88: 2036-2041.

Munns R., Weir R., 1981 - Contribution of
sugars toosmotic adjustment in
elongating andexpanding zones of
wheat leaves duringmoderate water
deficits at two light levels. Australian

Maas



EFFECT OF SALINITY AND DROUGHT STRESS ON GERMINATION IN THYME

Journal of Plant Physiology 8: 93-
105.

Nickavar B., Mojab F., Dolat-Abadi R.,
2005 - Analysis of the essential oils
of two Thymus species from
Iran.Food Chemistry. 90: 609-611.

Nayar H., Gupta D., 2006 -
Differentialsensitivity of C3 and C4
plants to water deficitstress:
association with oxidative stress

andantioxidants. Envir. Exp. Bot.,
58:106-113.

Timmermans K., 2003 - Intellectual
property rights and traditional

35

medicine: policy dilemmas at the
interface. Soc. Sci. Med., 57: 745-
756.

Zhang J., Jia W., Yang J.A., Ismail M.,
2006 - Role of ABA integrating plant

responses to drought and salt
stresses.Field Crop. Res. 97:111-
1109.

Zschocke S., Rabe T., Taylor J.L.S,
Jager AK., Van Staden J., 2000 -
Plant part substitution- a way to

conserve endanged medicinal
plants? J. Ethnopharmacol., 71: 281-
292.



