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Abstract 
 

Thyme (Thymus vulgaris L.) is an aromatic and medicinal plant which is very important for the herbal 
industry. In this research, in vitro selection for NaCl tolerance was investigated in this plant. Hypocotyl and 
shoot explants (apical meristem and cotyledonary leaves) of sterilized seedlings were cultured in MS medium 
supplemented with different combinations of 2, 4-dichlorophenoxyacetic acid (2, 4-D), napthaleneacetic acid 
(NAA), kinetin (KIN) and N6-benzyladenine (BA) for callus induction. Results showed that the maximum 
frequency of callus induction was obtained on MS medium containing 1:0.5 ratio of 2, 4-D:Kin (mgl-1), while 
optimal callus induction with the best quality and regeneration potential was achieved in 1:1 ratio of NAA:BA 
(mgl-1). The calli grown in 1:1 ratio of NAA:BA (mgl-1) were transferred to NaCl supplemented medium at 50, 
75 and 100 mM concentrations. Fresh and dry weights, percentage of necrosis and regeneration of calli were 
determined after 4 weeks. There were significant differences between fresh and dry weights of calli in different 
concentrations of NaCl. The highest and the lowest of fresh and dry weights of calli from hypocotyl explants 
were observed in 0 (control) and 100 mM NaCl concentrations, respectively. But fresh weight of shoot-derived 
calli induced from shoots reduced only in 100 mM NaCl and the dry weight of them was not significantly 
different. The necrosis percentage increased by increasing the salt concentration. Callus regeneration just 
occurred at the concentration of 50 mM of NaCl and all regenerated shoots well rooted on half strength MS 
medium, with 0.8% (w/v) sucrose and without growth regulators. 

 
Keywords: callus, salinity, in vitro selection, Thymus vulgaris L. 
 

Introduction ∗ 
 
Thyme (Thymus vulgaris L.) belongs to the 

Lamiaceae family, and is an aromatic and 
medicinal plant, which is very important for the 
horticultural industry. Thyme is a perennial shrub 
with woody stems and reaches a height of 30-50 
cm. It is a typical plant of the Mediterranean region. 
Thyme possesses antiseptic, antispasmodic, 
carminative, diaphoretic, disinfectant, deodorant, 
diuretic, expectorant, sedative, tonic and 
antihelmintic properties. Its properties are due to its 
main components: thymol and carvacrol (Soto-
Mendivil et al., 2006). High concentrations of salts 
account for a large yield decrease of a wide range 
of crops all over the world (Yildirim et al., 2006). 
The present numerous mechanisms of NaCl 
tolerance in halophytes are proposed including ion 
compartmentalisation, osmolyte production, 
osmotic adaptation, succulence, selective transport 
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and uptake of ions, enzyme responses, salt 
excretion and genetic control (Cheesman, 1988). 
The presence of high concentrations of Nacl and 
other salts in the soil solution induces a wide range 
of physiological and biochemical perturbations at 
the whole plant level (Almansouri et al., 1999). The 
adverse effects of saline soil include: 1) nutrient 
constrains caused by reduced uptake of potassium, 
phosphorous, nitrate and calcium; 2) ion 
cytotoxicity due to accumulation of sodium, 
chloride and sulfate; 3) osmotic stress that results 
from relatively high solute concentration in the soil 
and 4) oxidative stress caused by the accumulation 
of reactive oxygen species that damage membrane 
lipids, proteins and nucleic acids (Katiyar-Agarwal 
et al., 2005). 

Tissue culture techniques have been widely used 
for the breeding purpose, especially in selection for 
stress tolerance (Encheva et al., 2004). This 
technique is a source of genetic variability that 
gives rise through genetic modifications during the 
process of in vitro culture, a phenomenon called 
somaclonal variation (Tam and Lang, 2003). 
Somaclonal variation is manifested as cytological 
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abnormalities, frequent qualitative and quantitative 
phenotypic mutation, sequence change, and gene 
activation and silencing (Kaeppler et al., 2000). For 
example, somaclonal variation which represents 
new variation commonly occurs in many plant 
species following regeneration from tissue culture 
(Kaeppler et al., 2000). Selection can be carried out 
in vitro, by culturing callus pieces, cell suspension, 
protoplasts, and embryo microspores in the 
presence of a screening agent (Collin and Dix, 
1990). The objective of this study is to examine in 
vitro selection for NaCl tolerance in Thymus 
vulgaris.  
 
Materials and Methods 
 
Seed germination and cultivation of sterile 
seedlings  

In vitro 10-d old seedlings were used as a source 
of explants. The seeds were surface sterilized with 
70% (v/v) ethanol for 90 sec, and then with 1.5% 
(v/v) sodium hypochlorite (The commercial bleach 
is mainly hypochlorite) for 20 min. Surface 
sterilized seeds were rinsed in sterile distilled water 
three times. The seeds were then air dried in a 
laminar flow hood and subsequently sown on sterile 
distilled water solidified by 0.8% (w/v) agar and 
placed in dark at 28°C for 24 to 48 hours. 
Germinated seeds were transferred to growth 
chamber under fluorescent light (40 μM m-2s-1) on a 
16 hour light per day for another 4 to 8 days and 
maintained at 25 ± 2°C. After 10 days, hypocotyls 
and shoot tips having 1 cm length with 
cotyledonary leaves were placed on the surface of 
medium in universal vials. 

 
Callus induction and regeneration 

Explants of 10 days seedlings were cultured on 
MS basal medium (Murashige and Skoog, 1962) 
supplemented with 3% (w/v) sucrose and various 
concentrations of growth regulators including 
combinations of 2, 4-D, NAA, Kin and BA. The pH 
of the media was adjusted to 5.7 before solidifying 
with 0.8% (w/v) agar. The media were contained in 
universal vials and then were sterilized by 
autoclaving at 121°C for 15 min with 1.2 kg/cm2 
pressure. 

 
In vitro selection for NaCl tolerance 

In vitro selection for salt stress tolerance was 
implemented at the concentrations of 50, 75 and 
100 mM NaCl. The callus cultures were allowed to 
grow in 1:1 ratio NAA: BA (mgl-1) and containing 
NaCl for 28 days in the culture room at 25±1°C. 
Fresh and dry weights and the percentage of 

necrosis of callus were determined to evaluate 
callus growth. Fresh weight of the calli was 
recorded after collection from the medium. The 
calli were dried at 70°C for 48 hours and then the 
dry weight was recorded. 
 
Rooting and hardening 

For root induction, half strength MS medium at 
half strength, with 0.8% (w/v) sucrose and without 
growth regulators was used. Root induction was 
observed within two weeks of culture. Well rooted 
plantlets were isolated and washed in running tap 
water for clearing of agar. Then, they were 
transplanted into hydroponic culture containing 
sterile MS medium. After one week, plants were 
transferred to Jiffy peat moss containers for one 
week more and then potted into a soil-sand-peat 
moss mixture (3:1:1).  
 
Statistical analysis 

All experiments were carried out as a completely 
randomized design with four replications for callus 
induction and ten replications for salt experiment. 
Data were statistically analyzed for significance by 
analysis of variance with the mean separation by 
Duncan’s multiple range test (DMRT) and means 
were compared using error rate at the 5% level of 
significance using SPSS version 14. 
 
Results 
 

Callus induction frequency of hypocotyl and 
shoot (apical meristem and cotyledonary leaves) 
explants of T. vulgaris in the ratio of 1:0.5 of 2, 4-
D:Kin (mgl-1) were 72% and 65%, respectively 
(figure 1). Callus formation started 18 days after 
transferring to the medium, but most of calli in this 
medium were brownish, large and soft. These calli 
mostly became necrosis after subculturing on the 
same medium. In 1:1 ratio NAA:BA (mgl-1), callus 
induction in both explants was started after two 
weeks. Calli were nodular and cream colored and 
some of them also green in color and compact in 
morphology. The callus induction percentages in 
htpocotyl and shoot explants were 64.3% and 
36.6%, respectively (figure 1). Calli grew 
excellently and became voluminous after 
subculturing. It was shown that there are 
differences between the other ratios of growth 
regulators and explants (figure 1). Hypocotyl 
explants formed more calli than shoot explants in 
all the combinations examined with exception of 
1:1 ratio of 2, 4-D and Kin. 
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Figure 1. Effects of various combinations of growth regulators on callus formation from different explants. 
 
Fresh weight of calli 
The growth and fresh weight of calli induced from 
hypocotyls decreased with increasing salt 
concentration in medium (figure 2, 4). The 
maximum fresh weight with an average of 269 mg 
was obtained in control (medium without NaCl), 
following by 50, 75 and 100 mM NaCl with an 
average weight of 220.4, 173.7 and 145.5 mg, 
respectively (figure 4). Fresh weight of shoot-

derived calli had not any significant difference in 
the control and 50 and 75 mM NaCl concentrations, 
but then decreased at 100 mM (figure 3, 4). In 
shoot-derived calli, the fresh weight was lower than 
that of hypocotyl-derived calli in control medium, 
whereas no significant differences were observed 
between two explants in different concentrations of 
NaCl (figure 4). 

 

 
 
Figure 2. Growth rate of hypocotyl-derived calli in various NaCl concentrations. A, B, C and D show 0, 50, 75 and 100 
mM. 
 

 
Figure 3. Growth rate of shoot-derived calli in various NaCl concentrations. A, B, C and D show 0, 50, 75 and 100 
mM.
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Figure 4. Fresh weight of hypocotyl and shoot-derived calli in various NaCl concentrations. 
 
Dry weight of calli  

Salinity affected the dry weight of hypocotyl-
derived calli wich was reduced significantly in 50, 
75 and 100 mM NaCl concentrations; however, 
they did not show any significant differences in 
these concentrations (figure 5). While the dry 
weight of shoot-derived calli was not significantly 
affected by the same concentration (figure 5).  

 
Callus necrosis percentage  

Two weeks after transferring of the calli to salty 
medium, they showed signs of necrosis. Its 
percentage increased significantly by NaCl 
increasing during growth of calli (figure 6). There 
were no significant differences between two 
explants in different NaCl concentrations (figure 6). 

Plant regeneration  
After transferring the calli to the media, 

containing various NaCl concentrations, shoot 
regeneration occurred only on calli derived from 
shoots at 50 mM NaCl concentration (figure 7A). 
These regenerated shoots grew thoroughly and 
produced some branches after transferring to 
medium containing 0.1:4 ratio of NAA:Kin (mgl-1) 
(figure 7B). The shoots separated from each other 
in aseptic conditions and cuttings transferred to 
vials containing root induction meida. After two 
weeks, all cuttings were rooted (figure 7C). Finally, 
in vitro plantlets were successfully grown in soil 
(figure 7D). 
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Figure 5. Dry weight of hypocotyl and shoot-derived calli in various NaCl concentrations. 
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Figure 6. The amount of calli necrosis formed on hypocotyl and shoot explants in various NaCl concentrations. 

 

 
 

Figure 7.  Indirect regeneration of plants in presence of 50 mM NaCl; A) Shoot regeneration from callus B) 
Propagation of regenerated shoots; C) Rooting of regenerated shoots (cutting); D) Potted plants. 
 
Discussion 
 
A range of plant growth regulators were tested for 
callus initiation via hypocotyl and shoot segments. 
The results indicated that all treatments induced 
callus. However, differences in callus morphology 
were observed based on plant growth regulators. 
Calli grown in the media containing 1:0.5 of 2, 4-
D:Kin (mgl-1) were fast growing, with brownish 
and soft, morphology but those grown in 1:1 ratio 
NAA:BA (mgl-1) were slow growing, with creamy-
white and compact. Morphology these findings are 
in agreement with data by Shirin et al. (2007) who 
reported similar results about callus morphology in 
presence of 2, 4-D and NAA for callus induction 
from internode and leaf explants in potatos. Among 
all concentrations and combinations, 1:1 ratio 
NAA:BA (mgl-1) was found to be the most effective 
hormone concentration for callus induction. Ki-
Jong and Bu-Young (2003) showed that in basil, 
callus was initiated from leaves on an agar-based 
MS medium supplemented with NAA (mgl-1) and 
BA (mgl-1). NAA in combination with BA was the 

best growth regulator for callus induction as 
reported by several authors (Bicca Dode et al., 
2003; Mederos-Molina 2004). The results showed 
that the explant type has a considerable role for 
callus induction. Generally, hypocotyls showed a 
higher potential than shoots. These results 
correspond to the findings of Zouzou et al. (2008) 
on cotton who showed that hypocotyl is more 
callogenic compared to shoot. Explant type and 
probably its anatomical structure seems to play a 
significant role in thyme callus initiation. Variation 
in callus forming ability of different explant types 
has been reported in many other plants (Ishii et al., 
2004; Zouin and El hadrami, 2004). Calligenesis 
specificity of explant type would be explained by 
their differential reactivity to media components 
(Ikram 2005).   
The thyme calli showed different response to 
various concentrations of NaCl so that fresh and 
dry weights of hypocotyl-derived calli decreased. 
But fresh weight of shoot-derived calli reduced 
only in 100 mM NaCl and dry weights of them 
were not significantly affected. Heckenberger et al. 
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(1998) pointed out that the relationship between the 
rate of cell division and the rate of cell elongation 
may be a direct function of the kinetics of stress 
development. High salinity causes hyperosmotic 
stress and ion-disequilibrium that produce 
secondary effects on growth of calli (Hasegawa et 
al., 2000; Zhu, 2001). The reduction in callus fresh 
weight might be a result of reduced water 
availability in the culture medium due to increased 
NaCl concentrations. Some researchers found 
similar response to salt stress on fresh and dry 
weights (Makhlouf et al., 2002; Abebe et al., 2003). 
Necrosis percentage increased by salt increment in 
two explants. Bohnert and Jensen (1996) reported 
that NaCl decrease cell division and restrict the 
growth activities. Shoot regeneration occurred just 
at the concentration of 50 mM NaCl in shoot-
derived calli. It could be speculated that the 
presence of increased concentration of salt inhibits 
regeneration. Occurrence of regeneration in this 
treatment may be due to the presence of salt 
tolerant cells in these calli. 
 Different studies on genera of Lamiaceae 
employed various growth regulators for root 
induction (Dronne et al., 1999; Mederos-Molina, 
2004; Misra, 2004; Amutha et al., 2008). It is 
notable that in this research, in contrast with most 
studies on this family, the regenerated shoots were 
rooted on half strength MS medium without growth 
regulators, with rate of up to 100%.   
In conclusion, it is proposed that Thymus vulgaris is 
a sensitive plant to the salinity stress, since the 
increment of salinity concentration up to 100 mM 
results in a decrease in the fresh and dry weights 
and an increase in necrosis of the calli. While in 
halophyte plants, 150 mM level of the salt seems to 
be the optimum concentration (Gorham, 1996). 
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