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Abstract

Thymus Kotschyanus, as a native plant of Iran, is considered to be one of the most important medicinal plants with its unique properties. To
evaluation of the effect of salinity and humic acid (HA) on aerial yield essential oil content, a factorial experiment was conducted based on a
Completely Randomized Design (CRD) with five replications in 2014 in Qom, Iran. The first factor was five native accessions of T.
kotschyanus. the second factor was salinity stress like control (0), 50, 100, 150 and 200 mM sodium chloride and the third factor was humic
acid with three levels of 0, 1.5 and 3.0 g/1. Data were collected for seedling growth characteristics and essential oil content. The results of the
analysis of variance showed significant effects of genotype, salinity on all of the traits. The effect of HA was significant on stem length, root
length, aerial dry weight, and dry root weight. There were significant interaction effects for salinity by humic acid (root length, root weight,
and essential oil content), for salinity by genotypes (stem length, root/shoot length ratio, essential oil yield) and for HA by genotype (root dry
weight and essential oil yield). Results of means comparison between accessions showed that accession Divandarre had higher mean values
for all of the traits except stem length and oil content. Results showed that by increasing salinity stress, all of the traits except root dry weight
and RS were decreased. The application of HA was effective only on stem and root length. It was concluded that low salinity (50 mM NaCl)
coupled 1.5 g/l HA had increased both essential oil content and oil production in all of the accessions. The response of Divandarre to salinity
through the application of HA was positively higher than other accessions.
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of the ions are rich in saline soils, and because of their high
INTRODUCTION absorption by the plant, they cause poisoning, the most

Thymus kotschyanus is one of the most important Thymus ump o_rtant of which are chlqnne, sodlu'm, I Al§o,
species that has vast applications in the health salinity causes a nutritional imbalance in the plant. In saline

pharmaceutical and food industries. The essential oil of soils, it is difficult to feed the plant due to the high levels of

Thyme is the world's ten most important essential oils, which some ions. For example, in saline soil, due to the high

have antibacterial, antifungal, antioxidant, and natural concentrations of chlorine in the soil solution and its
preservatives [1. Due to the severe climatic condition and the ~ 20sOtPtion by the plant, the nitrate and sulfate absorption by

possibility of occurrence of saline stress in the germination
stages of this species and the lack of information regarding
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cultivation.
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lands in the next 25 years and its global destructive effects are

expected, including the loss of 30% of cultivated land 7], How to cite this article: Saber, M., Changizi, M., Khaghani, Sh.,
Soil salinity limits the growth of plants in several ways. The Gamariyan, M, Ponmeadani, A, Ashraf Jafari, A. Effoct of Salimity

. . . and Humic Acid on Morphological Traits and Essential Oil Content
water absorbed by the plant is reduced, in other words, in of Thymus Kotschyanus. Arch Pharma Pract 2019:10(2)-89-96.

saline soils; plants will wilt sooner because plants cannot
absorb water inside the soil due to the soil's salinity [*l. Some
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the plant are reduced . Increasing salt concentration in the
culture medium causes osmotic stress and ultimately leads to
the imbalance of ions in the cell's space. In osmotic stress
conditions, osmotic regulators are induced in the cell
cytoplasm and lead to the accumulation of obsoletes such as
glycine, betaine, and proline Pl.

Saline stress in medicinal plants is important at different
physiological stages. Researchers have determined that
germination of medicinal plants such as Ocimum basilicum,
Petroselinum Hortense, Origanum vulgare and Thymus
moroccanuisis sensitive to saline stress [°l. The growth stages
of medicinal plants that are negatively affected by salt stress
are the seedling growth stage. Belaqziz ef al. (2009) reported
negative effects of saline stress in the growth stage of Thymus
Moroccans seedlings '], Saline stresses the movement of
food stored in the plant, causing a delay in the cell division
and causing damage to the hypocotyl [,

The negative effects of salt stress on seedling survival have
been reported for thyme 1, Majorana hortensis and
peppermint % Y T Vulgaris, T. Moroccans and M.
pulegium - 1% 131,

Ghavami & Ramin (2008) found that plants, growth
parameters such as plant height and leaves the number of
Silybum marianum was significantly decreased in saline
stress of 9 ds/m 141,

Amini Dehchi ef al. (2009) found that by increasing the
sodium chloride concentration, seedling growth parameters
and thymol content thyme was decreased [**]. They declared
the highest proline content was obtained in severe saline
stress (150 mM sodium chloride). Bagheri ef al. (2012) in a
study of the effects of salinity stress on seed germination traits
of Thymus kotschyanus and T. daenensis found that T.
kotschyanus was more tolerant to salinity than T.
daenensis!*®l. However, Khoshsokhan ef al. (2011) in similar
species found that the response of both species was similar at
the germination stage 7). Osmotic pressure reduction
prevented the germination of the two species of thyme.
Zarezadeh ef al. (2010) in a study of the effects of saline stress
on T.daenensis reported that saline although the soils may
decrease crop yields, could increase its essential oil content
[18] Atti-Santos (2004) found a lower amount (0.25%) of
essential oil of Brazilian thyme cultivated in Brazil and
suggested cultivation of Thymus vulgaris was more
appropriate in the spring than other seasons [,

The Thymus kotschyanus is currently harvested in its natural
habitat in Iran. This can lead to the destruction of a large part
of the germplasm of this valuable plant. Therefore, its
domestication and cultivation in saline conditions and
assessment of the reduction of harmful effects of salinity
through the application of humic acid are not clear. Therefore,

the aim of this research was to evaluation of 7. kotschyanus
in saline stress for morphological traits and essential oil yield.

MATERIAL AND METHODS

This experiment was conducted in the greenhouse condition.
The soil compositions consisted of 25% clay, 25% decayed
animal fertilizer and 50% sandy soil. Plastic pots in size of 20
and 25 cm in diameter were used. Pots had some holes for
drainage. A bit of gravel was placed at the bottom of the pots
to facilitate the discharge of water. The pots were filled by
soil and seeds were disinfected by Mancoseb fungicide with
the 1:2000 ratios to prevent the fungal contamination. Seeds
sown in the pots in February 2013. Pots were irrigated
regularly until the seeds go to germination and seedlings were
appeared.

A factorial experiment was conducted based on a completely
randomized design (CRD) with five replications in 2014 in
Qom, Iran. The first factor was five native accessions of 7.
kotschyanus (Table 1), the second factor was salinity stress
levels as control (0), 50, 100, 150 and 200 mM sodium
chloride solution with a purity of 98%. Sodium chloride salt
in treatments of 50, 100, 150 and 200 mM NaCl were 299.5,
585, 877.5 and 1170 g per 100 liters of water, respectively.
The third factor was humic acid with three levels of 0, 1.5 and
3.0 g/l

Until the onset of stress, irrigation was done routinely. The
temperature range of the greenhouse was adjusted between 15
and 25°C. After seed sowing to prevent possible damage to
salinity levels on the plants, all pots (except control) were
irrigated by 50 mM sodium chloride. Then the soluble
irrigations (treatments) were applied to plots The irrigation
intervals was based on the plant requirement and the
occurrence of thirst symptom. Irrigation intervals decreased
with increasing plant growth and increasing air temperature
in the late period. Also, to reduce the effect of salinity
accumulation, after irrigation of saline water in all treatments
under salt stress, three times the irrigation interval was carried
out. However, almost all of the different shrubs were dried in
saline treatment with 200 mM sodium chloride. Therefore,
this treatment was removed. The duration of specific stress
application was 50, 100 and 150 mM NaCl and was for 61,
61 and 58 days. respectively.

Data were collected for stem length, root length, root to stem
length ratio (RS), fresh and dry weight of stem, root fresh and
dry weight, aerial dry matter yield, and essential oil content
and essential oil yield.

At the end of the experiments, the variance analysis was
carried out and the mean comparisons were made using
Duncan method for all traits. SAS and MSTATC software
were used for statistical analyses.
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Table 1: Information of accessions of Thymus Kotschyanus used in the present research

N Accessions Accessions Altitude Longitude  Latitude  seedthousand  Germination
° code origin m N E weight percent
1 12953 Qazvin 1 2000 36 3400”49 55'00” 0.36 98
2 19587 West Azarbatjan 2100 36 12" 09" 44 57' 07" 043 87
3 17091 Qazvin 2 1500 36 26" 00" 50 07" 00" 031 96
4 17010 Divandarre 2400 35 55'00” 46 40'00” 0.53 63
5 18063 Nagade 1389 36 55"12" 45 22'45" 034 87
REsSULTS fresh and dry weight and an essential oil content and essential

The results of the analysis of variance showed significant
effects of genotype, salinity for all of the traits. The effect of
humic acid was significant for stem length, root length, aerial
dry weight, and dry root weight. There were significant
interaction effects for salinity by humic acid (root length, root

oil yield), for genotype by salinity (stem length, RS, essential
oil yield) and for genotype by humic acid (root dry weight
and essential oil yield). There were significant effects of
three-way interaction effects for genotypes by salinity by
humic acid for stem length, RS, essential oil yield (Table 2).

Table 2. Results of Analysis of the variance of five accessions of Thymus kotschyanus in different levels of
Salinity stress and humic acid on their seedling growth characteristics in greenhouse condition

sov op Sem Rt TS fem oy R dy O e
ratio weight  weight weight weight mg/p
Genotype(G) 4 153.4™ 30.93° 0.184™ 33.56™ 691" 1.09° 0610  0581°  3834™
Salinity (S) 3 380.3" 301.53" 0.112° 443 4™ 30.38" 247" 0471" 4347 75331"
Humicacid(H) 2 9221 195.64™ 0.074 19.71 3.79° 0.92 0521  0.026 83.06
SxH 6 8.16 36.65" 0.045 1235 1.76 1.29° 0344™  0610"  669.7"
GxS 12 29.65" 5.81 0.087" 6.37 1.11 0.48 0.113 0276  283.12"
GxH 8 7.69 10.48 0.031 9.84 1.55 0.69 0.185"  0.124 326.5™
GxSxH 24 13.52° 9.55 0.055" 3.76 1.06 0.20 0.039 0.095 130.5™
Error 240 813 14.77 0.03 9.61 1.03 0.42 0.07 0.00 3827
CV% 14.63 19.38 17.87 2728 28.80 2525 3448 0.00 28.72

** and * = significant differences based on 1 and 5% probability levels

Results of means comparison between accessions showed
that accession Divandarre had higher mean values for all of
the traits except stem length and oil contents. For stem length,
Qazvin 2 with an average value of 21.93 cm had longer stem
than other accessions and for oil content, the Azarbijan with
0.71% had higher oil content (Table 3).

In comparison among salinity levels, results showed that by
increasing salinity stress, all of the traits except root dry
weight and RS were decreased. However, for many of the
traits as stem length. root length. root fresh and dry weight,
essential oil content and essential oil yield, the higher values
were obtained in 50 mM NaCl than that for control. In 50 mM
and 100 mM NaCl, the essential oil content was 40% and 30%
higher than that for control, respectively. For Root dry weight
the high values were obtained in 150 mM NaCl that it was
18% higher than that for control (Table 4).

The application of humic acid was effective only for stem and
root length. The higher stem and root length with average
values of 20.46 and 20.91 cm were obtained in 3.0 g/l humic
acid that they were 10% and 15% higher than that for control
(No fertilizer), respectively (Table 5).

The salinity by humic acid interaction effects was significant
for root length, root weight, and essential oil content. This
means that responses of humic acid on salinity levels were
not similar for these traits and in the other word, the positive
effect of humic acid on the reduction of the harmful effect of
salinity were not similar on different salinity levels. In such a
case that interaction effects are significant for some of the
traits, the attention has to pay on means comparison of
interaction effects than that for main effects. For stem and
root length, root fresh weight, the higher mean values of were
obtained 50 mM NaCl coupled with the application of 3 g/l
humic acid (Fig 1). Similarly, for root dry weight the higher
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value was obtained in 150 mM NaCl without fertilizer, for
essential oil content and yield, the higher values were
obtained in 50 mM NaCl coupled with the application of 1.5
2/l humic acid (Fig 1).

The genotype by salinity interaction effects were significant
stem length, RS and essential oil yield). For stem length, the
higher values of 26.6 and 23.7 cm were obtained in Qazvin2
and Qazvinl, respectively by using 50Mn salinity treatment.
This trend was also observed in both genotypes for 100Mn
but with lower stem length values (Fig2). For RS, the higher
values were contained in Azerbaijan accession in control
followed by Naqade with 100 mM NacCl salinity treatment,
indicating the relative resistance of the latter genotype to
salinity stress than other accessions (Fig2). The genotype by
salinity interaction for essential oil yield showed that all of
the accessions had higher oil yield in 50 mM NaCl. However,
by increasing salinity stress, the higher values were obtained
in Azerbijan by 100nM salinity followed by qazvin2 (Fig 2)

The results of the genotype by humic acid interaction effects
for root dry weight and essential oil yield are presented in Fig
3. For root dry weight, the higher values were obtained in
Divandarre and Nagadeh by application of 1.5 g/l humic acid.

By increasing of humic acid concentration, the root dry
weight of all of the accessions was significantly decreased
(Fig3). For essential oil yield, the higher value was obtained
in Divandarre by application of 3 g/l humic acid (Fig3).

Since the mean comparisons of three-way interaction effects
for genotypes by salinity by humic acid for stem length, RS,
essential oil yield has 24 treatments therefore data not shown.
However, the higher stem length with average values of 25
cm was obtained in Qazvin2 accession by low salinity 50 mM
NaCl coupled with 3 g/l humic acid. By increasing salinity to
(100 mM NaCl) coupled with 1.5 g/l humic acid, the stem
length value (22 cm) was decreased and ranked in the second
class. The higher value of RS with average values of 1.26 and
1.22 was obtained in Azerbaijan and Divandarre, respectively
that were subjected to salinity 100 mM NaCl coupled with
1.5 g/l humic acid.

For essential oil yield, the higher values of 96, 87 mg/p were
obtained in Naqade and Divandarre, respectively in low
salinity (50 mM NaCl) coupled with 1.5 g/l humic. By
increasing salinity to (100 mM NaCl). Qazvin2 produced
lower values of 60 mg/p essential oil yield without fertilizer

Table 3. Means comparison of the main effect of five Thymus kotschyanus accessions on seedling growth

characteristics of in greenhouse condition

Stem  Root  Root-shoot Arial fresh  Arial dry FRrg:;‘] Rootdry o oil
Accessions length  length Length weight Weight Weight weight % yield
cm cm Ratio alp alp g /g alp ° mg/p
Qazvin 1 2012b  1943a 098b 1059 b 321c 240b 0.64b 0.67b  2245a
Qazvin 2 2193a  21.08a 097b 10.94 ab 331c 2.56 ab 0.75 ab 0.62b 21.1la
West Azarbijan 1828¢c  1973a 1.09a 11.10 ab 333¢ 2.46 ab 0.70 b 071a 2340a
Divandarre 1912bc  19.60a 1.02 ab 1249a 399a 273a 087a 057c  234la
Nagade 1798c  1932a 1.08a 11.72 ab 3.77b 2.65ab 086a 045d  1734b

In each column, data with similar alphanumeric characters do not have a significant difference (p<0.05).

Table 4. Means comparison of the main effect of salinity effects on seedling growth characteristics of Thymus

kotschyanus accessions in greenhouse condition

Salini Stem Root Root-shoot Anmnal fresh Anal dry Root Fresh Root dry oil 01l
levelzy length length Length weight Weight Weight weight % yield
cm cm Ratio glp glp g/p glp mg/p
Control 19.60 b 20.42ab 1.07a 1454a 417a 2440 073 b 051b 22.38b
50 mM 2245a 2192a 098b 11.83b 397a 283a 0.78 ab 0.88a 3329a
100 mM 18850 19.86b 1.05 ab 10.19¢ 3.08b 249b 0.68b 0.71a 21.70b
150 mM 17.04 c 1712 ¢ 1.01 ab 890 c 288b 248b 0.86a 032c¢ 8.79¢

In each column, data with similar alphanumeric characters do not have a significant difference (p<0.05).
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Table 5. Means comparison of the main effect of humic acid fertilizer on seedling growth characteristics of
Thymus kotschyanus accessions in greenhouse condition

Humic Stem Root Root-shoot Arial fresh Arialdry Root Fresh Root dry oil Qil
Acid length length Length weight Weight Weight weight % yield
cm cm Ratio a/p ap a/p ap mg/p
00g1 1854b 18250 1.00a 1185a 3.52ab 246a 0.77 ab 0.59a 21.19a
15¢g1 1946b 2033 a 1.05a 1098 a 372a 265a 0.83a 0.62a 22.58a
30g1 2046a 2091a 1.03a 1127a 333b 257a 0.69 b 0.60 a 20.86a
In each column, data with similar alphanumeric characters do not have a significant difference (p<0.05).
Stem length Root length
BNoHumicadd H15g/| m®3.0g/l EINoHumicacd ®15g/l ®3.0g/l

26

cm

26

Control

50 mM 100 mM
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Control 50 mM 100 mM 150 mM Control 50 mM 100mM
Salinity levels Salinity levels
Root Fresh Weight Root DryWeight
£1No Humic acid m15g/ E3.0g/ 11 B NoHumicacid ®15g/l ®3.0g/l
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Figure 1: Means of salinity by hemic acid interaction for stem length, root length, root fresh, and dry weight and

essential oil content and production

! Archives of Pharmacy Practice | Volume 10 | Issue 2 | April-June 2019




Mahdi Saber et al.: Effect of Salinity and Humic Acid on Morphological Traits and Essential O1l Content of Thymus Kotschyanus

Stem length
30 4 ElControl ES0mM E100mM @150 mM

Qazvin 1 Qazvin 2 Azarbijan  Divandarre Nagade

Accessions

Root shootLength ratio
BControl BS0mMM HB100mM O150mM

Qazvin 2 Azarbijan  Divandarre Nagade

Accessions

Qazvin 1

mg/p

Qazvin 1 Qazvin 2

Essential Oil yield
Hcontrol B50mM 0100mM E150mM

Azarbijan

Accessions

Divandarre Nagade

Figure 2: Means of accession by salinity interaction for stem length, root-shoot length ratio, and essential oil content

and production

Root DryWeight
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T T

Azarbijan Divandarre

Qazvin 2 Nagade

Qazvin 1
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Essential Oil yield

& No Humic acid B15g/l m3.0¢g/l
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Azarbijan Divandarre

Qazvin1l  Qazvin 2 Nagade

Accessions

Figure 3: Means of accession by hemic acid interaction for stem length, root-shoot length ratio, root dry weight and

essential oil production in

DiscussioN

The result showed that by increasing salinity stress up to S0
mM NaCl, the length and weight of the stem increased in
most accessions and ten reduced by severing salinity. In
normal conditions, there was not much variation between the
accessions and in most cases they were commonly ranked in
class a.

There are various reports on variation in response to saline
stress on the amount of essential oil production in salt stress
conditions. Similar to present research, the saline stress
reduced essential oil yield in Trachyspermum ammi ?9, in
Mentha piperata PY), Thymus maroccanus "V and Chamomilla
Recutita P and Foeniculum vulgare 3], In all the accessions,
the essential oil percentage in low salinity (50 mM sodium)
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was higher than control. These results are similar to some
reports on the effects of saline stress. Low levels of salinity
led to the increase of the essential oil yield in some species,
including Satureja hortensis ?* and Salvia officinalis ) and
Coriandrum sativum P61, The latter authors reported that the
essential oil yield is increased only at low and medium levels
of saline stress and the oil production under high levels of salt
in this plant is greatly reduced 6],

The essential oil content (%) was increased up moderate
salinity and then decreased. Using 50 mM and 100 mM NacCl,
the essential oil content was increased 40% and 30% higher
than that for control, respectively This finding was in
agreement on Matricaria recutita 7, Salvia officinalis ),
Thymus kotschyanus ), Ocimum basilicum ®1, In contrast, in
some studies on Origanum majorana M and Savory [,
salinity significantly reduced the essential oil content.
Increasing the electrical conductivity due to sodium chloride
(1.5 g/ kg soil) on the essential oil percentage and its yield in
Ocimum basilicum was similar to the control plants 8],
However, by increasing salinity levels to 4.5 g/kg soil, the
percentage and yield of oil significantly decreased in
Cymbopogon B,

By the application of humic acid, the areal fresh weight was
significantly increased higher than the control.

The Divandarre accession showed a good response to Humic
acid for areal fresh weight Haghparast ef a/. (2012) did find a
significant effect of Humic acid on grain yield of three
chickpea varieties [*!]. The results also indicate that the usage
of Humic acid increases root dry weight. The increase of root
size led to resistance to salinity stress. Also, the higher
essential oil yield was obtained in Divandarre by application
of 3 g/l humic acid. In contrast to our result, Fatemi ef al.
(2011) 1n field study find no significant effect of humic acid
on Ocimum basilicum on the essential oil *2. They concluded
that though humic acid has a positive influence on
morphological parameters of basil, such as stem length, dry
and wet weight, and root length, it did not affect essential oil
content and oil yield.

CONCLUSION

There was good variation among accessions for all of the
traits. The accession Divandarre had higher mean values for
many traits and its response to salinity through the application
of humic acid was higher than other accessions. The Qazvin
accession had a longer stem and Azerbaijan had higher oil
content (0.71%). From this useful variation could improve
breeding new T. kofschyanus varieties.

The essential oil content was increased by increasing salinity
up to 100 mM NaCl and then decreased so that, in 50 mM and
100 mM NacCl stress, the essential oil content was 40% and
30% higher than that for control average overall of
accessions, respectively. It was concluded that low salinity
(50 mM NaCl) coupled 1.5 g/l HA had increased both
essential oil content and oil production in all of the

accessions. The application of 1.5 g/l humic acid had
increased both root dry weight and essential oil in all of the
accessions. Humic acid had a positive effect on the reduction
of a harmful effect of salinity on new 7. kotschyanus.
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