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Abstract

Introduction

Thyme (Thymus kotschyanus Boiss. & Hohen.) is one of the most important medicinal plants in
Iran. The oil from Thyme species is used in about 288 pharmaceutical products. Essential oils of
Thyme species contain many compounds with antioxidant activity. Thyme is one of the most
important medicinal and culinary herbs, whose cultivation has recently increased significantly.
This is why the effect of environmental factors on the herb’s growth, production and biochemical
composition is of special importance for the effective cultivation of this plant. Among the various
environmental factors affecting crops, salinity of soil and water is a major factor reducing crop
yield. Plant hormones, particularly salicylic acid, have been reported to alleviate stress effects on
plants.

Materials and Methods

A two-factor factorial experiment was conducted in a greenhouse during the 20222023 growing
season. The experiment consisted of a completely randomized design (CRD) with three
replications. The first factor was NaCl concentration at four levels (0, 50, 100 and 150 mM) while
the second factor was salicylic acid (SA) at two levels (0 and 2 mM). For each experimental unit
five plants (five pots) were chosen to measure number of stems per plant, plant height, shoot fresh
weight, root fresh weight, shoot dry weight, and leaf area. In addition, proline and total protein
contents, as well as chlorophyll and carotenoid pigment concentrations, were determined for each
experimental unit.

Results and Discussion

Analysis of variance revealed that salinity stress had a significant effect on all measured traits (p <
0.01). Salicylic acid significantly affected chlorophyll b and carotenoid contents (p < 0.05), while
its effect on root fresh weight was not significant. All other traits were significantly affected by
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salicylic acid (p < 0.01). The interaction between salinity stress and salicylic acid was significant
for all traits except root fresh weight (p < 0.01). Mean comparisons indicated that increasing salinity

levels significantly reduced all agronomic traits and photosynthetic pigment contents. These
reductions became significant at 50 mM NacCl, with each salinity level forming a distinct statistical
group. In contrast, proline and total protein contents increased with increasing salinity up to 100
mM but declined significantly at 150 mM. Furthermore, salicylic acid application significantly
increased all measured traits except root fresh weight and plant height.

Conclusion

Thyme showed moderate tolerance to salinity. Under mild salinity stress (50 mM NaCl, 6.5 dS
m!), SA treatment increased agronomic and biochemical traits of thyme. In higher salinity (100
mM NaCl; approximately 9 dS m™) thyme plants salicylic acid (2 mM) was able to counteract
negative effects caused by high salinity. However, under severe salinity stress (150 mM NacCl; 13
dS m™) negative effects for thyme plant’s agronomic and biochemical characteristics were
observed even under application of salicylic acid. In general, salicylic acid at the concentration of
2 mM is recommended to be used in salinity stress up to 9 dS m™ and it moderates stress effects
on thyme. The findings of this study suggest that the 2 mM salicylic acid could be used to alleviate
salinity stress in thyme at salinity up to 9 dS m™'.

Key words: Photosynthetic pigment, Abiotic stress tolerance, Medicinal plant, Plant hormone,
Proline
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Table 1. Variance analysis for morphological and biochemical traits of Wild thyme under salt stress and
salicylic acid treatments

S.0. OF gt weight weight  weign Leafare (T
Salinity levels (A) 3 178.5™ 204~ 16.76™ 8.979" 3921 325.2"
Salicylic acid levels (B) 1 2.59m 48317  9.36” 0.448™ 192.8™ 23.74"
AxB 3 747 11.24™ 124" 0.305" 151.0" 9.92"
Error 16 2.3 1.27 0.16 0.11 20.65 0.941
C.V (%) 751 9.67 10.58 9.28 8.52 4.66
. . Total .
sov. o fine Pt Cioomils CHotID cpnpny  Cotiold
Salinity levels (A) 3 0.0014™  915.75" 35.00™ 1217 87.69™ 9.01™
Salicylic acid levels (B) 1 0.0004™ 168.06™ 1.628™ 0.56" 412" 0.27"
AxB 3 0.0013" 38.79" 1514 0.296" 3.10" 0.190"
Error 16 0000024  10.698 0.066 0.089 0.118 0.043
C.V (%) 2.93 4.95 6.35 11.13 5.11 8.68

s 13 e OMSINS (Gls ae oo j3 0 c}dm)} # s gme Loy ) c}a.,-: ek
**significant at 1% level, * significant at 5% level, ™ not significant
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Table 2. Means comparison of morphological traits of Wild thyme under salt stress and salicylic acid

treatments
Salinity levels (mM  Plant height Eresh Dry weight Fre_sh root Leaf area
NaCl) (cm) weight (g. (0. plant?) weight (g. (cm2) Number of branches
plant?) g-p plant?)
0 26.06° 17.67° 5.65° 4.99° 84.43? 28.98°
50 22.12° 13.9° 4.22° 3.85° 59.15° 23.24°
100 19.57¢ 10.61° 3.63° 3.42¢ 46.69° 19.57°
150 13.07¢ 3.93¢ 1.62¢ 2.034 23.08¢ 11.41¢
Salicylic acid (mM)*
0 19.88? 10.11° 3.16° 3.44° 50.50° 19.81°
2 20.53? 12.95% 4.41° 3.71° 56.17° 21.80°
Salinity x Salicylic

acid
0 0 25.60% 15.35 4,57 4.85° 79.52° 27.42°
50 0 21.01% 11.42° 3.41¢ 3.55 55.86% 21.99¢
100 0 18.53¢ 9.24¢ 3,024 3.13¢ 39.30° 17.53¢
150 0 14.35¢ 4.43° 1.61° 2.22¢ 27.33f 12.28f
0 2 26.51% 19.99% 6.73% 5.14% 89.34% 30.55%
50 2 23.23% 16.38° 5.03° 4.15° 62.44° 24.49°
100 2 20.61% 11.98° 4.23° 3.71k 54.09¢ 21.61¢
150 2 11.78° 3.43° 1.63° 1.85¢ 18.82¢ 10.549

AP /00) L1 Sols 0 gn 3T alal y Sls me (oMt | 65 e g o b o S0ks
* Means with common letters do not have a significant difference based on the Dunkan’s test (p<0.05)
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Table 3. Means comparison for biochemical traits of wild thyme under salinity stress and salicylic acid

treatment
Proline Protein Total .
Salinity levels content content Chgﬁfe Tw)t,” a Chlggﬁ&hnﬁu b Chlorophyll ng?]tti?]?'d
(MMNaCh — (mg.g* (M3 0% (g 'grrw)  (mg. g FW) content (mg. gLFW)
FW) FW) (mg. g FW)
0 0.156° 71.25% 6.89° 418 11.07° 3.85°
50 0.165° 72.34% 5.03° 3.31° 8.33° 2.75°
100 0.189° 73.25° 2.92¢ 2.39° 5.30° 2.01°
150 0.157° 47.63° 1.36¢ 0.85¢ 2.21¢ 0.94¢
Salicylic acid
(mM)*
0 0.163" 63.47° 3.79° 2.53° 6.31° 2.28°
2 0.171* 68.76° 431 2.83% 7.14% 2.50%
Salinity x
Salicylic acid
0 0 0.141¢ 68.43% 6.43° 3.88° 10.31° 3.52°
50 0 0.151° 66.48¢ 4.23¢ 2.94° 7.17¢ 2.59°
100 0 0.187° 71017 2.74¢ 2.34¢ 5.08° 2.03¢
150 0 0.173° 47.96° 1.75f 0.95¢ 2.71f 1.00°
0 2 0.172° 74.06%¢ 7.34° 4.48° 11.83° 4.18°
50 2 0.178° 78.20° 5.83° 3.67° 9.50° 2.92°
100 2 0.192? 75.49% 3.09° 2.43% 5.53° 2.00°
150 2 0.141¢ 47.29° 0.97¢ 0.74¢ 1.71° 0.89°
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Means with common letters do not have a significant difference based on the Dunkan test (p<0.05)
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