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ABSTRACT

Thymus daenensis Celak subsp. daenensis, an endemic medicinal plant in Iran, belongs to Lamiaceae family that has
a high essential oil content and high Thymol in essential oil. Evaluations of different ecotypes of this species in order
to identify the paramount ecotype with the highest essential oil percentage and Thymol content and also correlations
of edaphic and climate conditions with essential oil quantity and quality in order to identify the best conditions for
domestication of this species were the aims of this study. In this study, essential oils of plants referred to eight natural
habitat (Malayer 1, Malayer 2, Jovzan, Arak, Khane miran e bala, Khane miran e paien, Shazand and Zaghe) of this
species extracted and measured (v/w%) and then compositions of essential oils were determined by GG and GC/MS
instruments. Soil and climatic characteristics were identified and their correlations to essential oil content and
compositions were calculated. Results showed that the ecotypes had significant difference in essential oil percentage.
The highest and the lowest essential oil percentage were obtained in Arak (5%) and Malayer 2 (2.5%) ecotypes,
respectively. Thymol was dominant component of essential oils of all ecotypes. The highest (78.88%) and the lowest
(67.16%) amounts of Thymol were observed in ecotypes of Jovzan and Malayer 1, respectively. Positive correlations
between the essential oil percentage with mean daily temperature, clay, silt and soil lime were found. These
correlations explained that edaphic and climatic conditions had a significant effect on the quantity and quality of
essential oil and could help us to identify the second culture conditions for domestication of this plant.
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Figure 1. Collecting sites of Thymus daenensis Celak subsp. daenensis ecotypes
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Table 1. Geographical characteristics of collecting sites of Thymus daenensis Celak subsp. daenensis ecotypes

Province Sites Slope (%) Slope side Altitude Latitude Longitude
Malayer 1 16-24 Northeast 1844 34°15' 00" 48° 35' 59"
Hamedan Malayer 2 9-16 Western 1891 34° 14' 49" 48° 35' 30"
Jowzan 16-24 Northeast 1843 34° 15' 05" 48° 58' 25"
Arak 19-28 Northern 2032 33°59' 35" 49° 32' 56"
Markazi Khane mirane bala 48-61 Western 2865 33°59' 04" 49° 34' 04"
Khane mirane paien 38-48 Northwest 2250 34° 59' 14" 49° 34' 05"
Shazand 11-19 Northwest 1979 33°54' 14" 49° 23' 48"
Lorestan Zaghe 19-28 Southeast 1825 33°45' 03" 49° 01' 06"
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Table 2. Climatic data obtained from the nearest weather stations to collecting sites of Thymus daenensis Celak
subsp. daenensis ecotypes

(8]
L= 5 = > . 0 = 05 0
22 B g5 g5 =5 E % E g2 g% gg
= T o= = <
22 2 22 22 2§ E zE = z& & g
= =t g g Rg B £ Z g = s= 3 =
2 255 =0 g5 S E& g E£T = 25 3o 25
T c =0 R © ER S 093\/ = © ‘s [ — = — =
&H T T~ i =5 =5 <5 £ =9 = [Shr] o © o ®©
g< = S o Sa c = s> = o< N = =
5 = =g EE S < =R 2 ER] 29 28
2 2 <& <2 =< = 3 = E Ew E&
] < =
AE Z £ < zE= ZzEs z
Malayer 1732 1343 -18.17 3847 37.03 4367 13217 32117 9550 5750  1424.17
Khoramabad 20.87  17.33 -8.07 4317 39.07 4450 161.67 455.83 97.83 5517  1361.65
Arak 19.17 1445 -18.63  40.17 37.83 4550 11847 289.65 9167 61.33  1362.83
@Uo O.of.dj‘“ slecusssl Lg)sié‘p bl S }Jlfl Sl Y Jgu
Table 3. Soil analysis data of collecting S|tes of Thymus daenensis Celak subsp. daenensis ecotypes
Region Cu Mn Zn Fe Soil Silt Clay Sand C N Lime EC H
9 (mg/kG) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) texture @) (%) (%) (%) (%) (%) (ds/m) P
Malayer 1 7.5 Sandy loam 25 13 62 141 014 134 048 8
Malayer 2 l 54 47 2 1 22 25 6 166 6.5 Sandy loam 27 14 59 143 015 145 039 81
Jowzan 1.22 30.3 0.62 8.1 108 6.8 Sandy loam 24 16 60 052 0.09 125 086 8
Arak 1.62 30 0.81 175 182 11.9 Loam 39 26 35 135 015 246 034 8
Khane miran e bala 1.38 32.7 0.63 17.7 140 6.6 Loam 39 26 3% 085 011 232 033 8
Khane miran e paien  1.82 35.3 1.34 234 242 21.1 Loam 37 26 37 1.08 0.13 486 046 8.1
Shazand 3 91.1 19.6 49.6 735 65.5  Siltclay loam 52 33 15 28 03 41 071 8
Zaghe 2.95 64.2 1.04 18.6 700 22.2 Silt clay 45 46 9 151 0.18 134 083 81
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Figure 2. Essential oil percentage of Thymus daenensis Celak subsp. daenensis ecotypes
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Table 4. Essential oil components of different Thymus daenensis Celak subsp. daenensis ecotypes

Shazand  Zaghe Khanemirane Khanemirane Arak Jowzan Malayer2 Malayer 1

No  Component REC o) ) paien (%) bala@®) (%) (%) %) %)
1 o-Thujene 926 0.17 0.07 0.11 0.06 0.07 0.13 0.03 0.2
2 o-Pinene 934 0.81 0.46 0.81 0.61 0.59 047 0.37 0.62
3 Camphene 949 0.23 0.06 0.69 0.22 0.33 0.1 0.08 0.14
4 B-Pinene 978 0.21 0.08 0.16 0.09 0.08 0.09 0.06 0.18
5 B-Myrcene 990 154 1.29 1.05 1.28 117 1.29 0.82 1.25
6 a-Phellandrene 1006 0.22 0.19 0.19 0.19 0.19 0.18 0.11 0.19
7 o-Terpinene 1017 1.32 1.23 0.76 0.95 0.96 0.87 0.67 1.00
8 p-Cymene 1026 487 5.67 5.27 5.42 513 4.65 3.97 6.86
9 D-Limonene 1029 0.15 0.12 0.15 0.12 0.12 0.12 0.40 0.14
10 1,8-Cineole 1032 217 0.45 1.63 145 0.57 0.24 0.38 1.99
11 y-Terpinene 1059 551 4.46 1.39 3.32 3.36 2.83 243 3.97
12 cis-Sabinene hydrate 1068  0.18 0.16 0.22 0.14 0.15 0.12 0.05 tr
13 a-Terpinolene 1090 0.17 0.14 0.19 0.15 0.14 0.16 0.12 0.15
14 Linalool 1101 056 0.34 051 0.52 0.34 0.35 0.56 041
15 Borneol 1171 0.06 tr 0.05 0.02 tr tr tr 0.04
16 4-Terpineol 1182 0.68 0.43 214 0.97 11 0.46 0.64 1.07
17 o-Terpineol 1203  0.01 tr 0.02 0.04 0.05 0.03 0.01 0.03
18 Carvacrol methyl ether 1249  0.42 0.18 1.85 351 245 4.62 3.45 5.94
19 Thymol 1309 7197 75.45 72.43 73.74 7451 78.88 67.37 67.16
20 Carvacrol 1312 294 370 4.19 1.60 17 0.67 12.8 1.09
21 trans-Caryophyllene 1427  4.08 31 4.45 3.20 4.75 2.78 4.86 5.02
22 Aromandendrene 1444 013 0.12 0.2 0.12 0.18 0.08 0.05 0.12
23 a-Humulene 1458 012 0.1 0.13 01 0.14 0.08 0.07 0.14
24 Ledene 1498 012 0.1 0.17 0.12 0.16 0.08 0.04 0.11
25 p-Bisabolene 1509  0.20 0.33 0.01 0.12 0.11 0.04 0.03 0.09
26 (E)-o-Bisabolene 1544 041 0.53 0.14 0.52 0.26 0.07 0.06 0.03
27 Spathulenol 1584  0.01 0.03 0.02 0.02 0.02 tr 0.04 0.02
28 Caryophyllene oxide 1590 0.53 0.74 0.61 0.94 0.69 0.48 0.46 143
29 o-Cadinol 1661  0.06 0.02 0.02 tr 0.02 0.01 0.01 0.17
g0 Bis-ethylnexyl) 1696 016 044 0.45 0.45 064 008 0.05 0.42

phthalate

Total 100 99.99 100 99.99 99.98  99.96 99.99 99.98

=

(ol 5l xaS olie) 52 L Trace
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Table 5. Correlation of essential oil and Thymol percentage with climatic conditions of collecting sites of Thymus
daenensis Celak subsp. daenensis ecotypes

Essential oil (%) Thymol (%)

Thymol 0.752*

Altitude (m) 0.343 0.093
Slope (%) 0.522 0.217
Daily mean temperature in first half of the year (°C) 0.736* 0.378
Annual mean temperature (°C) 0.575 0.359
Annual minimum temperature (°C) 0.274 0.265
Annual maximum temperature (°C) 0.653 0.374
Mean humidity in first half of the year (%) 0.673 0.376
Annual mean humidity (%) 0.685 0.229
Rainfall in first half of year (mm) -0.042 0.135
Annual rainfall (mm) 0.108 0.200
Number of sunny days in first half of the year -0.340 -0.012
Number of cloudy days in first half of the year 0.340 0.012
Number of sunny hours in first half of the year -0.777* -0.327

* Significant correlation at 5% of probability level. Aoy B Jloiol s jo jls s (Koo 2
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Table 6. Correlation between essential oil and Thymol
percentage of different Thymus daenensis Celak subsp.
daenensis ecotypes with physical and chemical

characteristics of soil
Essential oil (%) Thymol (%)

Thymol (%) 0.752"

pH 0.057 -0.196
EC (ds/m) 0.097 0.535
Lime (%) 0.511 0.045
N (%) -0.110 -0.213
C (%) -0.226 -0.374
Sand (%) -0.592 -0.320
Clay (%) 0.633 0.405
Silt (%) 0.501 0.202
P (mg/kg) 0.078 0.006
K (mg/kg) 0.141 0.066
Fe (mg/kg) -0.460 -0.613
Zn (mg/kg) -0.146 -0.106
Mn (mg/kg) -0.292 -0.271
Cu (mg/kg) 0.140 -0.003

Aoy O Jloial s jo Jls s (Ko

* Significant correlation at 5% of probability level.
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