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Abstract

Background and objectives: Thymus lancifolius Celak. is one of the exclusive species of
thyme genus in Iran, possessing high economic and medicinal value due to its high phenolic
compounds. Considering the indiscriminate harvesting from thyme habitats, low production and
non-standard quantity and quality of bioactive ingredients due to the high genetic diversity of
thyme, the domestication of T. lancifolius Celak. species and its standardization is one of the
goals of this study. In this regard, the quantity and quality of this species' essential oil (EO) were
investigated and compared in habitat and field conditions.
Methodology: In order to investigate the effects of environmental factors on the quantitative
and qualitative production of T. lancifolius Celak. in the field and habitat conditions
(five habitats of Rezen, Asadabad, Hamedan, Malayer, and Toyserkan), this species was planted
in the Ekbatan station through seed propagation, in the form of a complete randomized block
design with three replications. The EO of plants at the full flowering stage were extracted using
the hydrodistillation method, and the chemical compounds of EO were measured and identified
by GC and GC/MS devices.
Results: The comparison of the EO percentage of T. lancifolius populations shows that there is
a significant difference in the habitat, so the Asadabad habitat had the highest EO percentage
(3.85%), and the Malayer habitat had the lowest EO (1.94%). The amount of EO of the
populations in the field also has a significant difference, so the highest percentage of
EO (4.18%) is related to the Asadabad population and the lowest is related to Malayer (1.78%).
In the populations of Asadabad and Toyserkan, the percentage of EO from the field was more
than that of the habitat, but in the populations of Razan, Hamedan, and Malayer, the higher
EO belongs to the habitat. Compounds in all populations are almost similar in habitat and field
conditions but differ in the type of dominant compounds and their amount. The result of the
cluster analysis of the important bioactive constituents of the EO in the five studied populations
indicates the existence of two types of chemical types (chemotypes), including thymol
(chemotype 1) and geraniol/geranyl acetate (chemotype 2) in both field and habitat conditions.
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In the EO of four populations of T. lancifolius related to chemotype 1, the main compounds
include thymol (habitat: 52.2-71.4%, field: 49.4-68.1%), carvacrol (habitat: 4.5-23.5%, field:
3.9-25.5%), p-cemen (habitat: 4.3-6.1%, field: 4.6-6.6%), and y-terpinene (habitat: 3.9-9.3%,
field: 5.7-8.9%). In this chemotype, the highest amount of thymol (71.4%) was observed in the
Hamedan habitat, and the highest amount of phenolic compounds (80%) was found in the
Malayer habitat. In the Razan population related to chemotype 2, bioactive constituents
including geraniol (habitat: 52.1%, field35.8%), geranyl acetate (habitat: 22%, field: 16%),
linalool (habitat: 6.3%, field: 14.7%), and thymol (habitat: 7%, farm: 12%) formed the main
compounds of the EO.

Conclusion: According to the results of examining the quantity and quality of EO of different
populations of T. lancifolius Celak., two main chemotypes, including the thymol chemotype and
the geraniol/geranyl acetate chemotype, can be introduced for the domestication and cultivation
of this species in Hamadan province to prevent the destruction of thyme plants while using them
in the pharmaceutical industry.

Keywords: Thymus lancifolius Celak., essential oil, chemotype, thymol, geraniol, habitat,
field.
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Tablel. Geographical and climatic characteristics of Thymus lancifolius collection sites in Hamadan province

Sampling site Annual Annual mean Ar:;‘;r?l Rf?;:tf?rl]li(;n Annual mean hunl\ﬁllig?tn in Slope Altitude Latitude Longitude
(Natural habitat: N rainfall temperature humidi P temperature in first h |¥ f di P (N) (E)
and Field: F) (mm) °C) umidity of year first mid irst half o irection (m)
' (%) (mm) year (%)

Razan (N) 429.75 12.18 49.45 163.64 19.07 37.26 northen 2360 34°29'27.3" 49° 06' 32.2"
Asadabad (N) 491.03 13.33 51.18 174.70 19.99 40.00 western 2205 34°51'02.1" 48°10'19.1"
Hamedan (N) 362.86 12.50 49.08 151.52 19.05 37.34 northwest 2009 34°47'50.4" 48°27'42.6"
Toyserkan (N) 527.23 13.97 46.63 182.80 20.46 35.92 northwest 2755 34° 44'56.9" 48° 23'51.2"

Malayer (N) 459.47 14.25 43.38 194.12 20.53 33.40 northeast 2320 34°06' 38.3" 48°59' 57.4"
Hamedan (F) 321.92 13.45 45.36 141.79 19.33 35.64 no slope 1730 34°29'27.3" 49° 06' 32.2"

olae gLl 2 (Thymus lancifolius) O..LJT LS 6JJT@.? Sbdoe S slad 5 SO Oleopas =Y Joax

Table 2. Soil physicochemical characteristics of Thymus lancifolius collection sites in Hamadan province

Soil characteristic

Sampling site (Natural habitat: N and Field: F)

Razan (N) Asadabad (N) Hamedan (N) Toyserkan (N) Malayer (N) Hamedan (F)
EC (dS.m™?) 0.50 0.58 0.72 0.74 0.83 0.94
pH 7.51 7.44 7.52 7.32 7.47 7.56
T.N.V (%) 11.20 2.90 3.70 2.60 1.60 11.50
OC (%) 0.96 1.46 0.64 0.94 1.43 0.69
P (ppm) 29.72 31.08 15.16 33.80 27.96 7.30
K (ppm) 463.97 395.93 407.93 263.02 247.12 303.76
Total N (%) 0.10 0.15 0.06 0.09 0.14 0.07
Clay 33.70 14.90 17.90 7.90 10.90 15.04
Silt 30.20 29.25 28.60 11.85 25.65 16.84
Moister (%) 10.12 8.07 7.50 12.11 6.98 15.29
Sand 36.10 55.85 53.50 80.25 63.45 68.35
Texture Clay loam Sandy loam Loamy sand Sandy loam Sandy loam Sandy loam
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Figure 1. Means comparison of essential oil content of different Thymus lancifolius populations under habitat
and field conditions
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Figure 2. Total phenolic compounds of different Thymus lancifolius populations under habitat and field conditions
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Table 3. Means comparison of essential oil traits and plant yield of different Thymus lancifolius populations

under habitat and field conditions

: ) geranyl ) I .
Sampling ) thymol carvacrol geraniol linalool Essential oil ~ Plant yield
) Location acetate
site (%) (%) (%) (%) (%) (kg.ha'*)
(%)
R Field 12.0a 09a 35.8a 16.2b 14.7 a 21a 1276 a
azan
Habitat 7.0b 0.4b 52.1b 220a 6.3b 25D 656 b
Field 54.0a 19.6 b 0.2a 0.0b 25a 444 1140 a
Asadabad
Habitat 52.2a 204a 0.3a 0.3a 1.0b 40b 656 b
Field 68.1a 39a 0.00 0.00 0.4a 35a 1360 a
Hamedan
Habitat 714a 45a 0.00 0.00 0.6a 36a 600 b
Field 64.4a 15.6a 0.00 0.00 0.2a 3.0a 1388 a
Toyserkan
Habitat 63.2a 145a 0.00 0.00 03a 2.0b 1476 a
Field 494 a 255a 0.00 0.00 05a 19a 1252 a
Malayer
Habitat 56.4 a 235a 0.00 0.00 03a 20a 424 b

In each column, means with common letters are in the same statistical group at 5% probability level (T test).
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Figure 3. Diagram related to phytochemical traits related to five populations of Thymus lancifolius



Table 4. Essential oil compounds of different Thymus lancifolius populations under habitat and field conditions
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Essential oil compound (%)

Razan Asadabad Hamedan Toyserkan Malayer
Compound” RI (Adams)
RI (Exp.)** Field Habitat Field Habitat Field Habitat Field Habitat Field Habitat
- Chemotype 2 Chemotype 1

a-thujene 930 930 0.1 0.4 0.7 0.8 1.8 1 0.6 0.6 0.6 0.5
a-pinene 940 939 0.4 0.2 0.6 0.7 0.9 0.5 0.6 0.6 1.1 0.7
camphene 952 954 0.3 0.2 0.3 0.3 0.5 0.4 0.3 0.2 0.3 0.3
sabinene 975 975 0.3 0.2 0.4 0.3 0.2 0.2 0.7 0.6 0.5 0.4
B-pinene 983 979 0.3 0.3 0.4 0.3 0.4 0.2 0.7 0.6 0.5 0.4
myrcene 989 990 1 0.5 1.7 1.7 1.9 1 1 1.6 1.4 1.3
a-terpinene 1015 1017 0.1 0.1 11 11 1 0.4 1 1.1 0.4 0.9
p-cymene 1020 1024 0.8 0.4 4.6 4.6 6.6 6.1 4.6 4.7 5.2 43
1,8-cineole 1038 1031 1.7 0.7 1.3 1.2 1.4 0.8 0.9 1.7 11

E- B-ocimene 1056 1050 0 0.1 0.1 0.1 0 0 0 0 0 0
y-terpinene 1065 1059 0.88 0.9 8.9 9.3 7.2 3.9 7.2 7.2 5.7 6.1
cis-sabinene hydrate 1078 1070 19 0.6 0.6 0.7 1 0.6 0.3 0.4 0.4 0.4
linalool 1100 1096 14.7 6.3 25 15 0.4 0.6 0.2 0.3 0.5 0.3

camphor 1142 1146 0.2 0.2 0 0.6 0 0 0.1 0 0 0
borneol 1167 1169 0.7 0.5 0.8 0.5 1.3 1.6 0.6 0.6 0.8 0.9
terpinen-4-ol 1175 1177 0.4 0 0.4 0.2 0.4 0.5 0.5 0.3 0.4 0.4
a-terpineol 1190 1188 0.5 0.5 0.2 0.4 0.4 0.6 0.2 0.1 0.2 0.1

nerol 1227 1229 1.4 2.2 0 0 0 0.1 0 0 0

neral 1235 1238 13 1.8 0.3 0 0 0 0 0

geraniol 1250 1252 35.8 52.1 0.2 0.3 0.1 0 0 0 0 0
thymol 1296 1290 12 7 54 52.2 68.1 714 64.4 63.2 49.4 56.4
carvacrol 1302 1299 1 0.4 19.6 20.4 3.9 4.5 145 15.6 255 235

geranyl acetate 1370 1381 16 22 0 0.3 0 0 0 0 0 0
(E)-caryophyllene 1425 1419 0.8 0.7 0.5 0.5 1.2 0.9 0.3 0.4 0.3 0.5

germacrene D 1486 1481 0.4 0.3 0 0.6 0 0 0 0 0 0




Essential oil compound (%)

Razan Asadabad Hamedan Toyserkan Malayer
Compound” RI (Adams) - - - - - - - - - -
RI (Exp.)** . Field Habitat Field Habitat Field Habitat Field Habitat Field Habitat
Chemotype 2 Chemotype 1

bicyclogermacrene 1501 1500 4.4 0 0 0 0 0 0 0 0
thymohydro quinone 1553 1555 0.2 0.1 0 0.1 0.2 0.1 0 0.1 0.2

spathulenol 1580 1578 0.2 0.2 0.1 0 0 0.1 0 0 0 0

caryophyllene oxide 1585 1583 0.2 0.3 0.1 0 0.3 0.5 0 0.1
geranyl-2methyl

butanoate 1605 1601 0.2 0.3 0 0 0 0.1 0 0 0 0
epi-a-cadinol 1642 1640 0.2 0.2 0.1 0.2 0.1 0.2 0 0 0.1 0.2
Monoterpene Hydrocarbons (%) 4.3 2.4 18.8 19.1 20.5 13.6 16.7 17.2 15.6 14.8
Oxygenated Monoterpenes (%) 87.6 945 79.6 78 77.3 80.6 81.9 81.4 78.7 83.1
Sesquiterpene Hydrocarbons (%) 5.7 1 0.5 0.6 1.2 1 0.3 0.4 0.3 0.5
Oxygenated Sesquiterpenes (%) 1 1 0.3 0.2 0.5 1 0.2 0.1 0.3 0.4

Number of compounds 31 31 27 30 23 25 22 20 22 20

*Compounds listed in order of their elution on a DB-5 column; **RI (Exp.): retention indices determined experimentally on the mentioned column by co-injection of a homologous series of n-alkanes (Cs—Cz4); *** RI (Adams):
retention indices reported in Adams library (2017); chemotype 1: thymol and chemotype 2: geraniol/geranyl acetate.
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