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Abstract

Background and purpose:

Thymus daenensis Celak is a medicinal and aromatic species widely used in the health,
pharmaceutical and food industries. Most of the country's needs are met through harvesting from
natural areas. Therefore, expanding this species' cultivation in agricultural lands is necessary. Since
a large area of these lands is exposed to drought stress, this research was conducted to evaluate the
effect of different irrigation levels on the characteristics of its various populations at the Pardisan
Agricultural Research Station in Qom and under greenhouse conditions.

Materials and methods:

This experiment was carried outas a two-factor factorial and in the form of a completely
randomized design (CRD) in six replications (pots). The first factor included thirteen Denai thyme
populations, and the second factor included irrigation levels at 80% (control), 60% and 40% of field
capacity (FC). Twelve morphological and functional traits were measured with the appearance of
flowering signs. For extracting the essential oil, the water distillation method was used by the
Clevenger apparatus, according to the British Pharmacopoeia, for four hours. This has the highest
efficiency in  extracting essential oil. Variance analysiswas performed, and the
means were compared through Duncan's multiple range test. Also, the populations were entered into
cluster analysis under two conditions: normal and irrigation at 40% of field capacity. To check
essential oil quality, essential oil samples were diluted with dichloromethane and injected into the
GC/MS. The corresponding chromatograms and mass spectra were obtained. The composition of
the essential oils was identified using the compound inhibition index, examining the mass spectra of
each compound and comparing them to standard compounds, and using the information in the mass
spectrometer library. Quantitative calculations (determining the percentage of each compound)
were done using GC's software.

Results:

The variance analysis of the data showed a significant difference between genotypes and drought
stress levels for most of the investigated traits at an error probability level of 1 or 5%. Also, the
interaction effect of drought stress x genotype was significant on all the measured traits except the
shoot dry weight. A decrease in soil moisture showed a sharp decline in relative water content. The
root length increased with the reduction of water in the soil and reached the maximum value in the
field capacity of 60%. Decreasing soil moisture to 60% FC not only did not reduce biomass but also
placed it at a higher level than 80% FC moisture in some genotypes. The highest yield of essential
oil was observed in 60% FC irrigation. At irrigation levels of 80% FC, 60% FC and 40% FC,
respectively, Khorramabad (L1), Faridoshar (1S3) and Unknown (F) populations had the highest
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essential oil yield. Cluster analysis classified the masses into three groups under stress conditions.
Group | consisted of 7 populations. Daran (1S2), Arak (M2) and Gharachaman (E-A) in group
I1 were identified with average values. Group Il included unknown populations, Feridunshahr and
Markazi. Khorramabad and Qazvin had higher levels of thymol than other treatments under mild
stress and normal conditions. Thymol values decreased in most populations under severe stress
conditions. The trend of carvacrol changes increased first and decreased with tension
intensification.

Conclusion:

The type and percentage of essential oil compounds changed due to population type and irrigation
level. Like most plants, Thyme Danai populations showed physiological and morphological
reactions to drought stress conditions. Considering the efficiency of essential oil production and the
percentage of important and influential compounds of thymol and carvacrol, Khorramabad, Qazvin,
and Feridunshahr populations can be selected as superior populations under normal conditions and
mild water stress. The relative stability of thymol and carvacrol compounds under irrigation
conditions at 40% of crop capacity suggests that Qom and Urmia populations were candidates for
further drought stress tests.
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Table 1. Information on the habitats of the Thymus daenensis populations

No.  Origin province County Abbre. Sample ID. Altitude (ma.s.l.) longitude latitude
1 West Azerbaijan Urmia W-A - 1920 37°29' 44°45'
2 Unknown Unknown F - - -

3 East Azerbaijan Qara Cheman E-A - 1500 37°41' 46°59'
4 Qom Qom Q 15656 1965 34°05' 49°24'
5 Qazvin Qazvin Qz 20088 1500 36°26' 50°07"
6 Isfahan Fereidan Is1 10122 2300 33°13' 50°56'
7 Isfahan Daran Is2 18209 2500 32°98' 50°39'
8 Isfahan Fereydun shahr Is3 14077 2490 32°92' 50°11"
9 Markazi Markazi M1 13611 1965 34°05' 49°24'

10  Markazi Arak M2 15656 2404 34°11 49°29'
11 Lorestan Khoramabad L1 1110 1900 33925 48°40'
12 Lorestan Aleshtar L2 14269 1750 33°80' 48°40'
13 Zanjan Zanjan Z - 1638 36°73' 48°40'
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Table 3. Analysis of variance of the studied traits obtained from the effect of water stress levels in 13 popuations
of Thymus daenensis

Sources DF MS
Shoot Root Shoot Root RSL RSW RWC DM% Oil%
Length Length dry weight  dry weight
Water Stress (S) 0.4™ 178.84™ 0.26™ 0.06™ 2.09" 0.2 1076.5™ 21.84™ 0.15"
Genotype (G) 0.17* 100.83" 0.13" 0.02* 0.44™  0.10™  298.66™ 1477 0.03™
SxG 0.03™ 4471 0.07 0.009™ 0.13* 0.01™ 515.18" 271 0.07"
Error 0.02 17.07 0.062 0.002 0.07 0.008 13.39 1.92 0.003
CV (%) 4.76 16.46 19.26 7.1 1942  18.25 4.94 16.4 9.95

RWC=Relative leaf water content, RSL=Root Shoot length ratio, RSW= Root Shoot weight ratio
* and **: significant at 5% and 1% probability levels, respectively T a0 ) 50 il g 5 Sl iee 5 4
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Figure 1. The effects of soil water deficit levels on the means+SE of traits of Th. daenensis.
SHFW=Shoot fresh weight, SHDW=Shoot dry weight, RFW=Root fresh weight, RDW=Root dry weight
SHL=Shoot length, RL=Root length, RWC=Relative leaf water content, RSL=Root Shoot length ratio,

RSDW= Root Shoot dry weight ratio, RSFW= Root Shoot fresh weight ratio,
Means followed by the same letter are not significantly different based on Duncan test
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Table 3. Means of genotypes in different soil water deficit levels of studied traits (FC=Field capacity)

Genotype Origin Shoot length (cm) Root length (cm) Relative water content (%)
Abbre. 0.80FC 0.60FC 0.40FC 0.80FC  0.60FC  0.40FC 0.80FC  0.60FC  0.40FC
WA Urmia 21.62%® 17.14°¢ 15.40¢ 25.4® 27.4 ®¢ 21.5¢% 84.4 e 712 69.8
F Unknown 16.50 ¢ 18.48 ¢ 17.44°¢ 18.8¢ 20.2°¢ 20.6 ¢ 84.4 e 64.6 % 66.0 «
EA Qara Cheman 22.26 % 19.98¢ 16.98 23.4%¢ 21.4¢% 24.9 cde 78.4 % 9202 75.0°
Q Qom 20.025 18.26 % 15.84 ¢ 22.3"% 30.8° 28.7 %4 71.21% 85.8° 61.6¢
Qz Qazvin 17.60 16.50 © 15.18 ¢ 19.3« 24,7 30.6 ¢ 76.8° 66.2% 67.8«
Is1 Fereidan 16.06 ¢ 16.94 ¢ 18.78 22.4 % 26.8 ¢ 324° 83.4 ¢ 83.2" 54.0¢
Is2 Daran 21.96® 20.36 « 18.26 25.6 % 292 30.5 & 76.6¢f 90.4%® 71.6%
Is3 Fereydunshahr 23.48 ® 27.72% 19.22 o 29.1¢ 31.7° 23.7 e 60.6" 70.4¢ 88.0°
M1 Markazi 21.70%® 2026 20.24 % 1954 20.4 % 24.5 o 96.02 73.2¢ 67.0«
M2 Arak 23.12% 24.20° 20.34 % 246 24,50 26.3%¢ 68.29 60.4° 74.8°
L1 Khoramabad 18.62  18.18°% 15.98 ¢ 19.8 25.2 b 25.50¢ 80.2¢% 65.0% 73.2"
L2 Aleshtar 21.48® 16.86 ¢ 15.10 ¢ 25.4%® 28.2 3¢ 21.9¢% 88.2" 73.6% 71.2%%
Zz Zanjan 20.10° 20.02 17.16°¢ 25.7%® 27.8 %% 28.3 % 66.49" 66.0% 67.8%
Continue Table 3. Yo s als
Genotype Origin Root Shoot length ratio Root Shoot weight ratio Oil %
Abbre. 0.80FC 0.60FC 0.40FC 0.80FC 0.60FC  0.40FC 0.80FC 0.60FC 0.40FC
WA Urmia 1.17% 1.58® 1.40 0.279m 0.34 b« 0224 0.399 1545 0.99 ¢
F Unknown 1.15% 110°¢ 1197 0.20Fm 0.16°¢ 0224 0471 0.86 % 1.66°
EA Qara Cheman 1.06 1.10° 1.49 bed 0.38% 0.33 0.19¢ 0.83% 0.561 0.64%
Q Qom 1.12°b¢ 171¢% 1.82% 0.46%¢ 0.57° 0.392 0.72¢% 156¢ 0.35"
Qz Qazvin 1.15°b¢ 1.52%® 2.042 0.279m 0.21¢% 0.32° 0.96 0.83¢% 0479
Is1 Fereidan 1.43%® 1.57%® 1.73 b 0.28fm 0.25% 0.23¢ 0.55°f 0.54f 1.49°
Is2 Daran 1.17°% 1.44° 1.70 bed 0.48%¢ 0.43%® 0.23¢ 0.53°¢ 0.50°¢ 0.65%
Is3 Fereydunshahr 1.26%® 115°¢ 1.24°¢ 0.43%f 0.33« 0.18¢% 0.50°¢f 2.032 0.459
M1 Markazi 0.98¢ 1.03°¢ 1.24°¢ 0.18%m 0.28« 0.14° 0.60° 0.60°% 0.73%
M2 Arak 1.07¢ 1.03¢ 1.32 df 0.45%¢ 0.38 b« 0.30° 0.29" 0.66° 0.66™
L1 Khoramabad 1.09 1.43° 1.60 ¢ 0.23'm 0.19¢% 0.16° 1.322 0.68°f 1.12¢
L2 Aleshtar 1.21°b¢ 1672 1.44 °F 0.29fm 0.34 b 0.19¢% 0.30" 1.40%° 0.89¢%
z Zanjan 1.30%® 1.40° 1.66 o« 0.41%9 0.50% 0.33° 1.01° 1.32° 0.82°¢

Means followed by the same letter are not significantly different based on Duncan il wal )l ne @lis (Sols ¢y g3 ol o5 2 53 il Gy >
test
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Figure 2. Clusters analysis of Th. daenensis populations. a: normal condition, b: stress condition.
SHFW=Shoot fresh weight, SHDW=Shoot dry weight, RFW=Root fresh weight, RDW=Root dry weight
SHL=Shoot length, RL=Root length, RWC=Relative leaf water content, RSL=Root Shoot length ratio,
RSDW-= Root Shoot dry weight ratio, RSFW= Root Shoot fresh weight ratio,

Table 4. The percentage of different compounds in the essential oil of the superior extensions of Thymus

daenensis in different water deficit levels (field capacity).

Population a-Pinene  p-cymen  linanene 1,8-cineole y-Terpinen  Linalool  borneol  thymol  carvacrol
Kovats index
940 1027 1033 1035 1062 1100 1167 1292 1301
Urmia 0.80FC 3.3 5.4 2.9 21 5.3 4.3 51 46.1 3.3
0.60FC 2.7 4.3 1.7 3.2 6.2 51 31 39.9 4.4
0.40FC 24 7.3 0.5 3.6 8.4 2.2 2.6 414 4.2
Unknown 0.80FC 1.8 3.3 21 34 5 4.7 5.2 46.4 5.5
0.60FC - 6.1 24 2.9 2.2 6.1 34 36.1 9.5
0.40FC 2.8 6.3 1.6 3.9 9.5 2.6 - 15.7 14
Khoramabad 0.80FC 2.9 9.3 34 2.3 9.3 3.5 3.9 42.4 3.3
0.60FC 1.9 4.3 1.3 4.5 51 4.3 11 61.7 8.4
0.40FC 2.1 9.3 0.8 3.1 6.2 2.7 - 36.7 1.2
Qom 0.80FC 2.2 4.2 3.2 0.8 6 51 2.8 34.2 3.3
0.60FC 1.7 9.5 25 15 4.3 6.7 1.6 41.6 75
0.40FC - 6.3 1.1 1.2 2.1 2.1 1.8 33.2 2.5
Qazvin 0.80FC 2.1 4.1 4.1 14 - 2.8 3.6 59.4 9
0.60FC 11 - 2.8 2.3 - 3.1 2.6 479 9.2
0.40FC 2.3 2.1 3.3 2.9 6.8 - 3.1 28.2 2.2
Aleshtar 0.80FC 1.1 14 4.5 2.7 3.2 1.7 4.9 43.1 4.3
0.60FC 1.9 12 25 3.3 6.8 5.9 31 219 4.5
0.40FC 2.6 1.7 4.2 2.8 4.4 19 1.9 28.2 8.2
Fereydunshahr 0.80FC 2.4 - 12 5.3 5.1 4.3 1.3 38.4 7.4
0.60FC 1.8 - 14 2.1 5.2 3.7 1.7 40.4 24
0.40FC 1.9 3.3 2.2 2.6 - 2.1 3.7 32.4 1.3




BL J}Js‘ﬁ)\s O‘}:‘ TR e SN SRR WY sanlin
Foo el Jlas o s s aslial sl
223 A/Y 5 4/0 Gl & i 4 2l cd b ao s
il obu 53 a-Pinene slis i e, S8 4
b,les 4JS s linanene o e .cuslss wl x5, 6ol
C,Lw >> y-Terpinen , 1.8-cineole slie .5y oS
a0 o=y el b as,s Feo P s <okl
aolie Lzl Gl Jl g Bile 4 Cos blumes
5 Wbl iy s Linalool , thymol borneol
orzan zaly WS Wy, Jl s 4 cus i Ll 2
O 05 blwmes i 53 Js SIS woss ais )

A pzalS as saas by el 5l ke

YOJLA.&“‘\ '\J"Q‘J-.{‘ ;&>/ )‘;ﬂfukhgc)\-é‘juiﬁju\.hw“ @.LGQJ.L;

i sd Olao
S Guilal 3 52 se it OS5 Ao

Jgd= s d)\-yj i ol s Lo M)T i
bl 55 55 g0 olars GBS 5 o 5l el sl ¥
(o G Slanan im0 NAD e S &
<olal oo il gbians 5o JJ aoss o ri
Jses B 3l az saslie oy e b asss £e
aoss £ sl s s >\Jp—"’- Cumaz 53 e op iy
22 0l 3l e s doss BV plie 4 sl b b
ao53 OV/F Glie 4 Il bl 5o 5 s Camex
J,8-cineole Jinonene ol.S 5 (¥ JK2) as saalis
oll Csbe 5 biwas 4JS s carvacrol  thymol

Thymol content

60

50

40

30

20

10

&
S 2
N X

2 sl elanan 5 ses doss ik S O il e by IS
Figure 3. The effects of soil water deficit levels on thymol contents of Th. daenensis populations.
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