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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
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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
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.

Keywords: Soil water deficit, essential oil, Field capacity, Thymus daenensis.



by Gilisa - sk 5t yay

ol OS5 5 oo Shas gy Slio 5 SB cosb, Gl 7ok U

Thymus daenensis Celak ,Us s 5] slecuras 5 S0

YL:S@-"“ 0 peud 9 w@‘v\-:wx b
a2 u"@}}j WOl glosle @8 il b ele s soosles u:')'}‘T 5 Olados S e (sl e s W Sliios ity ololia) o stuns sdiag 5 V¥
abbas.pourmeidani@gmail.com : 5 Sy (o)) P RSSTISA]

O‘j.‘ ‘Q\J@' nls o &usls R3PTI%AY s aSisls bl C)’w\ sl le...’;J\S—\'

S ZASVAT NS AR TR, SR VAL VAL N

s oS>

HEEVRPP W

Aol Js s sl Sl s, plds 5 sl (alag @L;p 534S Sl Jhme 5 a9l sla € Thymus daenensis Celak) b Q;@,,T
=15 52Ul 5 858 al sS85 S bl 33 8 e el b a5l s 1 b ) 558 sl oS w5 5l el ik
2 6okl il C:L“ A ebol oskite 4 Gdss b L (Sas 15 (o a3 GBLI el Sl aes dﬂw S Ll 5l s,
s sl S Ll 5 55 03 ol 5 55,58 Do oSl )3 0T e lamar Do s

b s, 58l

W dele sl Ll (A8 F IS5 a) 1S5 an s (CRD) ol JlS £ b 6 s 5 Jule 55 s 8 ) pony sles] ol
5 aoss £e(aals) aoss Ae 5o okl Jels 255 5586 5 (anlal Cumen K5 )5S bt bl 5l Camen V) LS s Coman
ST DU IR W P P R bl sblas iy % 4 4> 5 | s (Field Capasity=FC) S ¢l,5 < b as s -
3y5n o) ol olag B Sl omme a3l 3 0o 5eS Sy 3 s shd 00 als, Gy sea Bl [t pay was oll JlAS s
ol Ses 5 5 0o a5 2lon plal Jsb Jols (o5 Shas 5 (G558, 50 Slio (a8 baailes (sl sl Loz 8ol GlAS a4 5L
1S el S s Ll 058l b sl 2 b o&nes T OT L i 2 5 edld )il sl a (o Selal a5 plsn
Slaals aiz o55] (o5 4 LoSile dalie 5 as ulsls 452 0as d)yT@-? sloeols o salaal w)ls 1) uiled 2l 3l o35l (n 5V
Sl ganadss 3l Gias 4 S el cud b asss Teop (k) aoss Ar bl Lale 5 5 biiumes cpizes iz ol (S
s 43 e 31,8 50y S 58 5 (GO LS e S 58 (slaolSams 31 aslisnd b sotel comsiy sla il o slaisl 5 gl S 50y S
5 olubiad S5 b amlie 5 oS5 p e b e WS 5 bl pasls Sleslid b e el cwsy (GCIMS) s
P 2055 o) (oS Sl ad plelis b pulad s JSas oS5 oz piwcish oo LS 55 555 50 M) 5l bz
2 o) BC ol&as Sl 3l 5SS 4y (S5

ol a0 LY ol Sl C"‘”ﬁ o wow Olao i ol Sas i C)lawj Lluren oo ol glas Wesls (bl 4 52w

ijﬁj‘_‘;\j;m Ldd el g b pre ol r‘x‘&o})k@ Olao ol Coman 5o (Sad 20 blise 1 cpiomen 55 Hlo pne


mailto:abbas.pourmeidani@gmail.com

yay OFT) Y olez Yl ol I 5 (0 0l Aol 5 Sy Slidios e 23

Coshy 2l e Dlaie Sl 4 oy s b asss £ s Gl S s Ol Ll b azy; Jsb s sspie S copb, a8 L
a0 s cad b aos A cugbs 4 s | ol S ol malS 1, cads Sas b s & e b ass feoa S
C b aos ¥e 58 A s ol & RSO ER IS U WIS 2 okl s el a5l o iy ools 2l 53 lgman
azals 1y oalal 033k on it (hoss V/FF) L amlisl Coman 5 (V%) L gipnp (0/FY) L sllo 5 slacmer o v ool
b JSas Canen V51 w,f 3 S sanaib w,f av o b e (25 Ll s olio 4l ugvb ol i s S pa 520
Ol K35 S50 5 i p carm bl Gacmanr Jali oo 05 S a8 S 513 ugia olie pss oy 8 5o azo 5 S obls bacuaes
2 Bluman iy 50 dpad olie 5 boles sl 51 Gt Sl Tl a5 oDl (2 Il 3 55 i 4 e 5 oblp 3 Comam 53 50 e
A palS i s Gy a0l 0y 81,1 Ol e Xy, sl jialS nas i byl e
wbe oUs o@.ﬂ Sbamas 5 S ois <okl CL“ 5 Cwrex ¢ 55 f\* ot uild OS5 a0 5 5 Geiow ol 2 (8 S A
S5 e OWS 5 ao 5 il W (ao3h 4 am s Lol las (S5 s00e 5 Sidm e pSly Ses s bl s oS iy
55 bl ‘_J e 25 5 b Ll s s 5 cblas olye 4 olg o b g25on 3 5 cnsd ‘Juf"f'- Slcuranr Js SO 5 Jses

58 Came 53l 4 Sl o b b as s ¥ o Golel Bla 55 Js 810,08 5 Jpes SLS5 s s O 4 425 b iman

2S5 nalS Sas i 4 Jess Cgr it bl 6l ol b aesl

Daugan & ) aas g ol |y 6,5 cpl 658 glawsS o
ablie ©sf 0 &l0 Lol> Jl> 55 (Abdullah, 2017
5 4SS 5 o) ol bl slaplial wis
sho! e (u,ujf\)' oS A, o5 sbaul) dsl g
s oeb sbey Bie ) Azl oS ) ag
solanal (gl e 5 5 leess a4 glaws Oy L0
ol 5 cwasS Bl u—”\-f sl wys 5o
ol 02 48 opl S 2 S e el OS5
s Jl s e de YOO Sl b ool

)J@T@béﬁﬁéﬁ@vwﬁm
L) cwl Gas SIS K gble S ol
S s, bl 4 5L bl e )l (VP alalea
sdedy S 1 oolaS ik 5o ol T2 B e 3
bl sl ‘r,uﬁ ols s wl St
oA 5 M e s OV pame a5 S Ol s
dede Bl o 28 b ablie 5o S5dds8,se s 2l
Joos 3550 5 i Ol ol Gty o35l sy

=l JZ{)T (s=hy e b el (Sl ol tgadS slee sl

POV

23l 4 e (Thymus daenensis) s ozl
22l e ol ) olaml 68 5 3l S 5 Lamiaceae
5 S5 sbokal sssa 5paS Gble s 5 885 )
cile Ki55dsisse 5l s sl ol 81, 8
b Saas os 5 Olo saae sbasle b alaa
(E a5 Sa S LS Ll e sl YO-Y - sl
Cogo 4 L e gl S dsb 4 s 5SS
A 8 S e i 4 bl die K 45 peie
S IR IPU ISPy WP IVE P
38 i basle 5256 5 Glo b S S bl
8 s w8 ol (Golparvar et al., 2018)
s otesl Ko sbaisS 4 cond S 5 it
Daftari ) cul 20=2x= 30 5 5kes sassh mhaw Bl
(& Safarnegad, 2010

GG e 5 sl oS S ol 4 b Q;JQJT
s 2LSbas b gl Sl p Olides 5 e aslis



GVl polie (Sas a5 o bl oa3l 5 ol s
5o ol o33l 5 pler el 5y cn i o esalin
cls Swmen Culg L5 5 el Cosny bow e o
W e Wl s 53 CtS aney ln (255 sl
.(Pourmeidani et al., 2017)

5 Seis s g5 (Y-\Y) oL,\Sas 5 Babalar
Thymus ) 258 ceiasl Camex Voo Lulel a3l
- 5o I sl oles s S e |, (Kotschyanus
e 5 0hs s S o)y e Soke Aol 3l
s s 3 sl ol Gl w33l L 1) (Sees
Thymus 2l oyl 5o Kas esle s Shae o i
i sdaalie o Ve S cosb, Ll e s vulgaris
.(Letchamo & Gosselin, 1995)

My S wsls plas (Y-\A) ol 5 Khorrami
sl 3 e 2B sl smd (oS5 aos 5 il
oEao heas gl oS5 FY ol Lo ol 4L
88 e bl 5l aas Jlamaad il
Joed S 5 aw olaen 5l suz L;)}lcu, Th.daenensis
AN (F/8) sl 5 (PL/V) Js S1o,8 (VYT/4)
JSts sas OS5 6 Ko Geios Lo amils | Ao
Th. 5 Th. kotschyanus x5 55 bl sawss
s (YY) oL, \Sea 5 Nikavar L. s daenensis
i Bl (VR Jsas bl ol OS5 s
S5 Lo (FU/0) s 5 (VI/8) I 81558 (YT/N)
(YYZ/8) Js 15,8 (YAL/#) Jsas » Th. daenensis
Th. s (VY e 5 WI/Y) Ut s Wl
olbBes 5 Bagei s asl . kotschyanus
& Th. haussknechtii 55 55 bl &S5 (Y- Y)
X3S oy &S 5 Ukl wiate 51 1, Th. kotschyanus
L ool OLS 5 I8 517N 5 AN cs 5 4 oS5 VA
5 (NV/0) Jsim Ao\ S5 sy & &S ol IS
sls Sz 1y eld I LS 5 (FV/0) U

85 oy adlas 4 (Y--0) o, 5 Sefidkon
aw by o)) Gl LW 4 slaze Th. eriocalyx

Yay

S oe L5l plulis 5 e b 2 4 ol
My o bas Co e sl oy (Jomie s 55 50
Makarova et al., ) cul sui ol b s OV sz
(2013

S5 s My ‘,,J&’M Jel e @.ﬁ)‘é G\-‘“\-..g L)
(Mahmoud et al., 2018) &l . st sl
Sa Ml w0 4 e Sy b ols s Sas
G cnl b sd A g oIl i e S5 ol &S
Ss30 0 S 5m g CukS 5 CanS Sl (S8 055m 50
L S (s ol ol a8 8 15 oliime any
 SaS edle (S T S 4 Jeste 5 S Ll L
ol a8 ol e 18 Gl el o] dg G
o8 Calie o lallas L(Gaballah et al., 2021) .S .
s ol oS 5 4 el oS oyli Sy )
L ol cush) 550eS a8 sy Ul 4 5050z o
ay Gl glon ol 2S5 ol oS e
Bayati et ) a8 . o5 jols sbps el 5 Jalme
.al., 2020

S St 5 3 s sl o 3
il bl 51 LUs il co SIVY ol olas
OB O S a5 L 93 s sl ol
el e S Jsb Slivo L e s s ol
o5 os Jlps a ceed ales Pl 5 0ss 5 s
Sis 5 5 05 e (el ol isls ol alS
S 00 5 A Ll b S sl e ol
Shahroudi etal., ) xss Ses 4 Joss b Las 0 Olao
(2023
A5 sl Camer WGl i K o
& Joss ol 1, YL g5 Thymus kotschyanus
has S AT 4 Sl 455 cnl 5 ol ol Sas
059 9 Jsb (S a3 L S ba g Jese

Jsb lr s ol S Ol s Glgme 5 ol ol



Y40 OFT) Y olez Yl ol I 5 (0 0l Aol 5 Sy Slidios e 23

S Oogopd b olad Sis hes Sl LE cpl el
4 V- 0°C les 5oy ol o&aws 3 1, S 51 6l g
j\r;)lﬁ.g@cj@")tg)&gij;&zﬁ-“th e
i Bl T ol o S s S ks Sl
D s\l 5l Gl e past s JoS glsl 51
Cotn ples oAt S Sl e sl Ol oS Wl
A58 05 ool ollS L sl sl oA s esle
S Rt | E g e O e S S TR
ooy p ST L L S as w8 ks s el
YEV L e bl S ol e b Ko ool
TN 53 ol 038) AAY 3l sas ol as Ao
b AN ee Ha olS 5) YAAY s (el e b
ol (=

o b BB Ll s s bolalS s, cuslS 5l e
b § 15 5o V0 YE°C 5 54, L5 YEYFC
s b b s 53 Lol aas Il adsl il ol
bl Gl s o4 Ay Lowas ol
A 03 3l dess Yo Gl Sl e Dl a el
S slblild (s oole 4 mas L] oS
doy Foos P A 4 S cob) paes b o
S poi OlE it yuy aas ol =y e b
SV LGS (35 o A Sose 3 5 sad 03 Al
A R B S W P A
ool s by ol el Jlsl 5l o 6L
(sls Jlsl 51 ol 50) aalS cbasla
5 ol gl Pl Jb wsle gas, Slio 6, Ss5lul
s oo S 5 by Sle Ll ¢ Seslul Gl
5 03s s b Seslal 5l e Nad sames LS
s L5 32 SlacS 55 baig (plon Pl 5 4z
0 oeled Sy dos des sl Al Olio b s
2 e 5 S S0l am Sl

bl gl Gl (28 anlas sl seb |
S oGans b T s ) 5l e plsn ol JS )
i ool Cel aw G & Ll 45L,L b

o UN/o=0+/0) Jsslys (AN/A=F-/F) SIS S5
oolazal spn 4 ol oYL (1) /F= OMF) Jges
Jelse s b (Y- -0) Venskutonis , Lozine ..sls
Jole sl s g Th. Pulegiodis ¢, ;e
PRI LY/ PR PR O JA 1 EN 8 PONCIN | {5 R PO
azils ply s 03 S Bae Iy el U/ s S,/ ses
OS5 say Mg e kLl 5 ol aw S
a1 Lol s

cel Wge b lalan 51 ol b,
L anele 5 oad aiad sl edbes 5ol Lidu a5t
kS 5 S b Mol 2Bl as L oUl il
e IO BIVTIS R PP
Syse Comar S5s0s85e 5 alerdsnd b S
&;;@#suu‘%&ﬁ Q—?}J oe.“\SCM\;EJ
e 5 20l golasl Cosal 4 ax 5 L LAS S G
Sloyar  Sid A5 56 s p (2ls s
Slaal l b el cwenl Sl ol Slans gnd 5 o,
e Slio ol o b esbs Jols gis ol
58 ol i Gbamanr plarigid 5 S35
4 a8 5 QT Sl o K85 €al asllas
YIS TRU TYOWIE ISP S

bis, 5 3lse

AB sy Jele o LosSh O son bl )
53 (S 8 IS5 8) LS5 aw s ol NS - b
Jolir Jsl 5586 s |l (8 (655508 Do o8y
Jols pgs LSl 5 (V Joun) oL i) Cames VY
Fooy oaons £ duala) aons Ae s bl lez_d
.55 (Field Capasity=FC) S _¢l,3 b b a0
Sy oS Sler Lol Sl Gnlol il s
350 ;.j O e Sl s el pa - e Ss
N e Vg B e NS W R AN RUL SN W:
Sy s S et bplS jssas eoliad S el



A el OLS 5

ol 5 Ritchie 25, 4 S ol e s
glos o3 el Y¥) plisl 035 5 03 - plawl (VAR L)
YF) Sis os 5 Chie o 5o ol Ssle aaps 5l
5o S 031l o1 (sl aos amsn Ve glas 5o sl
P ored Sy dpep 0o ol slasl pals 3
os FW (e 55 DW) sel cwens (RWC) S,
(bl 055 SW 5

FW-DW

RWC=——*100
SW-DWwW

5 MSTATC (o Ll i3k 5 SaS | uilly 4520
Pl (Sl lasels wiz sn5] Gk ) bSiles anylis

5 Osem Aol w5l 2y 4 Blures Cuiad A
503 (s o) sokiza s R\l 5 51 ssbinad

Yas

3 6»\.,5 ool lawl L(British pharmacopoeia, 1988)
Stz o8 Sog 5 SN0 am s 5 ea Sis al
Loy pulel s g S mlel cole an Sne 4 was
s.j DN e Ol s | ;Lmij ) 6)313? K
03 4 Camd ooz Ry 4 ks uilel ool 5 ool
A5 S dloe S
m6o b el o s (iled iS5t
GCIMS o 4 5 sad @b, Vi) G U liay IS
ot Lo e kb L‘ﬁr‘;ﬁ'\ﬂﬁﬁ s &S
o S5 olsl asle Sl ssliad b e el
oS s b oanlis 5 S5 2 ea cbad
oKies BLulS 53 355 50 MBI 5 eslizal 5 5,1kl
Lol sams JSi S (e medid
A (S5 2 do) o) (o5 Ol wus ol
ool CIM 53,5 Jlj ey a5 GC oSy S8
4 by« (Response factor) sul cul,o o8

&U: &}Tdh&,‘w 6J)TCA.?JNQLMLA—\ J}.\?
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'
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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
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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
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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 w1 wal )l ine @lis (Sls ¢y g3 ol o5 2 53wl 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
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Figure 3. The effects of soil water deficit levels on thymol contents of Th. daenensis populations.
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