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Table 1. List of 36 collected ajowan ecotypes from nine different provinces of Iran
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Table 2. Results of combined analysis variance of composition of essential oils for ajowan different ecotypes
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Table 3. Means comparison of irrigation*ecotypes interval effects for main composition of essential oils

(Thymol, Gama-terpinene and p-Cymene)

ool on Ll Jsess
Sk oo VY0 V-av YA
J?")é Cy.Hye C\.Hys C\.H©

o Jey o Jy o Jey oE

\ Va/A k-m \Y/0 o-r YV/\ a-c YV/Y a-c Yo/la z YV/Ayz
A\ YAV b Yo/Ac VA/Y k-s \V/-¥ p-v Ya/y b’ Yy/-qa
Y Y-/5 \O/A s-u \A/A m-s \#IA p-v aY/5 j-m £+/Ade
¥ \A/+£ n-p VA X ARYRIAN B \Y/5 vz o0 f-i soloc
o YV/Aj Va/y mn YY/A f-m Y+/Y h-q ¥V/\ st ¥a/% o-r
5 Va/% Im \A/An-p YY/5 e-l YA/Ym-s VIV r-t Yo/o h-k
\ /A n-q \O/F tu YY/Y f-0 Va/y j-s YA/bg-t OY/Ai-m
A Yy/od Yo/Y hi Y¥/a Y+/\o b-d ye/lod Y./Aa'b”
q YO/A hi VA/# Im \A/om-s IV p-u ¥¥/5 uv av/-¥j-n
V. VAIY n-p VF/A uv Yo/a d-g YY/A e-k FY/V v d+/Am-q
N Y¥/5i Ye/Aj-l \¥/5 u-x WY w-z ¥a/a n-r OY/¥Y h-k
Y VAN n-q \O/A s-u /A v-z /N yz M/oe YIv d
WY YA/ mn \#/A p-s YY¥/0 e-i Y./Ah-p ¥£/ st V<Y I-p
VY ye/Ajk VA/# Im \O/Y - Vo /A x-Z oY/\ j-n INZAR
' VAIY n-p \#/vg-t \F/A p-v VO« Vr-x OY/Y h-l M/¥e
\& YV/Aj Va/A k-m Y-/sh-p AVYAYSS O+/d m-q 00/A g
\% Y.[e Y¥/A hi \Alam-s Va/0 j-s YV/5yz ¥\ /Aw
YA AAVANIS VOV s-u YY/+Yf-m VY j-s ¥a/0 o-r OV/Y k-0
\q \W/An-p \O/As-u Y¥/5 e-i Y\/Ag-0 d+/dm-q oY/ jn
Y. AAVANIS \A/# m-0 VWA w-z NY¥ z 0s/\ fg £+/a de
Yy AAVANIS Y/ wix Ye/+Yi-q VY/Au-x d+/Y m-q YN d
Yy \A/F m-0 \WY/Evw VAIY m-s VA w-z AR £¥/¥ ¢
vy YAY g YV/Aj YY/AY e-k \O/Y r-w ¥ /5 wx OY/¥ j-m
vy Va/\ mn \O/O tu YY/5 e-l VA/A J-r OY/Y j-m 00/Afg
Yo VW/An-q WAV YY/A e-k VA/0 j-r ¥a/0 o-r OV/% g-j
\fd WY/ p-s VO/A s-u YY/V ab v#/5 d-f Ya/a xy Y&/ st
Yy Ye/5 -l \Y/o o-r VAIY m-=s YA/am-s ay/% j-m AR
YA Y./5ef Yo/ah Y+/A\ h-p \Y/4 o-u Y&IAz ¥\ v
ya Yviag Ya/Yhi Y¥/V e-h YY/V el Y&IY z Y4/ xy
Y. WIY n-q \EIE -t WY/OV u-y Y./Ah-p YAIY p-s MV/Aj-0
Y\ ye/aj-l \V/A n-q YO/FY e-g Y¥/+ N e-i ¥V/\ st ¥a/A n-r
Y YVAD \V/An-q YA/+¥ c-e Y¥/Ve-i YVIY z d+/Am-q
Yy ¥V/Yoa YolAc Yo/8N e-g YY/Y fn Va/.y d Y&
¥ Vo x ANy Ve/A Xz NV z SAO b YA a
Yo \O/¥ tu ARV/PY Y& e-d Y¥/0e-i ¥£I¥ tu d+/Y m-q
\rd Yo/ac ya/s f Y+/Aa-c Y¥/50 e-i YV ¥ d Y./Aab’

Bl doyd gy Jlein] o 53 (6 e BMES] (SSls (glaials wix 905l olsly (pgiw p 40 Cglite g b sl Silie

e Oty Mo 355 (el g Maapul S )3 3L
vaass iblS cledy Wilgs o o Sl (55 byl cod
PYFIYY) wil & bas gly W cas Ay 4 op)S
ol 04 oo Jolite gladus 8 alal,y oyl

P (CNB) it e~ S elgn o Jgl 428
ao Pt ol 4 (o pod Sygo 3 |y ()8 olS )l
e lgas e dlge Ll il md e olass] L,
7 Figd GialS a Caus g b S Sus
Fowr Ca olS 53 d9290 ()5 5315 olS Ay (b d9axe
slacdglio @i )3 9 39500 Colia (u)S gl
Sy 35 oS s

93,13 0,Lil (GDBH) jles —aisy djlge 4y )55 aus)s
535 e G 5 s (ISl 45 o3 b 5 o

ame a lisee bayly by uilwl LS5 0 cgles
OhlSen 5 gaea 5 (V4 WA) hilSen 5 (6 )Sus bawg
90305555 9 (Bl odugl g L5 gl 3 (YV4)A)
Cw) 045 ui‘:)l)’f a5 ()L.*.-;)' 5 (Y~ \V) L’)‘)K.ua

054 ;503 (29)b LS ) oy g jlade Lol
S—iS T e cod 9080k 5 Gpdie (LSepe
g );1 oWy Al .(Yf‘\‘isY\‘i)‘\/\) Cawl 04 ufb)bf
P oad e lals pasob i el 5 o Sis
() casly Gl (s bS5 glaizee aald b dulio

g (Seid s (b puilel SlS 5 > Gl
(VF) 2l o gilio 5 ol loclled > s Jdoey
S—id i Jlesl (b Ly 5 jige jlade ol
]y g )S udgilio p puiitune p xS0 Cleds Wiy 0


http://dx.doi.org/10.52547/jcb.13.37.41
http://jcb.sanru.ac.ir/article-1-1040-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-01 ]

[ DOI: 10.52547/jch.13.37.41 ]

2

Cond )3 4S5 Jl5 9 059550 83 wogl; (slacuisS]
Joys )l bl 53 YL Jsass il (Il slaciss]
YV JS5) w4

oYL il 5 el (Sid Gl balyd
P> adlye sl a5 > p> wmdly Jol adlye 3 1) oo
A ang LY Joi2) 09 Jesd 4 bgrpe o (YL
oo slacaisST Sid i bald o Mg jlges
slacssl S b 3 285 )15 el 0g)8 5> Jloy
» Jbey @l SIS i lalyd > plaals g ol
i8)S )13 Jgess 09,5

P> adlye sl Oliwe YL b b b)) cosS)
Lyl oo YUy Jomad ke b glail,S oS olgicas
S wogl; slacisSl ogMedy s plolis Sis i
23 YU pod adlie r il Uy 35 Cubdgye g lud (85
< 3y S| AB)S JL8 VU Jged (liee b lacassS]
b (St 5 o 38 455 (@YU Jyass Jloys Ll 53
3905 Jos Sl Jsass bawsio oljzn 45

8 e plsicon 09,5 o sloeriss] Loy do55
Sl placs ST @ bgye Jgosd Gliee n b &S
u_..s9§| Hdg 0l d)ﬁl&"? &ww 9 Sis d.lol.uo
YL Jsass e Jloys 5 25 Ll 53 5 53 o
LS O—ﬁ] L O‘?J“:’d‘t’ &S ULM>9L' 3 ladlaie 5l il
50 B g coas Gl g B Sy 31 g5
@ ol el 9 0)l8 o0 U GlalS (cordon 5 (STl 5
Sibdag Laulps ) 4l 0, sy LS 355 0 obS
ul_zaLf A Commd l) u.u...lo uL.S); )‘1 d)s\Jb ol)’.,,o el
(¥ YY) 08 o g8 Jloys Lyl po il s,

o=l Ol slacasssl pingin ol @l ol
L s gS] iman il oVl (obondsn b ipo sl
PR3 40 s Jgod (Vb lgize 4 g b o L
eS| plyed (Suid 15 g Jlop lulpd (b gy
P cadS L g SLiddog ble oy cutS sl
2ib cesS coggl 1 g o3y9] Camwday &S G0

O b s d ddeze g blj caieST 90 0gMeay
Sloapd )5 plodsay Jgod e (nyieS g o yide
5 Joosd jiwgn L badyo slagj oy lp glailS
Bblie (sl Jsas VL (slye L o) Mol (primen
L oo (Byme Siddess 9 Suis

W5 b olS lacsST (uilul o @lyis b))

A5y Ol dgaaS loj 43 g oo My Cyo (p)S Wil anily
(e S5 3 s e 31y )5 o 5 00 B

OlalS Cuslosd ks bl cpl )3 mal psie [
S T ot Ne b o dnlae Ol 0uaS b &S Jloj
Ladsje) (b diun (g 6551 Cudgiome pas ol yen)
Lab GialS eoel g dad o Sials' ]y CO2 oYL Gis
Lol Glamplys Bpman Glojon jsbods 9 oo fitwgid
5 a8l Lials glalasMe LB jladedas (NADPH+H+)
3D Lgd asll Ll dh&ﬂ‘%ﬂ Oi‘ 5heeab; x>
od s L) asl ialS claw oS 5 oS lade asus
Do dled oytwd j3 eS8l 6k S lgiedy (NADPH)
225 Jolw ;3 NADPH+H+ (6oL polioe 595 dsgiay
b b led oo dbul 1) adl yials add oSSl S 5 aisl
(NADPH+H+) Lag lg S —sals 459, 4y ang
5 aS 1S el l"’(j Bpas Cpx Ll oo sl
(7)) sl il Bl Sfsilas (slosy jsS5 das S

CstS o 00yl polwl LSy jlade )0y
s &S S ol il (S 15 cod acaisST il
L (YOTYYY) conwl conl gl wil o Cuto ddipon
el il oS 5 oSl Jgos aSnl 4 a2y
S glpedn e85 ol R0 Bkl 0g eS|
Coio yusd 3 (03L5 oyl ole s (go8 ST sl
(V+) 290

u;._)ung 5 calud b ol cas My gl bges
Loyl bl caS 5 Glunss )y uiren 5 laeyisS|]
@.qu)‘l Jols Jgl adlze 95 Lwlwl p (Siid i cod
578V gl eda (¥ 51 JS5) 23,5 o) bl (slaadlse
Smid GiS g (Sugby Jlay Lalpd 93 pm 3 1) Ol
el (Jlop olel laulyd cov (¥ Jou2) 3905 4 g
aS Jb o [+ /F) il |y cops ppYL gl adlie )
i 2Vl colps pe> ailie 15 JgS19)8 g i plelS
Joos 4 dlhe 93 y & 3 g aily (+/F+V) 5 (+/QY) Joleo
Lol s 53 &l Jhged (bl 2 292 (e cop (6l
L Sl 5lages 3 095 cnl i8)S )18 el 09,5
.(\ wa:) Cawl 0045 00> ol &


http://dx.doi.org/10.52547/jcb.13.37.41
http://jcb.sanru.ac.ir/article-1-1040-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-01 ]

[ DOI: 10.52547/jch.13.37.41 ]

¥V Vel 1YY ojlauds [pdd o Jo [ £1yj LS Mol doliing sy

S 5 5 Jpene ()l bl 05 ) il LS 5 ol (sloalhe & 40525 ¥ g
Table 2. Results of principal component analysis in normal and drought stress conditions
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Figure 2. Bi-plot graph of 36 ajowan ecotypes in drought stress condition
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Abstract

Ajowan (Trachyspermum copticum L.) is one of the most important herbs of the Apiaceae
family in semi-arid tropical regions of Iran, which is considerable in the production of essential
oils with valuable secondary metabolites, especially thymol. In order to determine the secondary
metabolites profile of ajowan under drought stress, a split plots experiment was conducted in
two irrigation conditions (normal and drought stress) as main factor and 36 ecotypes of ajowan
belong to 9 different provinces of Iran as sub plots were planted based on a randomized
complete block design with 3 replications during 2015 and 2016 in Agricultural Jahad Research
Station of Kerman. Based on the results of combine analysis, water stress has significant effect
on the components of essential oil. Gas chromatography—mass spectrometry (GC-MS) analysis
revealed the presence of 13 compounds with the major constituents including thymol, p-cymene
and y-terpinene constituents in all ecotypes in both irrigation conditions. Based on bi-plot, two
groups of high thymol and high p-cymene were identified. In this experiment, increasing the
irrigation interval effected as an advantageous strategy to improve pharmacological component
in some ecotypes. In conclusion, Zabol ecotype was superior to others, in terms of its relatively
good performance of thymol, special in drought stress and it is recommended as suitable
ecotype for cultivating in dryland and also where drought stress usually happens at the end of
cropping season. Also, two ecotypes included Zabol and Mohammadieh were identified as
extreme ecotypes in response to drought stress in reproductive stage, these ecotypes could be
recommended for breeding programs to obtain drought tolerant thymol-chemotype cultivars
ajowan.
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