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ABSTRACT

Sahendian savory (Satureja sahendica Bornm.) is an Iranian endemic species from Lamiaceae family.
This plant has been used in the food industry, cosmetics and medical preparations. In the current study,
drought stress was induced at flowering stage based on a completely randomized design (CRD) with three
replications in green house. Treatments were considered as five sampling times (control, 3, 6, 9 and 12
days) with three interval days that imposed after stopping irrigation. Soil volumetric moisture, and several
physiological traits were measured, including leaf water potential, relative water content, pigments,
soluble sugars, and proline. Metabolite profiling revealed that metabolites, such as rosmarinic acid,
caffeic acid, ursolic acid, carnosic acid, soluble sugars and proline affected by drought stress and
significantly increased by drought stress. The oil yield and thymol as the most valuable compound in the
oil of Sahandian savory, was significantly increased, although, the quantitative content of some
compounds in oil such as Carvacrole, y-Terpinene and p- Cymene were decreased in response to drought
stress. It can be concluded that in addition to osmoprotectant accumulation, savory plant improved its
drought tolerance by changing in its secondary metabolites’ components in essential oil and in extract. In
conclusion, the combination of metabolite profiling and physiological parameters contributed to a greater
understanding of the mechanisms of savory plant’s response at metabolomics level.

Keywords: Savory, metabolite profiling, essential oil yield, secondary metabolites, methanolic extracts.

* Corresponding author E-mail: : karimzadeh_g@modares.ac.ir


http://www.modares.ac.ir/

oLj Js..a?u WA wljﬁl )5.14..0 aQ >S.w.‘> > DS e v\ay é).y)'s u‘)l&oﬁjw]w \PA

Weckwerth and Kahl, ) o565 oo wSooglgilio
s, 5l S a5 sdelie &le (2013
Olezen g pSojlail 5l wlice jled 4 (Soglplio
Casd a4y digad ;o lalodplio ) iz SO L s
sl gLl o oy opls 5 Wi
Sl b sbis 4 sbaul I et
by byl slie 44l s (Shulaev, 2006)
s aber gl (Sis a5 Ll s pliime 0o
Brosché et al. (Populus euphratica) ,pso
(2010) Foito. (Lolium perenne) w=> ,o «(2005)
Thymus ) cpiosl i ladaisS 51 )led o 4
3 Bae cwl eals 5138 (2014) Moradi (spp.
2 S G i gy () G ol el
dglite ;5 dald ol )0 (dglie (23 ysd 55
sy (i 55 oI5 (VA8 cod ol L
5 O o g omlel A g (o5 R
S ookl @B 5l ey plalS il ey 0 5 550
8L odgw) Ol i 4 peilel 0y Ol
SloShy » Sas 5 wb gy
5 Lbodale GlceSy aex 51 (Suislssd

Gl (Gaigas 8510 oLS jo o il

lhu’?.ag) 9 .319.0
agi jetiiody sob 33l 9 (AL Slgo dngd

oS
diger sloasels 5l plnl gag (ot 8550 slayd,
ad ST 5o g ad 6y910,8 (B b3 5o ol
YO 510 loo aicin 5 aneS L alds ol
VY Skl 4 Sl lalals jo egends 4o
B TP iy p) S (sl sn sl
2D Bes ;0 L, led pllE e 0 a5
Sl L alisy (Sialr oloy b g cutS (g e sl
o,y o S ol s gyl las
Shygre 31 S Glawer o8 il (Soglgilie
Sy 4 pldl gobajl ) b 5l gl B e ol
dalodw ol 3l jelaio (pl (olp il ailucen

EPEE-TY
3,0 segr AsS 033l ol ul yo (Savory) o e oLS
Gatureja sahandica) gougew 85,0 oyl 51 (S oS
s ulise Jlod 4 Glpl gl glaaisS I a5 ooy,
Pl g oliile)S (lws)S (oo (oSl o
S 5l (Yousefzadi et al., 2012) s ls STy,
WJoos A8 onl pelel baims fSis slacS 5
Akbarinia et al., ) ceol cponwl)l gy LS
30 g odg iS5 alS wje oS (2009
b g gl Sladlos )5 50 oo walize slaaiss
Hadian et ) cowl ool (5,155 58 dwoyo Ae 5l oo
3,5 (S amms 4568 ol g5 e o opl by (al., 2010
Slite sy b (S5 5l Gl sl o
My s G 4 Jes Sl an o won
aee Oglie 0aSh Loagl slcdgl
Geo 5l Bas STl by (Weckwerth, 2007)
Y wdl (A5 Rl 50 srdied 68l (o)
aS 0,g) Caws @ liedsl sl jogr LSS 5l !
(05 wlawr odgs Ny, e Joesesba
4 e (S dloz Gl f ped lagis ol
Ngdior 103 S (Sdplie) (3lugdgu i
b ol slocplio o5 polie (Giw) cils 5l as
sgsly 5 el ddsl GlaceS 5 )0 ok e
S slo oais o9 g Juls |, (Soggls s
S G il e gl g laaculgi]
Tajietal., ) wol oo pozs 2L alizes loaisS
s0rnSToly adganl (lgicds biudglie ol (2002
Jom b 5oy el waiiSs )l b (GhensST gl
.(Bartels and Sunkar, 2005) wigd co LS jo iS5
R Sis 15 b L bl e il slagh) IS
a5l (Foyls GbLS siled Hise olio
Nowak et al. (Salvia officinalis) 15
(Melissa  officinalis) @m0,k «(2010)
Hypericum ) sl> «le 4 (2011) Manukyan.
(De Abreu and Mazzafera, 2005) (brasiliense
Sleize  (Metabolum) eglgilie cosl onls 4l

Lol eoor 9wl 0g2ge S slacudgli



V54 VWA s o) 8,Les A 5,58 ool els laliS psle

omilol aope 5l s eilel sosl il solaxl
dwle Sz sole 2,5 Voo i 5l selcasoa

ol sacas Juslid sbacas i o lwbl
3heomlel 38 (S5 5keg,S) 6 pld & 525 61
Varian CP 3800, Varian, ) (GC) ;5 sl
Caiz Kpl olKiws 5 uilul &35 gl 5 (USA
GCIMS) o> mowaih L oad  (sS)
oolawl (TRACE/DSQ, Thermo Finnigan, USA)
Gbasls 5 eslitul L laeeS 5 olulis s
eor bl pasls 5 gl asile calise
Sl 5 b lacib ol Blie 5 oay> slocich
oo L, BlulS ;o 353 g0 ledbl g o laskin!
s doys (Adams, 2007) ¢é 5 & js0 GCIMS
@ axg b ouilul Saies Sis slacaS 5 5l plas o
w09y 4 (GC) 315,56l )0 ol B N
@ gl owyo 1855 ool 5wl (05 Jbo s
GSoslail gl as” cwl (5500l a4 oY Lol Cawd
LS5 a5l Slas S0 asile 58 peilul laceS 5
ojled Jlad 4 azg b cudponla ol colal
A 31,5 GC olliws 4y uilusl diges VO ggoze,o

3 eawlcawsas seaS 5 3 ROy
GC

sBiws 3l saslcwwsa slacaS 5 olulis 5l
SleS 5 aoys i &5 Wb asie GC
oo (JoS1nlS cudalio )z 4 borye il
slalisl GC 5l odelcassay  mls 8,8
s 50 GC olfiws 4y 5 agd oadol slac gl
Ol Ole b Aol 5wl @,5 il
g odboeS 03,0l oS5 ez 4 bgrpe slaesls
2 SiS Gig S p S ke b aeys gl
A ookl bl 45555 5 5 Sedglie dyles

Binle;] g and gei, wlklS o oobcuils
oo jl ladigas 3, b osls Jliml cdl coss
5 Sl G5 ol bl & el il
oS 55l @ladlog jslateds ol 4 iog (5 lon
Joye 1) (IBA) sl 5890 Jgasl (Ggey92
1Y) (Kin) oS 5 (1Y) BAP) (e g0ual
Shehad, jebied o ) p pS e sy

Fed oS e o  IBA (V) (G950 S 5
o eolawl

Glals jo Shs s Jlos!
2 hEd s ke 5l e eadady dlees
@ bl Job 4 ole o sgas jo a5 ailklS
S o) S ol (0S5l Ve slaglls
Sae 4y g JES! (G, AYY g awle 1VF (00 180)
PSS 5wl g)lal Jseneysbay ol
ao b ol S 2ol B s aalS Al
A g aeS b AL jo ol Jad 0 1SS
ol 4 aS wn Lol Gegendes G505 YO 5 YO sles
g dajless b ool (g Lol alad o) 5l jelate
dlold @ (5o, VY 91 & ¥ wnall) 6,0 pdiges ol
il f g Wog kel b Gl e Gy, A
Cash) wiah pSeilul ilike sla(iell)
Time ) TDR ows 3l eolatwl b S o>
LSS 59, 4w ,» (Domain  Reflectometer
L Sy o Jedls pSojlal as 5,505kl
85 plxl mle ;o sy9abse by, I eolitul
.(Michel, 1972)

Relative ) 5 cod Cugb,y do )0 e s
(1968) Boyer g, ;! colazwl L (Water Content
sbad IS e 6 pSeslal lp ol b
Irigoyen et al. o ooliul (yg,5T g, 5 Joloxe
Bates et al g, L ;5 dopm sleime .(1992)
g Jols ol oo S5, ol plil (1973)
O35 b s a3g5g)8 5 D @ A s (S (U3 15)
51 omlel Zlhgesl gl ol zl sl (1978) Jason
el s S 4 (Clevenger) ol b iy o,



OLSJM WA wljﬁl)}la..o aQ >S.w.‘> > DS e v\aj.\ ')).’)'Su‘)l&o.hjwfw \Y-

51 omilly 4 5o 5l ol cawsas Slas o (o Sileo
g, dwslie .ol oo B ool iV Jgu =
o sl o alides sl arll (g pdy e
S PPSNEIOE S < EEIVRY-S| S s
S390s 58 sl arli & a0 P < 0.05)

U’“"_’ as el s)jidb aQ f:)y o9 W) 6)..50)‘&‘
SeeS 5 (05 Ol 2 6 s U (Sas
5 e ALl (Jo—ard «Jo ST5,L8) uill Lol
205290 SLacaS 5 (o5 (lie s (el
S gy gl el S8 ol Sy ey ) o)lac
ommizmod () Jgaz) bl (Gl S5, 5 !
baisn g S o3losl Glajarl s (Sl 4 wslio
2 6 mdises alite lagle; )3 Sujels b
ahad 5l e 59, 095198 Lewl oo sols LS Y Jgus
e g,_s?.'a) skj)_! c:‘—‘ J.wb.: u‘)*" “_g)l.:..g"
oielS pa5les 59, 50 JEWLKe -F/2 4 (aall)
Ao YAP 5l 50 S ez Cgby .8l
LS 31 5, 50 do e Ve (S el)5 cud )
O ;3 59, U 5 Sy o o (glgimme L
P K g FYS UL S SUPIIGL P FA LR WIS | YRS
(W=3959,l5 9 b @ S ) (2ol slos e o
L pudlnl 8ol 0Bl (s hlo s ialS 35
Ol Oy 0 @l g 5 )0 VA (il
= Sl S 53l (6,500 Baod (0 ) 09>
Salvia ) S59,98 (229,10 obS So3ele 58 sla S
Ol 10 e ol 8l S5y (leriifolia Benth
LS slrorSs, 1als g Jolows laai 5 oy
bl slaccias 4o (Dashti et al., 2014) 54
@ e Sis i 3. (Foeniculum vulgare L)
Ol o Glgime 5 S O Joily 2>l zals
OOLM‘JJOMMW)JD;‘MKJJ
a3 5 (o n Gliee 92 YU wile ool
oS il (oS bl b cedlss olS (gl
=gl oS ;o (Rezaei Chiyaneh et al., 2012)

Sl S 5o 5) Wil Sdgid ol 50 (2L
9 Sl Sguoy9l) Wudgdy 5 g(uml SCISL
(High ) HPTLC o&iws U (suww! SSjg0,l8
Performance Thin Layer Chromatography
9y 99 5l B 9yee slatudplie gg a4 axgi b
Lg).:fo)'l..\jl 6‘)% le o9y - PR Lgﬁfo)ta.c
LSLQLSI"?")‘"\“ LS‘)" P9 U°5) W) ‘bl.?u‘ al.
L sl SGBE 5 sl 5957 el S L
A% plxil (2007) Baskan et al. ool &Il b,
aarg L YL GlaceS s ob)l Gln wdionla
S5 dw 9 g oy @ LS g les el aSl
Sgd plelid 5 lalaa ol ad p9d b,
LY o )Kpl Slolus 5l oolanwl b aden i g ool
ol yor 4y Kislo Jols HPTLC) YL ol SL S50
3 WINCATs 1.2.2 J1i8le s g OSlegid a5asY
all (Muttens, Switzerland) CAMAG =S .5
sleas ;> 4l (Reich and Schibli, 2006) o
S5 5 el S el Sebeg,; 4 bgye
¢ (Hadian et al., 2010) gl YYV zgoJsb ol

B a T L s egil ) el Sge sl 6l

(S99 b Ol gl slel Sl ga 2
GC s HPTLC . Ll

sl Sy wSeslul o] sy s
slacdplio Glime uilal B35k «So39lg 503
g AL el dJsess (JsS19,l
5 el S35l ]l STl S L
B 5o o Jboy 0seil 5l sl gl
@ ey b e LSS aw o Bolal LS b
s,l8le 5 5l besls &30 (gl a5 cwl (sy5l00
Excel 4 IBM SPSS Statistics 24 Minitab 17
A eolaw! 2007

‘sup| B }_? s P o . xj.Ls.
S 59l g ud



WA

6‘°“\""5)lf)l—"“" .)‘3_a C_aau w.»l)ﬁ‘ b 0) 0 oLS as
] 03,5 glaisly

VWA s o) 8,Les A 5,58 ool els laliS psle

S ol lmos S o Las5 35 (Thymus vulgaris)
Joi 50 (65550 i (rdgp 9 ol slouis wiile

J_..Scroualé_m?wﬁ)_)‘f)ocl_jual
3 oisu opl @bs 4wslas (Sarajuoghi et al., 2014)

Sl Cuadly pl Slo lddxe S0 s L Guizs

(Satureja sahendica) suzges 8550 (St 25 ol (Slasye eSila) ool s 328 s ) Jgor
Table 1. Results of ANOVA (mean of squares) for effect of drought stress on Sahandian savory (Satureja sahendica)
Soil

SOV df L[)esfe;\’t?;?r volumetric R\?J:tt;\r/e Total chlo Chloa Chlob  Carotenoid Sscﬂg::e nglg
e (MPa) mO(ist)ure content (9%) (M9 g* FW)(mg g* FW)(mg g™ FW)(mg g* FW) (Ugg FW) DW)
%
Samplingtime 4  9.00”  256.85™ 853.33"  0.09” 0.04™ 0.005™ 7047 2,815843" 60.24"
Error 10 0.13 3.94 92.8 0 0.01 0 0.94 13,198 0.3
V Jguz dalol
Continued Table 1.
. Rosmarinic  Caffeic Ursolic  Carnosic
SOV Df Oilyield Cg::’ga;f?)'e (Tmhé”g?; Pi%";‘i’)‘e Y'(Eépé_r};’” acid acid acid acid
i a d (mgg’) (mgg?) (mgg!) (mgg?)
samplingtime 4  0.06™ 0.83 5.86 2.67 0.05®  251.02 5.03 216.55 0.86
Error 10 003 0.06 0.69 0.4 0.08 10.61 0.08 72 0.09

*ons

2oy ) et oy jlo dae BB 395 5 Jls ime VS 39 i 5 4
™™ Non significant and significant (P < 0.01), respectively.

Ll 50 s paiges iz slagle) )3 (s 8500 Sgls 53 Bbis S ojlul slaat s (Sla :ilee dunlie Y Jouor
o linl las £ Sl &L p b o)) Sas s

Table 2. Means comparison for physiological traits in different sampling times during drought stress. Means + SE
Sampling Leaf water Soil . Relative water Total Chlorophylla Chlorophyll b Carotenoid Oil yield
times potential vo_Iumetrlc content (%) chlor(_)lphyll (Mg g FW) (mgg™FW) (mgg’FwW) %)

(MPa) moisture (%) (mg g™~ FW)

-0.93+ 28.6 + 83.2+ 164+ 101+ 048 + 15.10 £ 272+
Day0d  gg0 0.82° 6.45° 0.05% 0.03% 0.03% 0.61% 0.03°

-2.20+ 113+ 79.8+ 158+ 0.99 + 044 16.37 + 278 %
Day3 150 0.86" 7.11° 0.05% 0.042 0.02% 0.32° 0.04°

-3.93+ 74+ 75.2 147+ 0.97 = 042+ 16.10 = 350+
Day6 a4 1.75" 6.84° 0.06" 0.09° 0.02% 0.49° 0.09°

-4.70 £ 74+ 53.6 + 135+ 0.89 % 0.40 % 16.10 + 270+
Day9 308 0.64° 3.39% 0.07° 0.07® 0.02° 0.81% 0.07°

-4.96 £ 71+ 454 + 122+ 0.74 + 038+ 12.67 = 2.76 +
Day 12 ogd 1.29° 2,05 0.10° 0.07° 0.02° 0.43° 0.07°
LSD1, 0.94 5.14 24,93 0.16 0.18 0.07 2.50 0.33

5l (gl g Sgles wopo Y et mhaw jo gt o 0 Sglate sladd > b sla Sl
Means with different letters in each column are significantly different (P < 0.01)
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Table 3. Means comparison for oil compounds in five sampling times after stopping irrigation

Sampling time Control Day 3 Day 6 Day 9 Day 12 Sig. P value
a-thujene 0.60+0.09°  040+0.08°  028+004° 024+003"  0.27+0.05 * o001
a-Pinene 035+007° 026+003" 030+0.15" 058+008" 020+0.02° ns  0.075
B-Pinene 071031  075+012  057+0.06 084016  055+0.17 ns 0785
Myrcene 0254014  026+016  056+0.03  0.60+002  050+0.16 ns 0176
p-Cymene 2845+218  2759+347  2062+198 27.11+061 1957+161  * 0041

y-Terpinene 902+164  871£090  749+042  899+128 821045 ns  0.820
(2)-Sabinene hydrate ~ 0-29%0.09  027+005  044%002  027+014  026+0.10 ns  0.607
Linalool 022+009  016+008  0.28+0.01 036003 028004 ns 0238
Borneol 000£0.00  0.04+004  002+002  019+010  0.19+0.19 ns 0468
Terpin--ol 037£007  052+005  055+004  052+006  0.37+0.08 ns  0.180
Thymol 4447+285° 47.41+084° 5357+38" 59.12+463" 5840+166°  * 0042
Carvacrol 1021+057°  6.36+039°  6.15+011° 592+007°  6.12+039° * 0045
Carvacryl acetate 047+039  249+008  186+006  173+087  181+0.89 ns 0254
B-Caryophyllene 081+076°  0.09£009°  000+00°  243+012" 0.07+0.04°  **  0.002
B-Bisabolene 008+006  032+0.10° 024+012"  0.00+0.00°  0.05+0.05° *0.020
Sphathelenol 037£014  025+013  013+0.08  050+025  0.35+0.27 ns 0712
Caryophyllene oxide 009£009  007+007  014+007  028+004  070+045 ns 0255
017+003  022£004  018+0.10  000£000  0.07+0.03 ns  0.080

(Z)-Bisabolene oxide

A5l wdysy ol gl ez Jlei o 10 (5,5 ire gl i, ya 40 Sglite slacd > L Loy Silo

Means with different letters in each row are significantly different at probability level shown for each row.
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Table 4. Metabolite profiling of Satureja sahendica under drought stress (five sampling times after withholding
water). The fold change relative to the control day 0 is indicated in a separate column in italics.

Sampling times (day)
9

. 3 6 12
Metabolite LSD10
Average SE x fold Average SE X fold Average SE x fold Average SE X fold
change change change change
Soluble sugar (ug g* FW) 1555.3961.80 1.90 3278.20°144.50 3.90 2761.60°163.103.30 2267.30°100.20 2.70  297.20
Proline (ug g™* DW) 337 024 135 1276 048 512 10.72° 084 430 793° 066 3.18 142
Rosmarinic acid (mg g  25.99™ 439 1.40 40.82® 1.32 220 30.60° 520 1.65 19.34° 0.88 1.04
DW) 8.43
Caffeicacid (mgg'DW) 243" 048 1.09 537° 020 241 266° 027 119 271° 006 1.22 073
Ursolicacid (mg g DW) 28.73° 2.68 211 33.47° 385 246 33.67° 360 248 2236 084 165 694
Carnosic acid (mg g 342% 017 104 4577 035 1.39 420° 037 1.28 3.89® 036 1.19
DW) 0.78
Carvacrole (ngg*DW)  2.59° 0.19 086 1.99° 021 062 1.97° 030 062 1.99° 0.16 062  0.60
Thymol (mg g™ DW) 14.89" 1.06 113 1587® 046 121 17.46° 058 125 17.41* 087 1.25 215
y- Terpinene (mg g DW)  2.42* 025 099 216° 001 088 244* 035 1.00 229 013 093 0.73
p- Cymene (mgg* DW)  7.67° 096 0.99 6.72° 069 0.87 7.37* 0.17 0.95 5.46° 045 0.71 1.63
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Means with different letters in each row are significantly different at probability level shown for each row.
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