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Introduction .
Satureja bachtiarica is one of the important endemic species a dicinal and food
industries. This plant is rich in essential oil, flavonoids, s and trypanocidal
terpenoids. The main compounds of the essential oil from i ollected from natural
habitats are alpha-pinene, p-cymene, carvacrol and gamm i e environmental factors

steroids and volatile oils) in medicinal and aromaticyplants. Among environmental stresses, water
deficit stress plays an important role Taht I
aromatic plants in arid and semi-arid r .
growth and yield and can upset the balance betw xidant defense system and free radicals
by stimulating a series of biochemical reacti radicals cause cell damage. In sustainable
production systems of medicinal and aromati ble mme and qualitative functions can
be achieved under conditi and it¥s.possible to improve the production of
secondary metabolites in nvironmental conditions. Therefore, this study

was done to evaluate®h siological and phytochemical properties of
S.bachtiarica to d
Materials and

0 acids under water stress.

spring (May) 2022 to fall (September) 2023 at the Research
ranch of Shahrekord (latitude. 32°20’ N, longitude. 50°51' E,
Kdppen climate classification, the climate of the area of study is

ut with three replications. Irrigation regimes (3, 6, 9-day intervals) in main
on of amino acids (methionine, lysine, phenylalanine and proline) in sub plots
were done. Ine ar, treatments were applied in 3 stage (3 months after sowing, end of vegetation,
before flowering, Weginning of flowering and early flowering) and harvesting was done in the
complete flowering\Stage. Weed control was done manually during the entire experiment. During the
experiment, no fertilizer and no systemic pesticide and herbicide were used. The harvested shoots
were transferred laboratory for extracting and analysis of the leaves and stems of treated plants.
For assessment of the total chlorophyll content of S.bachtiarica, the leaves were extracted with 80%
acetone. The absorbance of the extraction was read at 470, 648, and 664 nm, and the content of total
chlorophyll was calculated as mg per g leaf dry weight. Total phenol content was measured by the
Folin-Ciocalteu reagent as reported by Singleton and Rossi. The total phenol content was expressed
as mg of gallic acid equivalent per g leaf dry weight according to standard curves of gallic acid. The
essential oils were extracted by hydro-distillation and analyzed using GC/MS.

Results and Discussion

Applied amino acids significantly influenced the morpho-physiological and phytochemical
characters of Satureja bachtiarica. In two years, the highest chlorophyll content (1.41-1.54 mg.g™*FW)
and total phenol content (2.45-2.72 mg.g™*FW) were obtained in methionine (2.5 g.I'Y) and
phenylalanine (100 pM) treatments by irrigation regimes 3-day interval. The highest essential oil
contents (1.09-1.61 %) were obtained from the plants treated by methionine (2.5 g.I'Y) and
phenylalanine (100 pM) treatments by irrigation regime 3 day interval. The main chemical compounds
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of essential oil were P-cymene (17.12-19.45 %), gamma-terpinene (18.14-16.87 %) and Carvacrol
(45.12-51.24 %) belonging to cyclic monoterpenes. The treatments had significant effectiveness on
cyclic monoterpens such as alpha-terpinene, gamma-terpinene, germacren-d, carvacrol, thymol and
p-cymene. Increasing of essential oil content/composition by use of amino acids was seen. The main
components of essential oil in plants treated by proline were lesser than other treated plants. In two
years of this research amino acids of methionine and phenylalanine mad the most amounts of carvacrol
and essential oil content. The monoterpene alcohols in volatile oils of the treated plants with amino
acids elicitors considerably were higher than the sesquiterpenes. According to the ratio of
monoterpenes alcohol to sesquiterpenes in volatile oils of the treated S.bachtiarica with different
elicitors, the foliar application of amino acids can improve the odor quality of S.bachtiarica volatile
oil.

Conclusion
Foliar application of methionine (2.5 g.I'') and phenylalanine (100 p reatments better than

other treatments increased the morpho-physiological and essential oil attftbutes. Environmental
conditions such as drought play a key role in plant growth and biosynthesis of rent metabolic
compounds. The observed variation in shoot yield and phytochemical content of S.bachti

the studied years may related to differences in photoperiod, temperature, solar r io

and occurrence of biotic and abiotic stresses at different growirg,seasons. Also a
important effectiveness on content/composition of essential oil Of S.bachtiari
methionine and phenylalanine can be a good strategy to improve mo S

and essential oil quantity and quality of S.bachtiarica in théasame ¢

erally, treats of
al characteristics

Keywords: Carvacrol, medicinal plant, methionine, p-cymene, ph

AN\
-




SIS 00 il 5 (K5 P58 5590 Dlio g aiel Gladeal LSG
6)‘-37 ‘.S L% c=u (Saturjea bachtiarica Bunge.)

LR

Oyl 0,8 e e oDl l5T 018l 63,5y anlg (S Y guao ¢ 355 Slisiss 8 pe Ll
, Mehrab.Yadegari@iau.ac.ir

S~ 5 JgS19)8 cymaliom g il ol oS ol uilisl ol oS 5l (28 oo igige slady $ob il
2 e 0550 oS el 5 (Suidssebshgn liss el slasgl (3l olone s i 59 Fol g ol
ol 3 S5 dw b ool JalS clacSsly 2ok B 3 o 35 LS, slacsyS oy ;
Ogste «3) Aol gl (S (S glre g Lol slac S5 (1S 59,3
A8 Bl daclis )‘)51“‘ }' o ole M) =d>)ﬁ ww el ” 2 i )5 )‘)5 - 5ol 4y (g 9 oY1 et
B b gl (25 slil 5 (o)
» F,S (ke VO¥- V\‘\) Jﬁsr‘f d‘y’w wﬂb j Ly Seigdsnsidshyge Slio ()l stne ysboay el
O 3ol 0200 LS 5, ¥ o)l 0090 b YT i 5 ggte dLﬁ’) % (s £)5 02 pS e YIVY-YIYO) Jid 5 (5 g )5
S 5o ¥ sl e b yw)sw Ver) oYl J.Ms , (),,J e IR S5 Gl Sl (300 VEVV9) il
s Joli puilil ol @l 5 kel
1 sl Blo ] & 05 s o (s3> slacy sise
P S g (o8 paliio ) (il il ool o 9 Jgoss
. 5 ollS JoS19)8 g il jlade o 1) )38 31 oyt
u&»wo O‘I‘/‘ 290l & M oo I g 055 13 i (B e gla i 39 a5 (255
-) oY Jw 5 (4 ;‘S YI0) (g A5 ol g% )3 (6l 0jpe (il QB S8 ool il @y e
i RS 5 il g (5915089890 lao alEl & oo Wajlesd ol )5 (1Y 509,50
o codlil Lyl cod 6)is 0y il § (So35ln 59890 Sl Sgue 53 (6 e A

J9)§ ‘9)5 LB (g i lﬂ”
o»Y' Jd 5 Ot dL“)‘-M -

9o 2903 oLS < Jo5S19,18 VT i eyl s gl (58519

dodlo
Satureja bachtiarica ) %) 0 p0 sl 4565 5 9 4565 (6L 2wy (glyld oS cuwl lelin odlgils 5l LS 0550
Slo S o ¢ gog> 0B b o Bl Yo JIVe S pl lalS elas)) ccwl Gl )3 0jye (s)laxdl slaaisS 5 (Bunge
LSy diwd 5 piis )b ades o b 5 g ausl 8l s 5 il ¢y 5 0bsS" oS S L g S B sladdls obeS
ks g Jlweslaer il dlas Sl g glpl o Golie 13 5 (0l b olSing, 51435 155 2Bl Jobo 53 goizne g0 4
=S boys & oy Ll g W T el o & JoySTe,l8T ol 0jp0 43 39390 (olews @S 5 (Mozaffarian, 2008) ¢l
S S s Jo g3 YO gy 5 Bl 3939 9 )l Jlgl 43 05,0 cusslS”(Yadegari, 2022) 45l oo ® Jgows 9 ¥ 60

I- Carvacrol

2- P-cymene

3- Alpha/Gamma Terpinene
4-Germacren-D

5- Thymol


mailto:Mehrab.Yadegari@iau.ac.ir

s 5l eslatwl 5 YU 515 yizeen J(Padid et al., 2021) 395 0 olS oyl (85 5 (o5 3 Sdas iSlis 4y oo (A WS
Jooxio [ slasS ol 4 g)lisy 0,0 (Mirjalili et al., 2020) 50 0 (5500 olS (pl 3 Sdas igl3dl &) e a5
poitons o3l & gl . Canlany] blite Sl g e g aome Oy (S5 Jolge ) Sl e pbandnd o (S5l
oM a8 03,5 o oo Cun; sla 53¢l 4 e b & plewd sladgS 5l ookl (sl bwg og)ls lalS |
@9 LS Mg )3 atsel (slasasl 5l oslizial lasly (5509l (gm0 4 S 2 3,09, L amd o B 05 oyl )3 1y L]
Azarpiraetal., ) 1sl Cowj ke Lis g ol (55,5l slusly 1 50 oS g bl S 5 (o8 (il5bl & e Ll 0
dgutp o Shas il 8l iy 53 Soglod duwl g Suoguds duwol cduwlginal Ale (o3lg0 uae <l 31.(2020; Mirjalili et al., 2020
..\.w) LS)}\’.A .)]99 ) LS‘:]J& )AoL.C Ul)i‘n Ll [ vewp) L.JLJ‘ @ oJ.))).'.C 9 oJJ)' dl.lbum.: LY ulml..f u.as‘.np 9 Jya?m L_S'D'3§9 L§°‘§
S350 9 Ady 1 Mo Ol Sl el 0lS Zlinl 550 (00 dl50 Wb)l).»& & 6,50 L;Lmo%..ﬁ‘ly ol gl 5B L oS
25l @glite cunl (Sew olS Sy o pByl 3 > g Oglite Bblie g cilie LS )3 Slge sl g e ol

LS ga 5 5 008 3gaome Pl J| (S Ol (i85 (KiS dag 5 Suid aila W 1,10,3 P AR
Thymus ) &L o (Thymus daenensis) b cpiogl 9)h GlS uilol yoliogms ]
Stevia ) Ll (Mumivand et al., 2021) (Artemisia dracunculus Yo ) ¢ et al., 2018) (vulgaris
235 o adian > i3 g w8l (03 (iglle (Jgasd 0590 03le 5 il (K
tlisl (Babaei et al., 2021) (Tagetes minuta L.)

olium multifloruma) psJg) )3 o1 ;5 Jgloxe
1580 5 Lalls iwgis o Sy ol Juwilsy
Nigella) ailobus ol 1> cpdgy 9 jBgemnd Sy GBI clags 351 polio yol3sl 4 oo (5 ol 2945 o0 (et AL, 2019
lapSTyy JsSLIS | ©l, g8 o 30 (Hayati et al., 2021) (sativa L.
s s cd LS Lcwl ol ((Ghanbalzadeh et al, 2019) (Dracocephalum moldavica) 4, .. ,sb
g 03905 cubadlne JUS0 Wl jameS | alaBiys! o151 s lis 5o sl 51 a8 siles o adgs lacuglio

lels ol o g O

dlﬁs,\twl

023) (rebaudiana Bertoni

Linls (Fariaszewska et al., 2020) (Festucah‘nacea
Caser) (Salvia dolomitica Codd.) 15 e )h&;\i, 3

oltf )0 jlf}omiJ ..\t.wfl)f‘yw

5 dl_tb 44.>b Aa)”Lo.J P d)a.§9l> ).M.M:9A.$ u:.\mlf )l
l) \Ji)’l),\tm JJ)SAJ =) ‘Jﬁlé d.)—Y9Y Al.o.% )‘ .)9> u}l.\ﬁmfl U‘JT

CLM L);:g,l)‘sl W8y s LialS (Ol G yumn Lol u;'.;"l)'sl S o uuzlf Iy gl L;me,gyh'p leg )gpl.u & &szw OLO)
LS Lo (Kheiri et al., 2020; Yadegari, 2018) sl diel celodpul gl 3151 5 Shas Ltalsil cales 15 5 Syt plys 5
J Slegome gozs Jed 5l 2y slaadll wSe )] o carge dislen Jelse dles altio il (glasel |
S25p5 0L goi g A5y (gl Ll eyl 3529 (a8 jlude 4y 0l 13 0y slacS e 39 g0 ol )3 (218> S5l sl
Olgieas asel (claswl (Asadi et al., 2018; Aminifard et al., 2020) 1S o s by (6,20, LS 905 g ) g 039
G seysh 5 aspl clacuabio colucan) ) BewS 5 ol S o Colleb oS LaS 5 oS L) S e clbeeS

1-2, 2-diphenyl-1-picrylhydrazyl (DPPH)



2 Jelse o iete 1 (S Blgk o ;S e 3,18 (Nouri et al., 2015; Poorghadir et al., 2020) x> _o4eo
e 35 295 oS (S sl pabls oS Sloasls Gl oMo disal (slodeu A3 gl ol Sy 3ige S
b oabb 55 (slo JsSIgoedine] sbadul ool (LS 5,815 53 diel (ol g)lislo 25 51 56 3 ol 48 e oo 8l
plos & ol ooy ol slajlogiy 5 i) sladsSlse Syt 4 gl (185 5 039 CoHaOINR Syt g 8
Ss8 sloJSlge o3 el s gty el gl 333 ogs 1y JUiSl 5 (Sl s gmn 5T 055 5] o) oL 3 Shos
S 4 598 Ol 5 o ol g lacuplio oS5 catsel ladunsl 455 (65Tl Abl oo when Jlomn (st b5 L
el 52l 155 ol gy J5S0g0 i 4y ey 3 o8] (oS Sl 3393 o 0081 S bl S 3 035 o5
3igh o i gl S baulio (sla St Sl (So b g ShalglS] g Shlogh S JutauS g e bslS 5 WT s
G595 SluS 5 3 0300 ol Ll S ogle b pols (sladiselisl Mg (sl 3 olawsd 520 51 (Nouri et al., 2015)
ablio ) bl 51 dn o Sl &S W50 392 o LS )5 ity el sl o ool L oyl wle oL
il Sy S e =) 1) 08 (i) Syme i ogud A I SLuS 5 oyl 5l plS e Ll ooy il 4 b i b
oblS a8 SeS SK L@‘ﬂ e g _;,m ws ,,DL; S s 4 .\;3193@ 5 Al e Sasc

S d‘)]) 4;.:1401

dlox 1 085j yi (sl i Calio glgil 4y olS Jasw Ltalél el g S S
uAu) l.s LE;LMyJ dL&’.\ul)B {:170‘ » 09M$ aliss LSL&’P-’)-’l J«Jy ULQLS

L oS 3)‘3 9 TP

ol 6535 o JK00l) 5emST slaog S te il Bl zals Lium 5 2 5 mmb e Ol ply g
9 0395 medgilio 2 (SeS9n slajds e (Nouri et a 5o Bulibgslo oty & Coglis )3 55 S aiel
|9J—4Asu:)§5u)9)~u M..«Jyl;.a L MJ@W‘P‘ 9).~J u& ;L&‘90Jm ‘.)94{; u.cl;9d~.:].&5).:| U’)f

D93 ORIl 9 o0 48)5 Jais dlge (pl pudias
- ‘-)AAJ])BI »9 o odldiw! u,u.aa).: o » .-\.0‘9}‘_;0
l)sl el g 039 diel (sladul )3 (pgsigel) odd clsl il s Jlasl (glp

L5 ol s el w5lg3 o gy gy il ol ol 5 (Shafie et al., 2021
Sl el ol eling, 2008) wn3 oo pbsl 3955 5 o35 pedorlio wabas b Jols 2,k
Sr9re Nl o St b 3l (il jl 5 stn coenl ()l jlo g cogu o Siglnnd sl b
9y dinel slay al., 2019) 595 Ly g Jsho b g gy gllasl 13 o 5 sbxl 4 e Canl (ySoe

OBt 5 s oY) Jeid osgete (0 comed) cOmoslol (st Jold GlalS
3390 el el (Slosl S| SREU 1) g 5 Gt Ol rndlS (aUslS (i sl eyl YT Ol o0
Lo S plgie 4 oS Coplilhs po e ainel dsl S g 05 pU 1) igste 5 23 (g Ol 555 WS 5o ealitl
e oyl it Jolw (g 5eml padais )0 sl LS YL (slod 5 (650 ( Siis LB a8 o S8 HlalS a4 5 LS o Jos o]
S8 15 slagusly 3 S Glapl 5 Winligy S 4 paien gy A8 oo ladlone glius] A5l 5 lalS
33 ook L S Canl (6 y9 05 digal Aol SO op ) (Danesh Shahraki et al., 2023; Darvizheh et al., 2017) xS .
5 il A58 (0395 medpilie «Jido)lS s (35l oSy sladije (5 S wad )3 3yl olS A5, 5 B i
9o g b Ol 0908 5 W (slales wile (i Lulyd 4 ol Jooo (al3l el (aizeen (3 ol pre aygegn
Slaan] )b 55 a8 ol 659y diel dul K (igate (Ashouri et al., 2023) 395 0 LS CuiS g o8 3,5es Lol
a9 puolgiml g (1S g ¢y cylolaile Wy (slaodiiS malals Sl i odlo (pl )l (i lalS 5o calisee (Sglie
Cunl oo (g Jhw lyr g ) (B 3,595 udgilie 3 (imed (igste WS (o S |y ogne (w9 ey &
Mentha ) Jals sl lalS So5elos judgdy9e liwo polie Liul33l & oo disel (slasuwl 5,18 .(Ashouri et al., 2023)

62926y Aol slodsl

O



(Ocimum sativum L.) -, (Heidarzadeh et al., 2023) (Allium sativum L.) ,. <(Asadi et al., 2018) (piperita
Physalis ) 63, cuiy Swgys (Gohari et al., 2020) (Vitis vinifera var. Hosseini.) ,,! (Ajdanian et al., 2019)
(Coriandrum sativum L.) ;a8 4blS wlel clSy (&5 9 bl (Saremi et al., 2021) (alkekengi L.
s oy; Moradi Marjaneh et al., 2018) (Rosmarinus officinalis L.) ,lL;, {Aminifard et al., 2020)
By; (Wafaa et al., 2021) (Coriandrum sativum L.) x4 (Hazrati et al., 2021) (Cuminum cyminum L.)
(Thymus daenensis L.) U cyisql (Aghaei et al., 2021) (Hyssopus officinalis L. subsp. angustifolius)

.l oai5 (Raoof Haghparvar et al., 2022) (Tagetes erecta L.) li 31l adwen (Kazempour et al., 2023)
bl 5 (Sejelsnsidsdyge lio y atpel sl (Sl glne ()33 4 2l (ele GBS 9T @bie opp 4 @257 b
ol (B Jglore e g £95 cn ik (P8l S ) gy ol el oy plol (iS5 4 Jeod S )3 )i 00
5 Sissdshyge Sl pdlie (VL sl Custy il o 5 8T U gt i) el ol o 3] el

sl lajles oly; Jogd (b sl oxel ¥ Jgis 0 6ybl o el > ) dilaie wliiSB g ouldl
Oyl b ol Giagh cwl sl ((bbslne £ pn et) Jalbgles g ¢ 1 i cp el comgeto Jolds disal
Jgie 4 (L 5o, % 97 X) bl e 4w le“&"[f By 0ad 55 LS gl g0 4
il 33 8,5 0 9 V/B o 53 )3 (st 52 )3 2.5 O IWID S e lojled 5 Lol slae S
Olgie 4 (1old o S5 g Yg0g)Sio Veow g B0t ‘ﬂ‘an o Voo g Voo gaw 93 5 VT Juid
ol (L8b Jolone b ploxil (a2 lS (il g (g, A5, )"‘J ) L")L" ) dl> po dus )3 (o3 glacs S
{ I 5 s 003 A58 (6509 palld ghoyd YA) 5 el
Yns\néla.wsa)s&.;' 3 i etal, 2023) . 'Igi,:g_g,a,o)faﬂ/aol},.“q(u;;w,z
) Sl doanl jd 00lo sl o0y b a8 )5 IS ;Y 509,500

S I et al., 2023; Raoof Haghparvar et al., 2022) 3,5 1,8 solitwl 5)90

olisl (3.5 (YR 433 Sy Gl Sl cap Sl sw lgie 4 o plall Spe €855 Sl (LY ug
(Aghaei et al., 2021; Gohari et al., 2020) ..

Tablel. Seil physicochemical and climatic properties of experimental field.

Jue 2022 2023 Sluogas
Year Properties
82 83 P (ppm)

209.2 212 K(ppm)

009 008 N (ppm)

041 042 EC (ds.m-1)

0.77 0.85 Organic Carbon (%)

74 7.3 pH

3111  309.3 Average rainfall (mm)

11.6 11.2 Average temperature (C°)

226 21.8  Average maximum temperature (C°)
-124  -12.1  Average minimum temperature (C°)
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Table 2. Water properties used for irrigation.

HCOy Cr Mg?* Cca** K* Na* TDS E.C

(meqg/lit) (meq/lit) (meg/lit) (meg/lit) (meq/lit) (meq/lit) (mg/lit) (us/cm) pH
3.42 0.91 1.43 2.28 0.16 0.763 247.93 387 8.11
Sl G oaliiw! 3,90 Of Claswin —Y Jgus aoldl
Table 2. Continued water properties used for irrigation.
NOz Zn Mn Cu Fe Cd SO.* COg*
(meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lit) (meq/lit) (meg/lit) (meqg/lit)
23.67 0.001 0.001 0.001 0.009 0 0.001 0.21
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Table 3. Complex analysis of variance of mean of squares of morpho-physiological properties in Satureja
bachtiarica Bunge.

Olyeis @olie PRURESS - Laolas dfkes ooy Jidgyls S Jeé s O s lgiome
SOV, DFy Lol Jsle Proline Total Total Phenol R.W.C
Chlorophyll
Number of S phy
Stem Shoot
Yield
JwYear (Y) 1 77.6%* 145.8%* 1.87™ 43.1%* 42.1% 34.1%*
(o) SSR(Y) 4 6.2 7.4 1.91 0.98 11 1.08
s, bllrrigation(A) 2 167.2* 213.9*  33.6%* 25.02% 41.1% 39.9*
d)lﬁ.,TXJLJ AXY 2 156.1% 144.6*  22.4* 34.99* 21.5% 25.1%
olslacs S cbsE, 8 8.04 115 0.81 0.99 & 0.64
aslawlElicitor(B) 8 155.1%* 156.1*  22.11* 32.61% 58.12% 37.1*

WX =eAXB 16 217.88** 148.1**  25.8* 415 55.3*
S X o BXY 8 278.1% 168.6**  34.1* 35.1*
XS X JLAXBXY 16 499" 9.01m™ 11 14
=8 bes gsEy 96 7.8 10.6 155 1.95 0.22
Sy o p5CV (%) 19.41 181 105 6.77
Mgz p P e g A NS g s i

Z SOV: source of variation, ¥df: degree of freedom, *CV: coefficient of variation, *, t P=0.05 and P=0.01 levels of

probability respectively, ns: not significant.
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Table 4. Means comparisons of morpho-physiol ies igaSatureja bachtiarica Bunge. plants

99

Jw o los™ Jidoyls S Jo s o Slgime
Year Treatments Total Total R.W.C I
‘ Chlorophyll phenol
- A mg.Kgt FW %
2022 Jals Control" 256.9+10.7 ¢ 8.11+0.3¢ 1.18+0.01°¢ 1.99+0.04¢  42.84+2.2%

349.2+10.5° 7.32+0.4° 1.41+0.06®  2.01+0.02°  47.85+1.1°
341.4+11.1° 8.73+0.3° 1.21+0.01°¢ 1.88+0.02¢ 45.96+2.4°
355.5+15.7% 6.95+0.1¢ 1.41+0.05®  1.95+0.03° 58.98+2.3
10.88+0.9¢  345.2+14.2° 8.44+0.2° 1.33+0.03° 1.88+0.01°¢ 55.09+1.4%
11.72+0.7*  355.6+20.7%® 6.96+0.3¢ 1.38+0.01°  2.08+0.02" 57.12+2.5°
10.82+0.5¢  339.5+10.3° 7.76x0.2°¢ 1.31+0.02° 1.98+0.05¢ 54.92+2.3%

Phenylalanine

ooy 10.82+0.6°  347.1+10.7° 7.99+0.4°¢ 1.29+0.01"  1.88+0.02¢  45.7+1.1°
Proline 10.1+#0.8°  339.2+10.5° 8.43+0.3° 1.18+0.01¢  1.79+0.03°  44.12+1.1°
LSD 0.78 1.00 1.00 0.75 0.89 0.82
2023 L Control 14.6+0.8°  312.2+10.9° 7.3240.2°¢ 1.33+0.01°  2.14+0.07* 50.84+1.8"
o 1 16.1+0.7%  377.2420.5%® 7.01+0.2¢ 153+0.02¢  2.72+#0.21* 58.85+2.8°
Lysine 2 14.02+#0.6°  367.4+20.1%® 7.3920.4°¢ 1.39+0.01°  2.32+0.19%  55.96+1.7%
Oisste 1 151+055%  412.23+255° 6.14+0.2¢ 1.5440.03*  2.66+0.09*  62.77+2.6°
Methionine 2 14.88+0.9°  401.2+17.2° 7.44%0.2°¢ 1.45+0.04*  2.44+0.14% 5509+1.8
o L 1 16.09+0.7°  412.21+16.3° 6.15+0.4¢ 15140.04°  2.41+0.12%  62.76+2.12
Phenylalanine 2 15.82#055*°  404.5+15.8° 7.11+0.3¢ 1.44+0.03*  2.31+0.068°  59.92+1.8*
sy 1 14824062  389.1+14.9° 7.22+0.4° 151+0.01°  2.31+0.03"  58.7+2.4°
Proline 2 13.1+0.8°  377.2416.5° 7.98+0.5°¢ 1.3540.02°  2.2240.04" 52.12+1.6°
LSD 0.99 0.77 0.78 0.98 0.77 0.82

(irrigation interval 6-day) ,LSy 59,7 5yl 499




Jw L oluws Sl 3)Sles odon Jidoyls S Jo s o (Slgie
Year Loy Lo Ggsp> Lol S Proline Total Total R.W.C i
Treatments Number of  Shoot Yield Chlorophyll phenol
stem Kg.ha Mg.grt FW mg.Kg* FW %
2022 L3 Control 8.5+0.67 189.1+10.9° 9.32+0.4° 1.09+0.01¢  1.99+0.08° 35.84+1.3%
o 1 9.5+05% 244.2+10.2¢ 8.32+0.3¢ 1.21#0.01¢  2.45+0.19%  42.85+1.4«
Lysine 2 887#0.6°  2334%11.7° 9.73+0.5" 1.1540.03¢  2.12+0.09  40.96+1.4¢
ise 1 9.1+05° 251.1+12.1° 8.85+0.5" 1.2940.01°  2.34+0.08" 43.98+1.5°
Methionine 2 8.88+0.4° 237.2+11.2¢ 9.88+0.3" 1.13+0.03%  2.22+40.07°  41.09+0.9%
oYl s 1 10.43+05°  259.3+14.9¢ 8.66+0.4¢ 1.18+0.01¢  2.44+0.18% 39.12+15¢
Phenylalanine 2 9.82+0.7°  241.5+14.3° 9.15+0.5° 1.1440.02¢  2.32+0.11"  37.92+1.2¢
e 1 9.82+0.4°  249.1+15.19 0.81+0.4" 1.23+0.04¢  2.11+0.09%  37.7+1.1
Proline 2 8.1+05¢ 231.2+14.5¢ 10.55+0.5" 1.15:0.01° WR.020.08°  36.12+0.9¢
LSD 0.78 0.99 1.00 0.81 \ 0.75
2023 1Ls Control 13.66+0.6°  251.1+14.7° 8.32+0.3° 1.21+0.01° 41.84+0.9%
o 1 155+0.4%  350.2+155% 8.27+0.2¢ 1.31+0.02° 5.85+1.1¢
Lysine 2 14.02+0.3Y  332.4+14.1° 9.08+0.5" 1.25+0.03¢ 43.96+1.2°
Oigste 1 151052  349.1#15.7° 8.85+0.4 1.35+0.02° 55.98+1.1%
Methionine 2 15.88x04°  332.2+14.2° 9.27+0.5° 53.09+1.3°
o b 1 1422403 359.3#15.1% 8.76+0.4 72+0.09%  54.12+1.2°
Phenylalanine 2 13.77x0.5"  329.5+14.3" 9.12+0.5° 2.69+0.08°  51.92+15"
oo 1 15.11+0.6°  338.1+15.6" 9.76+0.5" . 2.66+0.18°  46.7+1.2°
Proline 2 12.87+05  329.2+145" 1.2940.01°  2.43+0.11% 43.12+1.1°¢
LSD 0.89 Wagy 0.88 0.93 0.6
(irrigation interVal 9-da o1 595
Ju L3 ol W héosls S JoJ e e
Year Loy los ine “&al Total R.W.C i
Treatments ‘ hierophyll phenol
mg.Kg* FW %
2022 0.99+0.029  1.44+0.097 24.34+0.9"
1.17+0.03¢  1.77+0.08° 31.85%1.1°
10.07+0.4° 1.04+0.01¢  1.65+0.02  29.96+0.8°
151.1+8.1° 9.85+0.5" 1.22+40.02¢  1.81+0.01¢ 32.98+0.7°
148.2+9.2f 10.7740.2° 1.0040.01¢  1.59+0.01¢  30.09+0.6°
149.3+9.7¢ 9.76+0.4" 1.17+0.01¢  1.81+0.02° 33.12+0.9°
143.5+8.3f 10.91+0.42 1.1140.02¢  1.71+0.01¢ 31.92+11°¢
ool 7.82+0.3¢ 139.1+9.6 11.21+0.42 1.15+0.02¢  1.58+0.02¢  27.7+0.9¢
Proline 6.1+0.2° 137.2+8.5f 11.24+0.52 1.01+0.01¢  1.48+0.01¢ 24.35+1.1f
LSD 0.79 0.99 0.78 0.99 1.00 0.98
2023 103 Control 6.45+0.2° 181.2+8.9°¢ 10.32+0.2° 1.08+0.02¢  1.45+0.019 245+0.7°
o 9.67+0.3 247.2+9 5 10.41+0.2° 1.24+0.02¢  1.91+0.02° 32.85+0.9°
Lysine 2 8.02+0.4¢ 226.4+9.1¢ 11.19+0.42 1.11+0.01*  1.81+0.01¢ 29.96+1.3°
st 1 814039  251.1+9.3% 10.85+0.5" 1.2640.01°  1.88+0.01° 34.98+1.4%
Methionine 2 8.08+0.3¢° 233.2+8.2¢ 11.14+0.22 1.14+0.02°  1.75+0.01¢ 30.09+1.1°
oYl s 1 9.63+0.5% 248.3+7.7¢ 10.76+0.4° 1.2740.04%  1.78+0.02°¢ 35.12+1.2%
Phenylalanine 2 859+05¢ 238.5+8.3¢ 11.14+0.42 1.15+0.01¢  1.61+0.01¢ 31.92+0.9°
ooy 1 855%0.3¢ 231.1+7.1¢ 12.08+0.42 1.25+0.01¢  1.73+0.01¢  29.7+1.1°
Proline 2 7.1%02¢ 227.2+8.2¢ 12.94+0.5% 1.19+0.02¢  1.51+0.01¢ 24.52+0.9"
LSD 0.88 0.98 0.95 0.91 0.81 0.99
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**Lysine 1: 2.5 g.I%, Lysine 2: 5 g.I", Methionine 1: 2.5 g.I", Methionine 2: 5 g.I"%, Phenylalanine 1: 100 uM, Phenylalanine 2: 200
UM, Proline 1: 500 uM, Proline 2: 1000 pM
**Numbers in each column that have same word, have same group.
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Table 5. Complex analysis of variance of mean of squares of conterhnd main co of essential oil

of Satureja bachtiarica Bunge.

Sltd gilee @p Jes 8305 ); Oyl onbme el
SOV, i Thymol  Germacren- Alpha- P- Essential
DF, D Terpinene Cymene oil
Jl Year (Y) 1 141 10.99* 32.1* 17.71* 14.88*
(W) 55 R(Y) 4 0.15 0.56 0.88 1.01 071 0.81
<, klrrigation(A) 2 12.61%* &‘ 275 18.1% 35.1% 25.8%*
&l AXY 2 14.99* 21.8 4 40.11* 14.1* 29.1*
Lol s E, 8 0.43 0.67 l.‘ 0.78 0.82 0.33
aelawlElicitor(B) 8 10.88** 30.1% W“ 27.1% 36.07* 35.1%
XS e AXB W4 35.3% 25.8% 41.8*
Sy Jlo BXY 14.45* 27.6* 35.14* 26.14*
WX S 3eX JWAXBXY 0.61™ 0.43™ 0.19™ 0.77™
= sl s s By 0.88 0.48 0.33 0.99
s CV(%“ . . 12 7.92 8.05 7.12 6.55
A\ Mgz pis g 0=/} Ol=+/+0 gaws )3 15 me iy 4 NS g st ot
ZSOV: sourt i : *CV: coefficient of variation, *, ** significant at P=0.05 and P=0.01 levels of

1) olo! AL Ol 5 g il (3e5lke Sl lia—T g
Table 6. Mea s of content and main composition of essential oil (%0) in Satureja bachtiarica
Bunge affected by amino acids and irrigation periods.

(irrigation interval 3-day) ,LSG jo, ¥ (5l 499

Jls Lo hymol Germacren- Alpha- Carvacrol Gamma- P-cymene Essential
Year Treatments D Terpinene terpinene oil
2022 s Control™ 0.89+0.05° 0.99+0.09¢ 1.49+0.1° 34.99+1.2¢ 14.6+1.1° 14.91+1.1° 0.88+0.04¢

o 1 1.28+0.08° 1.61+0.08° 2.1+0.1% 41.15+1.1° 17.8+1.22 16.69+0.95° 0.98+0.06¢
Lysine 2 1.29+40.09 1.2240.07° 1.67+0.09° 38.55+0.9° 16.2+0.9%  15.12+0.98°  0.93+0.03¢
g 1 1.01+0.09° 1.59+0.08° 1.76+0.12° 45.12+0.8° 17.9+£1.12 16.99+1.1°  1.09+0.02°
Methionine 2 1.22+0.08° 1.57+0.09° 1.23+0.09¢ 39.58+0.9° 18.01+0.8° 16.8+0.94°  0.99+0.05%
osY 1 1.080.09° 1.48+0.07° 1.55+0.08° 45.11+0.9° 18.1#1.12 17.12+¢0.94°  1.08+0.03°
Phenylalanine 2 101+0.09°  1.33+0.09° 118£0.09°  38.22:0.8°  18.01+0.9°  16.69+0.98°  0.97+0.04°
e 1 1.27+0.08° 1.6+0.08° 1.58+0.08° 41.2141.2° 16.740.9% 14.93+1.1¢  0.99+0.05%
Proline 2 0.99+0.08° 1.55+0.06 1.34+0.09° 39.72+1.1° 15.54+0.9° 14.55+0.99°  0.91+0.04¢

LSD 0.95 1.00 0.88 0.95 0.66 0.87 1.00
2023 .ls Control 0.99+0.06°  1.45+0.04° 1.55+0.09° 40.55+1.2°  13.66+0.9° 16.9+1.2° 1.35+0.06°
o 1  1.44+0.07° 1.76+0.03° 1.99+0.09? 47.42+¢1.1°  15.8+0.8° 19.55+1.12%  1.55+0.05?

V¥



Lysine 2 1.22+0.08°  1.65+0.05° 1.77+0.1° 44.33+1.2°  14.55+0.9° 18.87+1.2%  1.43+0.07°
KR 1 144009  1.7620.04° 2.01+0.09? 48.61+0.9°  160.8%® 19.11#1.3*  1.60.08°
Methionine 2 1.34+0.07°  1.57+0.03¢ 1.77+0.08° 4551+0.9°  15.77+0.8° 19.01+1.1%  1.49+0.05®
RV RE 1 1.33:0.08%°  1.76+0.05° 1.67+0.1° 44.33+0.9*  16.8+0.7° 18.67+1.2%  1.61+0.05°%
Phenylalanine 2 1014007  1.81+0.03" 1.81+0.08% 41.774¢0.9°  15.1%0.9° 18.15+1.12  1.47+0.06%
an 1 1.41%0.08%  1.99+0.04° 1.81+0.09* 4343+11°  14.6x0.7° 17.99+1.2%  155+0.072
Proline 2 1.32+40.09°  1.45+0.03° 1.43+0.09° 41.91+0.9  13.240.7¢ 17.33+0.99  1.43+0.05®
LSD 0.94 0.81 1.00 0.98 0.99 1.00 0.79
(irrigation interval 6-day) ,Lss 55,0 55l 590
Thymol Germacren- Alpha- Carvacrol Gamma- P-cymene Essential
D Terpinene terpinene oil
2022 1als Control 0.76+0.07¢ 0.81+0.01f 1.01+0.09° 35.11+0.9¢ 10.660.6¢ 13.9+0.88¢  0.71+0.02°¢
o 1 0.990.08° 1.110.03¢ 1.510.08° 38.2420.9° 13.940.8¢ 16.69+0.91°  0.8820.02¢
Lysine 2 1.01%0.09° 1.010.02¢ 1.34+0.09° 36.31+0.8¢ 12.120.9°¢ ‘15.12i0.93C 0.81+0.01¢
e 1 1.03:0.08° 1.22+0.01° 1.49+0.08°  40.43+0.9° 14.7+0.6° 0.89+0.05¢
Methionine 2 0.98+0.08° 1.01+0.02¢ 1.24+0.07° 37.51+0.8° 14.65+0.8° 0.79+0.05%
oYl s 1 0.99£0.09° 0.99+0.01¢ 1.44+0.06° 39.44+0.9° 14.8+0.8° 0.88+0.02¢
Phenylalanine 2 101:008°  0.89£0.03¢ 118:007°  3523:00)  138:09° 0.870.05¢
o 1 0.98+0.09° 0.91x0.02¢ 1.41+0.08° 39.91%0.7¢ 14.1£0.6° 0.7920.03¢%
Proline 2 0.89£0.07"  0.86£0.02° 1.24%0.09° 0.75£0.02¢
LSD 1.00 0.87 1.00 0.98
2023 .ls Control 1.01+0.08° 1.65+0.04° 1.01+0.09° 17.99+1.01°  1.02+0.04°¢
o 1 1.510.09* 2.12+0.07° 2.29+0.18° 18.69+0.95°  1.36+0.05°
Lysine 2 1330.07"  1.99+0.08° 1.99+0.112 11.10.6°  18.12+0.88°  1.25:0.04°
e 1 1.45+0.09° 1,97¢o.&‘1.44¢0. 13.540.6°¢ 19.45¢1.1*  1.33x0.05°
Methionine 2 1.26+0.08° 1.57+0.03¢ ‘ 1.46+0.08° 12.8+0.7°¢ 18.9140.95°  1.27+0.04°
oVl 1 1410117 1.76+0.05° . . +0. 12.9+0.8° 19.01+0.97%  1.31%0.05°
Phenylalanine 2 1324008  1.33+0.03° 45.4“‘2.2110.5c 18.77+0.98°  1.2140.03"
odon 1 2.11+0.07° 43.‘&8“ .66£0.6°  18.99+0.99*  1.26+0.05°
Proline 2 1.99+0.05% 42.55+0.9 10.91£0.6°  18.55:0.89°  1.14+0.04°
LSD 1.00 0.67 0.77 1.00
2 595 okl 593
Carvacrol Gamma- P-cymene Essential
Terpinene terpinene oil
2022 0.4520.01° 29.23+0.4°  5.45+0.33 10.11#0.55°  0.590.01f
1.01+0.06° 33.14+05¢  9.11+0.25¢ 12.13+0.91¢  0.710.02¢
0.71+0.06¢ 0.88+0.06 ¢ 31.18+0.3°  8.02+0.45° 11.55+0.9¢  0.69+0.01°
0.89+0.05° 1.12+0.08° 32.22+40.4°  10.11%0.6° 12.11£0.77¢  0.730.02¢
0.57+0.06" 1.090.07° 30.34+0.5°  9.77+0.53¢ 12.08+0.94  0.69+0.01°
0.71+0.08¢  0.84+0.05° 1.16+0.05° 32.55+0.4°  10.1+0.61¢ 11.5+0.76¢  0.72+0.02°¢
Phenylalanine 69£0.07%  0.77+0.06° 1.08+0.04° 29.99+0.6°  9.96+0.76¢ 11.22+0.98°  0.670.03°
Aan 9+0.06%  0.99+0.05¢ 1.14%0.05° 30.85£0.4°  9.15+0.66° 11.1240.76°  0.68+0.02°
Proline 5+0.07%  0.81+0.04° 1.09+0.06° 30.2240.3°  8.11+0.42° 10.98+0.88°  0.61+0.01¢
LSD 0.75 0.81 0.79 0.93 0.75 1.00 0.88
2023 L3 Control 0.65+0.03°  0.71+0.04° 0.87+0.07¢ 33.01+0.7%  6.75+0.33" 12.99+0.77¢  0.84+0.03¢
o 1 0.91+0.08°  0.99+0.05" 1.22+0.08° 36.22¢0.69  8.82+0.44° 14.69+0.95°  0.98+0.05¢
Lysine 2 0.87+0.08%  0.89+0.05% 1.01+0.09° 34.55+0.49  7.02+0.55° 13.12+0.9¢  0.93+0.03¢
e 1 0.99+0.08°  0.95+0.06% 1.230.08° 38.41£0.7°  8.55+0.48° 14.11+0.86°  1.01%0.04°
Methionine 2 0.88+0.05%  0.86+0.05° 1.11+0.08° 35.31+0.6¢  7.77+0.41° 14.8+0.95¢  0.990.03«
oYl b 1 09120045  0.91:0.04° 1.25+0.07° 37.28+0.7°  9.45+0.54° 15.5+0.89¢  1.02+0.02°¢
Phenylalanine 2 0.88+0.07% 0.88+0.05° 1.18+0.09° 36.55+0.89  8.960.61¢ 15.69+0.98°  0.97+0.04¢
o 1 1.01+0.06°  0.99+0.07% 1.31+0.07° 37.32+0.6°  7.66+0.52¢ 12.940.91¢  0.95+0.03¢
Proline 2 0.98:0.05°  0.81+0.02° 1.28+0.08° 33024059  7.01x0.4 11.940.94¢  0.85£0.02°
LSD 0.93 1.00 0.99 1.00 0.82 1.00 0.88

V0



yogsSen Yo ¥ V1 L8 gog Koo Voe ) V1 b 2l 3 0.5 DY bt i) 5 05 VID N\ o sl 2 2.5 0 Y il i 5 2.5 VIO N (i)
NgegySn Voo ¥ oy Vge9)Seo B0 1) (g

505 518 golel 09,8 Sy yd Mtk S yiiie By (l)b 45 gty 5D (odluel s

xLysine 1: 2.5 g.I'%, Lysine 2: 5 g.I'}, Methionine 1: 2.5 g.I'*, Methionine 2: 5 g.I"}, Phenylalanine 1: 100 uM, Phenylalanine 2: 200

UM, Proline 1: 500 pM, Proline 2: 1000 uM
s#%Numbers in each column that have same word, have same group.

2 lié polis s Gl b 5 olS (s5tioss ol SIS e oy |y (eolel Jlie (5 e Y J (Ko
Do e S pd (bl 008 b glaode yide Mgl Ay Cuol See Liul 38l cpl a5 Casld Cawdyg IS 5,85 g lais b
L(bj).g O399 C.‘a.w u,»l)s\ ) 4561«0[&).& c.\i)].) )l)s Lm_?).s B d)L’bu 35% blﬁf u..ul.w] O-\USE.»:))J dl.?::b.\.é— dsdbui )l

(8 pwgid sl il58l G (Jde S gi il duy o iy 5y ol 5ol dmled il 1) il lade g

15 il 00138 g5 (el 00 w515 413, YU rgn 3lgo Syt 53 edlo Sl LD i1 53 Sy :a8hal., 2017
oS 15,5 sanlte yols imgss ,> (Shaykh Samani et al., 2023) 3o SBI3! 1, LuloNueslghEr 5 o1 ncS
o I o cod Gl il 0530 dlge 5l (S p ednlj8l ik Y
SoS > sl Mg el (y900 slampl Cole | Cailes b lalS 55

5 o5 il > atsel (slasesl (i85 sy oo 5 4 WS o (605 JouST bawgs Jid9 IS 55 5l 9 25108 0
Ghanbarzadeh et al., ) 1ab o (o 4 o yiosd Ll Aii‘dl.\mfl Sl ele 4 pbls Las
g el Sl jiww 45> (5l NS @ anel (slangl 50 W u& .(2019; Shafie et al., 2021

Fraw ()l cge oS SlaClyang RJS 5> (ob5 e il Sl 3 IR (s Slawm 5
4 o Jlail b Ub..\uy;)J r& (Kul ; Caser ) 25 0 SluS 5 ol ol Jatue bl jd bl
Sl ogd o Juol> u[ﬂ.% July; b e ol clawd 6> I Jiosd yogil & clawd o> gl po
9u.uLu‘ v 36)9)“0")‘“" 91545u)|y3¢9wl)dolmw); 59;)]lhuwu1;4j[cuwﬁc\5u:l>u|

4 oSy K3 Gl 5l aelal )3 g 00 g9y i LS o Fgige b (JSI sl 4y gige JuSiis (2020
«Slag)l sloyigise Bl (i 95 o0 U jliiusying Lol 5T Ay 42 457y SIS 9500 g Lol 32k Caas
S5 4 pluls (Boohlmaniand Keeling, 2008) bl oo slas! jome oyl jo 1y cawlol (i pl by 9 0390 puamne ol po
2 (S Frumgid 03]l dox 53 o S Jedg)lS (e cbmgR ol 53 4B B (slajlos s 0
o3 Lo dopsSs 5 53 Basn 5 sitwge S inl & 425 b lodgy SIS 156 5 (bl sdims JSis Sl 5 2 o5k )
bg:ye ol 5 pudgplio )3 5,5 (sl 23T 5 Loy 2 ol b & bl 15 il (slongesl Lol 31 590 0 8
S Jlb g3 ot i YT i g Cpduio dles 5l Clisee aiel (slasuwl (IS )oke (Ashouri et al., 2023) 545 o
S ST (6 Gl I s & Vlao) VT b 5 oigate 3,08 S o LS 4l mudilin e (S
Hawrylak-Nowak ) ams o s 1) bl (slgioxe daidon 5 fiwen b b ye (lags 31 Wl g o5 wabs (5,05 ials
Uigu il b oS Ji5 ) S bled Jeos can (Jalite lapmslSe calie LS slaasS (et al., 2021
o5 sliwly 3 458 cbcdgplio Mg oo 4 Gjtwgs SV gaze (313 g g oS oIS §)85 Cunnd Glon b (o)

3 g ool Ltalsél ] o ks

a5 a5 ad assls Jg 03,5 0 olS 0 luS 5 ol egime Lol cage waddbul i Ll 4 olS i
\Vd



ol o | 215 lacuplin i Toles 5 bl ynngS g of JLid & g oad e ol iy g, VL ol Joos
e |y osd o lalS ulwl cudsS )3 oud ssalie cilyuss (Boohlman and Keeling, 2008) .S’ . iy ials
0550 dge a8l 4y e 48 b g s Jolge 4 olS gl olS w; p aiel (cladal 51 o ISl s cgles 4
cstlizee by o Sid iS Cod eyl lalS 6,350 dlge yolds (Hawrylak Nowak et al., 2021) sls cus g4 o0 oLS
(Rosmarinus officinalis L.) (¢,loj, olS ;5 cyo—lall 0 550 odle lime ¢ 2AS ooy 9 (S i cov asslis .5l
9 " opged oyl 0550 iS5 e .l Lil53l (Lavandula angustifolia L.) wgdeskaw! ;5 Jg ials
(Ocimum basilicum L.) ;b ;5 oluS 5 opl a8 Jbs j> cél als (Salvia officinalis L.) (5w 00 50 7 JgzdlS'l
sl aduen (Thymus vulgaris) ;s ol (Alyssum desertorum) asgsé gl ol > (Kulak, 2020) asl iol53!
Yadegari, ) (Satureja) o}, slaaisS o (Yadegari, 2017) (Borago officinalis) :L;e5 5 (Balendula officinalis)

4 a6 sl Cplio (ISl 4 30,5 oo uilsl 0550 dlge S| (B 5 5 il woyy (el 4y e o 5 (2022

oMo 4 S Ly (i )5l (Std wSle Jarme (slagit g balpd 4 olS b S e obls
oo ) acuglin | (oYU bl LS ol oS goi g 1) 5 of Sl cde 2 TR Luilul (2N 3 b oyl

¢ dloe Lo iy o il L 4 canl S
., 2021, Taraseviciene et al., 2020)

3L Lo igise g b g Sy (2 sloeiiRhing 2 L
g Moyd o il g g M) L Sas i (Mawrylak N

90590 S5 (S i Al bsgie g eMe a3y S =23 (B3 56 o 1) bl (oo oS
] TS R, 3 55 5, o b ot
a Bornm.) cagw oy o (Askary et al., 2018)

(Thymus vulgaris) £l i g Thymus daenensis) U

2 eSS At (Zakerian‘a 020) (Satu}ﬁi sahan
2 lS gladshe Setjlsn Ol Clods Cosl (S0 gy 5595 5 9 aonsisige o jl s s OS5 fnse
cinlosl 390 oLS bl luS 5 5l By £9 9 ylEe ;> ST LY 5l (S a5 sy e jaiay g A3l (dke polis 4 Fwly

- e

)

il (6590 @lio 5l (80500 i 5l LSy (g itiussn oolls MBS & bgyye

(Hawrylak Nowak et al., 2021) sl5 cows 445 o0 LS 0,550 dlge ]3]
S 5 4o

o194 il aipal (el 51 o3lil b (o)l o)y ol il 1S53 Byl §) 1 Luill LimlS ] s 4y 5 S ida,lS

At ),;L Cod G0 =l g J9sS19)5 (el o dlen I uilul LI 0550 S oy (uill e o egMe

I-Alpha-pinene
2-Limonene
3-Eucalyptol

\Y



£S5 YID) (ysssio 6365, 4 5 3680 5oy ¥ ikl 05 Jloss 3 uill (e 0 5 VL i8S 135 alisen (glalos 35 5 sk,
ey el e b ey 5 L 5 s (111 59 5 (2

u_)].)& caliseo é:l.»..o » w))l ol,; L)‘" AR dl!bo.)lp.wl 9 ‘S)L.»?U D)/»o u.uulw‘ dYL’ u,o.d )i;.) Sgw )l 9 9«\&! )] u.uy.m
3p8das Gl ol Jld g i @l Bl tals sl wlgi e oolaml g dubo gy o lgie 4 gt (Bb sl 29yl 9

10.

11.

12.

13.

14.

5 8 olitl 3,50 aliie ST Lyl g o8l > 65k 050 oS il

A\
Adams, R.P. (2007). Identification of Essential Oil Components by Gas

Aghaei, K., Ghasemi Pirbalouti, A., Mousavi, A., Naghdi Badi, H.A., & Me
Effects of different fertilizers and the foliar application of Lsphenylalanine on
hyssop [Hyssopus officinalis L. subsp. angustifolius (Bief)]. Journal
Nutrition, 4(2), 13-28. (In Persian). https://doi.org/10. 22070/hp
Ajdanian, L., Babaee, M., & Aroee, H., (2019). Folia
growth of two cultivar of OC|mum 11th Iranian Horticu i onference. 26-29 Aug.
Urmia University.1-7. (In Persian).
Alavi Samany, S.M., Ghasemi Pirbalouti, A., & Male
morpho-physiological changes of hyssop in respo
of irrigation. Industrial YA @Crops
https://doi.org/10.1016/j.indcrop.202 1814330
Albergaria, E.T., Oliveira, A.F., & A
deficit stress on the composition of
Journal of Botany, :2020.02.002

Alizadeh, A., Mo ahmoodl Sourestani, M., (2020).
Phytochemical and_ph i nse of Satlreja hortensis L. to different irrigation regimes

and  chitosa
https://doi.org/%l
Aminifa‘

(2022). Phytochemical and
to chitosan-spraying under different levels
Products, 176, 114330.

., (2020). The effect of water
|n medicinal plants. South African

ysiological characteristics, growth and yield of coriander
a medicinalplant. Journal of Agroecology, 12(3), 373-388.

of Dry Land Farming, 3-14. Oxford Press.
., & Morshedloo, M. (2018). Evaluation of quantitative and qualitative yield

and manure appli€ation affect the quantity and quality of essential oil of Thymus daenensis and
Thymus ris. Industrial Crops and Products, 111, 336-344.
https://doi.org/10.1016/j.indcrop.2017.09.056

Ashouri, R., Fallah, H., Niknezhad, Y., & Barari Tari, D. (2023). Effect of application of plant
growth promoting bacteria and amino acids foliar application on growth characteristics, yield, and
nutritional value of rice (Oryza sativa L.). Iranian Journal of Field Crops Research, 21(3), 333-
346. (In Persian). https://doi.org/10.22067/jcesc.2023.81340.1230

Azarpira, E., Fathi, S., Sharafi, Y., & Najafian, S. (2020). Effect of some amino acids based
biostimulants on medicinal mint (Mentha spicat L.) under salinity stress. Horticultural Plant
Nutrition, 2(2), 154-173. (In Persian). https://doi.org/10.22070/hpn.2020.5012.1068

Babaei, Kh., Moghaddam, M., & Farhadi, N. (2021). Morphological, physiological and
phytochemical responses of Mexican marigold (Tagetes minuta L.) to drought stress. Scientia
Horticulturae, 284, 110-116. http://dx.doi.org/10.1016/j.scienta.2021.110116

Bohlman, J., & Keeling, C.I. (2008). Terpenoid biomaterials. Plant Journal, 54, 656-669.
https://doi.org/10.1111/j.1365-313X.2008.03449.x

YA



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Caser, M., Chitarra, W., Angiolillod, F., & Perrone, 1. (2019). Drought stress adaptation modulates
plant secondary metabolite production in Salvia dolomitica Codd. Industrial Crops and Products,
129, 85-96. https://doi.org/10.1016/j.indcrop.2018.11.068

Danesh-Shahraki, H., Ghasemi Pirbalouti, A., & Rajabzadeh, F. (2023). Water deficit stress
mitigation by the foliar spraying of salicylic acid and proline on the volatile oils and growth
features of hyssop (Hyssopus officinalis L.). Journal of Essential Oil-Bearing Plants,
https://doi.org/10.1080/0972060X.2022.2160279

Darvizheh, H., Zavareh, M., & Ghasmanjad, M. (2017). Effect of proline spraying on biochemical
properties of German chamomile in water stress conditions (Matricaria chamomilla L). Journal
of Applied Research in Plant Ecophysiology, 4, 35-60. http://arpe.gonbad.ac.ir/article-1-244-
en.html

Dere, S., Giines, T., & Sivaci, R. (1998). Spectrophotometric determination of chlorophyll-A, B
and total carotenoid contents of some algae species using different solvents. Turkish Journal of
Botany, 22, 13-17. https://www.researchgate.net/publication/235938850
De Sousa, A., Elgawad, H.A., Fidalgo, F., Teixeira, J., Matos, M., & I-Mned, B.A. (2020). Al
exposure increases proline levels by different pathways in an Al-sensitive and I-tolerant rye

sensitivity and synergistically lower ecosystem p@uction.
https://doi.org/10.1002/ecy.2802

Farahani, H., Sajedi, N.A., Madani, H., Changizi, M., & Naeigi
applied silicon on flower yield and essential oil compoSiti
Mill)) under water deficit stress. Silicon, https://doi.org/1

Fariaszewska, A., Aper, J., Van Huylenbroeck, J., & D Y (2020). Physiological and
biochemical responses of forage grass varieties tg mild ught stress under field conditions.
International Journal of Plant P‘d{tion, 14, 353. https://doi.org/10.1007/s42106-020-
00088-3

Ghanbarzadeh, Z., Mohsenzadeh, S.,‘wsh
growth, essential oil composition and antiox|
water deficit stress and symbiosis Wi
yunnanensis. Scienti

adshahi, A. (2019). Evaluation of the
ity gfi,Dracocephalum moldavica under
etunicatum and Micrococcus
0.1016/j.scienta.2019.108652

of phenylalanine ongRutr inifera var. Hosseini. Journal of Food Researches,
30(4), 109-121¥n Persian): ://doi. 34/fr.2021.37105.1708

Hayati, As, Rafiini, M.M!
nanochel
ler, S., Rubinowska, K., & Matraszek-Gawron, R. (2021). Eliciting

tion of chitosan lactate on the phytochemical properties of Ocimum
Melissa  officinalis L. Food Chemistry, 342, 128358.
016/j.foodchem.2020.128358
ibzadeh, F., Molaee, S., Masoompour, Z., & Asgharian, P. (2021). Phytochemical
ing the essential oil yield of Cuminum cyminum L. by spraying the metabolic
min and the growth regulator of bioxa under rainfed condition. Eco-
Journal  of Medicinal Plants, 9(2), 22-38. (In  Persian).
0.30495/ejmp.2021.694472
Heidarzadeh, A., & Modares Sanavi, S.A.M. (2023). Effects of various amino acids on
quantitative and qualitative characters of Allium sativum L. Plant Production, 46(2).
https://doi.org/10.22055/ppd.2023.42775.2071
Jafari, S.A., Khorshidi, J., Morshedloo, M.R., & Houshidari, F. (2021). Assessment of water
deficit tolerance in some of Iranian native Satureja species using stress tolerance indices. Journal
of Plant Process and Function, 10(44), 133-145. (In Persian).
http://dorl.net/dor/20.1001.1.23222727.1400.10.44.6.2
Kazempour, A., Sharghi, Y., Modarres Sanavi, S.A.M., Zahedi, H., & Sefid Kon, F. (2023). Effect
of amino acid foliar application on morphophysiological characteristics and thyme essential oil
under different irrigation regimes. Journal of Plant Process and Function, 12(53), 71-90. (In
Persian). http://dorl.net/dor/20.1001.1.23222727.1402.12.53.5.3

of black cumin (Nigella sativa L.) under drought stress
and Aromatic Plants Research, 37 (5), 809-821. (In Persian).

14



31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Kheiri, A., Mohajjel shoja, H., & Sarajoughi, M. (2020). Study on the effect of drought stress and
methanol spraying on dehydrinel gene expression in Carthamus tinctorius. Genetic Engineering
and Biosafety Journal, 9, 67-75. http://dorl.net/dor/20.1001.1.25885073.1399.9.1.4.7

Khorasani, H., Rajabzadeh, F., Mozafari, H., & Ghasemi Pirbalouti, A. (2023). Water deficit stress
impairment of morphophysiological and phytochemical traits of Stevia (Stevia rebaudiana
Bertoni) buffered by humic acid application. South African Journal of Botany, 154, 365-371.
http://dx.doi.org/10.1016/j.5ajb.2023.01.030

Kulak, M. (2020). Recurrent drought stress effects on essential oil profile of Lamiaceae plants: An
approach regarding stress memory. Industrial Crops and Products, 154, 1-17.
http://dx.doi.org/10.1016/j.indcrop.2020.112695

Marinova, D., Ribarova, F., & Atanassaova, M. (2005). Total phenolics and total flavonoids in
Bulgarian fruits and vegetables. Journal University of Chemistry Technology Metallurgy, 40 (3),
255-260.

Mirjalili, A., Lebaschi, M.H., Ardakani, M.R., Heydari SharifAbad, & Mirza, M. (2020).
Evaluation of morphological traits and yield of Satureja bachtiarica affected by density and
organic fertilizers under dryland farming conditions. Iranian Journal of Fiel
18(3), 357-371. (In Persian). http://dx.doi.org/10.22067/gsc.v18i3.86519
Mohammadi, M., Sefidkon, F., Asadi-Sanam, S., & Kalatejari, S. (2021).
treatments on morphological characteristics and essentiajgoil yield of Sat
Jamzad. Iranian Journal of Medicinal and Aromatic Plants Research, 37(2)
https://doi.org/10.22092/ijmapr.2021.351383.2840
Moradi Marjaneh, E., Galavi, M., Ramroodi, M., & valuation of some
quantitative characters of Rosmarinus officinalis L. aff pplication of nutrition
components and various harvesting time. C ion, 11(4), 119-134.
https://doi.org/10.22069/ejcp.2019.13979.2064
Mozaffarian, V. (2008). A Pictorial Dictionary o
Germany-Persian. Germany: Koelt Sientific
Mumivand, H., Ebrahimi, A., Morsh&@loo,
changes in drug yield, antioxidant enzym

13. (In Persian).

tanical Taxonomy Latin-English-French-

anfar, A. (2021). Water deficit stress

d essential oil quality and quantity of
i% nd Products, 164, 113381.

ects o&iofertilizers and zinc sulfate on some
hortensis L. lIranian Journal of Medicinal and
4), 523-541. (In Persian).

morphological andwyiel
Aromatic WRlants
https://dgi.org/18,22092
Nouri, M7 bani,
edition). ARFax Tabyi
i i lami, M.J., & Moosavi, S.G.H. (2021). The responses of yield and
traits of savory (Satureja hortensis) to sowing date and irrigation

9/ijfcs.2020.301799.654716

, S.K., Lalotra, S., & Sarma, R.S. (2017). Positive impact of abiotic stress on
aromatic plants. International Journal of Plant Sciences, 12 (2), 309-313.
.15740/HAS/1JPS/12.2/309-313

ohammadi Torkashvand, A., Mirjalili, S.A., & Moradi, P. (2020). Interactions
of amino acids line and phenylalanine) and biostimulants (salicylic acid and chitosan) on the
growth and ential oil components of Savory (Satureja hortensis L.). Biocatalysis and
Agricultural Biotechnology, 30, 101815. http://dx.doi.org/10.1016/j.bcab.2020.101815

Raoof Haghparvar, F., Hashemabadi, D., & Kaviani, B. (2022). Effect of arginine, proline and
glutamine amino acids on morphological and physiological traits of two african marigold (Tagetes
erecta L.) cultivars. Journal of Ornamental Plants, 12(3), 191-202. (In Persian).

Sanikhani, M., Akbari, A., & Kheiry, A. (2020). Effect of phenylalanine and tryptophan on
morphological and physiological characteristics in colocynth (Citrullus colocynthis L.). Journal
of Plant Process and Function, 9 (35), 317-328. (In Persian).
http://dorl.net/dor/20.1001.1.23222727.1399.9.35.5.6

Saremi, S., Gholipour, M., Abasdokht, H., Naghdibadi, H.A., MehrAfarin, A., & Asghari, H.R.
(2021). Evaluation of effect of foliar application of various amino acids on the biochemical
responses of Physalis alkekengi L. Eco-phytochemical Journal of Medicinal Plants, 9(2), 39-52.
(In Persian). https://doi.org/10.30495/ejmp.2021.694469

Poorghadir, M.,



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

L

Sasani, N., Paques, L.E., Boulanger, G., & Singh, A.P. (2021). Physiological and anatomical
responses to drought stress differ between two larch species and their hybrid. Trees,
35, 1467-1484. https://doi.org/10.1007/s00468-021-02129-4

Shafie, F., Bayat, H., Aminifard, M.H., & Daghighi, S. (2021). Biostimulant effects of seaweed
extract and amino acids on growth, antioxidants, and nutrient content of yarrow (Achillea
millefolium L.) in the field and greenhouse conditions. Communications in Soil Science and Plant
Analysis, 52, 964-975. http://dx.doi.org/10.1080/00103624.2021.1872596

Shaykh-Samani, A., Ghasemi Pirbalouti, A., Yadegari, M., & Rajabzadeh, F. (2023). Foliar
application of salicylic acid improved the yield and quality of the essential oil from
Dracocephalum kotschyi Boiss. under water deficit Stress. Journal of Essential Oil Bearing
Plants, 26, 769-779. https://doi.org/10.30495/iper.2022.1952014.1771

Soroori, S., Danaee, E., Hemmati, K., Moghadam, A.L., & Garmsar, I. (2021). Effect of foliar
application of proline on morphological and physiological traits of Calendula officinalis L. under
drought stress. Journal of Ornamental Plam\ 11, 13-30.
https://dorl.net/dor/20.1001.1.22516433.2021.11.1.1.8

Taraseviciene, Z., Velicka, A., & Paulauskiene, A. (2021). Impact of foliar ap
acids on total phenols, phenolic acids content of different mints varieties und
Plants, 10 (3), 599. http://dx.doi.org/10.3390/plants10030599

Wafaa, H.A., Rania, M.R., & El-Shafay, R.M.M. (2021). E@t of sprayi
and amino acids on growth and productivity on Coriandrum sativum L.

ication of amino

cts of plants
under shalateen

condition. Plant Archives, 300-307.
http://dx.doi.org/10.51470/Plantarchives.2021.v21.51.

Yadegari, M. (2022). Effects of NPK, botami humic acid on
morphophysiological traits and essential oil of th species under drought
stress. Iranian Journal of Medicinal and Aromati ants"Research, 38 (1), 61-80.

(In Persian). https://doi.org/10.
Yadegari, M. (2017). Irrigation pe
Borago officinalis, Calendula o

.356264.3073
application on agronomic characters of
ulgaris and Alyssum desertorum.

092/ijmapr.

Communication in  Soil  Science ant‘ Analysis,  48(3), 307-315.
https://doi.org/10.1080/00103624.2016.
Zakerian, F., Sefidkon, F., Abbaszadeh, A. ateh, h&Drought stress and micorrhiza

fungi effects on phys ja sahandica Bornm. Iranian Journal

of Horticul 189-201. (In Persian).
https://doi.org/10,2

Zandalirﬁ SALN na, V., & Gomez-Cadenas, A. (2017). Plant
adaptations ¥@the co i igh temperatures. Physiology of Plant, 162(1), 2—

| Ty L

ol ye3 i 13 255 0 i Jlows cos (LS Y USS ja, Y bl jea i 3 2 S VI i e cou plals Y IS

JIVETT JIe)

AR



B — . R
2= 3800000}
.
—
-
e —
- —
e —
o -
_— -
0] 2400000}
-
—
-
J—
e
-
-
-
]
-
e
_—
- .
. _—
A
0009 20774
—
onoo) ss2¢ | M asam
. - e
_— —
-
.
100000} 400000 a2 20762
i A e
e ). J— e
1l ) L. e -
,,,,, TR B e R T T R R R | B M= e

29575 22 5 0 (geie e s lals ¥ S Yl g0 = 1 p S YIB st slog
A9y ¥ kel w e

JLVETIA

TiC: Snapcapy Dutsta e

s4c00] .
- A —
100000
_— ssa000
12a2a] asaona
7000%)
zenny 50009)]
raETe C0000)
..... -
0000
=oo] conn
asao00 aos anpas
o1 -
<acd] - [
200 10001 raor fropes
I o 5
| | saosa e T il

TEIR R W i v R T T T TR S 0 T S R e vy e

297 Y909)500 Voo e g led o (el A USG50y ¥ )bl g0 =)V 509,800 B0+ g led o lalS -V IS
NS5 ¥ ol LS

AR



Tic: srancooy D e

N 3hs  sha Jshn ||nn 1L
2935 33 )50 i sles cos lalS Y JSUS
LSS 59, F &l

nnnnnn

s00000|

7o0000|

nnnnnn

uuuuuu

ss0000|

400000|

s80000]

200000|

W wEs e B T b S B W S5

To T n e el

Y gegSee Ve o ‘A» o ks )Y

JINVETIYS ol 092

e

59)% )l 93y 3 )5 Y/0 wr-“w o olals -1 S

BN

A\ N

Tic: snapcopy Dsstame

2 pus

U 59y &

Yy

IS5 ll g Yseg,Se Ve e VT b Jlags cos lals VY S



Tic: EnapCopy Oiata e

& Brapcopy Dicta e

2wk Jl Ll A M1

LSS 59, F &l

293y 33 2,5 0 i sled cow lalS VA S

LSS 59,4

T oo Droeea e

L

wpe

29577 2 )50 gste )
JInNy)

oo olalS Y S
Sl

f

§ 08 8 8 ¢ 8 88 83 &8 8 338§ 8
s 8. ¢ ¢ 8§ % 8§ % 3% 8 &8 § % % § %

i

T TR T T SRS TR B TR T




~Ngng San Yoo V1 b o o GBS VY UK (el y30 Vmg,San 1o+ VT i Jlas o ool TN S
JINVETTR <ol )90 JULVETTR

——— T
T——— Ly ——
™ 200000 par
+ascco0]
+evsos)
+20000]
socosa] 1250000]
1300000
pr—
nsoco
s7a0
+s0s00] P
=s000g]
e
-
1100000 escocaf
‘oncod)
! 7s0000]
oncod]
— 1z
escc0d]
suzosal -
——
Tooonel e
-
sososo] 450000}
sonc0d)]
Po—
250000
o 200000) iz
2s000d]
oot 2200e0]
R
anocoel A
soocoo)
B e so000) Py =TT i
o . 58 - .
i i . =l i =f 15718 210
1 T T T .l T T T T Ll T T T T T T T T T, 200 400 sDO 00 9000 1200 1400 s 18,
Ly 2l b hr 8Do /00 1200 1400 18100 12100 20150 2200 24100 28190 7600 3000 3200 34100 00 Sa00 4000 o0 T

295 Y 509,800 Voo oy o o LS —YF JSE A g)lul g0 =¥ e9 e
e 55y % ol

T

L

S 5oy ¥ kel 9o —sals Jlogy cou kS VO S

TIC: SnapCopy Diastams.

I o Wil

rrrrr

LSS 5 4 okl 9o et Jlogs o lalS VY S

Yo



