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In the drought conditions of the last few decades, the use of novel scientific
methods to increase the growth and production of effective substances of the
medicinal and aromatic plants has been essential. This study was done to
investigate the effect of foliar application of salicylic acid and proline on the
growth traits and essential oil content of Dracocephalum kotschyi Boiss.
(Lamiaceae family) under water deficit conditions at the Research Farm of
the Research Center of Agricultural and Natural Resources of Chaharmahal
va Bakhtiari Province, Iran during the two crop years of 2017-2019. The
experiment was performed as a factorial in a CRBD with three replications.
Experimental factors included irrigation treatment at two levels of normal
irrigation (non-stress, irrigation after draining 30% of F.C.) and deficit
irrigation regime (irrigation after draining 50% of F.C.), and three levels of
foliar application (control, salicylic acid 1 mM, and proline 1 mM). The
essential oil from the aerial parts of the herb at early flowering stage was
extracted by water distillation. According to the results, the highest content of
chlorophyll a, b, and total (0.96, 0.45, and 1.39 mg/g, respectively) were
observed in water deficit irrigation treatment. Also, application of water
deficit stress increased the proline content by 70% compared to the control
while it did not show a significant effect on the morphological traits of plant
height, stem diameter, and plant dry weight. Salicylic acid as a defense factor
reduced the negative effects of deficit irrigation conditions on the essential
oil, proline, and chlorophylls a, b, and total contents. The highest and lowest
contents of essential oils were obtained in foliar-application of proline (1.12
mL/100 g dry matter) and control (0.84 mL/100 g dry matter), respectively.
In conclusion, the foliar-spraying of salicylic acid in conditions of deficit
irrigation is recommended to reduce the negative effects of stress and
increase the content of D. kotschyi essential oil.

Cite this article as: Shaykh Samani, A., Ghasemi Pirbalouti, A., Yadegari, M., Rajabzadeh, F. (2023).
Effects of foliar application of salicylic acid and proline on the growth traits and the essential oil
content of Dracocephalum kotschyi Boiss. under water deficit conditions. Journal of Plant
Environmental Physiology, 69(1): 160-171.

Publisher: Islamic Azad University, Gorgan branch

;@) Ol ©The author(s)
Doi: 10.30495/iper.2022.1952014.1771 Dor: 20.1001.1.24237671.1402.18.69.9.7

V5o


mailto:ghasemi@qodsiau.ac.ir
https://dorl.net/dor/20.1001.1.24237671.1402.18.69.9.7
https://dorl.net/dor/20.1001.1.24237671.1402.18.69.9.7

o PSI AL e 559l5050
—

S s Sk et FEPP=VEVI b Ll

Phycological Society of lran FYAM=ESAY 3 9 I LU 3 A l" ' A
(o aig Sl L St 151 M
g

oLS ()5 (29510 6LS (uilsl 550 9 0y 12 (slg ) g Sl sl (L4 Jolxo 51
Solslps byl pi cxs (Dracocephalum kotschyi Boiss.)

iéé‘}%J e}%lé Id)\félﬂ “TJ‘JG" AE?:Y‘-;E}L.:J:’: wlﬁ 4.“4?9 g“'éb\.«l é‘o& VB&‘
a_shikhsamani@yah00.Com 4Ll bl ! 8 e« oDl 13T ol&2ils 38 e Aoty Jlans 5 osols OLS
ghasemi@qodsiau.ac.ir bl ol ol o odlal 3151 ol&Els ( pudd e Aoty o sls QLS cliios S0 ¥
mehrabyadegari@gmail.com Ll &l 5l 5 s oDl 3137 ol&ils 38 g Al 513 QLS 5 csly3 05 S Y
faizehrajabzadeh@yah00.COM:asbL1; (ol 1«65 o godlal 3151 olKils ¢ s s dls «Zsly3 05 5 8

S a2 &

. e

Ol s Ay Lil53l 6l ik 5 oake (slajin, 5l eslinad ot ans i JlacSiist Ll 3 s s
Aol 23 sl S e o slaess (R il Sl o500 Sl e 5 sls DLS o e

LS 0 hare 5 o)l oS bl Ol 5 (S5 sho e S S35 2 0o s Sl v il s
S ayby cali Ll s s Olsbia o5 5l (Dracocephalum kotschyi Boiss.) e +/+¥700 1o S5k 06
38890 ol dlw 5o s ol 5 Joesler Olul b @tﬂ 5 Sioslis Dladed S e VBTN G
S5 U il S 6lacS sl b I s S Sty iles] ot L voan T et
L 55 0a) dali b sllae (65LT o 53 53 (ol bole Jals (a3l (la, 5516 s ol

A3 00 3l ey oD okl 5 (F.CL ey o b 5l by adss o ps Y s (bl isklS slassls
5 (ST I il shoms) dald o w53 (S (2L sle Jols 5 (FLCL 51 s wdss L
bl Gladisas A3 45 S B s JVse oo ) Glac Bl L s 5 Sl sl 230 sl o)
O se ity el e B gl ST L el s 4 oas IS RISl 5o sln olh T o
b edalin oS Sl 53 (05 53 0,8 e VIV 5 +/80 /AT L e IS 5D @ s Js s “’j“:‘

S Jl s dals b o s SMEe s Ve 5B Eel 0SSl Jleel opizen
= sl 5 OLES oS it U5 5 e b el il S350 Slio p (sols e A
2 O e S A e 08 25 53 o el S Ol e Sl 2L
23 o bl Dl (a8 5 e S JS 5 D@ Gl 5,1 5 s il Ol
I PRI DR/ SN RPN (ST PN PR O WR VAL D I PRI N
G (Sl b 3 S Tl 5 s Sl sl 3l eslial il 53 el Cezay (S 035

2 oo oS 5 il Ol I 5 25 e L

9 w@ J.:_w. Ls—":‘k:’d_}-l’“ J_T‘ .(\i'Y) .AJ':'L; m:b\..,a_-) 5;_,")@.4 Ad)g:\i ‘dj\.l.& AQAE_’,L»J:.: WG E('Jé&l ggL&Lw @2 R |
.L;)\_:ij Lyl 5 o3 (Dracocephalum kotschyi Boiss) oL.S ;5 sl olS uilid Oljae 5 Ay o oy

AUV (V)W alS L (57 als s

Doi: 10.30495/iper.2022.1952014.1771 OIS ol ol S151 olnsls 20 Z@ OIS

Dor: 20.1001.1.24237671.1402.18.69.9.7 OB x5 ©

V&Y


mailto:ghasemi@qodsiau.ac.ir
https://dorl.net/dor/20.1001.1.24237671.1402.18.69.9.7
https://dorl.net/dor/20.1001.1.24237671.1402.18.69.9.7

1-Y0 rolxio [ 1F+Y 5l £A ojlods pdozxs Jlo (LS Jaxo 559092 3ud

ol g Glolw Fnls plac!

0Ll 5 oland g b ST (6w G L
o el LT GGl ey b ol
5 M1l plbs o o sl 053
(Babaei et al., 2021) 5,3 s 5131 GladlCol,
o s KIS oS ans e 0l Sllas iy il
it 2 L Ysans sl QLS gla il
Alavi Samany et al., ) Job o ol i
(2022

Sl AS 5 WS slas Sas 4 olaes ¢l
5 e ol Ll d s ame 5 ools OALS
el b ol s s Glac i W5
25 el Sl s by pde 4 S 2l
U Sl als slaely 5l S il opl o
OF Jraod Sl 5 (oleS 5 b (Sis s
el sl 5 s Sl s ol 208
Olgeay ds ol o bbb 53 5550
OleS1 51 O35St et ot S cd sl K
S e Sl 5 il b (el 8
e Ladshn 5l aeul 38 a3 cuS o
Szabados and ) JuS bbb i (glaca
(S ol JLiS i o 5e 5 (Savoure, 2009
S ol L 5 sk 51Ol e halS
SOfy €1 ) 5,13 8 3o s 550 03 oad 5 0l
.@l., 2020

=i I L CH S WS AN L P S SIS L
S WV N W4V IV LR o Sist
Al .(Momeni et al., 2020) ¢l I Il

-H )‘ ool

S el S5 S ssda e b Skl
2 0lalS s b jibasas ol Js s
sl Sas 53,555 25 oS b ol i
o=l S e e 1 olS plendse 5 S5 s
ol Gl Fae S e Sl S Ul S S
e 5 a0l SLLS s 45l sbedple s

VEY

4ndle

Dracocephalum ) oLS - 55 ase 5 5505 olS
B e e (kotschyi Boiss.
(Lamiaceae) Olebas ool gl 5l i o atlis
Ol B8l 53 g Sa S8 5l (S5 03
oS pl A= 5l i il (Ashrafi, 2017) e
s eiS e (LSt S b e s
oS ods el O ST, bl 035 5o 5 O
S5 ol s s OlalS e g 55 olS s
o2ls= sls oS -l (Fallah et al., 2020) 5,8
g Dy s S el gl
(SnS § gs pS bl s sl
Shakib et al., ) cul s, 505 5 Sl
333 s o 035 Olaoys gl olS oy 55 31,2018
OF 510l (b 53 5 s 5 Ol oLl
osliil poilogy slasss 5 Lapss oldl 6l
5l )L s LS 55 (Sonboli et al., 2019) 55
W 5ls 5 ol sy 5 A 50 (Sl
Lo 3558 5 el ST el S e,
s gl O bl 5 a5 s
(Goli etal., 2013) Lzl o VU gla sl 2
L3 sl eohpmad il s LS 5
3 ool bl L5 J = ods STeuls
Ll e oS 55 el ol sl J ISl
.(Samadi et al., 2018)

oo b sl dile 4y 6 sl plia s
Jolse 5 (551 5 e pe) e Jol o 30
a0 5 4058 05 s (g B oS eeed) Fs
Bakhtiar etal.,) ol ool JaiSen 5 5 (54 5
5 Sis bl 5 .(2021; Farhadi et al., 2020
CanS 5 ) 53 e S O 3 g ((SE e
L JSIT asle) ssls OLalS o g0 3l ge CuiS

S sl (eslad 5 baid szl a5 5SS



g Sl b sl (o Jglxo 531

V-V iolrins 54T leg $Q 0yleds ez Jlo ( BLS rums g5sls jud

S e S sl S L
bl il zle 52 03 5 s Skl
Ol 5 (SSsdssb 500 5n Shoo s (&
Dracocephalum ) oLS 1,5 5,05 oLS il
sla s of Ll s s eas cuiS (kotschyi Boiss.

.J.ob;\ﬁ-lwfggb)'dl.wp‘_;bsjfjgﬂi

LIPS
cb B s s sSU o on SRl
Il 55 53 HI 0 e Ly olad JlS glass 5k
sl Sl 55 50 53 (AV-9A 5 4A-99) el
(ol 5 Jmosler Ol kb mle 5 (550508
WY s amn Vo gl i 5,0 b S e
aids 0) gaz,n 00 oldlae 35 Jgb 5 aids
Slal s e L e 51 e Yo 5Ll L
503 Il 53 Usb s anlllas s, 50 ailee ol s
IS pladsSsd e ol bl 5 ) Jodr o

el 0l s Y Jgdr 53 (5 e Sl =T Lae

o sl EsbaS el am 3515 10t s s
LS oo lap ol SO o 5 elS 5o oils
Solwdled s (man (Sofy et al., 2020) 555 o
O Pt I g KV ] [PEIV
3 Sofy olag~s .(Janda and Ruelland, 2015)
5 o b e oS sls OLES (YY) OlKes
23 eSS e D e Sl
(YaY+) 0L s Momeni . aas Jals |y oo )s
el Va0 Sy bone oS 35 21
SRl sl Ol s a8 e o Sl
»dsSls e ble 5 Ll
Darvizheh , Darvizheh ... Thymbra spicata L.
CAPJSUEEIT PREPPIERENE NCHE IR
oS S s 2l ele G Ol e
s Si 0 gl cdla b Ll o e
I 4 bl Gillae A3 s Olpe a8 5 S
2 e 5 OLleS 3wy 53 Sl axlllas
Lol 2aols QLIS 5 s 5 Sledlond

ol d\ e )

S5l andlla 1 el o ol Ol 5l (bl

WWAV=IYA b aalllas 550 dibie SU5L 5 oles Sl ais pS0Le 1) J g

Clendl s el e ©3 530 oul A oses e ™ ERyes Ju bl
—-4A
\Y/A a/e Y/ Y/a /Y o/Y AYZA Vo/A YY/¥ Y¢/o YN AK Loy Loy s
\yav
“’.‘)2)
-44
\R7A1 A \2l \/Y \Va% Y/ v/t VUA ARYA YN YV/¥ \4/0 (>lj§6~;b
ARV
—-4A
/e V\WV/E Yv/4 Yo/n  A4s/o LL/N OT/A o/A Y/e - - A
\yav SLb
-aq (o)
YY/Y VE/Y oy A AR Yo/A Yo/ \ - \ZA - oA
\YAA
—-4A
£g/0 oY/o 08/0 13 00 of of YA/O Ya/e Yv/e Yo YA/O L g
\Yav
s sk
-44
1A% 00/0 0\ 0+/0 04 a8/0 1A% Yo/0 YA YA/O Yv YA/O (Aoy3)
\YAA

VEY



1-Y0 rolxio [ 1F+Y 5l £A ojlods pdozxs Jlo (LS Jaxo 559092 3ud

ol g Glolw Fnls plac!

o3l e Sb plasd 5 (S5 s s 1Y ddr

3 P b Sy las
ox o Al e s ey =3 4 oS il SbtGos
A8 3 se) _
— — (Ao3) (As,3) S (o 5l)
(SAS eSSk (e
e
YNE \/Vo Y/oOA v/ /¢4 A\\% Y/Y V/AYY V/AL VoY 2/Y0N =Y
A

0 e e e SUNE0 SV e S b
(Amon, 1967) s S aculs 50335 fﬁﬂ
Seslial b s e 1o g Oljee (5 S 0310
Ad e (VAVY) O, L Ss 5 Bates g,
IV Aol Sl sl g 2l oo V0
Celu YE 5l da ds ilsl alS 5 el pf . /0
05 Al33 VY e 4 adBs 53 595 V0 s sl
Y oole s e il ;t)_q;:;u a3t gles
— Sl 2l oo ¥ usdea b el 2 e
5 o3yl eld Gl ojlas I n) Je ¥ 4 JLSS
o = okl g Olejen A b s
Celw ) Sl w e S ;..)Tr‘w;-)b lad 5ol . s S
A el 18 sy plas 0553 e 5 5l
oK s 3l esli ol Ly sy Sl (e
(Perkin-Elmer Lambda UV/Vis) e s 5 Sl
adsles lesliinl L 5 e gls 0T 25 Jsb s
A3 S dlons 4505 055 5 oskas e ol
O%e HNOR [ SPPRESOPS Sy PR O VOV ) O g S R
o slS ol S8 @ edd SiS gai p S Y
Ao ys o plnil (68 il OT L el s 4
Ve s sl e Olie A e e 2
A dles ol i oL S 5l pf

Lesls LSJLJ J.:.\:J PR
3le 5 5l esliad L Waosls (bl o 5 a3
Oy030 3 eslizad b b, Kils anslie 5 SPSS (19.0)

15f

5355 ol Jleg Jals ailesT sla, 556
(ol 5 s 050 L olhs oD e
o= 3 FC) el o b am s bl o ia
Emami Bistgani ) l,; cub b dws s 00 adss
A IS Sai5 5l e Olpe sbus s (etal, 2017
1) ol Sl sl 8y b e
OV Lo V) gy 5 Y s s
4z S L 45 (Ghasemi Pirbalouti et al., 2014)
o ¥ leld) e WVAY &S sl
s el e Y SO ol 5 (e Sl
Ermt A 51 D) o e b AL sl
Sl V0 asl w (S or 5 audlS
NEPIES]
e e AMS 00 Oley Sl s atin 55 15405 pad el
iy o slsl sl 5 lS slacis, Gl
a3 G Vel il Ol gy
5 Blu b olS pli)l Sliv 5 Sl sl
L g Seslhl g i 05
Slas o 521 JS s @ Jd5JS Olsme (5505100
13 2 30 LS a5l 36 5 s S S
Ol d o Yo 55 wgas 51 p 5070 Sl 2
il g O V) e b llas IST1 5 YA
BTy S o ilesl glad ) s (g S las
3 s B 4SO sl Sl a3 Ve gles s
L (M S 5 et S s 3w O
ol 3l oslizad b JS sb @ Lds IS Olss ¢ s
(Perkin-Elmer Lambda UV/Vis) g5 2SSl



g Sl b sl (o Jglxo 531

V-V iolrins 54T leg $Q 0yleds ez Jlo ( BLS rums g5sls jud

CL&J)\ﬂJl_w oslw Sy pl besgd Hls pme
aS g sba (Y Jsd) sﬁ)bd:;u (p<0.01) ©y

(8 Jads) del s

el 70 51 Jlaz| C.L.d 23 SCls (glaals de

Ao S eslazl

5ol esbe e lols 4o mls el

oS o5 il Olsn 5 (S5 s 5ebs85 90 Slio  Jl 5 ol (2l shomn I3 ity a3 J g

Sla e S5k
a3
= o B R et o o
Sax Js a b sl

] 3 q/0\™ oy v VEVere™  veasvT o arnd™ AT e
AL e Y are™ g™ yogvo™  vrra L7 Vo ARV AR VIS W
Ju ) LEXTA7NME o VC A ¥ AVEPRL I VL A" (Va2 SRV L
ol # 3L sl Y (RVAALI- VAR LU £ 2% LB AFF I o/ v YT A ey
Solel # Jl | 0/4¢M \venS g8l /¥aqns /A0S WAL A S
b s 3 Jl Y RALI CVARAL S LYYV YA\ R YAYTS ey e ™ g ™
ool iU el Y VYNRATSqare™ Ao /0.8 v VAT RSV & L VIR

Uas \f3 VYT Ve/0A VAV YA/C \AD +/00 0V /et
Ao K sy el mlan 3 s e 5 GFF T e s pds NS

oS ) Sei s b se Slio o ilesl else esle Sl Sls aslie 16 J g
ol gl oS i 055 osn Jdsslsages ks b sss
Sles _ 2550 P
(el (S . (SRS
(5

; o llas gLl YAAYENY/VY ARVARES Yo\ WYAYEAY S YAAVEANYD pnoeteneb wvatevb oot b
S L;)L:J(,S YANVEEYVE/0A NEAE §/4V VYAAVEAYA gvAsEY A AYaEeTa cATENa vteEdAY A
Jals Y4/0VE) ¥V 4/vaE £/vY VYA/EYE4/Y4 IAVCAERFARE:Y \/¥ax /YA @ DANCSVARY:Y VRE-RVAN
o Sedloal yyAayE Ay V£ /XY WWYAVE /40 YEATEV D (ANEVALY VA7 C AL A=V
o o9 Y EEVYAY q/+YE §/80 \YE/YokN /YY YY/AYEVE/YEC AVALE-ZVAR &1 «/ME /YD ALE -V
Jsl Jl EYNoEA/AA  t/eAEYAD WYAHEVY VA EYAWEY A VYN Ye D AE/N O J/Yox/o b
- £33 Ju YoMEYFA D VY/eekv/ava \YE/ATENY/00 Yi/o )\ /veb AANEVARN: RAXETVAY f/EVE/A4a

LS e 3 bl es S a0 a3 dils St G G Bl S ol Kb

(0= 0.01) ol ol ol 4 a5

kd o eslu SIS 5 b @) J508 Oy
Jelize 55 (S 5@) s IS Ol (PO.01)
a Jds,IS 55 2 (P 0.01) okl 5 3l sl
e iy (F dsdz) 55— Dl e JS

,sp_fu_l.f\/‘\x‘,\/\o e S sa Jbs ks

V5O

LS s Jle el L o 5l 0l b
ui):_,:f(’f‘ Jﬁ.k)) J)_uj\bwokcfjla}jLAQT
.\_»Tq,_..n.wu. £9° Jw s (J_:.adb'\.w\\’) cL;JL_S

(8 o)



1-Y0 rolxio [ 1F+Y 5l £A ojlods pdozxs Jlo (LS Jaxo 559092 3ud

ol g Glolw Fnls plac!

sl QLS dalld 4 s (gl ya B0 5 £ 53

(6 58 Jslas)

Ak e Ll 3 53 5 lleS Jles 53 p S
(b5 03 oS shen /800D 35 JS Ol (2 20 5
s Susba el sy LTeS Sl s

oS ) S ds s s Dlio 3L ske 5 bl Jlime 1 Sike avslie 10 J g

oLS ¢l oS s Sis 03 JS Jis ks a Jis ks b Josls Ll Ol
BA HJ“)
Sles ¢
(a5l (52 (65 »eS0 g

(S 055

ESM e
L Jals FYUAYEVW/VY Ve VYV/YY £ AT VA Ad VAL od Yo/t VAME 14
o slas Shedlodnl  YIWVEEVEA NEAEE/Y \YA4/V £ A/YA V/ovE XY e VU d v/0E /Y CAVE /Y
el osn FANVEEVEAA  MEARSSAY YW EAYA VYV ESAC AEE0C /80E Y VYo Y
el §/VoE A/A LAAEYAL AYYAEERVYVA VYR AN V/\ode /oA Yot/ VAYE S
VS_ Sdodladenl  YAVEEVEPA MEAREAY AYA/WVEATA AREVAN ' JAYEAC S/80ENY (VARE=RV2VN

okl

s YOMEVFG VYAV \YEATER Y00 VYVE YD +/ar+s/+b WEAEVA VB

LS el bl 0 S G s 0 o 53 Ll St G S Bl oS e SLe

o5 5 Jsns Sn YANY) dalds Slad L anglie
o o3 (& dsdar) sls OLis Al ds ys Ve
pos Lol i (il sl esle Dl S0le s lie
(05 1t Jymos Som £VAY) 1als Ly 30 slons
03 35 s e i gbls (8 Jpa)
D e i e S S 4l
3 0 m s Sl dal 3L Dol Hlas o
4 (05 1 Jses oo £V/AE) (ol ollae Loyl 5

QI &) Sl e

Lol 50 s lpa ol Ko 05

Ol ols me sty 5 3 5515 el Jles!
(ol an e @l_u' lae (8 5 Y Jslus) sl
5 s2hd e Llize 5 (p<0.01) Lasles esle i
Lol ¢35 Jls ime onds y Olses 2 (p0.05) (5 Ll
Olin = olsime AU Lajles ple JSen
oSSl aglie 4 a5 L7 Jad) Sl s
Slass 53 s Dlie i (bl o3l
S A dalie (05 5 ey Soe £V/AE) (LT0S

| V)
ﬁrl?.gt_,.*..!
” By,
3. 47943 47942 Ry
A5
2 4206b 59 3.
-'-l';“ 0 34.06d
H 3 28.17e
‘;: 20
&
10
b ]
D o
o gllae (& st ST

s Ol Sl 5 (o ilise 1 Sile 4l ) IS

V55



g Sl b sl (o Jglxo 531

V-0 :olxio 1PV L £ o)l cppama Jlo ( 2LS oo 559092 38

SINY i a) Sl deal 5 s slasbess
S 5 (Sat 5s e, 8 Ve 5o 2 LN/
53 (S O35 5 Ve 55 2l e /AL Ol

(Y K8 el s Al

2 728 Sha) eited 3 a0

OB N

2 Hd s oslw S s @ ey b

(Y dsdz) 250 Sl mme (P 0.01) sl Ol 5
s Sedlodind 5 s Shd P sbajles
dalld 4 Gl |y (o3 VY 5 VY lgsl s

05 oelad Sl o iy S (g sbay sl 0L

1.12a

103b

0.84¢c
4 08
3
04
0.2
0
aald b it ML)

bl Olen (3 shoms sl 31 S0ls gl Y IS5

Slo goa 5 F s Al S8 3
Ghasemi >3 i slaml oS S350 55550
aS A5 S 18 (YN e) o, 5 Pirbalouti
s B e s sl s oS gl
5 Sl i Sl 5 S

ol e3> dlw 03 oS Liusy ddy SRl
VYD oS S oyt s A S Al 4y
iy (8 Jade) dal Consa e3> dlo s (e la
o Srpit o ok s 3] 5 a5
520l ki Sk olss Sl Rl o e
Mohammadi ) <l sdd tulasl pss S
il 3l el O (Khalifelouiy et al., 2020
a3 5 g o3Il 5 e (Sl LS, 8
Cand 534S jglailan 555 o olS Jad il
L LolS o5 oy o Jhia s S5 0, el
Ll s s elS s el 5l Sk il s ol
el 038 (68 sl oS

V5V

Cou

AU e 6,503 Jolo a5l i olS gl

5 ) S e 3 S5 sha S
AU LS iyl s S S e e
53 dl= =l L «(Carvalho et al., 2018) 5,108
el sl Jhdle Jlg o 4 ol G
Sosban (7 dsdar) 55 ls e 45 L8 )
ol i 3 (ol £YIV0) 651 plis] o i
s p3bas Lod 5 5oL (8 i) Lol sa,
Jelse e 5 SIS o 8l olS s ST 03l
Lib e ol S ad) s Sl cb 5y
i a5 L) sl 3Uss (Shokouhi, 2019)
adae glos b gte FalS 5 SL bavgze 5l
055 b o S olS Ay Il Jlo )3 anlllas 5 50
A maman 35 LTIl s A pl
Lis L olS 5 Ll (Si @ Joote OALS s
ol wasyy il gladshe il 5 L

[ ULCINTES S g - P IR CIe ) PR PY P



1-Y0 rolxio [ 1F+Y 5l £A ojlods pdozxs Jlo (LS Jaxo 559092 3ud

ol g Glolw Fnls plac!

ey e Rl S sdalin Sles nl (g s
e D el Sl el 5 s
Aoy ralS | (S5 3 Shee 0 olaleS
Lals oLES (Y1 8) 0L, 5 Ghasemi Pirbalouti
S 5l Sl a5 Sis 2 sS
AxE ol el s S 0

5 Ol dmenls S0l o 4 a5 L
Clle lal Sles o Cod LTeS Sles 5o
e e 3l DL (l3 pme Al B
5 Ol a8 sl s 5 Sl
S b e RIS ) A elS s
ma Bl s e Jdse Sl Ses S
23 on Wl plasd el a4
el alS oo a8 Lk e e ISk
s Ladsh puiledss i ool Dl (s jad
S5 oS Gl 0 sl 158
el s 55 (e (Carvalho et al., 2018)
b gl 515 s Vel (S
S el il 3 o et SIS el 4IS-D1
o 3 5 0t e (S5 m g (S ol
a5 0l Jad s s s o 5]
Umebese et al., ) K55 o Jlabd & 0diS 4 25
.(2009

ol Ol LS)L:ﬁTVS Slest 53 ol e o
35t s sbe Olaj Sl iy dald Sl s s
J=2am s als Sl il Ul S e aS
JS2) a5 Sl el SLd s
s S eslaal Ol 5y s Jals Ol ()
~d s 3 s Sleedlos denl G e Olej 51 i
ST GadIGsl, 038 oo 5 Bl b sy S
senSsn 5 bl o 55 5 S e 5 O3S
L 1) sk glis OlLL (el Sl Lo L

Mbw&‘f‘&dﬁ‘jjb b aL:fC,wjuA_}obJs

VEA

2 (JS sba@) by IS Ol sl Y
ol e Ll A e oS Jles
Al AL s Sl 5o Lol ccidils (ol e
e S Slio ol Ol s 5 Sl
i 456 sk (8 Jsis) 3l aals als
VAY 5VNV0 5 jam S sa b IS luis
el Ll 0 s 6)‘-,%%5 Sles 3 p 8 55 e S e
VRO s IS Ole (p i s (L s
Al s (oo Sles 53 (08 3 S e
delse 5l S Olssas b b IS (0 5 8 Jlir)
ol g esly o b S Lo
Sldlls 51 s ol iass alie L e
o 03 Jbs IS e oS i e 3G
Sodaiizadeh et) _£le 3 o5l dole dle Olslins
s (Koocheki et al., 2008) g,sLs ((al., 2017
(Emami Bistgani et al., 2017) ,Lss -iusl
05 1y Jes IS Ol ilsil &S ol s 5158
Dol b ilite b IS Olse S5l 3l o 4zl
Jedals cbale il s 6 Yl i s
s Sompsby Gl 5l U 05y 5 s Ay o
Seslial Ly oS5 Y ol S
L 1S moms 2l e sos (sl pelSo
ol 0l 85l O 3 0aS 25
Flos DV pame 4 by e sl 518 Wl
osle jtalS Coly oS s pndls 5l 2l
oS oS J s opd ales slaglll 5y Sis
o=l a5 Gl (7 dsdr) Ll Lol sl 5 e
(oS S5 o S ) S LS Ul e et
Sses,S i) s IS (g5 GaaliSS,
Lol 038 (6,8 sl oS 5 5 S 055 alS
A 5ot Jlasl slasless o 5 b sl 5
s olleS Bl s s 5 5 S esle s Shas
Vo ol Sl sl 5 s Sl eslin



g Sl b sl (o Jglxo 531

V-V iolrins 54T leg $Q 0yleds ez Jlo ( BLS rums g5sls jud

Lo el Ol Lo s f 5 (S5 55
ol 6l S s Olsies b 25l sadU&m
oS At (0S5 550 LS e es oS
3 5 3y edd S S elS 5 edd B gt
oeslsl 03 pa S0 slacd ple G5l LSS
oo .(Mousavi et al., 2021) JS _» b s
ol slaeds oS15 LI corse (Si5 S
oled i Ole Sl 3 Bl 5 S0 03 0n 5

(Pradhanetal., 2017) s 43 .

2$ S e
O (r i bl s s Gildee
VYA 5 0/80 /AN S Sa) JS s b a s s
i edaline wﬁrﬁ Sl 3 (5 3 S e
Ve Sl el (TS Slass dlas! (pimen
53 s dald 4 il g cble sis s
i Slio 1 ls e HU S
Sl OLES oS i 03 5 bl b WlS gl
Aol 3l J e Slad 5 s DlRe o 2l
EV/AE) ol e Lol s 5 Sl L
Al 3l e el sty (05 e S
S e e ol e S Olpea Sl
(bl Ol G5 e S RalS o S
slasles Al s sb @ gla by I 5 ol
e s Shedlodnd 5 s o AL e
RECEIR IS PRPSWANE | 0% o CH T
Slasbes 3 uilal Gl o 2l S (65 sbay sl
VY 5 WY s ) Skl el 5 5 2
Ole o S 5 (St O35 p 5 Ve 55 2 e
Sles 5o (i O3y p 5 Ve s il e vIAD)
53 Skl sl 31 el (alg 5o el sy
3O e DGRl gl s 35S Ll 2

D g o 5 oS 5 il Olge 2ol

154

G Sl a—uf (Carvalho et al., 2018)
L s 3,8 Il | Sl slas 5T Yz
(ROS) &35St Jles slass S ool clas ol 53
Akbari and ) &S o Bl 1 55 31 sl sl
(VoY) 0L, 5 Sofy lig=s .(Maleki, 2018
Sehedbo Al 5 sy Al sk o5 515 0L
U PRGN PO PRCH I IR P
A
e o i dmesls Sl aylie & 4 55 L
Sl ol 5 g slslas 5o il
O3 rj_f Voo g d e VY SNY (s Sa)
oS Vet 3 ke VAR) Olse o S 5 (S
il (Y 188) el sy e (i 035
Ses s Ledd Sles OaLS s bl O s
lapl il JS sy nll ) ol i sy ool
s P & Sl (Sen S 5 pl L ol
Ao e 3 gt | ey A5 5 03l Gl
S Il uul .(Janda and Ruelland, 2015)
e bt laely G S e G Olpew
Gl 0as Loy o S i b o oL S
LaoeaSdlgid pazs 5 (S350 5 (S35 5
P e el I ey 3 350 0
(oL slalss Oy ot 55 5 edd Jlad oS
Zhaoetal., ) b s s b sl sl
OhLL_Saa s Mohammadi
LS S Dlge i o5 535 215 (YY)

wu(ﬂuTcM;qujﬂ ;J.,)lSc»u“o)']»

Khalifelouiy .(2005

Sl oo i (Y0 Y0) 0L, s Momeni 5158
e S 5 o gl ol oS il
SIS 3 ol Sl sl 508
e Ol ol Slas (6l me pde 35 b
colhe lal Ll b 4 s olTeS Ll 5o
Aibe JLas slge (0 i) sls 0L S uls8l
sl s L olS 85w s o e il



VY0 lrina | 14T Hlog S 0)lod (pbozd Jlo « B o 55len jud Oyed g silobu gy plac!

References

Akbari, J. and Maleki, A. (2018). The effect of ascorbic acid and salicylic acid foliar on
vegetative properties and yield and yield components of Vigna unguiculata L. under drought
stress. Applied Research of Plant Ecophysiology. 4(2): 159-180.

Alavi Samany, S.M., Ghasemi Pirbalouti, A. and Malekpoor, F. (2022). Phytochemical and
morpho-physiological changes of hyssop in response to chitosan-spraying under different
levels of irrigation. Industrial Crops and Products. 176:114330.

Arnon, A.N. (1967). Method of extraction of chlorophyll in the plants. Agronomy Journal. 23:
112-121.

Ashrafi, B., Ramak, P., Ezatpour, B. and Talei, G.R. (2017). Investigation on chemical
composition, antamicrobial, antioxidant, and cytotoxic properties of essential oil from
Dracocephalum kotschyi BOISS. African Journal of Traditional, Complementary and
Alternative Medicines. 14(3): 209-217.

Babaei, K., Moghaddam, M., Farhadi, N. and Ghasemi Pirbalouti, A. (2021). Morphological,
physiological and phytochemical responses of Mexican marigold (Tagetes minuta L.) to
drought stress. Scientia Horticulturae. 284:110116.

Bakhtiar, A., Khaghani, S., Ghasemi Pirbalouti, A., Gomarian, M. and Chavoshi, S. (2021).
Essential oil variation among different populations of Ziziphora tenuior L. cultivated at
semiarid climate. Essential Oil Research. 1-9.

Bates, L.S., Waldren, E.P. and Teare, 1.D. (1973). Rapid determination of free proline forwater
stress studies. Plant Soil. 39: 205-207.

Carvalho, M.E.A., Castro, P.R.C., Gaziola, S.A. and Azevedo, R.A. (2018). Is seaweed extract
an elicitor compound? Changing proline content in drought-stressed bean plants. Comunicata
Scientiae. 9(2): 292-297.

Emami Bistgani, Z., Siadat, S.A., Bakhshandeh, A., Ghasemi Pirbalouti, A. and Hashemi, M.
(2017). Interactive effects of drought stress and chitosan application on physiological
characteristics and essential oil yield of Thymus daenensis Celak. The Crop Journal. 5: 407-
415.

Fallah, S., Mouguee, S., Rostaei, M., Adavi, Z. and Lorigooini, Z. (2020). Chemical
compositions and antioxidant activity of essential oil of wild and cultivated Dracocephalum
kotschyi grown indifferent ecosystems: A comparative study. Industrial Crops and Products.
143, 11885.

Farhadi, N., Babaei, K., Farsaraei, S., Moghaddam, M. and Ghasemi Pirbalouti, A. (2020).
Changes in essential oil compositions, total phenol, flavonoids and antioxidant capacity of
Achillea millefolium at different growth stages. Industrial Crops and Products. 152, 112570.

Ghasemi Pirbalouti, A., Samani, M.R., Hashemi, M. and Zeinali, H. (2014). Salicylic acid
affects growth, essential oil and chemical compositions of thyme (Thymus daenensis Celak.)
under reduced irrigation. Plant Growth Regulation. 72(3): 289-301.

Goli, S.A.H., Sahafi, S.M., Rashidi, B. and Rahimmalek, M. (2013). Novel oilseed of Dra-
cocephalum kotschyi with high n-3 to n-6 polyunsaturated fatty acid ratio. Industrial Crops
and Products. 43: 188-193.

Janda, M. and Ruelland, E. (2015). Magical mystery tour: salicylic acid signalling.
Environmental and Experimental Botany. 114: 117-128.

Koocheki, A., Nassiri-Mahallati, M. and Azizi, G. (2008). Effect of drought, salinity, and
defoliation on growth characteristics of some medicinal plants of Iran. Journal
of Herbs, Spices & Medicinal Plants. 14: 37-53.

Mohammadi Khalifelouiy, Z., Abbasifar, A.R., Khadivi A. and Akramian M. (2020). The effect
of proline and 24-epibrassinolide on growth indices and biochemical characteristics of the
summer savory (Satureja Hortensis L.). Journal of Plant Research (lranian Journal of
Biology). 32(4): 925-940. (In Persian)

Momeni, M., Ghasemi Pirbalouti, A., Mousavi, A. and Badi, H.N. (2020). Effect of foliar
applications of salicylic acid and chitosan on the essential oil of Thymbra spicata L. under
different soil moisture conditions. Essential Oil Bearing Plants. 23(5): 1142-1153.

Ve


https://www.sciencedirect.com/science/article/abs/pii/S0926669021010955#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669021010955#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669021010955#!
https://www.sciencedirect.com/science/journal/09266690
https://www.sid.ir/en/Journal/Searchpaper.Aspx?Writer=951422
https://www.sid.ir/en/Journal/Searchpaper.Aspx?Writer=27236
https://www.sid.ir/en/Journal/Searchpaper.Aspx?Writer=769707
https://www.sid.ir/en/Journal/Searchpaper.Aspx?Writer=951423

g Sl ool 250 Jaloeo 51 VY0 rolorio NF+Y kg R oylocds cepazd Jlo « BLS ammo 55olen jud

Mousavi, A.S., Naeemi, M., Ghilizadeh, A. and Rahemi Karizaki, A. (2021). The Effect of
elicitors on some physiological vharacteristics, essential oil percentage and yield in hyssop
(Hyssopus officinalis L.) under different irrigation regimes. Environmental Stresses in Crop
Sciences. 14(2): 415-424.

Pradhan, J., Sahoo, S.K., Lalotra, S. and Sarma, R.S. (2017). Positive impact of abiotic stress on
medicinal and aromatic plants. International Journal of Plant Sciences. 12(2): 309-313.

Samadi, L., Larijani, K., Naghdi Badi, H. and Mehrafarin, A. (2018). Qualitative and
quantitative variations of the essential oils of Dracocephalum kotschyi Boiss. as affected by
different drying methods. Journal of Food Processing and Preservation. e13816, 1-12.

Shakib, P., Taherikalani, M. and Ramazanzadeh, R. (2018). Chemical composition, genotoxicity
and antimicrobial activities of Dracocephalum kotschyi Boiss against OXA-48 producing
Klebsiella pneumoniae isolated from major hospitals of Kurdistan Province, Iran.
Microbiology Research Journal International. 24: 1-8.

Shokouhi, M. (2019). Evaluation of the impact of climate change on temperature and
precipitation of rainfed wheat production in Kurdistan province. Journal of Agricultural
Meteorology. 7(1): 22-35. (In Persian)

Sodaiizadeh, H., Shamsaie, M., Tajamoliyan, M., Mirmohammady Maibody, S.A.M. and
Hakimzadeh, M.A. (2017). Evaluation of some physiological characteristics of Thymus
fedtschenko under different levels of water stress. Environmental Stresses in Crop Sciences.
9(4): 423-4217.

Sofy, M.R., Seleiman, M.F., Alhammad, B.A., Alharbi, B.M. and Mohamed, H.I. (2020).
Minimizing adverse effects of Pb on maize plants by combined treatment with jasmonic,
salicylic acids and proline. Agronomy. 10, 699.

Sonboli, A., Mirzania, F. and Gholipour, A. (2019). Essential oil composition of
Dracocephalum 522 kotschyi Boiss. from Iran. Natural Product Research. 14: 2095-2098.
Szabados, L. and Savoure, A. (2009). Proline: A multifunctional amino acid. Trends in Plant

Sciences. 15(2): 89-97.

Umebese, C.E., Olatimilehin, T.O. and Ogunsusi, T.A. (2009). Salicyclic acid protects nitrate
reductase activity, growth and proline in amaranth and tomato plants duringwater defecit.
American Journal of Agricultural and Biological Sciences. 4: 224-229.

Zhao, J., Davis, L.C. and Verpoorte, R. (2005). Elicitor signal transduction leading to
production of plant secondary metabolites. Biotechnology Advances. 23: 283-333.

wH


https://escs.birjand.ac.ir/?_action=article&au=20643&_au=Atefeh+Sadat++Mousavi&lang=en
https://escs.birjand.ac.ir/?_action=article&au=12034&_au=Hamid++Sodaiizadeh&lang=en

