[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

YooV lamie VECE ol g als 5 PO olad N F M alE 5 SIS 5 i
https://doi.org/10.22034/14.66.17

obd g b (Dracocephalum moldavica L.) s ;5L SS59 958 Oliw 5 s 30
S5 oS dal s S pemlr el 5 Sl el

T30S pedigl 5 ol Ao
35 3 Fisel Ol Olojle (s Ol (b mbe 5 (65,08 B3el 5 Sliios S 0 o0l 5 S Sliios Jisu |
Ol pl 3l e (55,908
Ot eolols «lyls doly okl 3151 o8> (S p e oy ST

OEX/NYY 2ol pdy Gl A/ 2/YF il 5o 5 ,0)

oS>

P (sl AL b gy p sdm Sl Al adle 5o ol (558 5 AD) 4 gy Ky @islES S e sl 5 S
obai NelS S g aly b B s ) sSU s 4 VESVEY Sl s gt ol ol 0dd eslial ()53 S
5 6ol OF 55 i LIS Vgedon Vov 500 YO i Jold (g)5d prhaw Jlgx dyl 5SS S ol Ol Ol g 5o
HNgaden /N 50700 Aol S gailr 9 Y go hen N 5 210 el Sl ald ol mhaw gy 55 (3L glone ol p s, 5SU
J3 S Glgomn 5 O s lgme G 5 g St 5 S (i (gl g Rl e (5508 SRl A5 sl OLE s s
Gl S et 03 V8 Al e Y g eV Sl el 3L e o s IS Y g0 e YO (5558 55 A3 S
UV s Skl dwl Ve ke V BLd o e LIS Ve de 00 (555 50 oAb S O e g s WY
S gl Groman Ldd Aald 4 Sl (gl gp plll S B5y Ghess VP PRI o G S SO sl el Y e e
Al BB Chim s A3 Aals 4 Cod iy S O)p e VT 5 0 SR com i g & Y e Y 5 /00 el
4 opomen g 5ph dlpd 53 (S5 dn 5 S S s b b i U s e OIS 8y 53 Sl sl 5 S gomslr

s (5 g o Shes Skl dol Y g0 s V5 S gasler el Y g0 s +/Y Sl (5558 T Byl pd 5 48 e e S

&ﬁ S u-&&-\ﬂdé C)‘gnﬁ ‘szj)s ‘}YU\S ‘}‘J.:m's‘jz 6-&:15 6&63‘)

e Oldie b5 s o)l )l s 4 ) sladla 40l
SLS 5 s Llaaly a5 si ol ool il 4 i »LS Dracocephalum moldavica L. s fu Lol
5 a8 13 adlas sy 03 28 sk 4 sdnnl aled 5 olS ol sy ol Ll Olsliad el Sl )l
dom 3ol sld Ll 5 plalis S 5 V0F spus Glssl 53 35 oS 3w Lol el odd b me Ll ol o
WO sl b da b adi s Sls 5 oyl 55 (Zhan et al., 2023) Wi o il Jled 5 S e

rajaie.majid@yah00.com : S xS Gy S ¢ s ok 5


https://doi.org/10.22034/14.66.17
http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

VECF o $0 o led N F o ( alS 5 5,18 5 i YA

o ps 5 sl OIS e sanl (ST ST glas 5
Al 03 BLLS Jood Gl o (5 s 05201 U
(Lotfi et al., 2020; Kaur et al., 2022) >335 « )55 =5
A L) slaerns by aler 5l SSsanlr Al
S5 ol i ALS Calises L;LA.,\;JJ.E 33 4SS ol
5ok glais a4 STy s OllS els slaylS sl
Daretal., ) »5 5o 0o 0080 ol abowy 4y o) 8
Syl cdld 5 4 B Spenls Al (2015
G Ol 5 Glaia) Caelda s Olsee ¢ SlenS| 2
ooolS (Salimi et al., 2014) ol (g8 55 Lol s s
Lol ol g @ 30 Soponls ol & ol 0l
Aol 5 el b Ak, St Sols Rl
.(Sanchez-Romera et al., 2014) ol < o]
Aol Jie pbalgese a8 S
S s 03 S o Sgenlr el 5 Sl
sloiasy bl osie Jase sl 25« 0L Jess
03 Ol (g5, blsapmad cpl L daly 55 WS
03 ol ede llas s (ggm 3l ool 4 S s
Sy Ay Sl se et ol o bl 5 8L el
5o sras sl Sns oLl Gl s cplaly 1N
del 5 Sl o o b sl S350

L by g3l
5Ll s s VENVEY e s sl SIS cals
G2 Sl Sl e 5 5 el Clls Ol gl
OF obilias Jsb ( Jlad 4233 VO 5 a3 YA LLslas
g bys e Sl 2 VOV gl 5 35 i35 OF 5 a3
Szt gble s Ol Ol gd o)l uaide alul
GLls Ol Jomb 53 oS 255 oo guail Sistaas
silsr Ol Jad 5 (Sl Ll 5 b lsa 5 O
B 55 JosSU Do w Gl cpl oy S 5 S
(235 plowil JLSS e by 5 ol S slacS ik 4l b

b sl e s baa Sl L dauy SIS s s 5
LS5 p e 3l .(Kashchenko et al., 2022) c..l
bl 55 WJhs oSl el s sad plals
L INS{RVPARNCS. SUR SCIUN NS P 5 SPRTCE o Y P RPS
Maham et al., ) coul ol 5158 S > o 5 LS 3
5ol mte Sl LB 5SS sl Wl (2013
3 edne oS o8 dhex Sl ks Sl el Gl
e S5 255 s & emmes ol SIS oS
303 1y i oSy Jyie Slasolen w8y il olS
)3 337 30 0,530 5l 5o .(Abd EI-Baky and El-Baroty, 2008)

5 el el sl Vool sl s Ko
38 s 5 o5 ekamseldll Olye a5 ol (5)sllgnd
SlSLas sl s olS ol ulul pmman 3l
.(Bijani and Madandoust, 2023) <.l

A sladle js g5,5liS ey s R T e
OLLS W5 5 e S &Sl ()58 SR RS
M s slp cmbe b Bsy oL cplpby sl
Zorb et) 550> olmas Coadl (5558 5 Ll pE 0 QLS
(Sl ol el a8 (al., 2019
oy S5 s 30 o O JSpe 5 alard s
Sy sl sla sy, (Yadav et al., 2019) 5,5 .« |3
Llodd B ome 5 gdaas 5 558 GLS 53 Ol L) 55g
o 5l L a0 305848 5 oS (Mishra et al., 2021)
Ol 5 osd 5 Sl el Gl s sbats
ol g gl 5 L) 53 s 8 s st
Usred 2055855 5 ool s e gla iy
5 b el (Sl Al (Sl
o5 b ablas sl L slag sl al dbaar Sl el el
(Taherietal., 2020) ¢l slalS 5 (5, 5

sowl b &S cl o olinie 5 S Sl A
G5 Je Gl o 0L s W sl ST
51 eslexsl .(Rasheed et al, 2020) s55 .« (s

Sl mglan 53 k5 b Do) et (nl ang glackle


http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

4 ...(Dracocephalum moldavica L.) g 5l K580 58 Sliw 5 Al 55

08besS 5 2l

J’Lg_h)‘ PL aalaa! )90 S éﬁ."ﬁ}@w Q\.:.p‘,.n}—\ J_,.\>

S S ol Cu Fe Zn Mn K P N S oS
<L pH z c
(e 2 o) (¢SS 2 p S ) (12)2)
A 05 Vo VY EA o 50 YN W s o VO

56 aSebas Jlo i Y oIS dal b odel oty 2Sl
Jenway  Jde) e gbals olSiws baw s e jae bl
Looddolil g slael culg 5o .ad okl (7, German
Lkd Lot 51kl sladisad 51 Jols i3 gas 3l eslizul
05 oo oS IS (s xSeslul (sl, (Patterson et al., 1984)
Coge 4 hia] 5 dS ST LS ean s e
(SoSelas 5 03,8 fSE Sl Gy s Ad eyl s
AL Sl bl o, Ol 2 b Qe 25 Jhay 4 IS clale
.(Banuls and Primo-Millo, 1995)
A ol gkl 31 U3 5 e Rlsl 53 A8 (slun
Chala 5 Ol (S S S gy a5l (OIAS) Sl
s Sairam s, 5l el b e cld s ol
26 el Olse a4 dadlies 04l 5 (Y409) OLKan
(\4#A) Packer 5 Heath 25, L Lie Osalinst,
o3l b WS 5 Ol el (gl sims cpimman A3 (5 S o5l
A awl=e (140+) Weatherely i, 5l
L saSeilas 5 Jl sl ol slal 5,5 U
e ) Sy 4 IS Jes A5 s b @ s IS Ole O g
S el ULy ol L(Arnon, 1949) i (g, Sesll
3 9Y0 slag pedsb 5 Vis 2100 ke 5o 5335 Sl ol
YUY alss sl eslinal U ks IS Ol 5 el e gl S5V
A dlee
(Vadal )
Chla (mgg?) = (12.7x0D.663) - (2.69x OD.645) x V/
000xW
(Yadas! )
Chl b (mgg') = (22.9x0OD.645) - (4.680D.663) x
/1000 xW
(Yalal )

Chl a+b (mgg?) = (8.02x0OD.663) + (20.2x0D645) x
V/1000xW

Gos 3 o) Ml Jold o55d o Jlem Jsl 55
0556 5 ol O s e IS ¥ e e Vee 500 YO
BYYCRT-S- g Wik QRSN 1 Dbl s eslizal 3550 St 5y
L;'-ﬁ..u@)QlMﬁQJJJgSBr)f)lﬁs?jme:l:
o skl sy S gled s g s S
.Jﬁ\ dj.,\?-

A bl QS S L S5 dos YL by oS
SFeile V0 k85 YO el gl (Saudl slaolls
w DL j.:..i)bb. ).:Lf VO sluxs sloan! "’<’l @)U L J\JJ}J
S e s 53 LA CiS oS S g e sl S
g bazalS 05 S0 Jas (S 4w d> o) CiS
ClS 5l A s ba OIS A s W hd sl 58 S
Oz 3l ey LS okl e ] L sladldlS ol
S bl shy adss Ao YOl ol e o
oatie chle gl jed Ol L LollS S 4 d>
Seiecl 5l dals sl olel sl L bl Sl
dlﬁ)}dh.kg 4.1;-)&\36)_},;- LSLQJLQ.:J JLQJ«‘ A ealaad
Lol Sl Labdshs .l aslsl (o155 gas
OLL B 5 g (5o aa U ol al e 5l ¥ oo o)
9 W&Lﬁ)) A fl}u‘ )L:g.; mﬁﬁ JA.US/ kl}f
ATV oK

5ol Wb Ol S iy iy o 5l A Sl S
GOl 53 s K ad il b S i ad (5,54 pel
WJ&J:};lJfJ:JlM a3 Ve gl s el YA s
Glos boysS 53 sdiclal 6 5l p S Sl Ol

s Sl 4 B b a els 13 58 e ar s O


http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

VECF o $0 o led N F o ( alS 5 5,18 5 i Y

Sl ime adus 5 alpr ol i 035 p T iSes
LE s 53 alee ol (2 035 it (7 Jsdx)
A o st s RIS A edalie 6550
Sl 53 (8 sde) db e ol (i 03y s e
chle 5 Shdle al dilises glackle (g5 dals
Ois Saime Sl SO sanlr sl ¥ ga s /)
22 (7 dadr) LS el 4 el s el S
s Al il LIS N e e Ve 5 Y0 (6550
lsn Pl S 055 s e sbay Ay slae S s
Or Goss 5 ¥ Jad) Lsls olsdl dald & cd )
Selwdles Aol 5l 8@y Bbdgloee s LIS N s s
S e i Sl e Nk 10
Las dals 4 Cas e f\"\:’\ S Uy Ll e
\NSPRED)

o ot LS Vs e YO (6550 5 dald mlans o
“ioy, S 03y p M glaedSeln AL sl
LS Vs e 00 (gosd o (Y dsd) 358 (Ul e
Gl Galle 5 Ve ) Sl Al (el
03 A Al S 0oy R e S selr
3000 Sosenlr denl (s LIS Vs e Ver (6550
Vo5V S ome GBIl w5 a0 Y se e 4/
(F dsder) B dald @ s o) S5 035 Ao

B Rt e B R N
SS a6 o 8 gl Ll g ls e w5y ¢l
e 53 G gl o rie (Y Jsix) <o 55 Ll
Vor s 00 Gosd pske 5 S sdalle (g5l Aald
L 5 L1 s e 1A o s IS Y 50 e
s > s gl i s (g 51 (F o)
VSl sl 5 Ve e /Y 50 /0 0 Sl A
© Jpdr) At stalice N go Lo

oAl s el e DoSebsS Gk Sl ot S
Faroog et al., ) 55 0 olS Ay oy55 [ialS oo i g

sy e e 5y josara 5 g (2009

W 5l Ol OD aipad qe- V SWslee ol s
ol & gad 5055

Lo o SleSy 5 SYBIS lag 5T e o
O, es 5 Ghanati 5 (Y44)) Horst 5 Cakmak s,
A plosil (Te0Y)

S b S (5, S el elS gl Ay ep55 OLL L2
Gl lgnl U e c]ad)'l (AAS A= e s IS s s
gl Ol w el oSl w5 A (5, Seslul Lol
Al as S L s IS s gl w5 e

sl lapldl il & S O3 S8 el Cg
Loy Ghieol b opdned 5l w5 035 I aduy 3l I,
w ok pp gl da e 0 LS Oy (Sl o)l 5
a5 Voo sl s lsa L;Lnrl.h'l ol wlBlas b
Sl S5 p'\l A esls 3 el YA (6l ol S Sl
CSL s el 5 olss il W S gl s
o35 Sl 3 Laseie glos b Ol 0555 L 5 035 1 3 g EIS
Oy s il vy 4 QAL Bl e 5 LA
WOl St (s o 5l e e LS e L] St
3 ose 5 s 5lS 05,85 5 (00 S S T8 5l e 5 2ol
3,50 S gl oyl js SShaglia 6 Je Y S
Ao Sosd e Sl i S 4 a8 S8 S 15 6 Sl
Ry Z NS W R et LIS Ve o Vee 5 00 (YO
Sy fa g et ) s YAV o YAY N /AY

Sheslatal b cilises Dlie (gl Laesls 3Ll 4520
ks amglie 23 S el /) ass SAS (L sl
c 53 oSSl lals O3l Sl eslizal b 5 Waesls
O35 Ll mre Soyso 55 LS D so deo s & x|
Sheslial b la o Slbe alin 5 plndl a3 Joline
A3 S el SOl Ose3

Cou @\:&
Wy g, Ak, SIS O5y el el SIS Oy
39 Ju.:aj éuomm}aﬁt wkﬂd_}w 46)_}'\.& Cj.kw )Sl


http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

AR ...(Dracocephalum moldavica L.) g 5l K580 58 Sliw 5 Al 55

08besS 5 2l

K] @ﬁw‘fﬂ,&sg‘fﬁ r.l.Lw wio ) SES 05 (2l c|.k$|t$..i’..>'-&j‘9 g t\ﬂﬂ Sl gl g ilyly 4 @L:S—'( Jod>

da g3 0o 5 5lhmS] Cdlad GYBS cllad @th s b @ by &S oS 5 O o (5l 5

Sl SLe
oo
gt Slge o _ _ S 03y KaE 0 ; et ol
Spel =y slsn el
AECTYA ot VAT VA SR VAT Ve Vag/8™ 7o YYVVT Y (A) o5 g slam
2ZAN AV AOYETS ey s Y 0™ Q¢ ™ ¥ (B) 2L sl
i \A7AN oayy YOO LW JEAD T Y/ANT 'Y (B) x(A)
LYAR Y¥/0 Ny ey /P AV V/OY \C las
¥/A \Y/ Wig VY0 \0/0 (1) & puds o b
‘_;)lau.:aaf.l.ajsz\,()J\.‘..:?Ich..‘):j:&:u%]hensj-ﬁe
-Y J}J}: aalal
Sl Sl
o2
05 Cles CIN[PY : 5 S Gl;.a
, FAE T ags adsks sl
Ladlgs SMaeST N a+h
AV <VON™ YA \AT AN (AR AN (A) 55 sl
\/¥y s VAYATE ey JAVATT VIR A W aqy ¥ B) wbd}b“
AR AR o/eeeqns YA RN Y0 'Y (B) x(A)
oY e e eYY ey YOI ¥ Lo
NA t/4 \RA¥ VE/¥ #Iv ARV (1) Ol s o b

63‘-’&"-‘(""’3"*’)-" ,odwa-lch...,a,ladw?.g;qns,e;e

S Fs 23w 3 b 5 G L0 Ol s (55 538
53 ol W) s 3 el e &S a6 503 el se
(Alietal,, 2022) il axils S5 ) sd i a2
Cobe S 5 Sos ok 1S 5 A e
e Dl (55 Ay slaediS ol AL sl 5 (555
3p olsgas do 3 0 5 ) w3 s 4 Sy IS
T SRl S sl Ol Sols as lis =% (Y dsax)
Sl b Sy mde Glime GRIBL e g
LS Npe e Ve opd A5 0 S i op R
dals o 55 K05 (g 5107 ) A dalie ot

odaline u‘“’tﬂJ?lN alses leaw O 6)‘Jv.¢.ﬁ UJLOJ

5 .(Alietal, 2022) 555 o @ 5 gLl 5 ad, Jals sl
R gifwl?- J..y/.:\ ‘};A v\ﬁ:l‘) Lguo.)wsmh.i J’<'l'> 6}*&
J_.J..ob ol and )3 &S ol (g3 sla et ld s e
axllzo BEl (\Y""\(‘\ ‘ks)ﬁkfgjujﬁ) JJ;L;“ Ji’t’.)) Sles
Aol 5 Siganlr ol 3L Vol sl
ol st U acaeslie a0 35 W L Sl
45 C,.w‘ o u::)\; J\-."Lcu LLLl Ji:l.t J\.c.:) Jr@.} DL CM‘
03,9 2 J“}A JLE:..\ ﬂ‘ﬁ‘wp@_}wl} J%.w‘ ijd_}lN
gLl SRl 4 e 5 A3 = s Lgl.afl,\ilcu.ufﬁ 3l
ShetelWy et al., ) J_}JJLSA 4.;.;)} u..:‘}.a rl.bl Qj}j 4.7}.!

Slapatls n diy glaedeS s il 36 (2021


http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

VECF o $0 o led N F o ( alS 5 5,18 5 i YY

)lSJﬁMjQ)jd}ﬁe‘x‘&J}Q}jﬁMJ 6\.&0.\.«5(&2.5 ‘;:!L;d‘,lm'ﬁdjﬁc‘,h.d u.f..io.hﬁ mﬁ;gﬁwm—\” J_,.\>

syl 0 Sy

Sy s S ) SEE 05y gl el S22 055 oo s
(Ao ) (Ls3) (LIS 53 6 5) QIS 55 0 5) w Sz
AR ooy T VoY 2 YP/f R o

/eYd ooyl N YA/N @ Yo ke /0 Sl ol

/fY d o/oyv i V/IAQ 2 YA/ @ Ve eV Sl ol Al
/¥Y eyt \lidde Y£/4 2 Ve e /00 S sl Al

AR oevaf V/VY @ Yv/y @ Naa s /) S gamlr !

A VY'Y bed §/f+ b \ATAR o

VYN © VAREA $/5¥ YY) bed Ve e /0 Sl AN
VAAC VAR $IN B YY/o b Ve e ) Sl a Ve e
VYV e ARV £/04 b YY)y be Ve s /00 S sl ! SEWIRT
ALK +/\ Yy bede /4 b Y¥/) O Ne s /) S panl ol

V/EAD AN O/AY © \RVAR o

\/$4 D /Y bed ZAL Yo /A def Ve s /0 Sl N
VoV P /Yy bed $/¥5 P Y\ /¥ cde Ve e VSl al By Py
\/s¥ P AYAD SIOA P Yy cde Ve e 1100 S sal ! NEWRE
\/sY P VATV e 2 YY/) bete Vs ks /) S sal A

Y/YV @ JARTR f/A8 f IZAN o

Y/ @ /144 2 AR Yv/q o Yo ke /0 Sl Yoo
/58 DARAR A VAN 9 Ve eV Sl Ve e
Y/YO @ VARAR o/ def YAV T Ve s /00 S sl ] e IS
Y/YY @ /144 @ o/00 % 14V ©fo Ve ks /) S sanl

At L 53 0 Sl e 3 13 e sl Kbled O g p bt Dy ySSls glamels i O g3l wlal

Ve G s S IS it S s A el
Al el 53 (F i) A sdalie LS Ve L
e LIS Ve Jus Ve 5 00 (gud 5
MSW)Y‘?‘;L?F\MLVJ J\:.w\ Lol i odalie
chle gl s ael cads dals Jles 53 S IS o 5 ke
L Sy IS g s gme ialS el Sl al

oV Jgae)

dool s LIS Nse do YO (6553 0 s A
b Slgme Sl e SRS el Ve e ) Skl
(e LIS Ve des O Bl 5o pimes il S,
500 Sl ael 53 5ol S o e Clile o 2eS
LS Ve Lo Ve chale sl edalie Ve e )
Sl sl b 5050k S s lgimms 2alS (b
sdaline Ve oo /) S gl del 5 Vs L) 54/0

(F dsdr) Al

Gosd pahe R L S IS Glgme 3 558


http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

v ...(Dracocephalum moldavica L.) g 5l K580 58 Sliw 5 Al 55

08besS 5 2l

etk 5o dadlliss O Mo 5 VLIS s b Jds IS (sl sime k551 U1 (5055 g S il aglie -F U

Ladies 04k SYBK s
b s A8 <y i)
05 ndsaSe) i pdssSe) . Sopd L5
. o (SriseS neSde)  Gusly
(o306 035 (S5 oS e
v/pa ¢ /48 2 YA/ 2 Jals
q/1) be L/AY¥ 2 YO/N @ s LIS N e Lo YO
q/VA P Yy be e A IS Y ge s O
Vv a Va5 URWIRERCIS N (VW P

RECCANS MJ:OJL&'"ch.»J:)b&» S Kbl O g jp ilises Dy (SSls ‘_;|m|>.x;¢b}a3’l ol

sl 53 SYBIS Sl 5 b s NS (slsime 55 U 505 (ot sbns slasles T e delis 0 Jpur

B el b ey IS
- . Syl .
23 2 s Sn) e S e S k) . s
. . (o fl)
(500 5 e (S5 055

JFYYa VY © YV © o
ACA A CJAVE P YY/$ b Yo ke /0 Sl
V/YYAD +/AY0 2 Y¥/0 Ve e VSl a
Y0P AP P Y¥/v Ve s /00 S sl ]
JYSN D /AP PC Yo/g e S¥e e /) S el Al

At A 53 0 Sl a3 Sls e gl Bbled O g pp itie Dy (Sl Slaals d O 951 ulul

s S gamlr Aesl 5 558 coxas (and Farhadi, 2022
O e el 0B e 55 R e
Loilae Jlass ol ol (Lotfi etal., 2024) 550 ()5
SO g et U me AS o lesl & ol LS Olallks
s e gen im0 gAS LB o O e LS
Aol &S ol sas 55158 (Noor et al., 2022) s
sy G Olpe a0 L5 Ssamlr donl 5 Sl
05 Ol psbaw 5 S Jos JUSw JUisl (gl stias LS
LS W ke Jio dan jole Sy o 2l ol
(Takeuchi et al., 2011; Wang et al., 2022)
Tl A8 5 JS S S s b @ Jbs kS ol s
Jedo S Glyms ) Glaedis s abd e 5 (555

LS‘):’”’ W g )\Jgf.‘;u _9.:.3:).)[4. gj a+b 9 b a

sl 5l (S dlssn mde mexd 5 ol S
sor AN 5 Sl (S Faw 53 6o5d 4 Jeos
sbas= > (Kordrostami and Rabiei, 2019) <ol oo
O AL Lo e pols s e 5 bl
e O SGosba @S e IE S s s ol
5 S se el SLEE (LI o S 3 3 e
Ndiate et ) 353 o aio;y Loy olIe ole Ol fals
FaS Ol 3l gosh 4 cilsie OLS s (@l 2021
sl sl OF oS JUsl 5 aly) by JS 5 e
55 g ) (Teakle and Tyerman, 2010) 555 o U
Lol i Al éuamr:u;: S W58 a8 Olide
Slaphil 4 4y 5l e Ul S2alS b 5l Skl

Ghassemi-Golezani ) LuS o 35w [y mudor e ol


http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

VECF o $0 o led N F Wl Al 5 5,18 5 i Y

Ju_.}‘g,\s uS/Jg uiWd‘jﬁg&ﬁ@ﬁ“)dhé”#&\id}hﬂjd)ﬁ C‘,h.auf..ﬂohj mﬁ;\:.aw‘w—? J_,.\>

x.;).ﬁl.e JJ}‘.).:—..S‘A C—-:-‘Lﬂ.é}a'i'b J:.S_,Jlf «

STy s . . o (Sl ge .
. a+bJ:.9)JJ5 aJ:.‘B)JJS P _ R~ ) lea.w
4ids » Jses5) Sn ! Hhd sl .
. ¢ - .. P P Sos
(EonpSde n (SniliseS 2 S (Ae,3)
AN T Y/5 bede Y/VY b Vv YAV D o
N Y/V4 abe Y/A¥ a0 VvV @ AR Yo ke /0 Sl ol
A | Y74y @ Y/AV @ VA/AR Yo/Y Ve ke ) Sl ol Jals
NS | T/AY Y/AQ @ VO/Y 2 Ys/qn Ve ke /00 S sanlr Al
/AOY | Y/AA @ /4y 2 A Ys/o b Ne e /) S el A
/as5e ¥/Yq efo Y/O) def §o/q coef \li o
\N
/AAY EF /oY def Y/04 g€ FO/A e YV/A T Ve e /0 Sl ol Sy i
YT
AT ¥/ cdef Y/$Y coe FAV P Y'Y/ o Ve bV Sl a
LS
JAOY Y5 cde Y/ bode AR WA SVse e 000 S el !
oY
AYS | Y/5°f bed Y/ @bcd ¥y bed Yv/e o Vs ks /) S sanl .
\/YV b \ANEL Y/¥5 e 0/t fon OV/A S S
O
Vg d Y/ ¥y oefo Y/00 d OA/Y €fo vy, de Yo ke /0 Sl Sy
SR EOPE
AR Y/0F cdef Y/$Y coe 0a/4 def ¥y def Ve e VSl a
LS
AN Y/ fo /0 def INZARE Ve Ve e /00 S gamls Al
Y
/oA @ Y/ T Y/Ov e OA/Y €T \idi Ve ks /) S el r
ADE Y/OV VAV fY/a 2 S
Yoo
VYO ® Y/eyon Y/v4 ©f VAL £Y/) Yo ke /0 Sl Sy
; PAS o o
\/yy abe \ALSL AR or/a o 0p/8 b Ve e VSl al
‘ ‘ ) LS
\/YA B Y/VY K \/44 i \WAR P/ Ve e /00 S ganlr ]
oY
\/YO© Y/AS T Y/AY o AN FY/V Ve ke /) S sanl A r

At 0253 0 Jles! o 53l sime gl bles Ot Sglite By (oSSl (glanels Az 0 ga31 el »

Vs e IS Ve e Ve osd
Slyme oy Vo il cn Sedlo il V50 s
HCAPRES INRANVRPURGIVE: YW PINLY
sdalie (6558 dald Jlas 53D 35S (lsme 2t
LA Ve e Vor sl 3 (gpd A R 5 Al
A b Jis S Glge dons OF S i
bl CEIE 13 LD L5 (sl Sl (¥ )

Sy Sgysba ol Olis ilpl Ky, (Sl

S5 S Ab cos S S Js S sa L ks
S i ,e (Y Jsaxr) o8 15 abdsle 5 o5
e L LA s 8 gl (ELd sl slales
2 A SIS Glme p 2eS Sgosba (3L Al g5
NG dsdr) A edalie e LIS Ve e Ve les
Nyoshe 00 5 Y0 (o5 msbw 5 dald Sl 5o )b
Aol 5 Sopemlr Al LI il WS
che s i 35S Gl il sl Sl


http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

Yo ...(Dracocephalum moldavica L.) g 5l K580 58 Sliw 5 Al 55

08besS 5 2l

s M sleds s ALddee sopd ke
Sr o o Glsme 5 S 2 Do LT iSes
s j.:JU Cos b dadlics Ol Cio Ll oy B
The 02 G S S (Y Jadr) S35 15 o8
o Goss o5 malsdl Ll s sdalie (650 dals
éa“ 53 . Jsd) Wa S sl xS i il
s il ol e ol Dol el
ek LIS e dee YO (g)58 25 o bl i edalin
ot o3 VA A o Ve oo VSl A
B e IS Y ge e O (6050 N5 L3 S S
S Eel Sl sl Sesenlr Al 2
Yoo 500 wjaﬁﬁ.mﬁﬂ@ﬁwjbw
e 03 Sp Ga Sl S e LIS Ve e
(5 Jsder) A sdalive 3 g o ) Sl o

SR opd GRS Ol e sl
Sl Sl S Ssba ol Ol (gl s
Lol ey e LIS Ve e Ve (ghpd 25 s Sy
Vo 0 Shedle el sl cl:.ﬂ 33 (F Jaa)
o S Ol e e GRIB o Ve s
LS Vs Jos YO (Gopd A5 0 rzes S LS
o S Ve e Vs 0 Sl el
25 S Ol e Gl G Y 5 Al
dowl Dl il LIS Vs e Ve 00 kS
NSl el 5 Ve e V5 0 Sl
s S T d e Gl e Vel
(5 Jsas) s aals

53 dadlliss Oalle (Rl o $osd sl Rl
0> deadlles Gl op iy (F Jpdx) S il
A{CM;:dSJJeMLi.AﬁJMJ%JLS)Y}A‘):A\“ cbls
O chle js ool Ol o, O ilssl caals ckw
Lald 4 o dalliss Ol 1 e LIS Ve L
(F Jadr) sls OLis (gols pmn ol 53]

ol B slnST S sl) b S g sd A

Sl dsd Vga o V5 /0 ClBE 5 b ey IS
Ladls ghe s W5 Vo e o S el 4 s
(0 Jso)

oo LIS Vs e YO gopa 5 dala lag
e S gl el 5 Sl ) il gl lale
\ 9 /0 L;J:de}lm cv.g..)s.w u\)JJS JY)ﬁvL:A O 6)).\1-
3 SAen 4 50 Gl Cs e Sl sl ¥ 50 L
Sogd 55 Kdd G |y Aol & Cod Sy ath Lds)S
JYyL;\?A \ 9 /0 L;JL:J).L» cr..:.qu .,\;JJS JY)A&L:A Voo
Sl YF 508 85 o 5 Sl i
Ebdsle b Ll B dals 4 cus S ath s IS

Soxs Ll pd 53 (S5 nd 5 s Slie 4wl
Sl Ol Goss S0 Coo é‘j 03 Sl b (6l
)‘J:""’d\):d‘ﬁ‘bkid‘ g),:..:l).‘bl OL;)J ﬁMjJLSW
Ol mbs ), (Tabatabaei, 2006) sls o a0 s o]
)ogubﬁmu\ﬁaww&b&ﬁ.uéy
S 5 (Zayed et al., 2011) s,ls sy iuy, Sliw
oRIBl s Sn slaser b s b Sl 4
oS sy Slivo 5 5 IS (Glys 25 o R g
il Sla~| (Hosseini Farahi et al., 2017) xS
sl Sl spp ) S0 LIS SwliSS) ol e
Ll Sdssd sl 5SS, Al IS S, wl
Ol S el s g8 clidss 3b (@l 2022
sl gl & ol gl s 3k Sl L s
Mg S, by S gsn 5 Sbhaas Al Sy
(Khanetal., 2019) .5 .

Z.X,'.Q.UI‘S: b‘,nn‘g ~S/J.3 s_)] s ‘5|_,:>u (PR e


http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

VECF o $0 o led N F o ( alS 5 5,18 5 i \i2

2 AL st Ll il e e 5 s
b Sl T s i IS Y pe e YO (555
Al Sl all e glac ke 3L o
O ogd o ol Ol (b e S SO el
b sk b3Sty o 5T b i IS Y5 e
sy OLES s W ials Y g e +/) S ponlr Aol
LS Ve oo Vo opd AT s pramen (P o)
3000 s Sl sl Yo LV AL o (s
Cdled Slspms Al o SO pasl Aol Y g0 Lo /)
(5 sder) A dals 4 o SISy 3

gl W5 solast gl sty ol L obalS
Garcia-) Lz s ol ase gla i3 Sls| ol
& by 53 Ry L;La(,{_;,ﬂ (Caparros et al., 2021
Byip M5 S G5 5 ol 08T b slas S
Ly (glaeiS ol s g 3l (Ahmad et al., 2022)
sl w5 L85l oMl s e e LS
5> .(Ahmad Lone et al., 2022) %55 »  ldesS] s
3 sl dowl 5 Sl dsl (25 cos QLS
Wls (213 il 53 e B Johor A0S b
oS Eel 5 (Hoque et al., 2020; Raza et al., 2021)
SHeSI T 2 b S b L5k e L 5Tl s
Ll LS o LS Csllaal Lyl b s ol Gl 4 e 5
ol (&S Iy 2alS alS i 5l bl oS b
Sl sl Conal 38 dalyt by falS 55 e sl !
gl 5 bl Ol o St (Saen 5 G181 ST
Mallik et ) cosl ol 550158 Olikme by 55 4 oo
.@al., 2011

& S 4o
Sbosy chle )58 Fihe LIBIL a sl DL xS
Al o il Cas A= B olS olsa pll s JS 5
S nd s ey Slho s pae JalS st v g S
Sl ¥ s o1 Sl oS bl 3l ciils dalg Jlisw |

S5 s 4 aS 39 e Jled ST S sl ) Ay
sl Jls w0 by, oasalS]
ERRSE —d> als (Garcia-Caparros et al., 2019)
5okt ke gli ol el by Ol 15
Lllgs 0l bl e Gl (g xeS Gl Ol nS]
Davey et ) ol Lis 5o sl 55 glacadle o Joge
ool o LS 0, 6&;.)\;;5(,.”2;5 5,8 (al, 2005
St S e sk L ol Sl
Sybr Soxd O Bl e Wl 0l W5 s S
Lol pildgle  oees (Pai and Sharma, 2024)
5 oo s Ok Wl L S sl el 5 Sl
PR e sk st S O e G
Farhangi-Abriz and ) Ls5 » o5 i ojles
5,8 (Ghassemi-Golezani, 2018; Saleem et al., 2021
ol S cl See S senlr el 5 Sl
Loy ddss s do Jlle o 1) o A5 51 AL
2o S g U aS Conl el as 058l
das o alS Gl colda g o 1) Sl LGS0
(Nimir et al., 2016)

Soxd gt 1 5lAmS 1 5 VG (sl 5T Codlad
9 )YU[S Q‘.:.u:.% » .qu) Lgua.)wsv.;)a.ﬁ ‘_;«.Zk:odjlza E)
2 b bl ol S ea s 0 Ll g Sl e ST,
ol A sdalise (ohsd dals Ll s VUK M;T
S rw'j Sl o i A3y laediS e I L alal,
VoSl el iUk 5 ad sdalie aals s
o Ve Jen Y 5 00 S el il 5 Y e s
0 Jsdx) s 5 V0wl ials

PN PP SYS -t LTSNV SUPPH JRCIN
Ml (g dals ckw 53 L dsa=) sl Ol


http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

YV ...(Dracocephalum moldavica L.) g 5l K580 58 Sliw 5 Al 55

08besS 5 2l

Glrokis ol LIl L 5 Cuslis a0 Ol Sl 5 b
TN QSN K WO [ B PR BRCOW (B PR SO
Olg o ool pls il sn S (g5 5l iU sl s
53 Sehedl sl 5 el il b 45 38 4
Sl Shs s b hie gl U (5558 e Sl apg
ot Ul famme 03 el Hpd Ll pd s (S
Vockle bl ol WS kils s S e S
Sl el Vg oo V5 Sosanlr Aol Vs s

Alazsls g ol oS Al 35 55 Sl 3 Slas

2 s iU Sl ded Vg s ) 5 S sal
mlply wclls Slsa fl.).}l BER ) e cble Zals
GaediS ol 55l 5l Jasu & 38 s Ol
Sl S L 01 b e 4 olS s Shes ss 55 Ay
bufﬁ&JTwmig_SlPuL;)}JMrﬁ.wllejﬁm
oS Wiy o st e gw Sl el S sl LS s
G B IS 5 e e ol chle B151 5 el
S Rl S Ol el sl BAS 4 b 50
bl e N Sl S s S ol i

53k Jleat 4 Sl ol Ve e ) 5 S el

@L:.a
AS 5 oS 3Shes o Maely ST e Sl AU B OT80) il (son B 5 b o
https://doi.org/10.22092/ijmapr.2020.342501.2761

Fli psle 2 sl sla iU alz=e (5,55 i3 c>o (Lavendula officinalis L.) s s sl 6L“¢-:jj 3 O
https://doi.org/10.22077/escs.2017.357.1070 .\ #4-Y04 (V) 1)

Abd EI-Baky, H, & El-Baroty, G. (2008). Chemical and biological evaluation of the essential oil of Egyptian moldavian
balm (Dracocephalum moldavica L.). International Journal of Integrative Biology, 3, 202-208.

Ahmad Lone, W., Majeed, N., Yaqoob, U., & John, R. (2022). Exogenous brassinosteroid and jasmonic acid improve
drought tolerance in Brassica rapa L. genotypes by modulating osmolytes, antioxidants, and photosynthetic system.
Plant Cell Reports, 41(3), 603-617. https://doi.org/10.1007/s00299-021-02763-9

Ali, A. Y. A, lbrahim, M. E. H., Zhou, G., Zhu, G., Elsiddig, A. M. I, Suliman, M. S. E., Elradi, S. B. M., & Salah,
E.G. I. (2022). Interactive impacts of soil salinity and jasmonic acid and humic acid on growth parameters, forage
yield, and photosynthesis parameters of sorghum plants. South African Journal of Botany, 146, 293-303.
https://doi.org/10.1016/j.sajb.2021.10.027

Arnon, D. E. (1949). Copper enzymes in isolated chloroplasts: Polyphenol oxidase (Beta vulgaris). Plant Physiology,
24(1), 1-15. https://doi.org/10.1104/pp.24.1.1

Banuls, J, & Primo-Millo, E. (1995). Effects of salinity on some citrus scion-rootstock combinations. Annals of Botany,
76(1), 97-102. https://doi.org/10.1006/anbo.1995.1083

Bijani, F, & Madandoust, M. (2023). Comparison of chemical composition and biological activities of Dracocephalum
moldavica L. shoots in different regions of Fars (Southern Iran). Journal of Essential Qil Bearing Plants, 26(2),
378-385. https://doi.org/10.1080/0972060X.2023.2187263

Cakmak, I, & Horst, J. H. (1991). Effects of aluminum on lipid peroxidation, superoxide dismutase, catalase, and
peroxidase activities in root tips of soybean (Glycine max). Physiologia Plantarum, 83, 463-468.
http://dx.doi.org/10.1111/j.1399-3054.1991.tb00121.x

Dar, T. A., Uddin, M., Khan, M. M. A, Hakeem, K. R., & Jaleel, H. (2015). Jasmonates counter plant stress: A review.
Environmental and Experimental Botany, 115, 49-57. https://doi.org/10.1016/j.envexpbot.2015.02.010

Davey, M., Stals, E., Panis, B., Keulemans, J., & Swennen, R. (2005). High-throughput determination of
malondialdehyde in plant tissues. Analytical Biochemistry, 347, 201-207. https://doi.org/10.1016/j.ab.2005.09.041

Farhangi-Abriz, S, & Ghassemi-Golezani, K. (2018). How can salicylic acid and jasmonic acid mitigate salt toxicity in
soybean plants? Ecotoxicology and Environmental Safety, 147, 1010-1016.
https://doi.org/10.1016/j.ecoenv.2017.09.070


https://doi.org/10.22092/ijmapr.2020.342501.2761
https://doi.org/10.22077/escs.2017.357.1070
https://doi.org/10.1007/s00299-021-02763-9
https://doi.org/10.1080/0972060X.2023.2187263
http://dx.doi.org/10.1111/j.1399-3054.1991.tb00121.x
https://doi.org/10.1016/j.envexpbot.2015.02.010
https://doi.org/10.1016/j.ab.2005.09.041
https://doi.org/10.1016/j.ecoenv.2017.09.070
http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

VECF o $0 o led N F W alS 5 5,18 5 dul YA

Farooq, M., Wahid, A., & Lee, D. J. (2009). Exogenously applied polyamines increase drought tolerance of rice by
improving leaf water status, photosynthesis and membrane properties. Acta Physiologiae Plantarum, 31, 937-945.
https://doi.org/10.1007/s11738-009-0307-2

Garcia-Caparros, P., De Filippis, L., Gul, A., Hasanuzzaman, M., Ozturk, M., Altay, V., & Lao, M. T. (2021).
Oxidative stress and antioxidant metabolism under adverse environmental conditions: A review. The Botanical
Review, 87, 421-466. https://doi.org/10.1007/s12229-020-09231-1

Garcia-Caparros, P., Hasanuzzaman, M., & Lao, M. T. (2019). Oxidative stress and antioxidant defense in plants under
salinity. In: Reactive Oxygen, Nitrogen and Sulfur Species in Plants: Production, Metabolism, Signaling and
Defense Mechanisms. (eds. Hasanuzzaman, P., Fotopoulos, V., Nahar, K., and Fujita, M.) Pp. 291-309. Wiley
Blackwell. https://doi.org/10.1002/9781119468677.ch12

Ghanati, F., Morita, A., & Yokota, H. (2002). Induction of suberin and increase of lignin content by excess boron in
tobacco cell. Soil Science and Plant Nutrition, 48, 357-364. https://doi.org/10.1080/00380768.2002.10409212

Ghassemi-Golezani, K, & Farhadi, N. (2022). The efficacy of salicylic acid levels on photosynthetic activity, growth,
and essential oil content and composition of pennyroyal plants under salt stress. Journal of Plant Growth
Regulation, 41, 1953-1965. https://doi.org/ 10.1007/s00344-021-10515-y

Heath, R. L, & Packer, L. (1968). Photoperoxidation in isolated chloroplast kinetics and stoichiometry of fatty acid
peroxidation. Biochemistry and Biophysics, 125, 189-198. https://doi.org/10.1016/0003-9861(68)90654-1

Hoque, T. S., Sohag, A. A. M., Burritt, D. J., & Hossain, M. A. (2020). Salicylic acid-mediated salt stress tolerance in
plants. Plant Phenolics in Sustainable Agriculture, 1, 1-38. https://doi.org/ 10.1007/978-981-15-4890-1_1

Hosseini Farahi, M., Dastyaran, M., & Yosefi, F. (2017). Effect of polyamines (PAs) and humic acid (HA) on growth,
yield and concentration of mineral elements in shoot and root of strawberry. Iranian Journal of Horticultural
Science and Technology, 18(2), 209-220. DOR: 20.1001.1.16807154.1396.18.2.8.3

Kashchenko, N. I., Jafarova, G. S., Isaev, J. ., Olennikov, D. N., & Chirikova, N. K. (2022). Caucasian dragonheads:
Phenolic compounds, polysaccharides, and bioactivity of Dracocephalum austriacum and Dracocephalum
botryoides. Plants, 11(16), 2126. https://doi.org/10.3390/plants11162126

Kaur, H., Hussain, S. J., Kaur, G., Poor, P., Alamri, S., Siddiqui, M. H., & Khan, M. I. R. (2022). Salicylic acid
improves nitrogen fixation, growth, yield and antioxidant defence mechanisms in chickpea genotypes under salt
stress. Journal of Plant Growth Regulation, 41, 2034-2047. https://doi.org/10.1007/s00344-022-10592-7

Khan, A., Kamran, M., Imran, M., Al-Harrasi, A., Al-Rawahi, A., Al-Amri, |, Lee, I. J., & Khan, A. L. (2019). Silicon
and salicylic acid confer high-pH stress tolerance in tomato seedlings. Scientific Reports, 9, 19788.
https://doi.org/10.1038/s41598-019-55651-4

Kordrostami, M, & Rabiei, B. (2019). Salinity stress tolerance in plants. In: Plant Abiotic Stress Tolerance:
Physiological, Molecular, and Biotechnological Approaches. (eds. Hasanuzzaman, P., Hakeem, K. R., Nahar, K., &
Alharby, H.) Pp. 101-127. Springer Verlag. https://doi.org/10.1007/978-3-030-06118-0

Lotfi, R., Abbasi, A., Pessarakli, M., Rastogi, A., Kalaji, H. M., & Alizadeh, K. (2024). A comparison of jasmonic acid
and salicylic acid-induced salinity stress tolerance in safflower plants, particularly on sodium (Na) and potassium
(K) nutrient contents. Journal of Plant Nutrition, 47(4), 515-528. https://doi.org/10.1080/01904167.2023.2280125

Lotfi, R., Ghassemi-Golezani, K., & Pessarakli, M. (2020). Salicylic acid regulates photosynthetic electron transfer and
stomatal conductance of mung bean (Vigna radiata L.) under salinity stress. Biocatalysis and Agricultural
Biotechnology, 26, 101632. https://doi.org/10.1016/j.bcab.2020.101635

Maham, M., Akbari, H., & Delazar, A. (2013). Chemical composition and antinociceptive effect of the essential oil of
Dracocephalum moldavica L. Pharmaceutical Sciences, 18(4), 187-192.

Mallik, S., Nayak, M., Sahu, B., Panigrahi, A., & Shaw, B. (2011). Response of antioxidant enzymes to high NaCl
concentration in different salt-tolerant plants. Biologia Plantarum, 55, 191-195. https://doi.org/10.1007/s10535-011-
0029-3

Mishra, P., Mishra, J., & Arora, N. K. (2021). Plant growth promoting bacteria for combating salinity stress in
plants-recent developments and prospects: A review. Microbiological Research, 252, 126861.
https://doi.org/10.1016/j.micres.2021.126861

Ndiate, N. I., Saeed, Q., Haider, F. U., Liqun, C., Nkoh, J. N., & Mustafa, A. (2021). Co-application of biochar and
arbuscular mycorrhizal fungi improves salinity tolerance, growth and lipid metabolism of maize (Zea mays L.) in an
alkaline soil. Plants, 10(11), 2490. https://doi.org/10.3390/plants10112490

Nimir, N. E. A., Zhou, G., Guo, W., Ma, B., Lu, S., & Wang, Y. (2016). Effect of foliar application of GA3, kinetin,
and salicylic acid on ions content, membrane permeability, and photosynthesis under salt stress of sweet sorghum
(Sorghum bicolor (L.) Moench). Canadian Journal of Plant Science, 97(3), 525-535. https://doi.org/10.1139/cjps-
2016-0110

Noor, J., Ullah, A., Saleem, M. H., Tariqg, A., Ullah, S., Waheed, A., Okla, M. K., Al-Hashimi, A., Chen, Y., & Ahmed,
Z. (2022). Effect of jasmonic acid foliar spray on the morpho-physiological mechanism of salt stress tolerance in
two soybean varieties (Glycine max L.). Plants, 11(5), 651. https://doi.org/10.3390/plants11050651


https://doi.org/10.1007/s11738-009-0307-2
https://doi.org/10.1002/9781119468677.ch12
https://doi.org/10.1080/00380768.2002.10409212
https://doi.org/10.1007/s00344-021-10515-y
https://doi.org/10.1016/0003-9861\(68\)90654-1
https://doi.org/10.1007/978-981-15-4890-1_1
https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.8.3
https://doi.org/10.3390/plants11162126
https://doi.org/10.1007/978-3-030-06118-0
https://doi.org/10.1080/01904167.2023.2280125
https://doi.org/10.1016/j.bcab.2020.101635
https://doi.org/10.1016/j.micres.2021.126861
https://doi.org/10.3390/plants10112490
https://doi.org/10.1139/cjps-2016-0110
https://doi.org/10.1139/cjps-2016-0110
https://doi.org/10.3390/plants11050651
http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

Y4 ...(Dracocephalum moldavica L.) g 5l K560 58 Sliw 5 Al 55 oeliS 5 gl

Pai, R, & Sharma, P. K. (2024). Exogenous supplementation of salicylic acid ameliorates salt-induced
membrane leakage, ion homeostasis and oxidative damage in sorghum seedlings. Biologia, 79, 23-43.
https://doi.org/10.1007/s11756-023-01554-9

Patterson, B., Macrae, E., & Ferguson, I. (1984). Estimation of hydrogen peroxide in plant extracts using titanium (1V).
Analytical Biochemistry, 139(2), 487-492. https://doi.org/10.1016/0003-2697(84)90039-3

Rasheed, F., Anjum, N. A., Masood, A., Sofo, A., & Khan, N. A. (2020). The key roles of salicylic acid and sulfur in
plant  salinity  stress tolerance. Journal of Plant Growth Regulation, 39(5), 1891-1904.
https://doi.org/10.1007/s00344-020-10257-3

Raza, A., Charagh, S., Zahid, Z., Mubarik, M. S., Javed, R., Siddiqui, M. H., & Hasanuzzaman, M. (2021). Jasmonic
acid: A key frontier in conferring abiotic stress tolerance in plants. Plant Cell Reports, 40(5), 1513-1541.
https://doi.org/10.1007/s00299-020-02614-z

Sairam, R. K., Dharmar, K., Chinnusamy, V., & Meena, R. C. (2009). Water logging-induced increase in sugar
mobilization, fermentation, and related gene expression in the roots of mung bean (Vigna radiata). Journal of Plant
Physiology, 166(6), 602-616. https://doi.org/10.1016/j.jplph.2008.09.005

Saleem, M., Fariduddin, Q., & Castroverde, C. D. M. (2021). Salicylic acid: A key regulator of redox signalling and
plant immunity. Plant Physiology and Biochemistry, 168, 381-397. https://doi.org/10.1016/j.plaphy.2021.10.011

Salimi, F., Shekari, F., & Hamzei, J. (2014). The effects of salinity and foliar application of methyl jasmonate on the
rate of photosynthesis, stomatal conductance, water use efficiency and yield of German chamomile. Iranian Journal
of Field Crops Research, 12(2), 328-334. https://doi.org/10.22067/gsc.v12i2.22635

Sanchez-Romera, B., Ruiz-Lozano, J. M., Li, G., Luu, D. T., Martinez-Ballesta, M. C., Carvajal, M., Zamarreno, A. M.,
Garcia-Mina, J. M., Maurel, C., & Aroca, R. (2014). Enhancement of root hydraulic conductivity by methyl
jasmonate and the role of calcium and abscisic acid in this process. Plant, Cell and Environment, 37(5), 995-1008.
https://doi.org/10.1111/pce.12214

Sheteiwy, M. S., Shao, H., Qi, W., Daly, P., Sharma, A., Shaghaleh, H., Hamoud, Y. A., EI-Esawi, M. A., Pan, R., &
Wan, Q. (2021). Seed priming and foliar application with jasmonic acid enhance salinity stress tolerance of soybean
(Glycine max L.) seedlings. Journal of the Science of Food and Agriculture, 101(5), 2027-2041.
https://doi.org/10.1002/jsfa.10822

Tabatabaei, S. J. (2006). Effects of salinity and N on the growth, photosynthesis and N status of olive (Olea europaea
L.) trees. Scientia Horticulturae, 108, 432-438. https://doi.org/10.1016/j.scienta.2006.02.016

Taheri, Z., Vatankhah, E., & Jafarian, V. (2020). Methyl jasmonate improves physiological and biochemical responses
of Anchusa italica under salinity stress. South African Journal of Botany, 130, 375-382.
https://doi.org/10.1016/j.sajb.2020.01.026

Takeuchi, K., Gyohda, A., Tominaga, M., Kawakatsu, M., Hatakeyama, A., Ishii, N., Shimaya, K., Nishimura, T.,
Riemann, M., & Nick, P. (2011). RSOsPR10 expression in response to environmental stresses is regulated
antagonistically by jasmonate/ethylene and salicylic acid signaling pathways in rice roots. Plant Cell Physiology,
52(9), 1686-1696. https://doi.org/10.1093/pcp/pcrl05

Teakle, N. L, & Tyerman, S. D. (2010). Mechanisms of CI~ transport contributing to salt tolerance. Plant, Cell and
Environment, 33(4), 566-589. https://doi.org/10.1111/j.1365-3040.2009.02060.x

Wang, Z., Dong, S., Teng, K., Chang, Z., & Zhang, X. (2022). Exogenous salicylic acid optimizes photosynthesis,
antioxidant metabolism, and gene expression in perennial ryegrass subjected to salt stress. Agronomy, 12(8), 1920.
https://doi.org/10.3390/agronomy12081920

Weatherley, P. E. (1950). Studies in water relations of cotton plants, the field measurement of water deficit in leaves.
New Phytologist, 49(1), 81-87. http://dx.doi.org/10.1111/j.1469-8137.1950.th05146.x

Yadav, S. P., Bharadwaj, R., Nayak, H., Mahto, R., Singh, R. K., & Prasad, S. K. (2019). Impact of salt stress on
growth, productivity and physicochemical properties of plants: A review. International Journal of Chemical Studies,
7(3), 1793-1798.

Zayed, B. A., Salem, A. K. M., & El-Sharkawy, H. M. (2011). Effect of different micronutrient treatments
on rice (Oryza sativa L.) growth and yield under saline soil conditions. World Journal of Agricultural Sciences,
7(2), 179-184.

Zhan, M., Ma, M., Mo, X, Zhang, Y., Li, T., Yang, Y., & Dong, L. (2023). Dracocephalum moldavica L.: An updated
comprehensive review of its botany, traditional uses, phytochemistry, pharmacology, and application aspects.
Fitoterapia, 105732. https://doi.org/10.1016/j.fitote.2023.105732

Zorb, C., Geilfus, C. M., & Dietz, K. J. (2019). Salinity and crop vyield. Plant Biology, 21(1), 31-38.
https://doi.org/10.1111/plb.12884


https://doi.org/10.1016/0003-2697\(84\)90039-3
https://doi.org/10.1016/j.jplph.2008.09.005
https://doi.org/10.1016/j.plaphy.2021.10.011
https://doi.org/10.22067/gsc.v12i2.22635
https://doi.org/10.1111/pce.12214
https://doi.org/10.1002/jsfa.10822
https://doi.org/10.1016/j.scienta.2006.02.016
https://doi.org/10.1016/j.sajb.2020.01.026
https://doi.org/10.1093/pcp/pcr105
https://doi.org/10.1111/j.1365-3040.2009.02060.x
https://doi.org/10.3390/agronomy12081920
http://dx.doi.org/10.1111/j.1469-8137.1950.tb05146.x
https://doi.org/10.1016/j.fitote.2023.105732
https://doi.org/10.1111/plb.12884
http://dx.doi.org/DOI: 10.22034/14.66.17
https://jispp.iut.ac.ir/article-1-2118-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-13 ]

[ DOI: DOI: 10.22034/14.66.17 ]

VECF o $0 o led N F W alS 5 5,18 5 dul A

Improvement of growth and physiological traits of moldavian balm
(Dracocephalum moldavica L.) by foliar spraying of salicylic acid and
jasmonic acid under salinity stress conditions

Majid Rajaie 1", Abolhasan Keshvarz 2

! Soil and Water Research Department, Fars Agricultural and Natural Resources Research and
Education Center, AREEO, Shiraz, Iran
2 Soil Science Department, Islamic Azad University, Darab Branch, Darab, Iran
(Received: 2024/09/14, Accepted: 2024/11/12)

Abstract

One of the important challenges of agricultural production is the growing trend of salinity stress. In recent years, the
pseudo-growth plant hormones have been used to reduce the adverse effects of salinity stress. This research was
conducted in the form of a factorial completely randomized block design in 1401-1402 at Darab city. The first factor
was four levels of salinity, including 0, 25, 50 and 100 mM of sodium chloride in irrigation water and the second factor
was foliar spraying at five levels, consisting of control, salicylic acid 0.5 and 1 mM and jasmonic acid 0.05 and 0.1
mM. Results showed that an increase in salinity level caused an increase in the content of sodium, chlorine and ionic
leakage and a decrease in the relative water content and chlorophyll of the leaves. At 25 mM of sodium chloride, foliar
application of 1 mM salicylic acid caused a 19% decrease in ion leakage and a 13% increase in relative water content of
leaves. In salinity of 50 mM sodium chloride, foliar application of 1 mM salicylic acid and 0.1 mM jasmonic acid
caused a 6 and 10% increase in shoot dry weight, respectively, compared to the control. Also, 0.05 and 0.1 mM of
jasmonic acid increased the root dry weight by 10 and 14%, respectively, compared to the control. In fact, the effect of
jasmonic acid and salicylic acid in improving the adverse effects of salinity was partly related to the improvement of
physiological traits in saline conditions. Also, it seems that the concentration of 0.1 mM of jasmonic acid and 1 mM of
salicylic acid performed better under salt stress conditions.
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