[ Downloaded from jispp.iut.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23222727.1402.12.56.20.4 ]

FYY-Y\0 amivo VFeY slaob] OF olad NY W o AL 5 5,18 5 unl b
AR o 3] T Al B A

N5 5 et gd (g3 Shas Sl Sy 5 dleg s A ke 5L
Soss s oo (Mentha piperita L)  Jals gl

Y‘SJUL«'\Q' W K) -:;e\)xfw :3‘: a\QLJ'B)‘ c‘fJS
Q‘ﬁ‘ ‘J'L:’J'*"J ‘Q\fja}h alﬁ.ﬁ‘.‘. ‘;?":"b cl..a 9 djjjus 0SS gu,.tl..ﬁl.a ("1.9 e‘gjg !
Ol e mles sy O 5o o885l colin o 25581 55 0 (DB ol 5 a5 pwdigo 0 S (350L0S 0y ST
(CARAVAL VAV TR W BN SAVAA AL S ISP 1))

oS
ol eS| S i 0 S a s S 5 S (SNP) by g2 s S (o0 250k | SlS IS 50uis 4 conl Glodes 5 (g 58
by b 5 J1 Gl ol aallls 5 Gde ayls S OWLE s gilamS| 15 S s fge OlanST BT Sy Olsiss oS
ghns olS 0350 3lgn e DS 5 B s S NS il s ol (Kse (S O o g paS L Aleg s e
SIS 5 VP s Gbel s g Sled ol OSL Slideg as )5 5l A s el ler slapsn, el il
e gclle LSNP JI i fags cnl 5o Ad plaadl 5SS 4w b Solas Wt T B s St e 4 08 5 (&I
S gl olS e 0550 S 5 S S il s ol (K oS O o sl sl el U gedes 1Y 5
S Psbe olas ag 5l 238 15 Lol ssse (e L4 Ugeihn Vo VO DY YO o skl L) (o508 S Cow
P b 4 Jate (558 B S5l S oBas Gl o)las s s Sl S pluld S s S el SXles By,
230 58le 5 bl (s 3550 YN ST 15800 5 b Jolo (glaesls A oslizul HP - 5 § i b Agilent 6890 Jus (GC/MS)
R A plowil () 45e3) SAS Sl58lp 5 51 oslitl b (suad 5 5 (P <0/00) Ad alio Loy5 0 (5,15 fne pelaws )3 LSD G030 b
S Jlazl s 53 JBg S pilas g 5 oS (Kis e oS T d Slse G055 5 Ml 20 ke GSen p STl 0L
Ol gy 50 g0 sben /Y Aol a3 2015 OUgn s V00 (5555 sk 534S 315 0L ol dan s @B 2 s Ll Ao
o fse slge i JSE5 OS5 5 (ol 313 SR, (S gl Jg A8 lus gl g ol (Kb s do)s VEVE 5 YAVA
Voo Gosd sl 53 (VF/Y) Jgme jlade op iy a5 Conl Jl s cpl Sl falS gy 50 Ol il b Jgme e
RISl Loy g 5 o 51 o3l 315 OLES ol S, by A adalia JUge b +/Y dolag g A o 358 b U s o
W el LSt Sz A B a gde 088 S Cod Jse dlex Gl oise OLS S s M gl ol a)
Sl GalS Cx ey ST BT el Gl Ssl S O e sl SRl el 5l blag ps S e 5L sl

B §oph 5 o LOT (o 350 5 M gl olS Joous I3 4 5 5 55T SISl

BLST S 2 Jud g IS il 8 Sy O s (g 500 1 5olS el

Samsampoor@hormozgan.ac.ir : S s 2SI Cas  SLis (J jos okinw 55°


https://dorl.net/dor/20.1001.1.23222727.1402.12.56.20.4
https://jispp.iut.ac.ir/article-1-1721-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23222727.1402.12.56.20.4 ]

VEOY Jlu OF o)led NY Wi alS 5 S,IS 5 a3 v\$

Wb pers MWL 4 e g0 RS s 28
Shodsbe ol mho 3sb e il 456 Glacd b
Slad S50 Ol o OLS Lo s 0T 5L & a5 L 456
LS o i delasl Lal i s OXleedis gl obs
.(Kumar et al., 2017)
eS| S eiSla,y oS 5SS kb st e
5oy el s 4 Oldae Jise Gl s S
sy e b3 gl s O3S by O W
S slels, (Floryszak-Wieczorek et al., 2006)
Jolge Lo O gLl b 5 56 desls odins 51 S
Lile Lacptis s 5 bdss cowl o) SKul e odals
Lo g 0LS 3 48| S x5 .ol NADPH 5 NADH
Floryszak-) 535 o0 Mg epld 5 oupl  aws
S5 ol 0868 ol gt (Wieczorek et al., 2006
5ol OpmSles b et Sl Ul 4 by
.(Wendehenne et al., 2001) .ol J 55 s> o s,
O S 3 AlST S i o 38 a8 el yasila
Sung and Hong, 2010; Hossain et al., 2010; ) s,ls &
ST S xs chle 4 ol @l Ll ((Xiong et al., 2010
b osd a o denST S0 e S350 (S
e A 5 GleSI T sl & i el
(Mishraetal., 2011) ol ol o315 & ROS 23
Sl 2l Cardse 5 1pas] Bl 5l 01l 5siS
o gimn Ol bl s g 5 SC osls OLLS LS s
S Ao VIV ssas Ol s sl Ll 55
0 sy og Llesls WK 0 ol 1 5siS IS Coles
L oioslis iy oo eslial 5550 lacpe) 51 Asys O
i sy 0o 2B L opd JShe b il b
el L b gl (Askary et al., 2017; Li et al., 2015)
«ke> ;I Lamiaceae ol ;1 Mentha piperita L. _.le
(2als Solas O Lulul & ol (g lans 5 sl LS
Wildung and ) s)ls Slsl o milig 5 bl olis

o Olgx s O bl @l G s 5 (Croteau, 2005

Ao dle
L OLlS S50isS anug S Sl Slodas i (55
Osdea Ave 51 i Lo 45 A8 033 paesis (S o 3 5udme
Cod 4 5 13 gysd sbosu g5slEs sl 5l ke
5sbie bla 1y ol Gl US 5l dwys Yo Ui s
vy Ao O s YO o B cons cpl 5, 0 ]
Sosorp &S Sl Jame Gla 15 o Segell (S 055
Flowers, 2004; ) &S oo Jive Ol ol por 53 1y e
03 Sl Jels (6,55 A5 (Munns and Tester, 2008
5 Oy e ciloe S ke 5 3 slaanl
LS ke L Jpame 5 alg 5o 5 Sl S5 D
.(James et al., 2011; Rahnama et al., 2010)

(ke SRS 5ol S Dol pde Sl gopd
3 s Rl d ke 53 1) el 5 pedS (s IS
olliass s Gb Ol e 5 IS 0L e Zsl,
oseb 53 b s el Ao SRS b )sd s s
s (Diasetal., 2017) &S o Joses |y Jgeaes 55 camalS
3,008 o e 56 olS wy ool Dol s JUast sl L
ladul 3 5 otd OLLS wlu s sl pae ol s
Ao Sl es 1 0balS plerdse 5 SUSsss
ede el UL S oo b ol (Yeoetal., 1985)
s S Sraml A ) R 5 lades ol
Banerjee and ) .5 o LS 3 (sdas slge ol 5 A,
Sas a8 456 slacd sl (Roychoudhury, 2017
S Deee b S8 Ol S0 el SIS 4 Ay 53 ol
Akula and Ravishankar, ) acs lag 2als L olssl o ol
OlS bl s 35 LS 5 &S sk 3,08 (2011
Neffati ) 1S o 513 558 5 Slbces Jslize sba
S S by ol S Jess (and Marzouk, 2008
JS oS Ui 5 S5 il ol s oty
odezeny Dl 3 5 31 AU et ple iS5 554 e
Aboss o osh 4l sbodabe masn ool

‘)l} ";-MJ..)J}) J’A‘)’c E) Lh(".’.)'ﬁ castmM t_ﬂ.l.:m 6L¢Q5


https://dorl.net/dor/20.1001.1.23222727.1402.12.56.20.4
https://jispp.iut.ac.ir/article-1-1721-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23222727.1402.12.56.20.4 ]

TV b g (g3 Shas S S 505 5 hlos 35 ook G

Q‘)KAA K] bLﬁ,l

Shs Cod OLS (S Gl G 5as VO 5 S sl
A S5 g

Cliv (s e o2l sl 5l e atis an
Ritchie et al., ) S, Ol i glyme aile 54550
Rivero et al., ) [, S ule,l 5 Syjee (1990
dge SonS 5 CehS el Sl s Seslas s (2009
A plsil olS 6 55

A eslaal gules g 5l Jske ojlas 4 Sl
by e s Six BB by 5 wle 5 oS S,
s (B0 e L) SISl eels 3 O sea ol
P SOV JECIEARE SNV 3 ZRRE
s YY los jo aids 55 50 100 Copn b K2 s
Y osled edly Blo o8 3l a5 A eals 3 51 S sl
oo b (5065 oaas Sl eslas Ladis (gl A 03l e
L eslinal 518 mle amys 00 (sles 5 aids 55 yss Voo
Ol b 33 5 plonil 518 Sl a3 YO 051 L3 ol Ladis
A (5l0aS 51 S Sl a3 ¥ gles L sy s oialesl

s 3l oylas 53 ssmse LS 5 Sl Cyg
(GCIMS) o o e & Jome (538 315 5l S
s ks s eslanel HP - 5 (g L Agilent 6890 Ju.
YO Sl b Calies 5 e T Usb ey Koo /0 05
GEYD oo L pels by IS 4 el 58 s s S
5350 s 0 SVl Opmliige G55 5 pale
daimes gles 5 YOCOIMIN s L YF=52°C 51~ asli
ool OLS 5 olask Oley Sheslinal bs sy YY°C o) 58
eSS b bzl ol alie 5 o b (TN)
el 4 Cond Sbuls )5 3550 OBl L 5 5lk]
ol oS dops d LBl sl s JSUS LS S
Ll S5les S 0 e s dmls b 5 iS5

3,50 YOO L) )lj-_élm.} Sheslial b ol (slaesls
Oyl b palie S0k 5 235 13 (bl o 5 435

SeS 5 i dhex Sl B Ve s
Dpe Wgme 4 Olgp M plad Slll edas S0
S5 S 3y el O gl s J ST K 0158 55
S bS5 ale ol Slal i ediS ns Tl ol
sl by danssigls fold sl o 3l olS ol o
Lowa S 5 Gl a8 (P edden e
o= asdlls 31 Gas (Mahmoud and Croteau, 2003)
o2 Ll i i baes Gopd S5 A Al
3 Js S Glesb oS (Ko oS O e Sl e

Wl (Jils plnd oS 0 550 3l g0 e DS 5 F

L B9, 55l
Sl asye L ML el (g Sl Sl slaes s
> SIS oson Tl a4 Sld oS 0L
sl S ﬁt?al Vi dle s 085 oKl wlsdS
ae b st Wls b 6 s oS bl ) gl
QS Mpke Vor 5 VO 00 T Gio) syt e
o) glaclals b blag s i i s w5 (e
s e o A Ll LSS a3 Glge oo /Y 50/
13358 5 anle (o3 St au g OIS Tl (s cois
sde Jler s 4 lapsn 5 A VTP S a ey
Ol B (g 38 Sl VA CL&SJl PRIV RPN NTC S
308 s ek 4l (AES b ole 55 48 6lS Al b
36 s O ie as bl Of I e Ve L 0L s
Sl 05y Ol Glaie oulal s o Lol ¢l
Skt eslizal JB Cugb, doys Ve s e O350 olug
.(Sepaskhah and Bazrafshan-Jahromi, 2006) . (.l;,;,l
ke T LS S Jb sl s 8 oS 1) 5l g
Lals 0l was abd ke Ll s 20 ol Jsloes
o o oo 35 2 e e T 3 aslicd L
Sty 5 OIS o & ) Jue Ve Ot s LIl o L
A O e csle YY G plmil SLSS 5as 4w


https://dorl.net/dor/20.1001.1.23222727.1402.12.56.20.4
https://jispp.iut.ac.ir/article-1-1721-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23222727.1402.12.56.20.4 ]

VEOY Jlu OF o)led NY Wi alS 5 S,IS 5 a3 VA

b L S5 5 Dl gt Ll g mde 5 Gosd S ekl e o) o

Sla e Kl

4;.-))

Srcl Gl JJS Gl (Supe 3l

AARVAL COYEARE ARV Y Ll s b
YEY/ANFE o/ FVEE \A7AA R f Sos
YYa/4y* eV VAIRY*# A Gosd X ol s 28 s
a/\¥ EERRYe V/¥0 v ialesT e
A7AN V/80 \via - (1) & s s 0

Boon et al., 2013; ) L3 oldlas L ol ) oS
403 ey (Camilios-Neto et al., 2014
S ol laasily s IS il sl 5 olS (S e
(Eopd Jole A4S s 0l ) Jsde s ap s
5olS (S O Blie s Lleg s e
Aoy S Jlel a3l plia 3518 il b5
sl 0L Laosls Kol amlia s () J5) 35 ls sias
oy o Sl gl oS s S ppie &S
Sos 5 Ao Soxs o 5 SUse s Y Al s i
S 5 (BT 5 V) Olpesy e LUpele YO
e oyl pds 4 Ly (YW 5 YO/0Y) Ol
el o Use e Vor 5 VO ()58 b 5 Ll s 2
Usn oo Voo (oo sk 53 a8 sl Ol Sle s lis
YAVA Ol Ugedee /Y las s i mde 3,8
(0 JS8) sy gl 1 Sl i oS St
ol i oS ols OLES Laesls (S0l il gl
gl 53 SUse e /Y dolis s 5 e 30 55 b IS
sz pde 53 Ulye eSS 5 (10AY) Olsens Jho (6555
Olgeeas SUse boe Vo (sosd 5 (Wall) dilus s 20 ks
23 0L S0le amlis ol (pizman Ad odalin (+/7A)
53 U Y Llig s il gl Ll s &S
Olymeas Jds A uiluy b JUgs s Vor (658 sk
e s lS (Y S SSl SalEl Asss VEV
adllas 5 o5 N kil Cad Wl s s

i cudlg «(Ye))) Asafova 5 Boyatshinov

j(P <'/'O)JJ4H.\._1LE.A J...a)JO 6)5‘5&.&&.«)} LSD

bl (/) a5ed) SAS 13l 5l sslizal | (suuact =

o g s
Aot s s i oo 1S g 2l b Sl
oS S Ol ol Glyme p Llas st 5 o Bl
Sposbsgme Aoy S Jla da.d 0> ks gl
QISPRED)

Sy it o 5l DL Losls il lie b
sedee *N dlos s 2 el 2,55 o S ol o
Oljpe op S 5 (o3 AY/FA) Dlsmar Jio (5050 lame
Soss gl 53 S s Jio Ll s 58 e ) 5l 3
aolis @Lﬁ Oeomen S edalis (Ao 0F/8F) Voo
Y Lles s e spas 3 &S sl Ol S0l
St 2l Sl (G SRl s b i el
P S Ol Ragn cnl 53 () IK2) S0y Rals
ookl na s e 308 L god S e s
(‘ﬂ'\"'“ (] oS esls OLES @b) 34 ol 5,5@;!.»'!
OLS 3 denSt St Sl S 5 S b s 20
ol cosls L5l 1 4SS 55 Olee gy S
Lilo (5 jomsl (slaodiS S e SHeSI ST Glag 5T
S O omd Slgme a3 5305 SRl 1 oy
Llas g %0 b ek ol s e e Aulssl g i

M);Mqﬁﬁsbﬁ\plbfjgiwdlfou


https://dorl.net/dor/20.1001.1.23222727.1402.12.56.20.4
https://jispp.iut.ac.ir/article-1-1721-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23222727.1402.12.56.20.4 ]

M pbedsd (53,8 e S5y » dlag s i e SU OKea 5 0L

100, 2
cd t_)}c d —E)?d be cd
] 5 e
‘ﬁ‘ 80 g efg = ?E_g . — feh ui gh
Tﬂ = | —=— _] —
.13 5\ 60
‘_]- st 40 A
'l;
b4 20 A
0 - T T T T 1
0 25 50 75 100
S35 5 il

Vee g VO 00 YO he) (supd S5 5 GUgsie /Y 5 /Y o) wles s pe e pSen p T 5Rike amlie -\ IS
ch.« 25 G sme DUl wlin Gy > (gl,ls ‘5‘-“05{3\7‘) WS Ll s s CLau o5 S, ui s Glgo p (GUgs

.(.L;J‘.L; MJJ c'n.; JL&:"

a
45 - a a
40 1 . t_zif cde cde.E. de ©d of
AR - iy b 7] o e
\{, % 25 - . i
[a T
v, @ 20 -
b 15
10 -
5 -
0 n T T T T 1
0 25 50 75 100
S il 7 gla
b [ ) D'.'\Ju._-'n..u_,nﬁ_gj“.._.‘- D'_-'\'Ju._-'.._-_,nﬁ_,nj“.._.'-
g;z i cd_af'_ _:_ . _af'_abc jaf_bc abe pe de cd
3 0/7 - f d £
4 E 06
L os -
2 04 -
2T 03
0/2
0/1
0 - r r r . )
0 25 50 75 100
Sops il - ylan

Yoo 5 V0 O (YO ufbﬁ) Soss 5 9 ()U_’ﬁL;L‘_J (VA PRV ‘}d.ﬁ) J.g\-wjﬁ:jﬁs r.i.\.w ‘;.'.Q«Aﬁ ;| U.:i:k.a 4 2o Y J.i..’&
Sls sms DUl wlie By o slyls s Kile) LS Lyl 53 Adls pls ol b5 JST il 66 5 olS K o (U g s
(J.;)‘J.; M)é@d\m}‘thﬂ).\


https://dorl.net/dor/20.1001.1.23222727.1402.12.56.20.4
https://jispp.iut.ac.ir/article-1-1721-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23222727.1402.12.56.20.4 ]

VEOY Jlu OF o)led NY Wi alS 5 S,IS 5 a3

Y.

\KK ‘5\’0 O (YO ;M) 6)}3&3'JLWC}EMMJLAL§&L~ eL:g e;}a b‘y Q%S}j%b}ﬁ}jf r.;_.\..« ;‘—Y d}.\>

QU e
OUsaben) o5 25 ‘
Y Ll s s Y Al s 5 e Jals ¢
5

\ X o YO Voo \ o YO Voo \ [ YO
- \#/AV - - - /vy V/VY ARVind FIEA Y/0) - - - RYAN} AZAR A
A+ Y/A? - - V/a0 - - o/vY NAZN \/EA \/OF /Y /0. - VYO B
- - - +/NY Y/YY - YNY (A%4 Y/YA VJAY \VAR) \/Y \VANS Y/\Y V08 C
- \O/EA - /e YOY V0T VE/20 VYV WA FI0¥ ¥/07 Y/VA Y/IAV VO/YY V8/P4 0 YV YY D
Y/YV A7AN Y/VY S/AY VXY VIVY \ZAn1 /% VPIAMN YV/AQ \/YY \/0F \&/5 \VAn% VY E
- Y/ - - Y - Y/as - Y/N$ - - \/eY - VA F
VE/Y. - V/eY - V/INS - - - - - f/Yv \ AR - [dARd G
/4. - - - - - - - YIAS - - - Y/YA %% H
/0. - /YA - - - - 7/EY VEYY - \Y/YY - YY/VY VYV /eY |
VE/Y - \Zial - \VY4 - - - - - f/vv \7AN] - [dARg J

: Cyclohexanol, 5-methyl-2-(1-methylethyl)- (CAS)

: MINT FURANONE 2

: 2-Hexadecene, 3,7,11,15-tetramethyl

19, 12, 15-Octadecatrienoic acid, methyl ester, (Z,Z2,2)
:NEOPHYTADIENE

: Hexadecanoic acid (CAS)

: L-(-)-Menthol

: CAMPHOLYTIC ACID METHYL ESTER

I: Phytol

J: L-(-)-Menthol

IOTMUO®>

Bl alS osd A ol (RIBIL o O nl o
5ol il ms sl o dste Olpe &S J s
Useshee Vor o5 Slas 5o VT dsme Hlide o 2y
Lo edalie SUse Jo /Y wlas g o ke 28 L
Szl 50 fse slse 2 oss Scdd= s (Y Jsix)
5 sl gl b clew ol Saw 0T sl
R T P O P C g FR K e
ols alS (gl B 1) (5)58 o pee D 5 anils oS (55,
o O RS s Ll s mde Sl
o Ay oSl Olsisay a5 Olusely Jols Ol poa
sladpbe s Ko 5 oS oy e SaSdl
Goyal and ) 55 o 030 2lsn sas, e Sl a5
by g 25 b 5,8 eemes (Ramawat, 2008

e:\JJ\JEJ;‘L?@J sz il 4 ol slacd gl (gl gims

OLen 5 Lei yooman das iolssl | c.).;f S Jeb s AS
s i et SUgs s /Y S SIS L (TeeY)
e kS S s 03 b s IS o 5 S
L 25 5)8 img ooy, o o3 S 518 1)
s sl yiluenST 25 Bl 53 ege bl i
oo e s st R s besSs ol el
2 Al e oS Al ke 3 e R L ek,
2ot baalS Al 5 et el 4 e ol
e oS5 J= gl L .(Netondo et al, 2004)
3 g e Ut 5lesT pl 55 sl eslizad Ayl s 20
S slans) i blie 53 Loy, 4 ool 2alS ol
La> 5 5 (Nasibi et al., 2010) o3 so Clodloes LaamalsS
AL axils g5 i bae 550,
sdas LS5 OS5l (ol t e bl DS S

J)S::JlSl cﬂﬁ LQ‘)}.‘)):«G ‘uj:ov‘ ‘Jj:.«.aﬂdw})‘ eJJ}a J‘ja


https://dorl.net/dor/20.1001.1.23222727.1402.12.56.20.4
https://jispp.iut.ac.ir/article-1-1721-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23222727.1402.12.56.20.4 ]

T pbend gt (g Shas S S5 p dles 3 ek G

Q‘)K«A 9 CJ‘J:J‘

Demes 5 osd s NS bl (S el
Il Gl s b plad oS e 5 sl pe (et
Soz 53 Olseides 0/V) Ll s i e Ol
S s B a IS 523l I Glss s V0 e)
o 5 Al mte G3bdsbe Sl ol L]
shadls il Sl S Ol el Gl (1S
53 5T Gl ol 2alS O e 5 SlhenST 3
S a0l e 350 5 Ml il oS oo (513 e

g (G gh S

eL:f Lﬁiﬁ)b LgLAg_,..;SJS ;Sfu osle Qb.&ﬂu .,\.:‘j:daﬂ\.gg;.w‘
.J)J)ng GLMJ:L;‘AL&CLA}

S 2S4S
oo Ol e Sialesl cpl Sl edal Gl glaasl 4 ax 5 L
b S Sas baw g alinll (gHs a5 5 5 blozdl
PLY 3}‘;’6‘ ‘-;Ll.k_e CL«N o[.:f “ &Lh@)l.w;- JL;;}" o 48
SISt 5 5 05eST Sl ma 4 by ye Ul
)U‘}AL;L:A o /Y 9 o/ )LA:\: cemdw‘ dLﬁ)Lo.:; O )‘ S|

LS Ugaidken Vor 25 Bl pd s (o il A5

Sp ool o Glsme I Ca e dnlls e

C‘;t"’

Akula, R., & Ravishankar, G. A. (2011). Influence of abiotic stress signals on secondary metabolites in plants. Plant
signaling and behavior, 6(11), 1720-1731. https://doi.org/10.4161/psb.6.11.17613.

Askary, M., Talebi, S. M., Amini, F., & Bangan, A. D. B. (2017). Effects of iron nanoparticles on Mentha piperita L.
under salinity stress. Biologija, 63(1). https://doi.org/10.6001/biologija.v63i1.3476.

Banerjee, A., & Roychoudhury, A. (2017). Effect of salinity stress on growth and physiology of medicinal plants.
Medicinal Plants and Environmental Challenges, 177-188. https://doi.org/10.1007/978-3-319-68717-9_10.

Boon, E., Zimmerman, E., St-Arnaud, M., & Hijri, M. (2013). Allelic differences within and among sister spores of the
arbuscular mycorrhizal fungus Glomus etunicatum suggest segregation at sporulation. PLoS One, 8(12), e83301.
https://doi.org/10.1371/journal.pone.0083301.

Boyarshinov, A. V., & Asafova, E. V. (2011). Stress responses of wheat leaves to dehydration: Participation of
endogenous NO and effect of sodium nitroprusside. Russian Journal of Plant Physiology, 58, 1034-1039.
https://doi.org/10.1134/S1021443711060033.

Camilios-Neto, D., Bonato, P., Wassem, R., Tadra-Sfeir, M. Z., Brusamarello-Santos, L. C., Valdameri, G., Donatti, L.,
Faoro, H., Weiss, V. A., Chubatsu, L. S., & Souza, E. M. (2014). Dual RNA-seq transcriptional analysis of wheat
roots colonized by Azospirillum brasilense reveals up-regulation of nutrient acquisition and cell cycle genes. BMC
Genomics, 15(1), 1-13. https://doi.org/10.1186/1471-2164-15-378.

Dias, M. P., Bastos, M. S., Xavier, V. B., Cassel, E., Astarita, L. V., & Santarem, E. R. (2017). Plant growth and
resistance promoted by Streptomyces spp. in tomato. Plant Physiology and Biochemistry, 118, 479-493.
https://doi.org/10.1016/j.plaphy.2017.07.017.

Floryszak-Wieczorek, J., Milczarek, G., Arasimowicz, M., & Ciszewski, A. (2006). Do nitric oxide donors mimic
endogenous NO-related response in plants?. Planta, 224, 1363-1372. https://doi.org/10.1007/s00425-006-0321-1.
Flowers, T. J. (2004). Improving crop salt tolerance. Journal of Experimental Botany, 55(396), 307-319.

https://doi.org/10.1093/jxb/erh003.

Goyal, S., & Ramawat, K. G. (2008). Ethrel treatment enhanced isoflavonoids accumulation in cell suspension cultures
of Pueraria tuberosa, a woody legume. Acta Physiologiae Plantarum, 30, 849-853. https://doi.org/10.1007/s11738-
008-0190-2.

Hossain, K. K., Itoh, R. D., Yoshimura, G., Tokuda, G., Oku, H., Cohen, M. F., & Yamasaki, H. (2010). Effects of
nitric oxide scavengers on thermoinhibition of seed germination in Arabidopsis thaliana. Russian Journal of Plant
Physiology, 57, 222-232. https://doi.org/10.1134/51021443710020093.

James, R. A, Blake, C., Byrt, C. S., & Munns, R. (2011). Major genes for Na* exclusion, Nax1 and Nax2 (wheat
HKT1; 4 and HKT1; 5), decrease Na* accumulation in bread wheat leaves under saline and waterlogged conditions.
Journal of Experimental Botany, 62(8), 2939-2947. https://doi.org/10.1093/jxb/err003.

Kumar, J., Singh, S., Singh, M., Srivastava, P. K., Mishra, R. K., Singh, V. P., & Prasad, S. M. (2017).
Transcriptional regulation of salinity stress in plants: A short review. Plant Gene, 11, 160-169.
https://doi.org/10.1016/j.plgene.2017.04.001.


https://doi.org/10.4161/psb.6.11.17613
https://doi.org/10.6001/biologija.v63i1.3476
https://doi.org/10.1007/978-3-319-68717-9_10
https://doi.org/10.1371/journal.pone.0083301
https://doi.org/10.1134/S1021443711060033
https://doi.org/10.1186/1471-2164-15-378
https://doi.org/10.1016/j.plaphy.2017.07.017
https://doi.org/10.1007/s00425-006-0321-1
https://doi.org/10.1093/jxb/erh003
https://doi.org/10.1007/s11738-008-0190-2
https://doi.org/10.1007/s11738-008-0190-2
https://doi.org/10.1134/S1021443710020093
https://doi.org/10.1093/jxb/err003
https://doi.org/10.1016/j.plgene.2017.04.001
https://dorl.net/dor/20.1001.1.23222727.1402.12.56.20.4
https://jispp.iut.ac.ir/article-1-1721-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23222727.1402.12.56.20.4 ]

VELY Jlo OF oyled AY W alE 5 SIS 5 anl YYY

Li, Z., Yang, H., Wu, X., Guo, K., & Li, J. (2015). Some aspects of salinity responses in peppermint (Menthax piperita
L.) to NaCl treatment. Protoplasma, 252, 885-899. https://doi.org/10.1007/s00709-014-0728-7.

Mahmoud, S. S., & Croteau, R. B. (2003). Menthofuran regulates essential oil biosynthesis in peppermint by
controlling a downstream monoterpene reductase. Proceedings of the National Academy of Sciences, 100(24),
14481-14486. https://doi.org/10.1073/pnas.2436325100.

Mishra, S., Jha, A. B., & Dubey, R. S. (2011). Arsenite treatment induces oxidative stress, upregulates
antioxidant system, and causes phytochelatin synthesis in rice seedlings. Protoplasma, 248, 565-577.
https://doi.org/10.1007/s00709-010-0210-0.

Munns, R., & Tester, M. (2008). Mechanisms of salinity tolerance. Annual Review Plant Biololoy, 59, 651-681.
https://doi.org/10.1146/annurev.arplant.59.032607.092911.

Nasibi, F., Manochehri Kalantari, K., & Khodashenas, M. (2010). Effect of sodium nitroprusside (SNP) on some
biochemical characteristics of tomato seedlings (Lycopersicum esculentum) under drought stress. Journal
Agricultural Science Nature Research, 16, 2-16. https://doi.org/10.22058/JPMB.2022.561653.1262.

Neffati, M., & Marzouk, B. (2008). Changes in essential oil and fatty acid composition in coriander (Coriandrum
sativum L.) leaves under saline conditions. Industrial crops and products, 28(2), 137-142.
https://doi.org/10.1016/j.indcrop.2008.02.005.

Netondo, G. W., Onyango, J. C., & Beck, E. (2004). Sorghum and salinity: Il. Gas exchange and chlorophyll
fluorescence of sorghum under salt stress. Crop Science, 44(3), 806-811. https://doi.org/10.2135/cropsci2004.8060.

Rahnama, A., James, R. A., Poustini, K., & Munns, R. (2010). Stomatal conductance as a screen for osmotic stress
tolerance in durum wheat growing in saline soil. Functional Plant Biology, 37(3), 255-263.
https://doi.org/10.1071/FP09148.

Ritchie, S. W., Nguyen, H. T., & Holaday, A. S. (1990). Leaf water content and gas-exchange parameters of two wheat
genotypes differing in drought resistance. Crop Science, 30(1), 105-111. https://doi.org/10.2135/
cropsci1990.0011183X003000010025x.

Rivero, R. M., Shulaev, V., & Blumwald, E. (2009). Cytokinin-dependent photorespiration and the protection of
photosynthesis during water deficit. Plant Physiology, 150(3), 1530-1540. https://doi.org/10.1104/pp.109.139378.
Sepaskhah, A. R., & Bazrafshan-Jahromi, A. R. (2006). Controlling runoff and erosion in sloping land with
polyacrylamide under a rainfall simulator. Biosystems Engineering, 93(4), 469-474.

https://doi.org/10.1016/j.biosystemseng.2006.01.003.

Sung, C. H., & Hong, J. K. (2010). Sodium nitroprusside mediates seedling development and attenuation of oxidative
stresses in Chinese cabbage. Plant Biotechnology Reports, 4, 243-251. https://doi.org/10.1007/s11816-010-0138-z.

Wendehenne, D., Pugin, A., Klessig, D. F., & Durner, J. (2001). Nitric oxide: Comparative synthesis and signaling in
animal and plant cells. Trends in Plant Science, 6(4), 177-183. https://doi.org/10.1016/S1360-1385(01)01893-3.

Wildung, M. R., & Croteau, R. B. (2005). Genetic engineering of peppermint for improved essential oil composition
and yield. Transgenic Research, 14, 365-372. https://doi.org/10.1007/s11248-005-5475-2.

Xiong, J., Fu, G., Tao, L., & Zhu, C. (2010). Roles of nitric oxide in alleviating heavy metal toxicity in plants. Archives
of Biochemistry and Biophysics, 497(1-2), 13-20. https://doi.org/10.1016/j.abb.2010.02.014.

Yeo, A. R, Caporn, S. J. M., & Flowers, T. J. (1985). The effect of salinity upon photosynthesis in rice (Oryza sativa
L.): Gas exchange by individual leaves in relation to their salt content. Journal of Experimental Botany, 36(8),
1240-1248. https://doi.org/10.1093/jxb/36.8.1240.


https://doi.org/10.1007/s00709-014-0728-7
https://doi.org/10.1073/pnas.2436325100
https://doi.org/10.1007/s00709-010-0210-0
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.22058/JPMB.2022.561653.1262
https://doi.org/10.1016/j.indcrop.2008.02.005
https://doi.org/10.2135/cropsci2004.8060
https://doi.org/10.1071/FP09148
https://doi.org/10.2135/%20cropsci1990.0011183X003000010025x
https://doi.org/10.2135/%20cropsci1990.0011183X003000010025x
https://doi.org/10.1104/pp.109.139378
https://doi.org/10.1016/j.biosystemseng.2006.01.003
https://doi.org/10.1007/s11816-010-0138-z
https://doi.org/10.1016/S1360-1385\(01\)01893-3
https://doi.org/10.1007/s11248-005-5475-2
https://doi.org/10.1016/j.abb.2010.02.014
https://doi.org/10.1093/jxb/36.8.1240
https://dorl.net/dor/20.1001.1.23222727.1402.12.56.20.4
https://jispp.iut.ac.ir/article-1-1721-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23222727.1402.12.56.20.4 ]

T aberd i (0 Shes sl Sy dlesps s mde U O, 5 0L !

The effect of sodium nitroprusside (SNP) on functional, phytochemical and
physiological characteristics of peppermint (Mentha piperita L.)
under salinity stress

Kolsoum Arshan !, Davood Samsampour !, Hossein Pasalari ?

! Horticulture Sciences Department, Faculty of Agriculture and Natural Resource, University of
Hormozgan, Bandar Abbas, Iran.
2 Agriculture Department, Production engineering and plant breeding group, Minab Higher
Education Center, University of Hormozgan, Bandar Abbas, Iran
(Received: 14/05/2022, Accepted: 29/11/2022)

Abstract

To investigate the effect of sodium nitroprusside (SNP) as an effective antioxidant and its optimal effect in reducing
oxidative stress in peppermint under salinity stress, an experiment was conducted in 2021 in the Hormozgan University
greenhouse in a completely randomized design with three replications. In this study, the effect of two levels of SNP as a
source of nitric oxide (NO) release with concentrations of 0-, 0.1, and 0.2 mM sodium nitroprusside on the parameters
of relative leaf water content, plant greenness, chlorophyll fluorescence, and active ingredients of peppermint under
stress salinity was evaluated at concentrations (0, 25, 50, 75 and 100 mM) of sodium chloride solution (NaCl). The
results showed that the effect of the interaction of sodium nitroprusside and salinity on the relative water content of
leaves, plant greenness, and chlorophyll fluorescence was significant at a level of 1% probability. The highest relative
leaf water content was observed in the application of 0.1 mM sodium nitroprusside in control (94.48%) and the lowest
in the presence of 0.2 mM sodium nitroprusside in control (56.66%). The results of the mean comparison showed that at
100 mM salinity levels, the application of 0.2 mM sodium nitroprusside increased plant greenness and chlorophyll
fluorescence of peppermint by 29.78% and 14.70%, respectively. Many of the active ingredients, including menthol,
decreased with increasing salinity stress, while the highest amount of menthol (14.20) was observed in the 100 mM
salinity treatment of 0.2 mM sodium nitroprusside. In general, the results show that the use of sodium nitroprusside
increases the growth and secondary metabolites of peppermint under salinity stress.
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