[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

YV VAY i VEF slacoigns,l 5 opsss 08 ayled M M (aLS 5 S, 5 anl
https://doi.org/10.22034/13.59.193

Lol b8 5 Shas (sliorl 5 5 Shas 5 by Slho Loyl b b 3L s LT

S8 5 A g > (Camelina sativa L.)

'S s 5 TS Sl 15 e
Olpl Ol s gpls ol&ils ((355LES ke ads o
5 3ol liios Olojlu (LI, Dl aub wlie 5 (55,5LES 35000 5 Sl S 0 (BL 5 (£ pke Dl o]
Ozl ol «$509WS s 5
OF X0/ ol oy ol VFOY/Y/Y 0 1ol s 5,0)

oS>

& o5 A e gl 3 LS Wl 3 Shes slizl 53 Shes ol U Bhd sl 3T s Be b LT
35 S o 4 amnyl S e s sipky oI 53 VEY ol)5 b s 1SS 5s slas WS £ b al y bsSU Oy
£33 55SU 5 (o p ieasoms Y0 5 10 i) mhw 4w 55 ap)l axbys OF b (gr58 25 dl 586 as 12 5L gl
2oy V0 5 ¥ 6558 G 0ls DL gl o g (ald 5 G 5y ottt el ) el Dl 00 Lol b (o2 shoe
Sl (o3 ¥V 5 ¥) ) oo (Y 5 ¥R) ady; Kt O3 (Aops ¥ 5 18) adyy b Slho o5 4 ald b 4l 55 0
Sg A 5> dgmS slias (A3 YV 5 1) D S0 chale (do)s W 5 OV) @ S8 e (s Y 5 70) S O (i
B33 Sals 1y (s Vo g YA) sy 3 Shes 5 (Az )3 V0 50Y) &ls 5 S (Ao 30 5 ¥0) &l Vo 355 (Ao 5 YO 50Y)
Sbdone ad (An Fr 5 ¥F) S oy chale 5 (A)s F5 5 08) Adguy,8 chale (o) £ 5 VY) S slos Sl bl sl
Ver 855 (hoyn YE 5 YFOYFP) gy o 50 g 2100 5 (ol gl pul b deylin 53 o S0 5 koo el (el & (S
A a ol A8 gyes S gl SRals Gl g sl il 1 (Aeys YV 5 A FA) &ls 5 Shes ((daz )3 VY 5 VY (YA) &l
Sl 255 2N Nl Lol b b (S b gl 3505 1) fio p peier g V0B (5508 15 4 Jaou el olS s o

Bl o S Tl S 5 kel olS 5 Shes 5 A, (A 3 5

sjﬁdbbcuijchwﬁxu&%m‘c&m‘!éwbw

S oS il gl Ll o oS b S8 4o dle
oS opl 3550 55 IS Slellbl (il gdr |Sie adams Gy ol 5,8 s 4 (Camelina sativa L.) LS
30 35 s o Lile 0k b o la 5 4 s o Gl 2lis Glae 5 s Sl gzt o g
Jlo K alS LS (Hosseini Sanehkoori et al., 2022) Gl olS ol ol ol wld g sE, 4l Olge @

e_gholinejad@pnu.ac.ir : S5z Sy 5L 0 fame 0dins 57


https://doi.org/10.22034/13.59.193
https://doi.org/10.22034/13.59.193
https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 Va¥

S 35 ol el 5 el & Ol5 e Lol
Sl 03530 b s e el 5 pde el b
35 ol N e e % dransel sl S
S 3255 o sten I = Jom 53l = ol Ja g5 Js 5 sl
PR T WO S RS R ORPCEE
5> (Guo et al, 2018) 543 0 a4 (ol S5 S
Arabidopsis thaliana L e olS L ise 55 als
Sl ol (S5 om0 @) (ol 375 e
st s 4 Blazml o 355 0 s IS 0 2 51 2y
bl gl Coabes bl sl S Jols s
RUSSO ) 3 8IS oo sl U 2L shows G b 51 o552
e el Sl el esls OLAS (and Reggiani, 2015
3 St Glacaul 28l L1y (sosd sl sla
Ll ab g e 05 Ol Asle LaolannST ol clles il sl 5 b
OLlS i) 55 5 Lol s IS (golrle S lSG o
o> .(Wu et al,, 2018) s o a8 g e Ll S s
s sdias U Sl S pn 0l gl Ly UL
3ok 53 SIS B s Bl LS 5 Ol
Lls A5 Jem el 53 shisa osed 5 Ay sladnl
Olse & bl L L 2L sle (Saravi et al., 2021)
Camellia ) slx olS Jomo il Gl ) S e
Sogs a3l alie Jase gl 25 ol 5> (sinensis
ol 5 G e el (XiONG €t A, 2018) L 5 oo 3Lt
LS o SaS ) b o5l 53 oS Ceglan 4 a5 o
ibd sl gm0 &S WK e ol (Talaat, 2020)
s o eSS Olge 4 Ll e s e las
055 o 31 L s el (Talaat et al., 2022a) LS Jos oS
s s Shoe 5 slle Sl pls Jb 0381 sl S
Gl g gals (Gl = SesS ol L (g5t g
515055 Osmosasid sk Ul (s Sl Rl
G e S5 s, g w0 T Ul e s
Jesly (Geng et al, 2021) das o ialS |y olS anvss

P 4.:;—\.@ JALS)}.EMJ}.& Lilfi)stﬁlﬁﬁagf;ﬂu

5 Gl Ga S 4 (a0 -AD) obS S e L
Sl o O oslg 455 5 ol ol alis OF jlies
» sl (Kurasiak-Popowska et al., 2020) .l o,
OLS Ol peames 53 58 e K Olge a4 LS oS conl ol
s s el 5 B0 Cpe sl s ol Ul
s 4l olS SO Ol Sl 5l S ol a3 S Lise
(Sydor etal., 2022) 555 c.is
ol 531y 2l Sl game SHs0 0 s B b @
"\'SLS‘ S gl g,<,:.>4.¢._..: 9 S éjélmd SEESTRIY QL@;—
YU V) LSk ous 45 (Moghaddam et al.,, 2023)
[ J})Lfa )Lk.bl E) CM‘ d;‘.wﬁ J“‘iTjj &:s. (JL.» DL -.L.ﬁ).)
oy S A s O Osls caws 3l Eel YrOr JL
Iy sl s sty s, 5s (Akbari et al., 2020) s,
5 SSdnr bt (IS Dl Kb
SalS 4 e 4 AS e ool OLLS s Ui se
Younessi-) 353 0 SlUgame S 5 > She
sl 3l e 5 i [(Hamzekhanlu et al., 2021
5 Al Sistdas 5 S Gble s Ol (g5slis
Looss byls 5 JLsSes Sl s 5 oud Sl b S
S o8l ol ol .(Bencherif et al., 2015) das o iol531
e Sl Gosd 4 olS feos (Il sl i 5,
ol

23 Lol 5O el 5 b el (e
S der JT G055 L bl L zes Jle olalS
S eSS i Ll sy OLS (kS aen 3
S b o S cd oS IS O35 L a0
oMY S b sk e Jold gad gddy glakyl 3
il gla S5 4 s 3T I ‘S)JCQ'- wlie
dye 4 Gosd U4 el 0 s Gosd U ohisw
»> (Kusano et al., 2008) &S o Jos 25 il odiS Lidss
S 5285 55 s ook 5 Ol 0 1) S OLS

ol WS 5 S5 50T 53S0 S5 iyl i3 S


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

V40 s Shes 5 by Sliw ol o b Sbd g 5T

Ql,&.@ 9 J‘}'»‘)S

V:(FC—Hm)prxDRomxA
E.

FC cnslo o 2 bl Sl o VUL Ui 3
LOM (ol o b o s St 555 byt
00) ol 5l U3 S S5 Cusbs Ao f L MAD
S g alh osase 055 Pb (U 4B § L s Aoy
e okt bl ol A (nSe e Sle 0 S)
Ll o aly ) ane 5 Goo DRoot 5 a0 50

OIS a4 T Y bl S 5s bl
As ol 5,05 5 s Olppe bl 0l Ls3 5 A3 03l
sl S oo 4 osd ledd 25 55 = [FERT
L oS s S5 sy sl s sk ol sl S
Soss Sl e 5 LAS (5Ll S (6553 sbls O
S 3 s Gusd Olpe Sibosl OLL L5 Lus Jles!
Gl s sl cal cllee i (6, Sl laglals
CEAN e p el T 5 V0 st A5 el
Ll .3 S el 1F) Jle slesls 2 VY 5 YY YF
Vdsd o Ll s eslizad 5,50 S ol 5 S
sl o el

O o (8l 5es 0§ S 03I 5 0k oy p lies
5 gl oS Jlsl 5 a8 A 5l dn 18
S o Bl an g AT S 5 a) S5 5 S a5t
soesS e (sl Sob s Seesla Sl 1l S 5
5 St (Srally &S 55 Ous wdad Sl ey (S Slakad
Sladad (G305 s L5 S Jaza il o &
L s @3l5 b e S ol slacand 51 S S
YE ot w0 S olabd o 5l LdE s UL s
- Bl s ¥ gles 3 el OF (5l b 05 el
3 ey CLM\ G- 4 B s esls L3 sy 3 ol S
S 1l el g (I lak > e ol OLL
s QW) gLl O35 Olye 4 055 ol A 055 sdame
A Sde o (DW) it 05 dasloes Cgr badd 5ol .5 S
=, VY sy L osl s el

o3lital b S Ol o (gl gtmes LS o213 513 51 S sl

LS oibdshome 5 oy o Gun b andlas opl 1o
Sliv wisy Slosar (i, Slie » bpwl L
2 Lals olS wils s Shas liml 5 5 Shas 5 S5 55508

55 ol 5555 5 e

TP
a gl el o&ils L3 VFee b a3 Shlesl
S8 e 4 3l Ll A wb 2 Josst oo
L oosd 55 slesd s Ll 1SS a5 5l VY L SIS
33 T N0 Gho) e e ol ang )l axlys O
Sl 53 Lol b S sl Sleg s o
b sl GUsehon ¥) ol L i plone o
D min bbb Olake V) e
lesl Olej a8 55 (bl pde) ol 5 (Ugs oo
5 S s amalS wn Sl Gl ae (S ibd o
23 faemme 52) JUSS Sas ae o (S ol Al e 4 Oy
B (e 12

L oesys o Lol S giluestel @l ol s
bl 1) ol anle 5 by 58 5 S O T e
Lol & 5l clis 2885 gl a5 SLOIUS & 505 5
A S 5T Glea s 5 Kad Blul oy eld Flos
SeSAS L e S L0 S 5l de DS 8 035
b b e 3 Sl P plil 5 Yk gl
Vo ol 4 OIS 8 w5 enys] s w1y OIS s el
el 2 e o3 S LSl Sager Al 505l 58 0
56 DM 5355 (35 wos 5 S e O el
Ol oo o (ol 5 2ed OS5 Sub) o 4 355
oo LhelS Sl ciS gy s wlal LolS <ol
Il olodidnad V¥ 500l 3 (o)ler ) o SL1) g
Sl a s i8OS e s S Ve
548 5 LOlS Sl g mle S Ges 53 sl
Lir Gp 4w 5 S8 g aw Wy JolS Sl 5l aa s
Alizadeh, ) 5 b, @gwwujmgd\ﬁ A
‘3 eslizal (2000


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 Va8

&Lﬁ}‘ BL) oalaiw! 3,40 S ui‘e*:‘i‘ éﬁs QL_«#}&)‘ u?'ﬁ—\ J}-*’

< Llua M)J J\}A-Lp)) . _ » ) L
H M“ L ey ae O e Jes S s, HEAS
p x - ol p b i
Sl & o i (opm)
(ds md) )
V/YA /8y AR \& Y \0 Yy +/AA Ls"‘jgf‘“)_(’}S /) YAV %

2 Bl Gl by IS glaclale il eslina e by Sl

L3S e S e S 8 538 Js S S e s
OFer ol By o sa)

Chla= [12.7 (Dygz) — 2.59 (Dgys )] x —

Chl b=[22.9 (D5} — 4.69 (Dgez )] x ——

B8 Jlasl 5 adlS - o 5l a1 8 g chale

1000 =W

3 PS5l eddag Wl Sl esliad b g slasles
A s bl el Oy b oS olS sl UL AL
GSo3Nl S s chle s (S 5l S sl s
G e o 5l S  Gle e 5l S s S
Lol dops ¥ dsloe e V03 5 e S 03s G
U RCIT Ren bl U oex S jns Sl gl s
Y ooled ails Lilo BB Sl eslind b1 Juls bl
bl A ke Y e 4 pliS e 5l 5 e S Glo
T oalS las 5l A sk e dE el JUi
JolS Szl deed 2 Joo ¥ 5 cpsdoninb O pme 2] s
03 olel gldy) alS gan Ao e s s S WL
5 LA esls 13 IS Sl am s Vv sles 55 (ol
STy ad g 5 en sl Ogm | e ol S5l s
A TS a3 O plas s ey
Sob &S 25l e S5 K o ol o g8l Sy
osliial s Sl G s el s s s
oSaws 3 5 andlsy QUL U Sl peme SlAie 33 8
o el OV maadsb s g esls D13 e syl
oS PAS LS ey gl e nl D3 S el
okl 2o 5L OYr gadsb 53 s, slassllinl s
@y oy skl o sleslaad U s s cbale el
L3S et S S 055 eSS deihe 2o

AFer GBI 5 i) AS a5 dal; )

:(Wikenz and Norfolk, 2010
_Wf-Wd
T We-Wd
5038 WF oS O e glgims RWC UL el s

RWC X Yoo
el S gLl 055 WS 5 Sy S 055 WD (S
LY BY Slele s asyp 3 i Sy Jols sles
AZ 6l Cotla MAR Jis 53 Ossle les ) eslinal
LDy a3l il S T S A S eIl Ol b
e YO a5 b epe 5 b e S Sl dolas 5k
Sy oS 55l 5 g Salis (g me mle Yo B YO alsls
5 o tde) b a8 Sk Wl 515 el S e
OFer sl
s ,lS chle St gl 1S AS sl Chls
O ml le s eslial (Lichtenthaler, 1987) =4,
ose 5 sl oS Jlasl 5 adlS Al e 5l s
A VL Sy a JlS S Gle cand Sl S Y
aids Vo 5l e g S edole e Ol s TAY Ol
Toedsb o3 (IpM) wids 55 jas ¥ore Ce i b Sak le
L g (Osal) dals €gad blis 55 Lol Gl e gl YVe
(0WJT Hettich =L Universal) e g5 sl oKws
Sleslaad b gus cdor Aoy nd 51w 5 S okl g
A anlee MY G FW 15 b el 55,18 clale ¥ alal

100A,,—1.82Ch,—85.02C
C(x+c)= A 1933 h,

a sl s IS chle o Soslul cgr  fdyg A chale
wj;&&fﬂcgdlﬂfﬁjlvﬁﬂd}fﬁb)

Sl Bolad jsb w6y e UL slacwnd 5l asl
Q&A:J‘j%ﬁ)ubwr;&iugﬁdlﬁﬂw’ 3


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

VL Ses g gl Olaw p Lhutai‘_;‘g b b g ,;S‘U

Ql,&.@ 9 J‘}'»dls

A IS e e 5 43S S0e T S e

S e L oS gl Ll e 5 Shes
335 ey e 03 S S| ls y JgeS @il
RPN ISIRY

3 e o s Sas il s Sas tcdls 5 asli
3 S il Ao s Oy sty

38y Jaad pledl Sl e tads ) ety Ol gt
o) e GRSl gl OIS Sl Wk s S ool
T I S S S T A VU =i
ey el 3 eld bl O Ol
Kesahvarznia et ) 1s8 55158 €4 55 oS e ol
.(al., 2014

03,5 ol 5 Ay b ol S e kel 4y, J b
O jead 5 S Sl plpal 51 da bade, QIS 51 aiy
oo S el e e S 25 bl slesl Bl
el

Shadey 055 pobt 5 Al Juad pladl Sl dey tady; s
S EE b S s adyy s hus Caed Sl OIS
S S el e s

los jo Celu YF Gl 0 1) adin ) tad ) S5 03
S5 383 S35 L e w3l 13 051 5 am s Ve
R

MATATC ; (/) a5es) SAS gl 5l eslial L
55 (Tukey) S5 0530 Jaw s 50 ba Sl anslie ol
Gk S plesls Gy Al el Aoys g e
SPSS ljsle 3 31 eslizal L Wy sdel sy 5 lect
oels aglie e 5 ol Jos 4 (ol Jids (VF ad)

A ol

&;u;@b’.a
v ml e igh, Slhe g Al Ol g
5 Goss o5 Ll ele gl 3 aS sls Olas bl

LolS winy 3 o ol ime b bl o b 5L slous

Il ot b O e 4 (gl (Bates et al., 1973)
Sl Al 2 s Yo 1 kel dand 280 V/YO
4 ool Bos S e 515 Jols bgloee o580 JLllS
P S el I Jor T e 258 o el 3 057
Cole Y e w1y ol sl 5 35580 Of 4 U4
335 0 K Jlriyy 3 ol

SIS n e AW A Sl e 1Sy ol
poaal, il S ool 5 Spos by cad
:(Quarrie and Jones, 1979) . (s ,.So;lLl

Sy llue=Jdsbx 5,6 x /YO

Sl LS olS s, b lel s w g gl
Bl Glgsl b ai oo 51 20 5l eslind b plis ) (60500l
ol fos 4 (8ol re e G 23s Lol

03 4w &S LS cils sl e iy gs Sy sliss
oS 53 e sbapdl 85 LS slad 55 OIS s
oK 05 5 53T glsn 5o LS -3 8.0 8 5l
385 G335 g e 5 S b b 4SS
e Sy

sohe 4l Ao 05y o Shes ell oo Shes
5 Ll oS w5l de Wil Ao U5 gl
L8 kel o LBV LSS Sler ond 058 )l s
5 dmlons osla G 035 L G35 5315 b WOT O35 e
NV UV P DRI PEPEN I APCL LS < W

P s a3 2570 Sl il 5 Ko
SN TIRRESINILY

el sbas JpeeS Ve aliad 1 g 2 50 Ails slus
g a3 alls sliws 5 Obsl (85 4w) OIS a5
A S G Sle gl ) e s ik

L sb 4 G Ve e A 3 S Sl
Sy JaeS Bl 5 Ol (G an) OIS a5
A S G Sle gl ) e s ik

ol elas jsba JgeS V0 Blae 1 peeS Jgb
SrS el Skt b J S I sk 5 Sl (455 ) OIS


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 Y4A

LalS 55wty 5 sy Slio  bagmel o b 5L ghons 5 (g0 5 sla 31 pilsly a2 =Y Jpu

Sl e 0L
J_}la I W SJ.!JU\:J Cw)l S \_,Q,;'-Q)j _ J:.::JCLA
_ e bs aisy s (sl

4..:;;»‘) Jf 4..»}; DL 4..»}; A 4..:;._:“)
VEVEEE L OF/YATE AT YOF R v ey ATty S S
\\/(\YAH& \Y//\V** ~/~~\‘f ns '/Y/\ e \./v\c ns X '/'Q £ ./..Y-.*Jc-i}c- v JJJLIJ

s AT o/eeyans A AAVAR S VATRL VKR § S VARt th 7 sl x (6550
/20 /5T ey e VAIYO  e/eeqn /0N VessYA XY bl gl
AEYAA VO/VY ARVAR NY & Vv /08 YV/YA AR AYY - (1) Sl juss o 2

C.'—-m" J«—,ﬁ)b o 9 \ JL‘.}"‘ ch.ﬂ BL 6)‘)@# “5)‘39;.‘“ c-‘.ﬁ “7".‘;}34'3 * 9 i I3

ns

Lol )3 ady ) Sl goas 5 (505 Dlid » Waopol b b (BT shons 5 ()8 25 a3l gla 31 0 S0be amlis ¥ gk

) < 5 glis| e gy S 055 iy kb
G 53 S pslaas _ Jles
(e 5l) (S o 5lu) (¢,S) (e sla)
Sogs 3
1Y/AQ @ f5/\5 a '/VYb N VAT RS .
q/vy b FA/QN b o R Yo TAM o
K ¥$/Y0 b V/FY D yYe YV P Y
il ks
AE: - /FY D A AR ol
Va/yy @ - pea «/V YER Ot e
1+/av - $/04 @ H/¥YE AL b !
Ve/oY @ _ LoV @ 00 Y R

TCI .Lp,:()ch.‘ﬁ S5 03051 wlal p ol gme Olasl J36 Bl S 2 55 S e O S 6o s Kile

W S5 1 s ol G b g S i ols
L S p ibdsles ,5l= oy, 53 .(Boorboori, 2023)
L LS olS alyy Sk oS s pden el e
s Sl s ol Rl lens VY 54 0 L e
V¥ 0 00) o pshe b (S ar S w6
S Gl Bl L aS Cl sl 218 50 (e eies e
O @B LS L3l ol pme Sl alyy kS 50 U
(Abdoli et al., 2021) 5 Is illas Guiss
oslo sl gl Gl aps Jsde bl Sell
S 035 ¢ boeel b b Sk 5 6050 S5 e

e ey e V0 9 Y (6560 Cla.N Y Jsas) s
¥ oVP s pal adas Skl (ouss 0o Dl b anglis o
5 Sosd Ok Dles e (F dsdx) disls LalS s
Al ol e Dl g e e V0 ()50
B LblS Josd als das e 0L5 &5 25 edalie aly,
655 i I L Ll cl oy s 1D (6553
35 My ol pre ralS ady) Jl3 (e e 1)
Jo 4 5 el aney oS ladiss) st SRS Bl il o
aloy Al 5 asl malS s Olhe (38 SUsls Jials

sl Ul s Sl b b G bl Sl el B ge


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

V44 s Shes 5 sy Sl ol o b sbd g 5T

Ql,&.@ 9 J‘}'»‘)S

.(Abdoli et al., 2021) s> calas

Sosd 55 sl iloia e b ol ey
6)},.2 ij&w (Y J)J}-) S )‘DJM L.:LAS 45};. Cw)|j
(Sosd Ok slad baslie 53 e elagj s 1O 5 Y
u;.;;;]ﬁbjf oLS 5 a5 Wsls ‘JLM;),”QJQJ Olaises (¥
Razig ) 42 olS plissl [l Cel (58 23 Ll il )
C,.FL: 6)}.\2 L):M; JL@.}‘ L§J'<i" B L (et al., 2022
Al-Mushhin, ) @ Ly olS gl iRl Esl )5
(2022

boanslie 53 2o eimsdomd V0 5 T (6558 = s
&ASM}JW}YQ %ﬁb‘)dﬁ)b&fﬁ}‘@‘gg\ku
Loy \‘\j\‘v‘\\/wfmbdjyj.)gfs\.bﬁ‘J:.w);ﬁ
L wbjjbu ks lea.ﬂ O Y Jed) sls ulzil)_é\
v.:...h.EJ DNA VM"'E; SRR Jmu an.al‘jlg: i sdalise
)J&f}\.)\.xjﬁ\f‘jcl:gw;:;gv\.&)%@))}é%
«OlS 0 59, i s (Nandy et al., 2022) . ,ls < s
53¢ G s el b Gk b sl 1alS
23S ol o A5 Jal s s 5 A Ok lal
s (Khoshbakht et al., 2018) sl (s ls sme Jaul58l & s
d:j}d DL k:a.wl L’wa L.g_!_ L L}j}& u.:‘ DL LA LSLA“J.‘BL L’
Lgﬁrl.idjbw‘ts&:md‘ ol JJ‘J;J'“J’;M(SJJ (5)<’i>
sy Gl Jals oS sy € s S sl e el
.(Ramadan et al., 2022)

eSan g ol gla J1sls OLaS bl a4 o
Slsmn b bl b ksl 5 )50 S5 e

S p ol op i (no el b 2L ke 5 25 05

S 03 e (Y dsds) ss s o LS iy
OF S 5 (8 I0F) S5 05 slasd & b e 4y,
39 (05 TY) e p eaieed Y0 ot 4 by
Dopmelh b sl 12 5o s (7 Jox)
Lo obdsle 5l Cdi i aly) e p 2S5 0 i
Sl (o5 /0 ibd sl pds 5 (¢ 5 4/00) (e S
S5 e ol S 5y lesl s (Y i) A
s ol Eol (o e VY 57 /) (o5
ol el el b (S LSl 5wy, S
Talaat et ) »)ls Cdlas Godos opl b b aS A3 O 2l 53l
Gl 0l 55058 (=.J..:§ S BN Geims s .(al, 2022b
Yoo 5000 e D Y0) (5opd i il gl oS
Al S O3y el el (i IS U e s
@ o 5 RS ) o8 Sl e el b 2L sle I
sk, KEF 05 oRIP Cel dals L
.(Bouabdallah et al., 2022)
Soxd 5 e b S sl 0l lls 4 b
230 s e LdalS ale s o bappel b b (2T e
G0k Dles byl ez op 2h (Y Joar)
Yoo osd a bsse OF pmeS 5 (CaSe e Sl #/VY)
Wl s (e Ble YD) e e
o hal s g Sl s 4 e e B 4 (Y Joa)
IR 5 02, My A s BB O e 505
I s oS (6l m O 35aS e SB (gl L2
Sl Bl Jlals 25 05y Ll b b acslie 5o aly) o
U bl Luld 53 opmeas (LiU et al, 2022)
s at e S s ke ol
Jodr) A Jool 2 shome pde 5 ne el b (3L plone
o 5 el o b 3L e s - s (Y
oy oo sladllas ol sdalie (ol e slE aly
azied V3 F D I0) (5558 e b K e S
(G s Sl il L aS sl sds (55158 58 (e g

Gt gl @Lsp«saliw\sw J...alSe\_;g”)vpo-


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 Yoo

plad 53 pol ps 3 (A Jodr) Lsls ials Lo ys 4
Sl Ay Jsb dagal b b (2l sk b (5555 sl
Jsb ol s (o8 A 5 Sl ol el
S OF s oS spde ales glaplll 5wty
S S B pde 5 S T iy RS (6 e
Josb caw el L LS 5 (Sharma et al., 2022) Llesls
SHIssh DI 5 WS e Lpd lase 3wy, 002
ol S e s oesls a8 ) ado, 00 Lok p o
b oledS Ol atls S 8 il W) S
(Noor et al., 2023) dxus (Ul g o S 5l 25,5 (’K"“
Sl sdd 8 (S S elS gy S o
O (iS5 Sosd A5 Oady ail o 55 ety Jsb o 2
el b (Shd gl 5 A Jol 6558 5 dal 5 s
Raziq ) ad iy, b (Al Cel ()58 o Ll s
etal., 2022
OLLS bl a2 e i 1G5 0 g 5 lie
L ohdslme 5 o5 525 Jleg esle gla il U oS sls
(5 s 35 ol gnn S T o Sl 2 el
Slasi b anlis 53 e ey 3o V0 5 T ()5 sk
YW o o Sa Ol e Gl (Sopd Os
L Sbdsle fpoman (0 Jsd) sl S as s
b Sn ol s Sl s 5 cpbned el
T o (0 dsaz) sls il ds s £V O s
Sl e Sl 1 bl b (2 sl o
A edalie b 5 Al sdalie gyl pme sl S
LS 53 S ol G Slsee cSosd LS I L &S
Loaslie o cpn el Bbd sl by oL 28 oS
53 Lo laasl oS 58 Iy (guls sme i3l O i aals
s (Talaat et al., 2022b) WS o Aol 1) Geisw ol
s osbe sla il b oS sl 0l bty s st o
2 boml ik Bhd e 5 o Sl (S
LS S IS ok 5 b Jdsls @ 3,08 il
Chle (o) ph 5 e GRIBL (Y Jd) s Sl e

2 ot T Gosd A5 53 5 (e fassle 11/0Y)
YY) Sy Comlen pieS Sbdsbe 05t 5
Sl osd G5 e I Ll sy (e e Bl
V0 5T o pahe sk 4 s S S el
ol (o8 O Hlasd b anslie 5o e o adey ) o2
(A Jsd) Lsls zals o s YY 50V s ja ), S,

Lo Slhdsl=e b osd msha 5o ol s o
Sl Gl 5 col Jlpl S, colis dacl L
S ool 0 P R pon RS Sosd S
S8 s Sp T A o el b 3L e
Slpaiaen oS 5 S Calae il Sl asad S
Lol mul S < (Sadeghzadeh et al., 2023) .
O s 4 5 S Sl ann i o 1S (50 i
.(Parida and Das, 2005) ol il LAiS b arw g BBy
5t e (S 5552 5 e 4 5o an ialS
Munns et al., ) LibL Jsho o)lps g pdblil fals
o S L Ugens olS W, pd Ll s s (2000
LS onl Sladle s 5 0SS5 S 5 b SRl
Lyl s s olS (3L 5l .(Ouda et al., 2006) L o tals
boost oSy colee a5 L AS o o 6055
LS oy g Sl Wbl gl (35 e S L
L5 5 0ls (YY) OLKes 5 Amiri .(Jaleel et al., 2008)
S Bl So o el b G shone oS
s Eals aldid ol s i) e b (g o slast

oSy 5 esle e GGl e dsd Gb
e B Lol b o3hd sk 5 (550 S35 Sles
Sobes sl 53 (Y dadr) iy LLS 4ty dsb
Wiy b it e U S 5 25 05
3 o T Sosd G5 s 5 (el VWAP)
(o Bla PITV) 4l Jsb (p a8 o i b (G2l sl
iy Aok 5 osd O e SR L LT ces o
2o is V0 5T (o sk 45,5k 4l auls

o adas dob (oo O e b aslis 5 e


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

YO s Shes g iy Slio p bl L b Ebd g LT R COSNEEY

LlolS 53 S5 9508 Dlao (F 0 omel b b (2hd glowe 5 (5558 205 s - sk (sla 31 bl 42w —F Jsi

Dl o Sk
ol
) Jis S e Jds s Sl yoe : i
A5 5)8 s S sbes b Jés)s a Jis))s . 30!
CADFE L YSVATEYNTE AAS RE VM ONF*F FEEE YOV PANY/ R Y Soss S
A T 02 VA v & 7/ R T 1A DRV i VA DR 0% v byl
C/OAQFE L YAVEVA/QY B O/sY M O T O SLEERVERR VLRV f A/SY 1S 4 b sloax g 5
AR farss/vs ATAZ /OY s AR eV VO/FA YY sialesl gllast
V\/58 VAR NAIN A/FY V/IAS VE/FA v/YO 4/14 - (1) & s g

##ng
‘.

c..alMJ:O‘g\ Jw"chw)éd)‘é‘jﬂ‘djb‘;ﬂr”&ﬁs;q*j

Lels S50 Dlio 5 ol b 2D sl 5 (55 55 ool (5l 51 e0ls gl 0 Jsut

S gles Joo S o S s b s ks

GlS sl a52) b«a (S 2505508 2SSk (1) S s
Soys 5
YV/OF © Y/Of P AAVS VAl V00 @ INVAtdL .
ATAN Y/VY @ V/AY P /¥4 0 \/Yob FO/NFA D '
FY/VY 2 Y/VA 2 Ay e Y¥C PV © YV © Y
e o
FY/YA 2 - VYO © Vi /AN Y4/0Vv P ol
YAV P - V/AY @ +/0) 2 ARSE fv/ey @ ety
fo/ey b - y/VY @ /fAa V/Y0 ® fY/00 crdes !
Y0P - \Vidd «/¥¥ ab AR FY/ ey e e 90

TCI MJ:OchuJ: S #0051 wlal p ls gme Olasl J3G Bl S 2 55 S e O S slls s Kile

DAL 4 ($ysh sk a5 5l Ol S G s

23 et ol sl S 1, S ubosa gla LS chle
H2O2 a5l i A5 5l a0 ol S LIS ks
S>w (Azeem et al,, 2023) il (05,0 LSl )
33 50 S, S, clle s el &S b ol o s
Foo s Yew e 00) Los O 55 cos g 655
Khosravinejad et al., ) 1% edalis (odes 2 1S JU e L
S b, chle Lo of bl o llkast 31.(2008
Sodss) sl =0 SbLas el Sl 1alS @ Ol5 e
o3 s 4k 1S5 &S sy cend 3 (ALAD)

;;Ei‘f; ‘LJ'»!\J"LJ J.SL;OJ:JULS ‘) J.:.%j)ls K:a;'L\N‘)J oalaiu

Y Gosd b & gk 4 il RS S s S
Gop Osb sles boanslie 55 e e e 10
FVD s IS (awys WY s 0V) A Lis kS el s sa
Al 1 (310 50A) S o IS Lds IS 5 (s VY
5 ot el b Lo (O dsax) sl
Chl 5 e 05k b aglis 5 g
VA 5 Y0 YA b s IS (a3 VA 5 YY YP) A Ly S
Sl S (o3 VA 5 YY YY) IS Lés IS 5 (Aw s
el b p3Ld sle oS sl 0l 35058 (0 Jsd) ol
Glaey, JS 5 b s s @ ks chle il del

(Aldesuquy et al., 2014a) . (a.x;_f oLS 5 (gt 5


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 Yy

.(Alcazar and Tiburcio, 2014) Jas alS (g,ls jne b
5 ospems daomel y Ahdsle Sl tasn
53 L A58 5 s IS chle (S O s g
S0 dsdr) sls Gl gsd A 5 A Ok Lkl il
LlolS sy ool b 30l8 e (sla 3l siasolis
(SlaslSe L 15 e Lperl b S 2 homs
Sl saml ozt dile Al 55 sl e (65550
Zhiwei et ) wil axils Jola (i Jaowe 53 0354 8 5l
s st e Bl b 2 slone g games 3 (@, 2020
o5 o LS pmagn 5 Al Sl g el (el odas
LS o hiblne g e 5 s ORIP LG5S
.(Qianetal., 2021)
b Sbdhme 5 oss 25 Ll wle gla i U
ool (F o) s Sbme Sl Lol L
Oak Dlos b anslin 5 o a3 o VO 5 T (6554
Lols il s &5 VY Co S S sles (g
e 3 el (el b (AL L0 su)
Jsd) s sl won Ve 5V Y Co Sl S sles
L oo ciline mohan o B s 03 0
LS sl (ghls e ol S gles 5l eyl
(el G, Calda 5l Al S gl S bl
2550 Sl 5 4 Jom o 53 15 0T (S e300
»le > .Qames and Sirault, 2012) 5,5 I3 eslaca
Voo Sl o e Sl L sl el DS e Slidss
L3 oS 55 S gles i LIS SUge s Yo
Sei a4 (Y UK 5 cadgdal) cl anl il
5 Ak 53 Goxd N b el K] EoS A 0
s iy Salda EalS a4 s glss elail 4 OF U
Ol 53 JalS S (Sgm 3 ol G5 Jials Of Jos
S posbes Sl comge ples Jsle el s oS G5
S 5 osles Jials (0 0L 5 casgda) 335 s
Sl Slgee B b i b sk s
2 A G his 5 by, Stdan 5l S e S

FFIE U858 o b kS o 058 e 1) ALAD s &S
>l b slks (Aldesuquy et al., 2014a) c.ils dalgs
b sa slafobsls clile T 25 S as 218 (5
sls el &yd s ALAD el Oleses Sl L1, S,
w3l s S e 5s gl L (Jamei et al., 2008)
dowd @ Ll L 511wl 03,8 51l 5yl cpslisn
WS Jima ol BB Slaghy S KBS
e el &S a8l 5> Olids (Askar and Treptow, 2006)
b laazalS (g g sl chile 5l e bl )
olaz=s (Shu et al., 2012) 5 s & (g 58 0 Coo
Veo) cpel b lasles ibd o o5 ol esls Olis Koo
L bdssssls 5 S s b5 clale (e ol JU 505 S
oS g el o ob (RIH AS Osk kil s
Ahanger et al.,, ) as (g)5d A5 Ll s S er S
Col SKas el b a8 das e Ol s, (2019
Sl s S ol s S eS b lag 3T s Shas
s a3 weals JalS |y (6t s ot 5 JWS
sladshe (Ahanger et al.,, 2019) das  falS |, L5 )8
5 SN T glaad sl aubie lacd sonl alS
N S I
Gl S dn s S 5 (e S 5 GemalS (L]
A s e bl oS Jgsle i) s
Sldsbe 3 Gosd e AL osbe sl 1) (WAL
adllas b (VF) OLIKen 5 515 JI5) A8 o mazs 35
A5l (g el Lblos sloul 53 acpmel L &S sl OLiS sl
sk b sl JT el dle ez Gl 5 Lls 28 s
Al (6o 5 L alie sl oSl LS e el
S P b N elS Al s b 4 ()50 A
S Sl s NS A il S5 ssd s slaas
Ahanger ) 5,138 o 25U s gcan; 2als 5 S ol osls
ol b sbdls Jl= cpl L (and Agarwal, 2017
oS s w0 ads) B b S S b 5l Ll s

@l i osllael gla Sl 5 Aisy s 1) Ld) 03 S 34k


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

Yer s Shes g i)y Slio p bl L b Ebd g LT

Ql,&.@ 9 J‘}'»‘)S

b S 58 chle (gopd Os Dles b oaglis o
fl": 05 (A Jga) sls Julssl s ys Y85 08 Sa
5558 e bl b 2l sl L )5 e
U ke (o8 A5 Ok Jaul sl gl S
G o V0 o st A Ll a5 e el
GRSV Rt R RPN R PR N
CBlE I s el b (2 hoee e e e
3 Lo Slaaly b poas (A Jsd) ol 03y 350 A 555,
vl b (2o &8 el 0l 1S (G
23 Sosd S s A5 Ok ll il e 1) AS 5,8 chls
5> (Razig et al, 2022) sls _alpl K hax S olS
o el b G2 (JilE oS g5y (slanllles
Lo Goss 0 kil cow ass, 8 chle i)l
Lyl i 55 el b 3L sle ((Ramadan et al., 2022)
i 058l sba S Gl 3k 3l cl (Ses (655
5 g gl spe (s lS Chle 5l bl
3 Ja s chle ghsh e a5 Sas
o .(Khoshbakht et al., 2018) aa> jals |, 4ssi,,
55 )lS ke 5 BBl edsils Sl e
A Jsd) s bl o Lol Sl Lels OlaLS s
ool o 5l oslinad b (g5 35 oosllasl gla 3l 2als
Sl ) BLS s palE Hs a ol S
b dedy gt (550 S ol il ULS ol 4 olads
eb o4 aladsls 5l 5 BULS ool 5 5 350 e elsay
Al Lot SUS il 3l s 5 5 (ot 025 2 55U
Sy Jba S e il 4 e i SUS il
ol BLS i o aslil slacuse 31 G oopl s esls
S5 JE ol b b sl L S o
Slbes 5 L8 Sl JRS See 5 Y 5 ) R
OLd aslil (Aldesuquy et al., 2014a) 555 o oloand 50
Sl (Sae bagal Gl b (B sle 1 (20 UL 2y
Demer L LLIS S s il s L
Jos 05 0l S WK, Olge 4 cl (Sas Ladd )8

©53 Liass (Khodabakhshi et al., 2023) cl LLs |
S gles (i i Ll s o8 sl 0l SIS 6,
Sl ks 04d e 5 Of esly eSS Ws o
S Sl 035 spdme L e, 0wt Al e
Farzi-) das e 2alS 30 1) s oS 5 55 i LGB
S Ol s lsme L OlalS .(Aminabad et al., 2022
S st 4 5 e s Lol OF Lis s g SUL Ol UL
0L a0 4 53 5 S 5 glos Sl L Lol cdaas aslsl
L5l alse 5 Shee ol b s alS 5 baass,
o5 Luly es 53 a5 (Hussain and Al-Dakheel, 2018)
el 55 S gl &8 SLLS s slalin 5l Jhasy
il 1 &l 3 Shoe Sl o5 g 4Bl 053l

ORIP S s Sl (o 5d A e 1L
Ao i V0 5 Y (65 sl oS5k 4 w2l
L Sn odon chle (ot Osh sl boanlie o
rL‘J 05 A Jaar) Wsls ulssl s s T oYY (S Sa
s, hle tug}:‘k;% Lo Shdsbe b o5d ke
5338 Gosd i e Gel s Sl Gl S
Ll o 5 i F e b 2bd sloes (o h A5 O a2
3 rn b Ahddee e s s 10 o8 S
L thdsloms e o T Sy G5 a5 50
Jgdr) Cooh ek opdyy e AH o pe s el
N s e S L Al Gl oo (A
5okl Srel Bl o S Cl g gl send
o ld A1 edes j5b 4 el A5 4 Al o ol ol
Oli 50 Olaa=s sl (Anwar-ul-Hag et al., 2023) ..
3SRl E 0 Sy cB o pi S 0
5ol ey s 5 Ok Bl s O op S
ORI el o8 S Bl d s s el b 28l sl
Razig et al., ) Js S jpaxS olS S oy, clle
(2022

SRl S as S Chle (gosd e Rl

ﬂﬂM)w’NOJV' S C}hw o&.i)}.bm.‘q,_éli


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 Yof

Lalals LS wils 5 Shas (gl 5 3 Shas 5 byl b b 3L slons 5 (5508 S5 sla 1 Luibyly 40 —F gt

Sla o Sle
e
el s Sas 5 Shas Jsb JomS oldad s ails sl 5 gess dl.‘..a
GlsVer O3 sl
Sl e s J S Sppsn demS e
\'/\/'9 e Y/‘M? e '/‘f'/\ ek ./.\c\a ek ./...\\.r ek /\/O\c ek ~/\/\‘ e Y 6)}3/&5
V‘\//\\ e \/Y' e ././\\ ek '/'Y' ek ./....OV%IHK- '/°\O B ./\g‘,« L Y- L;-:Jligj
$/f4 1S Yy EE erS IS U AN IS /i ayens oy s oy s ¢ bl x (5555
O/Xs /56 NIV o/reaqy NIRTRS N s YO Y¥ J;%ujdu”;
ARTAR ARVAR{ \O/YY o/ Y \ o /FY /08 ZIZA - (1) D pis o 2

.C—.m‘.k.,pjbo_g\ JLA-:"ch.d)bd)‘b&mgd)‘éwc”%fﬂiiej%ﬁg

Y Jsde) sls il (Ao s

5 ol Ol v ppe gl S
b (Kayaetal., 2020) das s [2als 1) J sams 5 Shos
ol esls glis (Talaat et al., 2022b) Oliie & 5 o)
chle Jall L (P<0.05) o5 BB b o0 5 4
sl 5 A8 o B 15l Wi, b s A le s IS
5 A spe el 503 5lee U s S el L
Lo abdhoms (ol 5 ol ol Lels > Shes
Sln oS oSl 5 Ak el el
S5 Sose w5 Ll i s 1, (Catharanthus roseus L.)
slas i) g SUF 055 5 5 055 Dlae s Adsy
o iy IS chale s chle ol s Sl (S
S Jal o 53 Sty w3l 5 sl chle
Lo gy Jlaasl mhav 55 S slis Cdo 5 Ao
Fo g s (Ve OLea 5 Slel) 55 Hls sme
SIS L Bl bl b Sl S S 0L
A S Ol el e R (IS il
Sosd U5 lmlpd g adhy Conds s (dan o
o) A GlerSS) (Rl 5 (Sdae sl e Sdr)
olS L g (o5 i Jeos a0 oo ime sb 4 (g
LS (KaS Lels

L bdsks oS das o Oli ol adlas (slaasl

wjb)\)oxiwlsjm)vhi)wbw\ufwbﬁw]&

ns

Gy mlE L o ool (Aldesuquy et al., 2014b) .S
S 5,05 calas (Weier and Benson, 1967) vy sl
SIS EK GO 0 PR CRPHR S pes LS sleiy
S labloe W25l 3 s IS w1aSS,
e Aol ml b o See glil 5 oo Shes
5 Gord S b el bl Gl ols ol Gubls
TR SN T N IR SR
5 4l s Slas oJ S sk hils do 055 g 8 3 JpeS
OSan 1 Jsdr) s b g LS il et LS
s Sfhes b Lol b b Bl 5 o8 S
Sosd o5 e Gl L dadr) sy b pre e
4l b SRl als s Shes Gl s Ses
anglie 3 e 5 e V0 5T (650 gl 4S5
V) JpsS 2 53 &ls el 5 e (6558 Ok sles
055 (Lo y3 YO 5OV) 5 58 53 JgeesS 3lad (o5 Sio
(Ao;3 4 5 W) JguS Jsb (do)s 0 5 7)) 4l
Vo YA e 3Skes (doys Ve 5 OY) s 5 Shas
Lsls 28l 1 (Aoys i 5 TY) Cdls s Lastls 5 (Ao s
5 el pe el b (Bl Gizmes LV Jsar)
A ah ol oS bl boalie 5 S
) S50 a 53 JgenS 3143 (A3 VA 5 YO XF) JsenS
Jsb (hoy3 VY 5 WV TA) &ls a0 (doys Y 5 VY


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

YO Shes g by Slio p bl L b Ebd o LT R COSNEEY

Lol 0550058 Dlo (F g ool b b (BLd gloms 5 (6558 15 o3l (sla 31 0l alio -V ot

Sl el &l 5 Slas JsS b @WlsVer O35 53 dgeS sl 5 alls sl Sles
() OIS e ) el (¢ TN S o

Sogm o5
TY/FY 2 Y% o o/aYa 2 Ya/eya g/fY 2 .
YY/Ve R g /040 /148 YY/NOP £/04 2 VO
VYYD YYD Jove C/A\ED VE/FY© f/¥4P Y

sy slons
\RTAY Y C /oY P N0 C \W/AD P /5 ¢ of
Y¥/44 2 vpo e W f/eYy 2 Y¥/v5 2 ARE e el
\A/S¥ D AN WA /AP YY/Y4 2 ZARN s el
VA/VY P /0F @ Vidl /ey be \\iddh O/OA B Cre

n o33 0 i 53 (S5 0ga3T plul gl ine SUSH LB Bl gt 8 s S e O S sl sl il

LalolS 55 andllan 5,90 Slino b glows 5 (503 S5 Aits - ghans iiSen p (51 1 Kl demylls A g

< 9,8 odan .y P L
s 3 S _ _ P ) B .
R RS eSS 2k . _ Sl
(OIS 5 ) _ . _ o (Erressle)  (pm i)
(S5 5 0ss (S S 035
ke Sogs S

Y/¥4 bed AVNE \RAVARD A/Aq @ ZAM ol

Y/ex @ «/¥00 °f AYYFY/O) d INAT Vi/fo @ et ]

\ARR TACA yYOV/Or Ve/vy @ f/A) e !

Y/fV 2 VAV YOAY/OA bed Ve/yy @ AL e 53

Y/4q ode VAT V¥4 /A o A/XY bed ¥V de of

Y/54 be V/eYe d \FEA/NA abed V+/44 @ Y/q. cde o]

0

Y08 bed i+ de Y VYAV abc LYART abc £/YY cde Q—l-)":‘J:"”‘

Yo\ 2 </AAS b YYO/ A q/¥y @ f/ay Oy

V/04 @ +/OT de \£QY/vq abed V/fY o \AM ol

Y/ cle V/YOY @ 14V /¥ abe Ve /00 F/YA e o]

; v
V/4. de VY YYVO/YA A/ abcd Y/oy de ohes el
V/AD 2 VAP Va)¥/fQ ae /Yy d /1 ¥ cde e

JETCIWY M,;och.”a S Oga5l el ls gme BUS BB Blus O g 53 S ie O > S s s Kile

35 5 Lyls ;i.lfwj.b”wu\ Osoy50 L ablie ioman 5 A, Col g dpg |y a5 Sae @y 5> Shas gl il
Ljls by b e sba 15 Ll il s 0SS fess SSels el b s gopd S5 gl il


https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 Yo

1zadi ) ol ol o Ll @ls slaas 5 Kls Voo O35 sl 53!

.(and Tadayon, 2016

S S 4o
oS el s S S sl Ol Sl lass mls
3 e SO 05 el Jsb ey Sk b 4ty lis
whle wile S Clie pomes WS Wy, o
Sl el Jssls SRalS 1 S ol Sl 5 J5 S
oslle s S WSS e 5 S gl (s cile
LS ails 5 Shee sl 5 ls 5 Shae o550 A5 cpl
Dok Bl 53 o bl b b B sl sls 28
Ay Dlhe sgg el s RS Jq\ﬁ)br“}uw
Sl s als s Shas «SK5s) g 58 Slaw ey Sls sas
AL ot o haal sla il ol A il s Shes
2o VOB (g, 5s Ll LS )y o i 4 s
Sred S A5 gllae wls s Shee 5038 Jes )
SR e Sl S Ol 4 bl b S o

.;:ﬁy:@%d)ﬁﬂg}bbéu;l

S Wby ol 50 Olde=s ule .(Jangra et al., 2022)
3 Goxs O Ok lild s pea) s Shee
sl 5 A5 Jolo (555 5 Tl 53 OF 0 S
38 Gl Eel gpa 5 lld s el
LS 3y (Razigetal, 2022) i S e S oS s
Joily a6 S s e U3 Gosd N e
o bty 5 odd 3l (Ko o s Sy
Ogassn cpl aS eals (a3l 1) K senl el lie a2 oy
03 s ekl e olpe slaplll 4 G 0L ok
OF dbs w0 5 sy, Colda [2alS caw olse slaplsl
»s .(Zlatev and Yordanov, 2004) s . G,a ialS
3 A e o S Sl LSl Al s 4 aale
C"“’ (Ashraf, 2001) .l . als 4l 5 Shae a5
> 8es (658 SR e GRIBIL S ol LS 5 K
S il gl me Al LS Wl s Shee sl
Gholamian et ) auS o dol 1) iass opl o3 b glaasl
s gme e b a5 s Oldie mls s @l 2017
el o) 2 (o dhen V5 Jsas S0 V0 5 40) (s el
23 el @ o (S 5 dal s s S S elS olse

@L'.e

il GlagS Bl 5 S 5 e Sk adlas (OTAY) e (AL Ses s Oley (e e (S
URL: FA-00 (VY0 Al oy suss L5 o (Beta  wulgaris L) adses
https://plantproduction.scu.ac.ir/article_12155.html?lang

Cleo gz i Soph 5 il pd 5 sl i aalllas (VY0 ) and (Lo s s pmen (Sl diag e S e (Sl
DOL: 08¥-00Y «(¥)OY o/ ALl pile dles (Chatarantus roseus L.) ils, oS SS5s 505,50
10.22059/1JHS.2021.291658.1734

G o1 Sllasl o OLLS S5 msbsisse 5 ol Slie obisl (Ve felasl oI5 J5 5 Lo, iy b
eyl

SHla it #105 OLS 53 0T L ablie sla)lSaly 5 (Kot 25 (0F0) ole sl 5 Lo b3 piasss  eelad 155 3
DOI: 10.30495/iper.2022.1966339.1818 .\AY-\OY «(PY)VV ( alS s

Abdoli, A., Ramezani moghadam, J., Hosseini, Y., Nikpour, M. R., & Dehghan, H. (2021). The effect of salinity stress
on tomato root characteristics saint pierre and its yield under irrigation time management. Journal of Horticultural
Science, 35(2), 223-234. DOI: 10.22067/JHS.2021.61809.0

Ahanger, M. A, & Agarwal, R. M. (2017). Salinity stress induced alterations in antioxidant metabolism and nitrogen
assimilation in wheat (Triticum aestivum L.) as influenced by potassium supplementation. Plant Physiology and
Biochemistry, 115, 449-460. https://doi.org/10.1016/j.plaphy.2017.04.017


https://doi.org/10.22059/ijhs.2021.291658.1734
https://doi.org/10.30495/iper.2022.1966339.1818
https://doi.org/10.22067/jhs.2021.61809.0
https://doi.org/10.1016/j.plaphy.2017.04.017
https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

YV s Shes g gy Slio p Lol b b b gl ST O, en g 5135 5

Ahanger, M. A, Qin, C., Maodong, Q., Dong, X. X., Ahmad, P., Abd Allah, E. F., & Zhang, L. (2019). Spermine
application alleviates salinity induced growth and photosynthetic inhibition in Solanum lycopersicum by modulating
osmolyte and secondary metabolite accumulation and differentially regulating antioxidant metabolism. Plant
Physiology Biochemistry, 144, 1-13. https://doi.org/10.1016/j.plaphy.2019.09.021

Akbari, M., Katam, R., Husain, R., Farajpour, M., Mazzuca, S., & Mahna, N. (2020). Sodium chloride induced stress
responses of antioxidative activities in leaves and roots of pistachio rootstock. Biomolecules Preprints, 10(189), 1-
18. https://doi.org/10.3390/biom10020189

Al-Mushhin, A. A. M. (2022). Interactive effect of potassium and spermidine protects growth, photosynthesis and
chlorophyll biosynthesis in Vigna angularis from salinity induced damage by up-regulating the tolerance
mechanisms. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 50(1), 12607. DOI:10.15835/nbha50112607

Alcazar, R, & Tiburcio, A. F. (2014). Plant polyamines in stress and development: An emerging area of research in
plant sciences. Frontiers in Plant Science, 5, 319. https://doi.org/10.3389/fpls.2014.00319

Aldesuquy, H., Baka, Z., & Mickky, B. (2014a). Kinetin and spermine mediated induction of salt tolerance in wheat
plants: Leaf area, photosynthesis and chloroplast ultrastructure of flag leaf at ear emergence. Egyptian Journal of
Basic and Applied Sciences, 1, 1-11. https://doi.org/10.1016/j.ejbas.2014.03.002

Aldesuquy, H., Baka, Z., & Mickky, B. (2014b). Role of kinetin and spermine in the reversal of seawater stress-induced
alteration in growth vigor, water relations and nucleic acids of wheat plants. Phyton-Annales Rei Botanicae, 54(2),
251-274. WOS:000346682700009

Alizadeh, A. (2000). The Relationship Between Water, Soil and Plants. Astan Quds Publications, Mashhad.

Amiri, H., Banakar, M. H., Ranjbar, G. H., Sarafraz Ardakani, M. R., & Omidvari, M. (2023). Exogenous application
of spermidine and methyl jasmonate can mitigate salt stress in fenugreek (Trigonella foenum-graecum L.).
Industrial Crops and Products, 199(1), 116826. https://doi.org/10.1016/j.indcrop.2023.116826

Anwar-ul-Haqg, M., Iftikhar, 1., Akhtar, J., & et al. (2023). Role of exogenous osmolyte supplementation in ameliorating
osmotic and oxidative stress and promoting growth in salinity-stressed soybean genotypes. Journal of Soil Science
and Plant Nutrition, 23, 3682-3694. https://doi.org/10.1007/s42729-023-01289-1

Ashraf, M. (2001). Relationships between growth and gas exchange characteristics in some salt-tolerant amphidiploid
Brassica species in relation to their diploid parents. Environmental and Experimental Botany, 45, 155-163.
https://doi.org/10.1016/S0098-8472(00)00090-3

Askar, A, & Treptow, H. (2006). Biogene amine in lebensmittlen a Veleg Eugen ulmer, Stuttgart grown in the dark and
at different light quanta fluence rates. Photochemistry Photobiology, 35, 217e221.

Azeem, M., Pirjan, K., Qasim, M., Mahmood, A., Javed, T., Muhammad, H., Yang, S., Dong, R., Ali, B., & Rahimi, M.
(2023). Salinity stress improves antioxidant potential by modulating physio-biochemical responses in Moringa
oleifera Lam. Scientific Reports, 13, 2895. https://doi.org/10.1038/s41598-023-29954-6

Bates, L. S., Waldren, R. P., & Teare, I. D. (1973). Rapid determination of free proline for water-stress studies. Plant
and Soil, 39(1), 205-207. https://doi.org/10.1007/BF00018060

Bencherif, K., Boutekrabt, A., Fontaine, J., Laruelle, F., Dalpe, Y., & Sahraoui, A. L. (2015). Impact of soil salinity on
arbuscular mycorrhizal fungi biodiversity and microflora biomass associated with Tamarix articulata Vahll
rhizosphere in arid and semi-arid Algerian areas. Science Total Environment, 533, 488-494.
https://doi.org/10.1016/j.scitotenv.2015.07.007

Boorboori, M. R. (2023). Investigating the role of silicon in reducing the risk of arsenic, cadmium, drought and salinity
stresses in wheat (Triticum aestivum L.). Journal of Crop Science and Biotechnology, 26, 387-404.
https://doi.org/10.1007/s12892-022-00191-z

Bouabdallah, M., Mahmoudi, H., Ghnaya, T., Hannachi, H., Taheri, A., Ouerghi, Z., & Chaffei-Haouari, C. (2022).
Spermidine as an elevator of salinity induced stress on two varieties of Triticum durum Desf. (Karim and Razzek).
Pakistan Journal of Botany, 54(3), 771-779. DOI: http://dx.doi.org/10.30848/PJB2022-3(3)

Farzi-Aminabad, R., Nasrullahzade, S., & Ghassemi-Golezani, K. (2022). Response of safflower in water deficit and
foliar application of putrescine and 24-epibrassinolide. Journal of Agricultural Science and Sustainable Production,
31(2), 289-302. DOI: 10.22034/SAPS.2021.13110

Geng, W., Qiu, Y., Peng, Y., Zhang, Y., & Li, Z. (2021). Water and oxidative homeostasis, Na*/K* transport, and
stress-defensive proteins associated with spermine-induced salt tolerance in creeping bentgrass. Environmental and
Experimental Botany, 192, 104659. https://doi.org/10.1016/j.envexpbot.2021.104659

Gholamian, S. M., Ghamarnia, H., & Kahrizy, D. (2017). Effects of saline water on Camelina (Camelina sativa) yield
in Greenhouse condition. Water and Irrigation Management, 7(2), 333-348. DOI: 10.22059/jwim.2018.248556.582

Guo, J., Wang, S., Yu, X., Dong, R., Li, Y., Mei, X., & Shen, Y. (2018). Polyamines regulate strawberry fruit ripening
by abscisic acid, auxin, and ethylene. Plant Physiology, 177(1), 339-351. DOI: 10.1104/pp.18.00245

Hosseini Sanehkoori, F., Pirdashti, H., & Bakhshandeh, E. (2022). Effect of environmental factors on Camelina sativa
seed germination and emergence. Acta Physiologiae Plantarum, 45(1), 4. https://doi.org/10.1007/s11738-022-
03487-3


https://doi.org/10.1016/j.plaphy.2019.09.021
https://doi.org/10.3390/biom10020189
https://doi.org/10.3389/fpls.2014.00319
https://doi.org/10.1016/j.ejbas.2014.03.002
https://www.webofscience.com/wos/WOSCC/full-record/000346682700009
https://www.sciencedirect.com/journal/industrial-crops-and-products
https://doi.org/10.1016/j.indcrop.2023.116826
https://link.springer.com/journal/42729
https://link.springer.com/journal/42729
https://doi.org/10.1016/S0098-8472\(00\)00090-3
https://www.nature.com/articles/s41598-023-29954-6#auth-Muhammad-Azeem
https://www.nature.com/articles/s41598-023-29954-6#auth-Kulsoom-Pirjan
https://www.nature.com/articles/s41598-023-29954-6#auth-Muhammad-Qasim
https://www.nature.com/articles/s41598-023-29954-6#auth-Athar-Mahmood
https://www.nature.com/articles/s41598-023-29954-6#auth-Talha-Javed
https://www.nature.com/articles/s41598-023-29954-6#auth-Haji-Muhammad
https://www.nature.com/articles/s41598-023-29954-6#auth-Shoujun-Yang
https://www.nature.com/articles/s41598-023-29954-6#auth-Renjie-Dong
https://www.nature.com/articles/s41598-023-29954-6#auth-Baber-Ali
https://www.nature.com/articles/s41598-023-29954-6#auth-Mehdi-Rahimi
https://www.nature.com/srep
https://doi.org/10.1016/j.scitotenv.2015.07.007
https://doi.org/10.22034/saps.2021.13110
https://doi.org/10.1016/j.envexpbot.2021.104659
https://doi.org/10.22059/jwim.2018.248556.582
https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

VR Jle 08 oyled ¥ W aLE 5 SIS g aul s YA

Hussain, M. I, & Al-Dakheel, A. J. (2018). Effect of salinity stress on phenotypic plasticity, yield stability, and
signature of stable isotopes of carbon and nitrogen in safflower. Environmental Science and Pollution Research,
25(24), 23685-23694. https://doi.org/10.1007/s11356-018-2442-z

Igbal, M, & Basra, S. (2006). Wheat seed priming in relation to salt tolerance: Growth, yield and levels of free salicylic
acid and polyamines. Annales Botanici Fennici, 43, 250-259. https://www.jstor.org/stable/23727218

Izadi, Z, & Tadayon, M. R. (2016). Effect of salicylic acid and spermine on yield and yield components of castor bean
(Ricinus communis L.) under drought stress. Environmental Stresses in Crop Sciences, 8(2), 159-167.
https://doi.org/10.22077/escs.2016.212

Jaleel, C. A., Sankar, B., Sridharan, R., & Panneerselvam, R. (2008). Soil salinity alters growth, chlorophyll content,
and secondary metabolite accumulation in Catharanthus roseus. Turkish Journal of Biology, 32, 79-83.
https://journals.tubitak.gov.tr/biology/vol32/iss2/2

Jamei, R., Heidari, R., Khara, J., & Zare, S. (2008). The interaction effects of flooding and kinetin on growth criteria,
chlorophyll content, and 5-aminolevulinic acid dehydratase activity in corn seedlings. Turkish Journal of Biology,
32(4), 253-257. https://journals.tubitak.gov.tr/biology/vol32/iss4/4

James, R. A, & Sirault, X. R. (2012). Infrared thermography in plant phenotyping for salinity tolerance. Methods
Molocular Biology, 913, 173-189. https://doi.org/10.1007/978-1-61779-986-0_11

Jangra, A., Chaturvedi, S., Kumar, N., Singh, H., Sharma, V., Thakur, M., Tiwari, S., & Chhokar, V. (2022).
Polyamines: The gleam of next-generation plant growth regulators for growth, development, stress mitigation, and
hormonal crosstalk in plants—a systematic review. Journal of Plant Growth Regulation, 42(2), 1-25.
DOI: 10.1007/s00344-022-10846-4

Kaya, C., Ashraf, M., Alyemeni, M. N., & Ahmad, P. (2020). The role of endogenous nitric oxide in salicylic acid-
induced up-regulation of ascorbate-glutathione cycle involved in salinity tolerance of pepper (Capsicum annuum L.)
plants. Plant Physiology and Biochemistry, 147, 10-20. https://doi.org/10.1016/j.plaphy.2019.11.040

Kesahvarznia, R., Shahbazi, M., Mohammadi, V., Hosseini Salekdeh, G., Ahmadi, A., & Mohseni-Fard, E. (2014). The
impact of barley root structure and physiological traits on drought response. Iranian Journal of Field Crop Science,
45(4), 553-563. DOI: 10.22059/1JFCS.2014.53565

Khodabakhshi, L., Seyedi, A., Mazaheri-Tirani, M., & Parsa Motlagh, B. (2023). Morphological and physiological
responses of Indigofera tinctoria L. to putrescine under drought stress. Russian Journal of Plant Physiology, 70, 43.
https://doi.org/10.1134/S102144372260252X

Khoshbakht, D., Asghari, M. R., & Haghighi, M. (2018). Influence of foliar application of polyamines on growth, gas-
exchange characteristics, and chlorophyll fluorescence in Bakraii citrus under saline conditions. Photosynthetica,
56(2), 731-742. https://doi.org/10.1007/s11099-017-0723-2

Khosravinejad, F., Heydari, R., & Farboodnia, T. (2008). Effects of salinity on photosynthetic pigments, respiration,
and water content in two barley varieties. Pakistan Journal of Biology Science, 11(20), 2438-2442. DOI:
10.3923/pjbs.2008.2438.2442.

Kurasiak-Popowska, D., Graczyk, M., & Stuper-Szablewska, K. (2020). Winter camelina seeds as a raw material for the
production of erucic acid-free oil. Food Chemistry, 330, 127265. https://doi.org/10.1016/j.foodchem.2020.127265
Kusano, T., Berberich, T., Tateda, C., & Takahashi, Y. (2008). Polyamines: Essential factors for growth and survival.

Planta, 228, 367-381. https://doi.org/10.1007/s00425-008-0772-7

Lichtenthaler, H. K. (1987). Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. In Methods in
Enzymology, 148, 350-382. Academic Press. https://doi.org/10.1016/0076-6879(87)48036-1

Liu, X., Chai, J., Zhang, Y., Zhang, C., Lei, Y., Li, Q., & Yao, T. (2022). Halotolerant rhizobacteria mitigate the effects
of salinity stress on maize growth by secreting exopolysaccharides. Environmental and Experimental Botany, 204,
105098. https://doi.org/10.1016/j.envexpbot.2022.105098

Moghaddam, A., Larijani, H., Oveysi, M., & et al. (2023). Alleviating the adverse effects of salinity stress on
Salicornia persica using sodium nitroprusside and potassium nitrate. BMC Plant Bioliology, 23, 166.
https://doi.org/10.1186/s12870-023-04179-x

Munns, R., Guo, J., Passioura, J. B., & Cramer, G. (2000). Leaf water status controls day-time but not daily rates of leaf
expansion in salt-treated barley. Functional Plant Biology, 27, 949-957. https://doi.org/10.1071/PP99193

Nandy, S., Das, T., Tudu, C. K., Mishra, T., Ghorai, M., Gadekar, V. Sh., Anand, U., Kumar, M., Behl, T., Shaikh, U.
K., Jha, N. K., Shekhawat, M. S., Pandey, D. K., Dwivedi, P. R., & Dey, A. (2022). Unravelling the multi-faceted
regulatory role of polyamines in plant biotechnology, transgenics and secondary metabolomics. Applied
Microbiology and Biotechnology, 106, 905-929. https://doi.org/10.1007/s00253-021-11748-3

Noor, M., Fan, J., Zhang, J., Zhang, C., Sun, S., Gan, L., & Yan, X. B. (2023). Bermudagrass responses and tolerance to
salt stress by the physiological, molecular mechanisms and proteomic perspectives of salinity adaptation. Agronomy,
13(1), 174. https://doi.org/10.3390/agronomy13010174

Ouda, S., Khalil, F., & Tantawy, M. (2006). Predicting the impact of water stress on the yield of different maize
hybrids. Research Journal of  Agriculture and Biological Sciences, 2(6), 369-374.


https://doi.org/10.22077/escs.2016.212
https://link.springer.com/article/10.1007/s00344-022-10846-4#auth-Alka-Jangra
https://link.springer.com/article/10.1007/s00344-022-10846-4#auth-Siddhant-Chaturvedi
https://link.springer.com/article/10.1007/s00344-022-10846-4#auth-Naveen-Kumar
https://link.springer.com/article/10.1007/s00344-022-10846-4#auth-Hardeep-Singh
https://link.springer.com/article/10.1007/s00344-022-10846-4#auth-Vishal-Sharma
https://link.springer.com/article/10.1007/s00344-022-10846-4#auth-Manisha-Thakur
https://link.springer.com/article/10.1007/s00344-022-10846-4#auth-Siddharth-Tiwari
https://link.springer.com/article/10.1007/s00344-022-10846-4#auth-Vinod-Chhokar
https://link.springer.com/journal/344
http://dx.doi.org/10.1007/s00344-022-10846-4
https://doi.org/10.1016/j.plaphy.2019.11.040
https://doi.org/10.22059/ijfcs.2014.53565
https://link.springer.com/article/10.1134/S102144372260252X#auth-L_-Khodabakhshi
https://link.springer.com/article/10.1134/S102144372260252X#auth-A_-Seyedi
https://link.springer.com/article/10.1134/S102144372260252X#auth-M_-Mazaheri_Tirani
https://link.springer.com/article/10.1134/S102144372260252X#auth-B__Parsa-Motlagh
https://link.springer.com/journal/11183
https://doi.org/10.1016/j.foodchem.2020.127265
https://doi.org/10.1016/0076-6879\(87\)48036-1
https://www.sciencedirect.com/journal/environmental-and-experimental-botany
https://doi.org/10.1016/j.envexpbot.2022.105098
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Samapika-Nandy
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Tuyelee-Das
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Champa_Keeya-Tudu
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Tulika-Mishra
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Mimosa-Ghorai
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Vijaykumar_Shivaji-Gadekar
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Uttpal-Anand
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Manoj-Kumar
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Tapan-Behl
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Nusrat_K_-Shaikh
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Niraj_Kumar-Jha
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Mahipal_S_-Shekhawat
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Devendra_Kumar-Pandey
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Padmanabh-Dwivedi
https://link.springer.com/article/10.1007/s00253-021-11748-3#auth-Abhijit-Dey
https://doi.org/10.3390/agronomy13010174
https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

Yea s Shes g gy Slio p Lol b b b gloue ST O, en g 5135 5

http://www.aensiweb.com/RJABS/

Parida, A. K, & Das, A. B. (2005). Salt tolerance and salinity effects on plants: A review. Ecotoxicology and
Environmental Safety, 60(3), 324-349. https://doi.org/10.1016/j.ecoenv.2004.06.010

Qian, R., Ma, X., Zhang, X., Hu, Q., Liu, H., & Zheng, J. (2021). Effect of exogenous spermidine on osmotic
adjustment, antioxidant enzymes activity, and gene expression of gladiolus gandavensis seedlings under salt stress.
Journal of Plant Growth Regulation, 40(4), 1353-1367. https://doi.org/10.1007/s00344-020-10198-x

Quarrie, S. A, & Jones, H. G. (1979). Genotypic variation in leaf water potential, stomatal conductance and abscisic
acid concentration in spring wheat subjected to artificial drought stress. Annals of Botany, 44(3), 323-332.
https://doi.org/10.1093/oxfordjournals.aoh.a085736

Ramadan, M. E., El-Saber, M. M., Adelhamid, A. E., & El-Sayed, A. A. (2022). Effect of nano-chitosan encapsulated
spermine on growth, productivity and bioactive compounds of chili pepper (Capsicum annuum L.) under salinity
stress. Egyptian Journal of Chemistry, 65(8), 197-207. DOI: 10.21608/EJCHEM.2021.105793.4870

Razig, A., Mohi Ud Din, A., Anwar, S., Wang, Y., Jahan, M. S., He, M., & Guo, S. (2022). Exogenous spermidine
modulates polyamine metabolism and improves stress responsive mechanisms to protect tomato seedlings against
salt stress. Plant Physiology Biochemistry, 187, 1-10. https://doi.org/10.1016/j.plaphy.2022.07.005

Russo, R, & Reggiani, R. (2015). Salt sensitivity in camelina sativa seedlings and polyamine content. International
Journal of Plant and Soil Science, 8, 1-7. DOI: 10.9734/1JPSS/2015/20270

Sadeghzadeh, A., Shakiba, M. R., Hassannejad, S., & Zehtab Salmasi, S. (2023). Improvement of grain and oil yield-
related traits of marigold (Calendula officinalis L.) in response to exogenous application of spermidine under water-
deficit and weed infestation conditions. Journal of Plant Physiology and Breeding, 13(1), 17-33. DOI:
10.22034/JPPB.2023.16400

Saravi, H. B., Gholami, A., Pirdashti, H., Firouzabadi, M. B., & Asghari, H. (2021). The response of stevia (Stevia
rebaudiana bertoni) photosystem ii photochemistry to fungi symbiosis and spermidine application under saline
water irrigation. Russian Agricultural Sciences, 47(1), 32-36. https://doi.org/10.3103/S106836742101016X

Shu, S., Yuan, L., Guo, S. R, Sun, J., & Liu, C. J. (2012). Effects of exogenous spermidine on photosynthesis,
xanthophyll cycle and endogenous polyamines in cucumber seedlings exposed to salinity. African Journal of
Biotechnology, 11, 6064-6074. DOI: 10.5897/AJB11.1354

Sydor, M., Kurasiak-Popowska, D., Stuper-Szablewska, K., & Rogozinski, T. (2022). Camelina sativa. Status quo and
future perspectives. Industrial Crops and Products, 187, 115531. https://doi.org/10.1016/j.indcrop.2022.115531

Talaat, N. B. (2020). 24-Epibrassinolide and spermine combined treatment sustains maize (Zea mays L.) drought
tolerance by improving photosynthetic efficiency and altering phytohormones profile. Journal of Soil Science and
Plant Nutrition, 20(2), 516-529. https://doi.org/10.1007/s42729-019-00138-4

Talaat, N. B., lbrahim, A. S., & Shawky, B. T. (2022a). Enhancement of the expression of zmbzrl and zmbesl
regulatory genes and antioxidant defense genes triggers water stress mitigation in maize (Zea mays L.) plants
treated  with  24-Epibrassinolide in  combination  with  spermine.  Agronomy, 12(10), 2517.
https://doi.org/10.3390/agronomy12102517

Talaat, N. B., Mahmoud, A. W. M., & Hanafy, A. M. A. (2022b). Co-application of salicylic acid and spermine
alleviates salt stress toxicity in wheat: Growth, nutrient acquisition, osmolytes accumulation, and antioxidant
response. Acta Physiologiae Plantarum, 45(1), 1. https://doi.org/10.1007/s11738-022-03485-5

Weier, T. E, & Benson, A. A. (1967). The molecular organization of chloroplast membranes. American Journal of
Botany, 54, 389-402. https://doi.org/10.1002/j.1537-2197.1967.th10656.x

Wikenz, J. E, & Norfolk, 1. (2010). Eco-Physiology of Economic Plants in Arid and Semi-arid Regions, Adaptations for
Desert Living Creatures. Tehran University.

Wu, J., Shu, S., Li, C., Sun, J., & Guo, S. (2018). Spermidine-mediated hydrogen peroxide signaling enhances the
antioxidant capacity of salt-stressed cucumber roots. Plant Physiology and Biochemistry, 128, 152-162.
https://doi.org/10.1016/j.plaphy.2018.05.002

Xiong, F., Liao, J., Ma, Y., Wang, Y., Fang, W., & Zhu, X. (2018). The protective effect of exogenous putrescine in the
response of tea plants (Camellia sinensis) to salt stress. HortScience Horts, 53(11), 1640-1646.
DOI: 10.21273/HORTSCI113283-18

Younessi-Hamzekhanlu, M., Dibazarnia, Z., Oustan, S., Vinson, T., Katam, R., & Mahna, N. (2021). Salinity stimulates
biochemical activities and metabolites associated with anticancer activities in Black horehound (Ballota nigra L.).
Agronomy, 11, 2538. https://doi.org/10.3390/agronomy11122538

Zhiwei, W., Wang, J., Yan, D., Yuan, H., Wang, Y., He, Y., & Zheng, B. (2020). Exogenous spermidine improves salt
tolerance of pecan-grafted seedlings via activating antioxidant system and inhibiting the enhancement of Na*/K*
ratio. Acta Physiologiae Plantarum, 42, 83. https://doi.org/10.1007/s11738-020-03066-4

Zlatev, Z, & Yordanov, 1. (2004). Effects of soil drought on photosynthesis and chlorophyll fluorescence in bean plants.
Journal of Plant Physiology, 30(3), 3-4.


https://doi.org/10.1016/j.ecoenv.2004.06.010
https://doi.org/10.1093/oxfordjournals.aob.a085736
https://doi.org/10.21608/ejchem.2021.105793.4870
https://doi.org/10.1016/j.plaphy.2022.07.005
https://doi.org/10.22034/jppb.2023.16400
https://doi.org/10.5897/AJB11.1354
https://doi.org/10.1016/j.indcrop.2022.115531
https://doi.org/10.3390/agronomy12102517
https://doi.org/10.1002/j.1537-2197.1967.tb10656.x
https://doi.org/10.1016/j.plaphy.2018.05.002
http://dx.doi.org/10.21273/HORTSCI13283-18
https://doi.org/10.3390/agronomy11122538
https://jispp.iut.ac.ir/article-1-1908-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-03 ]

VR Jlo 08 oyled AV A aLE 5 S8 sl s T

The Effect of Foliar Spraying of Polyamines on Growth Traits, Seed Yield and
Yield Components of Camelina (Camelina sativa L.) at Different Levels of
Salinity Stress

Esmaeil Gholinezhad?, Shahryar Kazemi?, Bakhtiar Lalehgani'

! Department of Agricultural Sciences, Payame Noor University, Tehran, lran
2 Crop and Horticultural Science Research Department, Mazandaran Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension
Organization, Sari, Iran
(Received: 2023/05/10, Accepted: 2023/08/22)

Abstract

This experiment aims to investigate the effect of foliar spraying of polyamines on growth traits, root characteristics,
physiological traits and seed yield and yield components of the Camelina plant at different levels of salinity stress, a pot
factorial experiment based on a completely randomized design was done in 2021 at Payam Noor University. The first
factor was the salinity stress with Urmia lake water at three levels (0, 15 and 30 dS/m) and the second factor was foliar
spraying polyamines at four levels (spermine, spermidine, putrescine and control (spraying with water)). The results
showed that the salinity stress of 30 and 15 ds/m in comparison with the control decreased root diameter (16 and 4
percent), root dry weight (39 and 17 percent), root volume (43 and 31 percent), relative leaf water content (60 and 23
percent), chlorophyll a concentration (57 and 13 percent), chlorophyll b concentration (61 and 21 percent), the number
of capsules per plant (52 and 25 percent), the weight of 100 seeds (30 and 5 percent), seed yield (52 and 10 percent),
and biological yield (38 and 10 percent), respectively. But salinity stress at 30 and 15 ds/m increased leaf temperature
(12 and 6%), carotenoid concentration (56 and 46%), and leaf proline concentration (44 and 40%), respectively. Foliar
spraying with spermine, spermidine and putrescine in comparison with no foliar spraying, enhanced the number of
capsules per plant (26, 23 and 24%), weight of 100 seeds (28, 17 and 12%) and seed yield (38, 8 and 21 percent),
respectively. On the other hand, it reduced the effects of salinity stress. Therefore, it seems that the Camelina plant can
tolerate salinity up to 15 dS/m. Foliar spraying with polyamines can be a good approach to improving the tolerance,
growth and yield of Camelina under salinity stress conditions.
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