[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

) el Ao
VEN Q\;’....aj ¥ oJLQ.i N 69

b= ISSN 2717-0632 (55 2SIV ISSN 2716-9804

oS 5 S e b ylanal o 2050 5o 2YLelS sal 5 Ll el (65, 5liS
L sl

S adlis &
Y wl e & e . PO N N
u|ﬁ1gcﬁcé))jw@);jw)yTsQu?E>JULA)L»:sd))}%dj}j}.ﬁyo&»n)ﬂaquuw)h)ﬁ—\
Olnl S «8308WS sy 5 hisel el Olajlu (53,3128 (653 2SS o ol&n sy JsShe (S350 305 05,5 Y

ksima@abrii.ac.ir
VEOYIBI 5y Gl OFOYOEN Y s 506

=) 1§ amios

ol

Gla il 585 Sl e ) G el o 65 35k 6 4 Y000 JLe b Ol Cunex
o slasSlE s 65,5LiS 5 5 &l Sl esla w3301 lagies sl ol Sler amslr oot
Laklie sla s, 5he0ler L) 4 5) Comar Sl it I8 A5 Gl § e DY seamee 5l oslinal o8l
Oler Siasans 5 i bl (65,5LES 6l Sop mle S (5558 Ol nl 3 ol ol i g
L VLelS psgie (S5ba o5 o0 655318 Gose e 2 5 2l0bL (e o 50 Eol &S 550 0 S
Ol e OWLS ol a3l i S 5 a5 5550 Sl etV e diS Gl Ol e GLS Sl oslizu
o ,td 5 SLs 3l S e Uy s cd e ol alS (Salicornia spp.) Ly 5le 5 S o )Ll laid s
g..JT)" sslaol OLSGl 5 (6 55 4 T 3L s Abe (63 3 44 juamin Sleo gt (23l L 5 5505 |, S
Ol 53 oS LB o5 Bl 3 g8 4 a5l g e anlid Sl alS Olsew bl 6lp s
ol e Sl ezl 5 VGLS s b ud el e S 3l ol e ety sl U Ly oSO 3 o3lind
Glrs 8 28,8 5o Ly S Lol 5588 o)) ool 4 Sl 0pdes O B L5 e 5558 bl 5 55
Slwly 53 loe b s (353LES o Ay o sbml g O 51 015 o Ll oS0l s S 5 i
55 o3lil (53,5LES 05m 3 ks il slol (5l _steslie sleasl

éujj_g[,w LLSJ).J: cwyk.iala.f LLS.:\J& w‘ n‘_sla_ju.a JLAJB‘ ‘5-'\:15 ‘5‘.503‘_}

9


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

"\f'\ C}t.w.dj uf GJL«‘:’ N0 693 ‘L;;'“:J. d:«wj 41?5.6"

B) uT Sl S s Ol s ol 55 e Ol
SHOL LS JLsis Ol 4 e e
ol aas G 1 Sy 8l st Sl Sl 2l
g L gble 53 of VL 4 5, oS > o
Lo ol 3,8 b ol bl 5 Gas oS O
aor iy b Gl odd aln )y el (50 4 s
2 U by s SHLL Ol ks aS il
»> .(Ayanlade et al. 2018) s,ls SLs (5,55
o155 (Bannari and Al-Ali 2020) (glasUas
SalS 5 ey il ey Sl a8 Sl sk
Sls gopd Sl LIl Y o o Su,L
esdhe oyl i Sens S gble
ST 0l 5 oS dae e Jlss nle
a Ol aws 4y o 5l gl )l Ol o
LQTGLLAA_.:OJJLM') NSO T PRCSUN S P
o pde Ol agy o5 A ) i O e
Sar Sleis 5 21wl 5155l e e o)
DLl O 1 5 ) s (iale S s 5 (e
53 ol Ol S IS (Corwin. 2021) 5 S
o Le 528 a8 s e 0Ly Slex g

el LS Ol o s GbLa .
3058 53 Camaz 0558 S, Sl a5 L
drn g5 4 3 e g Lol 531 0T JLis «
Ay o2 S Sl e 4S5 s5slis
Ol 3lodd iz Ll ulwl o a0l

Ave (FL8) e e (55,5508 5 5Ll

4

4o

S Gogd 2 OF S8 5 (21ss 5 DT Ol ks
Ftse 35> e Sl 5 a5 OT Ol s
2 Ol Comer Lnes (SO S 05 o
Sanl 5 s 25158 8 sl s Y OVA L
03 5kl Ll Bl A YO Ol cpl aS 55, o
oobol e 8 s L 4 s 4 YO JL
Ao Jhe (655500 5 sl Ol edlel
Ay s s Comer A el 6 0 (551)
b el OV a5 edn] s Oler
Zeinalabedini et ) LG Jul38l Lo ys #0081
G 2 SE sl ol s s =l (al. 2021
Sl dile Sl Blaw b conl colad s
Cedlw 5 s ¢ 55 3l bl Lg.j) sl
(Ullah et al. 2021) 4,15 sl bLs,l oLl
aS el ol 5, S am s O 4 b &S gl
10 35 Ol et T e Sl O
sl Sheslanal sla hgs o ol L 5
53 edae OIS i 5 oSG ol =l
530 SRl et Sl st e o
L ouslis Sise Ol Ol Comar 0558
Gopb s Slle g (s (SHoL (i
O olie sdee OV a4 BT S
Mukhopadhyay et al. ) 555 » Jodg s
SouslaS e 53 $oss Ol ol 512021

M&l&bﬁ)bb}.ﬂjd{j&b}&iﬁ-w


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journalofbiosafety.ir on 2025-11-16 ]

"JJJSJ.AJLUJWL’)}J» pr‘)': L;.’.YL!"L?; LS“'.’.LIJ"L"‘"C":‘:‘"‘ Ls)))l.&s‘w L;‘L"U':’f')u"}j"

)RP‘)J}JPW}}‘MJJV?

03 653 el lssb Jole aslesls olaxs

L arlse e (Ko S L 05
Lo 345 yoomen .(Alkharabsheh et al. 2021)
=l e 5 3l 8 Gl S S
35 kol s dils5l Lelpe 5 S Ol gl 3 5 sidmes

50 100
0 B WE
0 ; E:IE
£

/ ]
w1 3:15

]
"REBREREES3EE
Precipliation fmmiy)

Stanford Iran 2040 Project
Iranan-studies stanford edufiran2 D40

Olpl s wlle 25L 0l (o) (Bond et al. 2019) Sl cawy 53 of Ol (i) -V K3

(Mesgaran et al. 2016)


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

"\f'\ C}t.w.dj uf GJL«‘:’ N0 693 ‘L;;'“:J. d:«wj 41?5.6"

O ssbes VIV s5dm U aw 531 5 Wl 0,5
Oaken IOV s LSS ol (s o 20508
Ogben /FYY Jlod LSS ol (s o 20508
e sS Osben 0 TY Ll 5 e meskS

(Hassani et al. 2020) ol ;52 2100 slols

SIS g sblS ¢ (Gogw Ol I

(Sl Al o e S s S
Il 5 olS (sl DT s B s b
NSV V]| VU POy NS B PR W R
O i 5 558 0 OLLS 55 S 053 als
s Jrals (e slis ol tals
LS ey halS (st sl s
SorbSe S g bad b Sl s
o 3 S e slda SalS (et S
5 S R0 e 05 o (S ana s s
Olpsa by el s Shae fals colg
OLLS 55 susd i 5 U sdes sl
(Kwon et al. 2019) Lles S 0Ly 2155

Cdld s Pl Eel gosd oy s sba
Py S Sla S oL 5 Ll
RuBisCO: ribulose-1,5-) s sy, il
.> 35 .» (bisphophate carboxylase/oxygenase
5 5Bl il Ll Slesply umes 6558
Zhao et al. ) =S o Sl jlors |y 55858

(2021

q¥

Olplg Ol Lo & (S

S GoslES Glaees 1T 1 S s
SIS e U A e a5 | Oler sl 1Fe
= aS a6 ss (Xu et al. 2017)
5 S ] i 51 LS ladshe )
S50t 5 A=y 0315 (S pamul J3laS 055 o8
(Pan et al. 2020) 4_S s 354> |, LS
o5 S e Sl eslatal 5 ann sk rana
Sy Joote ooy 255 Aol Sia L LS
Sy D sy 2Ll s Sl el
g oS LB el cb.w .(Flowers. 2004)
sl sl S Lse Ok BV WYY JL s
(FAO. 2023) ..l

Sl b sl Olsle sad ime LT gb
sl 5L Oyl $Y0 s 6553 (FAO)
O b ATY 5 Gragiibw =) Gos 55 Ol
355 Cratla YooV o) Gas s (6550 SIS
ke S ol e sdle (FAO. 2021) 15
aS sl 8 o 8 e ol Sl S
Sl S o Yo Sl i Jsles Oliee o
=55 (Qadir et al. 2014) ol o cis LG
CH B Ol e 5 s 20 SAST s
oo ) Ll o)l Sy sba o
L 3T 605 5 e 20 kS 0saks V/F (3Ln 5l
s3b Bl g eSO gebs Y/YAY 5y L


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

N S e Lkl s bl s GVLeLS sl b ol (65558 e Bl i 5 S

| Slaptonn o e 45 Loy B cnl e
J=isn 3 st ol Gob 5l L el wilss
Al e g S s ol S ol Sl
Sosi o2 e 53 Ober (il L)) N
SoSa Yo v jsbas allyy, 5 ool
e 5 Si bl s a8 (g5uslis LSl
P 03 gkl b s Ll Ll 3 S
U SO I S PSP IR HECH L.

.(Hammami et al. 2020) (Y Jﬁ.’;)

525809890 Dl

oL yolagas ylS -1
Ay ol (led pladl ojlail sy <Y

S gl S 1

olS 3o Clhg Na*® (sl (igs i3Sl

L oler otS 5 e T 5 d i

Te eSSl e e sl S s
(Zaman et al. 2018) 553 o 3 Shae s s
e s slacl Sl g eslizal
ol Gl 3 S (6) 55 s il
CetS b e sl 5l el &Y pame
e U i
Lol bl s e e 3 Shas

loniiga Ol
g pladl as Naw Juisal autidl -1

oad s Sy 3 Na* aezi =¥
ROS ljeo Jauldl -+

S19p0 polis Qiz LBl

Sy gl il y3 ol 5L 3550

e LS 5 Glandgn 5 SG5os00 Olndd Carge Gosd S0 =Y IKS

a5 5 st slas POlol glaa a
Sl s s Ll cblols s o «sdS
DS iz 53 ($5,slS e (e il
Lol anils (¢ ,Kadir il 5l canw s = s
oA 53 et 21 g S G5l 4
ol 5 el ST ey S Sl
Llad 5l plad ool 5 b 5l 50 S

G ab 0 4 (s3laiBl o )

o

@ Ybols
Gk Sl edeas ssban 550 glasS A3
Sl edd ol et Sl Jlas
L sdpiand 5l gLS Holol (bsesS
Ol e iy SS1 slaodS o 5 035530 O
b by Sl Cil S sy sk g
ol s SlaodiS e 5 035330 5 g sd]

«Jl> I L .(Shaygan and Baumgartl, 2022)


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

"\f'\ C}t.w.dj uf GJL«‘:’ N0 693 ‘L;;'“:J. d:«wj 41?5.6"

s el S Gas o ud) L beidlle
Syt & Gk el Sl st e ST 5 s Ol
Lo a0 OlalS ol S o0 SaS S cunss
Sl S e ol 1 S o5l e
L e ol slgs 5 s S s cab e ddS
O5slaS Welss Gasb onl 515 A8 e (el 3
il 3l S ea T sla ey Lo
.(Hasanuzzaman et al. 2014) Las

e gLl gl i Sl 2VLelS
L sl ISl 4 5L pde e
b s elasel s plens Glaedus Fdlol
Solaab Sl s S s olals cils
LS55 55 45 a5 Sk sbul 5 wlusls
euls JLds a1y g 358 5 S (S s
3 SUs e olie o mas Sl
Rafati et al. ) cosl S Gas 30 5 2YLelS
(2021

aal Ly 2YLeLS lacus sis sdes
VLS el e gl iy bt 4 Sl 5
L (Sa53T 51 aS Jliie haid A, Jead o 5o
s pdie b s e S C}’Lpl
S e LSt il Hp b | adhle S
3505 5525 ol i gl plhiossdoe Do
Wl 8 DTy eyt 5 SB g oo oo
s S Celial 2 VLeLS (ol |y et S

N I W G U U % SR A UK S P (WL VN

a7

Ll o Sad a Jomte b S S ol pl
Al Conby 3 Sl S B 6l
S 3 SIS 5 sl i ST SSU e
St ) gl 2YLelS b e
e oS DL 5 (5 5h a0 )T slaS
> Phytoremediation L VL elS .ol sii
5 LS xe 4 Phyto aalSys 51 Uy Mo
wrlo e Loyl slons o Remedium
5 el gl olS 5l eslaza ot 4 5 Ceslodd
.(Lee et al. 2023) el Sl= C‘;LP\
3 Sl ol sl 2 VLelS S
Sl saSesdl ole ool oS win, &b
235 dr olS by e s olS s Wl S e
Sl oS v g Ol Sl ey 4SSl L s g
s Bl 5 VLelS gl Sl ks
5 USe T Gl of 5 el Sl wl ol S
55 .(Naeem et al. 2023) ol oLS win; 3o,k
(05=) ol oS Gl s S 51 s, ol
gl o=l i 5 (6555 J S ¢l —
o sla SLs a5 e oslanul (55,5008
Sheslinal Ly S iy b 5l 0l
e 15 Olsn 3,8 2ol s s
Cnsle s b Gl i Ll il 5o Jeosd
e 31 o S5b 4 o3 T S s LS
Sl el oLS Sl gl ST Jul e

4_.«.:;.3“) | ebj_.ﬂ S~ 6)@)[.! 9 ;L.:;-‘


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

N S e Lkl s bl s GVLeLS sl b ol (65558 e Bl i 5 S

Gosb b Ll opl s Al las 8 sl
xS GlaSh S pedle aS ASL
A3l il §,5LES gl e el gLl
Tl S Ll &y 53 el B o
o3 pls 5 Oldl ¢l VJLW slie W Ll
5 gl tman 5 o3l (65,5008 S
e O3las DLl e (alS 2y sl
2Ul5 L ALS i S 5 s p s
Sl LSL pedle 5o Sas Jlaml 5 ol
o g Al ge Vb engsl 5550 xals Jds 4
el Con s 35t 5 w515 4
OlalS Ozl (opl ply s s 01,5 iS
3lasl (gys0 e L sd bl s Sl
il e il OlalS wsle ol
G @3l SO Kl e Sl bedo VT
SU VR e S WO { PRI WP

.(Khoshkholgh Sima et al. 2019)

(phrytodegradation)

°
@
AT L
(phytovolattization)
S
® ot

GrS o ey 3 Ol 5w Laea VT 5
.(Kumar et al. 2021) a:S
Lol OLalS (VLS al b o
oL 5 SIS ()58 b abilis jo 1) ik
e dm Ol e a ke 1A S e s
DRV (VLS o sl ealinad eSS
S8 o (rhizofiltration) gla_is,

Y Y =5 (phytostabiliz)

.| s (phytovolatilization)

P S le'.-
(ol 2l (7 JKS) 5 S 6 Ll (phytoextraction )
Al Cus s L LS 65 bl
0 d S ans =l ye 5l 5 o3 oslize VLeLS
sy>5 L (Kafle et al. 2022) cul a3 oyl
S omly Sl s GYLelS AT 5 oS
Sl ar s b Ll el b i,y s 4 o
03531 35S sl js al b ] oLl

bty By : q'.‘
{Rhizaofiltraticn) »

&Yl.lal.:g BE o enlanal LQLA&.:.Q -y JS.&

v


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

"\f'\ C}t.w.dj ¥ GJL«‘:’ NO 693 ‘L;;'“:J. d:«wj 41?5.6"

ClL jamie jsba Lol 51 pam 5 ol 3
(Yuan et al. 2022) oS o a3, L,
tn S e s OLLS L s
VL o5 s b bl s Ll e oS
S G Jela 5 as aa; NaCl ¥ s Lo Yoo
L i lises sladi S 5 la i 5l S £
.(Komaresofla et al. 2019)

Sos a ol SLALS Lo SIS folis o
L o Son Hybas ped 5y Ll )3 oS s
Zhao et al. ) 5535 o g S 0U s 52
(2021

13,5 S 03,8 a4 Ol oo | L e
ot laai Il T (gL -Y (gl )
00 ki gl slacsdls (Y S0) ools
VU ot 03 5 S o Ay 55 saelSans
sesl sl 3l slaa S Wl cslss sad 5 S,
Ayl Hl 5 ey S ol 5 Chenopodiaceae
o=t bl s Al e ol gl e
Oadr oyl 55 Laol ang ad, Ll s as,
Glaa S ol S oS Pl L S
4 Gl=s Poaceae s Cyperaceae Cyperaceae
O S O o slac bl s 05,5 o
ol g s daed el s Al s
o L e SLLS L alie 55 S 0
Chenopodium — .Lo_wn 4 o 5 d_Sy aalsl

o > 3| Myosurus — minimus 5 glaucum

aA

A 390 QLS § 590 (SIr3Ls”

e Al e L b Slla (5555l
Ll 1 o3 Of Ol 2alS 5 s slalass
G |y SLs acKas Sl ol opimean S
SLaSE iy ol b a5 a8 e bl s
g o e g ($5,5LES bl 4 LS 00
Sl o o= Ol e SR o= o
e3lizel BB b 5 s b 3L 615 e
S Lk 5 (6553 ES e 4z STl
JB 0T 5l ol il oS (535 gl tass
el sl plos) Bl s el 81 Sl
Slad S s 4 e ool 4 5l sl s
Rl ol s Bl s ciS gl aLS
ww&uwﬁgt,ﬂg&:@g\!w«s
b glag, i o cis LB s 5 iz
Sy ol Lac s dla 05 5 cis B s
358 D1 e

Suadh ¢ 55 53 Soh a Cuslie Cony 53
Lac b SIS 5 Lacdlls )05 555 (LS
Sl g sl e O358] Cows 4 43 e s
oS il s ol Soles S0 slen s
Gos ol 5n ged 5 Ay Ul baed SIS
3l ¢ol—ws .(Alishahi et al. 2020) 4l 1,
s glrc sl 5l Ko L LBl oblS
OlalS lels a5 acs (terrestrial halophytes)

5 Slamt s (las g o e dle wr WL


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

N S e Lkl s bl s GVLeLS sl b ol (65558 e Bl i 5 S

.(Hasanuzzaman et al. 2014) .S .

JAL{”_W.U'J_A): Ll e 4S L Jultf

-

Growth

Glycophyte

W

.,
A

™. o .\?.lcultdlj\'c halophyte
NN\

AN

Y

< Habitat *, \\

indifferent

" "f\ohligate halophyte
halophyte AN

2\

Salinity levels

Hasanuzzaman et ), ;4 « Gl ol Canslie sline w5 L olals Wi, o gyss i -F s

(al. 2014

5SS el ol 5 dua Sl zesile
b A S g A8 S ol basl
S5 4l b 50 5 KKy e LS LS
Gk Sl SLBles S 5 sy ilen L IS e 3
s e pde S Job 5 oIl 5 S sS e e L
plasl o dhny o LSOl 50l
3 Soh RS S s Gl 5 s s e
Cardenas-) LL o a8 (el HLi3 Ol o8
Ly oSSl Sy as > (Pérez et al. 2022
e Gl Siailer s SS1 e Juls
(AU A e sl Loy Al a e Sl
LSl . cl Sy a0 5 2550 > s
A s AL ks (S gbeol 5o lg
Jsb an Lo )15 CA S g g 4

}%’T'kﬁ.\)—*:)"}})\‘.. d.)l_au Lg.l_,.gj 093

44

35 50 @YLelS sl iy
5 Ul L cmalie oS sloml Ly ululis
S et sl 550 sbls 5 YL 6,50
4>y Lol Salicorniay oS 5, .l
D13 e 0l e OF slas )8 5 Dl yoa
by
Lyl

Seas sl an Y wlds 5l Lo, UL el
SlaalsS 5 Jomte 5 S el edd 48 S
bl ALS ol Ol s S alS
L NaCl ;¥ L Vo B Ll e a5 o
Cardenas-Pérez et al. ) 1S o |, 2l
Lo dolm 53 b sk 50 (2021
asl JlS 5 a) s ol asl-

i ‘)\J_':—QSJ}_MAJJL‘U ol.:f UJ»‘ tl.cjj &:z—w\


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journalofbiosafety.ir on 2025-11-16 ]

ARR T QL:.\MJ ¥ UL«.J-': N 0393 ¢ g ) ﬂ‘ A.l:'u"

Salicornioideae ;| slael .cowl 355 5 Loy
Gblie 53 ($55liS Gl ersmdiel Glas sl
Salicornia bigelovii (Jlus Ol geas . Lien 4
G e ¢ 2 lls oS S, Ol Torr
Dl esla il 5,50 8, A5 s s Gble o
Katschnig et al. 2013; Zeinalabedini ) aﬂfd
slaas S = o &Kuls 0l ol (et al. 2021
Ol 55 Ly oIl 51 sbaa S ol L) sl
Sl 5 oGS 4 Gl i 5 sdes b
sba S Ol (g pl 5l cclods o3 1S
S el Jmmoly Al o L oSl a5
Ol =l (o3l Sl i 2l 2 55 G505US ann s
G A i Ul 3 e 5 3L
seslie slal gliwl) s bae cod Il (55 5LS
SoualiS o 53 plds Ccal slonl C

(O J.i.:/) Dﬂf‘)‘ﬁo.}u&m‘ 3)}0

f,

(OB A 55 51 slas) L oKl =0 IS

3L s Of Sheslinal b s ol ymul aas ol sa
GbLs oy Jlgm 55 Cunds ol 45 sl
Loy oS o am OleysdS S 5 55l
S3lwdBlS 5 ool mleo s LKl el
S Slyme s pmmen 30055 018 5
Olpean O GVL o3 5 Ol 5 olS 0l
PN PE VIV SPUP SIS RSP
Zeinalabedini et al. 2021; Moatabarniya et )
s i sl Lo s (al. 2022
S35 o3b wxb b Sdas 3lge 5 (700/%) NaCl
st S Ko sl Ll e oS ol
Al Olgea Ly sl S slae sl Ly
s o eslial Cilois IS s Kos b
ol L, UL a1s ((Antunes et al. 2018)
Cgr =l sl aS il o9y Lo YY L YR

YT BT Ghls emas el SIS oS alia

A


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

N S e Lkl s bl s GVLeLS sl b ol (65558 e Bl i 5 S

Ahmadi ) s,ls (Halocnemum strobilaceous)
wisy 53 edes b (cd) psesls (et al. 2022
CiS S Ol Sl s s pd e oty LSl
o T SLs oSy 55 4 L) SO
52 (Pedro et al. 2013) U=S o SaS g saslS
L g NaCl iz Ol s glaallas
bl es, Il DT LS placnas 55 LKL
Bl ag ady)y Job cod Al ) (L5 e
WSl s ol pals Kas kb il
LS i o5 Jgb 45 CI 5 Na' s Ol e
570V Nat Gl Ol a5 sbay ol Ll 5l
Kannan ) L& ¢ .Se31 L1 YT (ClT Gl Ol e
.(et al. 2009
SlaS s s o, e 5 eedS 5 0 30
35013 palesl 3y LSl (S5 5 5 58
<=|J_}l 03 05 55§ I 55 Ol (Ad jaskie
chle s 4 Yoo mM NaCl clle s ol sa
oedS gz 53 5 5L 2150 00 mM NaCl
A5 Ol = o= Ll s s
A et ramen (3L SRl es Sl
wd ygm2= 53 0v v mM NaCl glackle s
Lo STl gl s 53 el o Ol
s 0 mM NaCl ¢ Lle ;5 5 uol o Jals
sl P 3 el ol Ol podS ) o
c—hle s S I > L e Jal S

Na u.).;- Q‘)T‘Jj‘“'é)}*’é"’)b ¥++ mM NacCl

Sead ldde JalS s (6 fse Hsbay L SOl
SOl or 5 S o R Ll oS D15
Gble 3 VLelS (gl 350b olS Ol e O
Olssan 3 ¢ oS Dl w00l 5 5
OLLSen 5 Lo pime kv o oS glandlas s Jlis
53 NH's 5 NOS saind Olppe b ploil (Y4YY)
3,5 Ty Gl golslans sban oLS iy
Je—2=en .(Moatabarniya et al. 2022)
St LSl 5l sl el el LSO
Cardenas-) 553 oo S Ol b 4 03,0 5
.(Pérez et al. 2022
ss glass s LSOl 5l ey W g
e vl 5 g3l i 51 (EC 300 mM)
.(Reiahisamani et al. 2018) c—ul j46 o o
ol i 51 Bk s age 2B L
(LS S Gl 45 Syl 4 sl L
o Sb Gl sl el bl s Jil
Sb s O 6B Slap s S L
5 S laedVT 03 5w 5l s Sl w0 Ko
.(Ekanayake et al. 2023) 4-S . S g.j
OB e 5 a4 S Slaalllas
S o5t bl 5o VLS s e Sl
G L sSCIL A s plail ey el o
Ca?t K* Na' s Gl 5 65
Sadw OLalS sl Uy aslis s Fe2* Mn?*

Sl a ke (dtriplex  verruciferae)


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

"\f'\ C}t.w.dj uf GJL«‘:’ N0 693 ‘L;;'“:J. d:«wj 41?5.6"

S A e s S Sl et
Cu 5Zn Ni Pb (Cd ,sle 05 4 5 il
Lpd o003 LiH Sl Sls s Cand s
Ni od > 0|5 .(Khalilzadeh et al. 2021)
ol Al (¢ .Se 3Ll Salicornia iranica law 5
pfdl,.ﬂ Ore 5 Y0 O Cder Ol &S O 50
ALY L sl sl s S0 ¢S5k
S eslail Lo Sl v ss 55, 40 5 cole
Gl il 5 JS6 ol Ol 5 S
.(Kaviani et al. 2017) 54 ol 5 /0 5 Y/0 Y/0
o s Sl S Olpea Ll
03331 Sla s Sl cmalin glay 38 Ol e
Bade e @ LelS ke Sl 4 el
Salicornia europaea hwy Ol oi Ol O
Olsae lamdllas s cdd (g o3l of 5 St )
Oy s VY Yo bl w vl s od >
Voo mM NaCl b g jled ol pon & V¥ 50 Lo
G S Oy 33 NaSeO Vi sy SV
5 GRSl S s sl s S ssdes
Ly sl b5 28 lr Ol A it
b e il el 5 S b L
.(Mohammadzadeh and Hajiboland. 2022)
S 5 4o § S
5 Jss slay s LTS e (S
Lo olhnlo s Wy o el was Sl

o e a5 Sl G5uslS L adsl J e L

mM bl js 5 sl A0 Lle el o
o3 Na ol Ol MS)},,AJ- 5> ¥+ NaCl
Khoshkholgh Sima ) 1.l o l581 o5 eIl
,\_:J)J Ol e ;—<i’ slaadlas 45 (et al. 2019
Voo e glacdale o LIl G1s 55 85,
3,8 1,8 w5550 NaCl [V s Lo P00
O30 #++ mM NaCl ¢ Lle ;5 4s jasin
3 Laslie jo L oKl &ls s oy, A
Reiahisamani et) coul 5w Sl s I
Codgla oS an SVLelS Ol (al. 2018
9 Salicornia  europaea Salsola  crassa
sl gy 98 kil 5 > Bienertia cycloptera
Loolal 5 Gre il o V0 58 YD L
sCa €l Na ,_ae jle 3l il slachle
o LSl (s asde 5 A Se5lul Mg
Ol e EC=V e Lol 5 s J,_iiz LS g3 s
sl glaplasl 55 Cl s Na AL Cds
Ol e oot g5y 3 .(Farzi et al. 2017) 5,!s s 4=
53 Fe 3 Cu «Cd (Ni Pb Zn asle o156 Ll
333 Sk 5 AMS (i, A, A e s
0301 oS Lav s g5ll 51 g Sas Llex
by anes)l azglys SLbL s s 5o
e o) S A S5 L oS
ad> s ;5 Cu yFe Ll = Ol ol QLGS
PRy P S R I LRGNV S

Ju.b‘ Q\J_«_.A c&‘ﬁbﬁ‘y\& ] J:":"':" d”‘jﬁ V‘J..:(


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

N S e Lkl s bl s GVLeLS sl b ol (65558 e Bl i 5 S

S G WY S SO S Y J- B Wt |
Saa 55 L Olegen Sy gon Ol e |y Al
Soso ey 5 Dol Hel s gilusy
b sSIw e85 58 w0 (55,58 5 ol
CoiS 6 el gl LS 5 e ALS Olgen
e Syl ()b Sls sla e L O
Jrdoloml 5 iy s S Cands S
sleig oul A 355 e 015,508 (gl
Slaasiis ke i bl eslinal U 55 s
oS G Ol ey L pKIle S8 (555 (S
550 03S 53 e VLS ol b
L LS ol ams ol el 5 085103 eslana
a9 A 5 i slad sy Slus
5 Sy e B o ge 508 0 S

S god Sals waﬁjsjwﬁl

.J}.«J

(A b 29, gl
ol
Al psily
Jsilio gy S
€02~ gl

O ted Sl uis ol oo T i (g pdycnd
DS e, 558l Ol ol dalys VIS
sl iS5 ol sl 4 Shsle W8 4l
GireS Sl l opl b 5508 5l Oler
S slacala 3l (Scwd i, olsle
3oLl g5lw g Ll s el S
o o 2 o pd ke e lds sladl
33 oS S el a5 WL el g3usles
S35 Sl el L e i
BUNT-E] E ST PTG LSV I S U R G
3,0 e sla S5y 5l 0l slacgd e
g Loy Al L Cd Sl (65,5Ls
sk SVsb T b K S g5LsL Sl
L b cnl SLs byl s s U LS
J=b s oo Ol slis Shels Conds S
BT -0 | P oy e Ry O R Ve B P U VU V)

4_:}_55 9 Q\)le_;s )J OJ_:'KJ‘ .)l_>u“‘ (_sl.':_,w‘)

‘Water inlet
Micro-

* sprinkler
— Sand
Mesh
Gravel
Water collection

Pipes and outlet

L, sSdle las 18 51 slaods —f (1SS


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

"\f'\ bt«wﬂj uf GJL«‘:’ N0 693 s;;.m.}_j d;».;‘ 41?5.6"

References & U w)@

Ahmadi F, Mohammadkhani N, Servati. 2022. Halophytes play important role in phytoremediation of
salt-affected soils in the bed of Urmia Lake, Iran.Scientific Reports. 12(1): 12223.

Alishahi F, Alikhani HA, Khoshkholgh-Sima NA, Etesami H. 2020. Mining the roots of various
species of the halophyte Suaeda for halotolerant nitrogen-fixing endophytic bacteria with the potential for
promoting plant growth. International Microbiology. 23: 415-427.

Alkharabsheh HM, Seleiman MF, Hewedy OA, Battaglia ML, Jalal RS, Alhammad BA, Schillaci C,
Ali N, Al-Doss A. 2021. Field crop responses and management strategies to mitigate soil salinity in
modern agriculture: A review. Agronomy. 11(11): 2299.

Antunes M, Gago C, Branquinho A, Julido M, Guerreiro A, Miguel G, Faleiro M, Panagopoulos T.
2018. Behavior of Green salt from Salicornia ramosissima and Sarcocornia perennis through storage.
Ayanlade A, Radeny M, Morton JF, Muchaba T. 2018. Rainfall variability and drought characteristics
in two agro-climatic zones: an assessment of climate change challenges in Africa. Science of the Total
Environment. 630: 728-737.

Bannari A and Al-Ali ZM. 2020. Assessing climate change impact on soil salinity dynamics between
19872017 in arid landscape using Landsat TM, ETM+ and OLI data. Remote Sensing. 12(17): 2794.
Bond NR, Burrows RM, Kennard MJ, Bunn SE. 2019. Water scarcity as a driver of multiple stressor
effects. Multiple stressors in river ecosystems. Elsevier. 111-129.

Cardenas-Pérez S, Piernik A, Chanona-Pérez J, Grigore M, Perea-Flores M. 2021. An overview of
the emerging trends of the Salicornia L. genus as a sustainable crop. Environmental and Experimental
Botany. 191: 104606.

Cardenas-Pérez S, Rajabi Dehnavi A, Leszczynski K, Lubinska-Mielinska S, Ludwiczak A, Piernik
A. 2022. Salicornia europaea L. functional traits indicate its optimum growth. Plants. 11(8): 1051.
Corwin DL. 2021. Climate change impacts on soil salinity in agricultural areas. European Journal of Soil
Science. 72(2): 842-862.

Ekanayake S, Egodawatta C, Attanayake RN, Perera D. 2023. From salt pan to saucepan: Salicornia,
a halophytic vegetable with an array of potential health benefits. Food Frontiers. 4 (2):641-676.

FAOQ. 2021. Food and agriculture organization of the United Nations. Rome, URL: http://faostat fao org.
FAOQ. 2023. Food and agriculture organization of the United Nations. Rome, URL: http://faostat fao org.
Farzi A, Borghei SM, Vossoughi M. 2017. The use of halophytic plants for salt phytoremediation in
constructed wetlands. International Journal of Phytoremediation. 19(7): 643-650.

Flowers T. 2004. Improving salt stress tolerance. Journal of Experimental Botany. 55: 307-319.
Hammami Z, Qureshi AS, Sahli A, Gauffreteau A, Chamekh Z, Ben Azaiez FE, Ayadi S, Trifa Y.
2020. Modeling the effects of irrigation water salinity on growth, yield and water productivity of barley in
three contrasted environments. Agronomy. 10(10): 1459.

Hasanuzzaman M, Nahar K, Alam MM, Bhowmik PC, Hossain MA, Rahman MM, Prasad MNYV,
Ozturk M, Fujita M. 2014. Potential use of halophytes to remediate saline soils. BioMed research
International. 2014.

Hassani A, Azapagic A, Shokri N. 2020. Predicting long-term dynamics of soil salinity and sodicity on
a global scale. Proceedings of the National Academy of Sciences. 117(52): 33017-33027.

Kafle A, Timilsina A, Gautam A, Adhikari K, Bhattarai A, Aryal N. 2022. Phytoremediation:
Mechanisms, plant selection and enhancement by natural and synthetic agents. Environmental Advances.
8:100203.

Kannan PR, Deepa S, Yasothai A, Kanth SV, Rao JR, Chandrasekaran B. 2009. Phytoremediation
of tannery wastewater treated lands: part 1: accumulation of NA+ and CI-IN salicornia brachiata. J. Soc.
Leather Technol. Chem. 93(6): 233-239.

Katschnig D, Broekman R, Rozema J. 2013. Salt tolerance in the halophyte Salicornia dolichostachya
Moss: growth, morphology and physiology. Environmental and Experimental Botany 92: 32-42.

Kaviani E, Niazi A, Heydarian Z, Moghadam A, Ghasemi-Fasaei R, Abdollahzadeh T. 2017.
Phytoremediation of Pb-contaminated soil by Salicornia iranica: key physiological and molecular
mechanisms involved in Pb detoxification. CLEAN-Soil, Air, Water. 45(5): 1500964.

Khalilzadeh R, Pirzad A, Sepehr E, Khan S, Anwar S. 2021. The Salicornia europaea potential for
phytoremediation of heavy metals in the soils under different times of wastewater irrigation in
northwestern Iran. Environmental Science and Pollution Research 28: 47605-47618.

Khoshkholgh Sima NA, Reiahi Samani N, Ebadi A, Ghaffari MR. 2019. Effects of calcium and

\oF


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

N S e Lkl s bl s GVLeLS sl b ol (65558 e Bl i 5 S

phosphorus enrichment on yield and physiological characteristics of Salicornia persica under different
salinity levels. Journal of Plant Nutrition. 42(9): 971-981.

Khoshkholgh Sima NA, Ebadi A, Reiahisamani N, Rasekh B. 2019. Bio-based remediation of
petroleum-contaminated saline soils: Challenges, the current state-of-the-art and future prospects. Journal
of Environmental Management. 250: 109476.

Komaresofla BR, Alikhani HA, Etesami H, Khoshkholgh-Sima NA. 2019. Improved growth and
salinity tolerance of the halophyte Salicornia sp. by co—inoculation with endophytic and rhizosphere
bacteria. Applied Soil Ecology. 138: 160-170.

Kumar P, Kumar A, Kumar R. 2021. Phytoremediation and nanoremediation. New frontiers of
nanomaterials in environmental science. 281-297.

Kwon OK, Mekapogu M, Kim KS. 2019. Effect of salinity stress on photosynthesis and related
physiological responses in carnation (Dianthus caryophyllus). Horticulture, Environment, and
Biotechnology. 60: 831-839.

Lee S-H, Park H, Kim J-G. 2023. Current status of and challenges for phytoremediation as a sustainable
environmental management plan for abandoned mine areas in Korea. Sustainability. 15(3): 2761.
Mesgaran M, Madani K, Hashemi H, Azadi P. 2016. Evaluation of land and precipitation for
agriculture in Iran. Standford Iran. 2040.

Moatabarniya S, Rad AC, Sima NAK, Askari H, Zeinalabedini M, Hesarkhani Z, Ghaffari MR.
2022. Morphological and anatomical changes of Salicornia roots are associated with different salinity and
nutrients conditions in contrasting genotypes. Rhizosphere. 24: 100629.

Mohammadzadeh P and Hajiboland R. 2022. Phytoremediation of nitrate contamination using two
halophytic species, Portulaca oleracea and Salicornia europaea. Environmental Science and Pollution
Research. 29(30): 46127-46144.

Mukhopadhyay R, Sarkar B, Jat HS, Sharma PC, Bolan NS. 2021. Soil salinity under climate change:
Challenges for sustainable agriculture and food security. Journal of Environmental Management. 280:
111736.

Naeem M, Khadeeja AS, Maria A, Iftikhar U, Anwar A, Saleem M, Mazhar MW, Tariq 1. 2023.
Phytoremediation of Heavy Metals from Irrigation Water. Faisalabad, Pakistan, Glob Acad J Pharm Drug
Res. 5.

Pan J, Peng F, Tedeschi A, Xue X, Wang T, Liao J, Zhang W, Huang C. 2020. Do halophytes and
glycophytes differ in their interactions with arbuscular mycorrhizal fungi under salt stress? A meta-
analysis. Botanical studies. 61: 1-13.

Pedro CA, Santos MS, Ferreira SM, Gongalves SC. 2013. The influence of cadmium contamination
and salinity on the survival, growth and phytoremediation capacity of the saltmarsh plant Salicornia
ramosissima. Marine Environmental Research. 92: 197-205.

Qadir M, Quillérou E, Nangia V, Murtaza G, Singh M, Thomas RJ, Drechsel P, Noble AD. 2014.
Economics of salt-induced land degradation and restoration. Natural resources forum, Wiley Online
Library.

Rafati M, Mohammadi Roozbahani M, Naseri Monfared H. 2021. Accumulation of heavy metals
(lead and nickel) by the soil and leaves of Albizia lebbeck and Conocarpus erectus from the city of
Ahwaz. Forest and Wood Products. 73(4): 379-387.

Reiahisamani N, Esmaeili M, Khoshkholgh Sima NA, Zaefarian F, Zeinalabedini M. 2018.
Assessment of the oil content of the seed produced by Salicornia L., along with its ability to produce
forage in saline soils. Genetic Resources and Crop Evolution. 65: 1879-1891.

Shaygan M and Baumgartl T. 2022. Reclamation of salt-affected land: A review. Soil Systems. 6(3):
61.

Ullah A, Bano A, Khan N. 2021. Climate change and salinity effects on crops and chemical
communication between plants and plant growth-promoting microorganisms under stress. Frontiers in
Sustainable Food Systems. 5: 618092.

Xu Y, Zhao Y, Duan H, Sui N, Yuan F, Song J. 2017. Transcriptomic profiling of genes in matured
dimorphic seeds of euhalophyte Suaeda salsa. BMC Genomics. 18: 1-14.

Yuan F, Wang X, Zhao B, Xu X, Shi M, Leng B, Dong X, Lu C, Feng Z, Guo J. 2022. The genome of
the recretohalophyte Limonium bicolor provides insights into salt gland development and salinity
adaptation during terrestrial evolution. Molecular Plant. 15(6): 1024-1044.

Zaman M, Shahid SA, Heng L. 2018. Soil salinity: Historical perspectives and a world overview of the
problem. Guideline for salinity assessment, mitigation and adaptation using nuclear and related
techniques. 43-53.


https://journalofbiosafety.ir/article-1-509-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-16 ]

"\f'\ bt«wﬂj uf GJL«‘:’ N0 693 s;;.m.}_j d;».;‘ 41?5.6"

Zeinalabedini M, Khoshkholgh Sima NA, Ghaffari MR, Ebadi A, Farsi M. 2021. Application of
DNA barcodes and spatial analysis in conservation genetics and modeling of Iranian Salicornia genetic
resources. Plos One. 16(4): €0241162.

Zhao S, Zhang Q, Liu M, Zhou H, Ma C, Wang P. 2021. Regulation of plant responses to salt stress.
International Journal of Molecular Sciences. 22(9): 4609.

Agricultural Security Based on Halophyte Cultivation in
Non-Conventional Saline Lands with Emphasis on Salicornia
Plant

Fatemeh Loni! and Nayer Azam Khoshkholgh Sima?*

1- Department of Systems Biology, Agricultural Research, Education and Extension Organization
(AREEO), Agricultural Biotechnology Research Institute of Iran (ABRII), Karaj, Iran.

2- Department of of Molecular Physiology, Agricultural Biotechnology Research Institute of Iran,
Agricultural Research, Education and Extension Organization (AREEO), Karaj, Iran.

ksima@abrii.ac.ir
Abstract

The world population is expected to reach 9 billion in 2050. As a result, providing food for this
population is one of the biggest challenges facing the world community. Reclamation of polluted lands,
use of saline water resources and agriculture in non-conventional salty soils, and use of numerous
products to produce more food for the world's rising population are among the ways to contract with the
threat of climate change. In the meantime, salinity is considered a big problem for agriculture in arid and
semi-arid regions of the world, which causes land degradation, desertification, and reduced agricultural
productivity. Recently, the concept of phytoremediation has received attention as a means of removing
pollutants from the soil using plants. We can mention Halophytes among these plants. Salicornia
(Salicornia spp.) is a halophyte plant with fleshy leaves that can absorb salt from the soil and store it in
the leaf. This plant is known as a tactical plant due to its unique characteristics, such as high tolerance to
salinity and the possibility of using salt water for irrigation. As the lack of cultivable agricultural lands in
Iran, the use of Salicornia can add up to 5 million hectares to the country's agricultural lands by creating
the potential of exploiting saline non-agricultural lands with the aim of plant treatment and using the
country's unconventional and salty water resources. Considering the industrial and environmental
applications of Salicornia, we can use this plant to create a new generation of the halophyte-based
agricultural industry to create food security, which meets the requirements of the resistance economy.
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