[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

VY41 09 tasmio VEOY sbeill 5 g0 OF o)lad Y Al o alE 5 S,I8 5 T3

U oS S5 P00 5 sy Dl st 5ol W) S e gl L S e p
JWe 55 8 s cow (Haloxylon aphyllum)

g w Yt o | N \ . .
el s ‘j‘)‘dwmﬂ‘c‘ﬁuijﬁﬁw
Q‘ﬁ‘ ‘b}!_ ‘3}.'. e@‘: gwl..:»ﬁ‘,s 3 uk:.b cl..ﬁ e.&ﬁ.ﬁ‘:‘
b‘f.“‘:ﬁ Sy NERT ‘wwﬁﬁj&rﬁ@tﬁaM|b¢MJ@ua‘b§Y
Ol Ol O oKl (g3, 5LaS (g sld 5 owikige 0 dKEils (owliiSs 0y 57

QOVA AT PR AP IREE RVLVLRCHNF D)

oS>

2 S Al S A5 63 s g I 4 e OIS G a5 U Gl b S ey Sl
Lol Slbes § od i SUb 55,8 5 ot bl Gblia oSl Ll Il sl 0k Siibtag 5 K (5la s 5]
o ar 53) Ky 555 OWBLE gy 5l dd] il ol Ay S e glais S ST Gaiod ol 55 558 005 S0 b (K50
3 3y e g (Zhihenglivella halotolerans s 2S4 b m=ali Bacillus pumilus 5,5 b mdls (5 Sb mdls O Jold
Ch el 53 JusSt bl Opeen (10 gmPmonth 5 aals mhaw s 53) JLe 5 58 S cod pU oS S5 p
23 ke 538 Jlesl Ll pd 3 25 8 I3 e 3500 SIS Ll 2 5 5ol gy ke 4 LIS aw s ol ls gl
i g yls gme Gl deoys YYP Olgw 4 S Jds A8 ,lade Bacillus pumilus 4 <o Zhihenglivela halotoleranse sw
B. as g 305 SIS 1) Hls s 2alS Ao 5 PO 5 do 3 OF asy3 VO i 5 4 UL (.,,;I Sl 5 J gl gladd (el Ky oKl
("15"1 Cdlad (A3 #8) g (Aeeyn OY) IS | sla jesLs 5 Z. halotolerans & Cuws 5Lé 5 35 Jles! Lyl 5 55 pumilus
Sl el dnl S S s a4 sls L s Cls 5 s Shes (oys VIA) IS KES e gy 5 (Ao VA) SlamST
S AL 3,15 48 313 DL g adsn cal 5 Lgd BB oS 53 SlanST 5 UL (dglome sladd (g (JS S ol Sy sl
OLE Gudows ol gl S (6 8 gl olS 53 el sl 51 abs cpl 4 5 B s 1) 35T S ISsl, M5 Ll 5 olE AS, S e
o5 Tl g 50 Jlg kS Sl Rl sl il e 5 55 25 e DS Sl e (5Ll ol Al S e glags S 4S sl
o g SEE (5l s 51 55 Bl s Bl 55 S S S e 1 5 BU 6 S w53 1y b g 0dd SlE 55 8

L 55l S

Db 558 BU Jlons glad UL Bacillus pumilus :gls Sleds

amosleh@yazd.ac.ir : S5z Sy 5L 0 ame 0ins 57


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

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

LS 5 o delal Ll d L oagrlpe 53 ool (Sa
o o3 ax S| .(Bahrami et al., 2003) 55 5,5, SUSis
7l K et ST L alis 3 EL L8 5 op S
23 GISEL Gl sl cols 4 a5 b el nl Ll o
S S e e SR O S Ol Sbly Gble
(Naseri etal., 2019) 55, .o jlos

5 ) BSOS e Slly Gble n oS- Ll 2
Sss S5t L OALS iy b sl el g
5SS ke 55,8 ms (Mosleh Arany et al., 2009) 5 5.
Bl e I e 3 e e bl o age
olalS (Najafi Zilaie et al., 2022a) —ul Gble ol s &
043 ol S 3 W Sy 5 sles 58 i L3t e
35 00 et 5 (Sopd Sl 5l (6 S 65 il
OF 5l &S (VY OhKes 5 SlxD) 58 dalpr 4
Siqueira-Silva et al., ) Laaij5, 03,5 55des Ol o ddox
Meravi et al., ) oLS (les (glax 5 auw U 53 il 53l (2016
> 25 «(Javanmard et al., 2019) |3, IS als (2021
Salehi ) S 5 cusb;y o Slgmms 3 uis oS 5 oo 15
3z el oS 5 Ses S ol s 5 (et al, 2018
O35 oS Jdaa GLly glalase ;> (Karimi et al., 2018)
Shes 58 b elS sl 5l old Gl eae 5 AL
Najafi Zilaie ) s OlS (55, s 5 Uk 5 iy ol b
(et al., 2022b

SL S e 5 e S OLS (Jsbe ol
b Sl ol il S 5 e silie SlBIL T e
355 gdshe 55 e 5 JI sl s il il
RS o S 1y s Jske Glds SLAS 5 els lals
ole 538 i lal s s (0¥a8 oL 5 LT has)
by G pdy Sy davlse S L e Rl ROS Sl
Ll LS gladshe Sl 5 5 b Sse SKo L Wlie
oS el g oaals Sty ] 5 by, balas,
dlis [ hue Jle ollS (Zilaie et al., 2022) 1,5 i

- ST o Glapierm 4 gme ROS I 3L glacoal U

Ao dle
LS e 5l il sla i b cow OlS comds o
sl Sbly 5 i bl s S blis BT L WL «
5 Sidmpd Slosar p bl i e 5 5 S
ol 0llS (Najafi Zilaie et al., 2022a,b) 345,50
SAs bl gladle s e 558 sl 5,108 e bl
Marsafari ) el a3 S 5 53 1) Ol ol Cilises bl (g 2
5l «((Treesubsuntorn et al., 2021) 53, o Jlada Jooes
oJ.:.l.: o)L{)J ud\; &Jn\f‘ j’:"\ &udLﬂ L gﬁ'ej‘b
il 4 e lillS slaslE 5l sl Sl b S
ERNT-RT NN ) BV S VOV, 17X EVOUHES S LU
Sakai et al., ) ol ol Sizaas 5 S Glagtons S
5 A S 3 S Gl Gble s 6)l5 S (2020
Naseri et al., ) coul LoLly oy pie gla Sy 5 des s
5 asls J,.;L S| S ASlss cde s a5 (2019
2ol Sl JS8 a4 S gleeslg 055 @l B L s
Dumroese et al., ) 5,108 o b St S o3 lie
- Pl L, Sals w5 (2015; Loni et al., 2018
Olpl Sble bl bl oS das o 0lis Sllas 54
Sl Jomily 3 o350 b Jla OULS S b
Taati et al., 2019; Loni et al., ) 5,15 - S w5 il

.(2018
Sl )3 (i alS (Haloxylon aphyllum) &
Olabiaad o, 4 Glate Aoy laaxls L LSl
bl sd 5 o3 sble 5l g s 5 «5 Chenopodiaceae
L s s o Baes 5 (WU, 1995) 5,15 st Ll
le 53 5o anly b s — S L S e
Fadee 00 5l S s g edee Ve B S AL L
3B Ll o6 gt «(Bahrami et al., 2003) 5,l> S|,
3o e 3 S i Sl s S gble s UL

OF Lzl 5 gialr Js b azils Lb30bl olles


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

WY gy Slao e ol wd, S e slas S ST

OHKer 5 oW

Aas sla SU Zhihengliuela halotolerans 5 pumilus
Atriplex  wile (s 55 OALS iy 5 ol ol S
Seidlitzia s Tamarix ramosissima dentiformis
L bl o3, o8 gUls Jdsa & aaea rosmarinus
5 les S L s 4 ) s pke e s GLL Gble OLLS
Codl sdd Sl Ol wE, s, » W oo Sl
Hajiabadi et al., 2022; Amini Hajiabadi et al., 2021; )
S 53 il b ol Gdes s (haet al, 2012
4 Zhihengliuella halotolerans s Bacillus pumilus
3 o b SRy Fr s Bl oo
Cda Al ey 5le 508 S o U olS S5 5
oS de Slas L LT oS jasiie oS sp cpl G ol
Db 53,8 55l 55 BB elS caaglia 015 il ol
Sls gzt g SU opl 56 e en S L s
on S s oS s cos BB Ll 5 (S350
65w S K 53 L b Klg o Gais ol mls s
e Bl 283 Sl S A SI6 o 5 At 5 BU

.m&d&&@jﬁduwﬁlﬁ mlé\

Ly, g3l se

SSS S S EL aale an sladle rglablS b
Jlg A 4 35 Okl ak mbe S oylsl a3 e OlalS
Pl & s iS5 LaollS 4 IS5 a5 o3Il e s
Aoy b SIS S F (gmn o Sla Vo ailas 5 VA
Jie obanle Al s e Ok sl S
5 SouskiS Slad S e AS e 3 5 (V sax)
A s cele V8 Ll b ool Okal b ol
GoSS o3 Fr b, S YO £ Y les ((SL el
2oolS Wiy S e lagSU St tasn cpl s i
38 S e BB 6 S S 5 sy Sl sart
Ol s Shile aw JissSU bl Shse 4 L
or

5ol gy e 53 ST aw s ol WelS (slas 5

smplg s U 5 slaasty) el Olaes]
055 M (Gdon 5 I8 SLS5 el Sy S
A5 I O3S sla JSC il U iien 55 slad ko
Najafi ) 18 J s 1y e sla 23 g5 A oo el
.(Zilaie et al., 2022a; El-Nashaar et al., 2020

Liy S e slagsSU 3 5 2 ) gladle s
DA s e SLS aens cdled 5 el 5 A, s elS
or! «(Etesami and Maheshwari, 2018) <.l a3 S
G olS Caslie 5 Slde ole Gl Ll L Sls e s
Lgd e LS Slokis 5 g L35 o Jame b i3
da sL -l .(Compant et al., 2019; Noori et al., 2018)
A Gloso W LSS sl me Gk
slaolins cl> el gladl (Prasad et al., 2019)
Oisis e (L et al, 2020) jdes auly 5 das
oS WSS (sla 93,0 |25 5 (Noori et al., 2018)
5 e Sl i Sl zals (Bertola et al., 2019) -paf
Jolse L ablie (Esmaeel et al, 2018)  x.j.é
Bhardwaj ) 035,08 4l 5 Ge b 31 AL il
Llsu o s |y OLLS 5 e 5 A, (et al, 2014
OLa 5 Amini .(Orozco-Mosqueda et al., 2020)
Ghls 5 sSde slag SL aS Wsls 0L ags L3 (YAY))
Slaws Ul C B il (godane gldy S e Slawo
W5 oS ads Glalss ACC w3l Wy« Sdan b
SASL s tpl el s 05500 SIS 5 58k
5 Ses 5 Al Jqlgljdjﬁgrﬁdw; ol 58l sl
Aol

a9y Dlao s g (Y0Y)) OLKs 5 Ebrahimi
Gl L S esliad olS sy S e slags SL S ¢b oL
Sl sae Al o Azotobacter (¢ SLoaS psls Olis
F O3 hesn V) amalS ud; (Ao ys V) el Jsb
dald 4 o FU (Lo YY) azaly; 5 055 (A3 WA)
s Azospirillum  slas SL o gl wlis A

Bacillus glads yor el s & LS s Flavobacterium


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

VEOY Jlu OF o)led NY Wi alS 5 S,IS 5 a3 1Y

Sl cpl s eddeslitul S 4 ged plesd 5 (Ko Slheogas S ) Jpd

Sl S S S , oS
s UG ‘ S olse _ 05548
pH S O S
(Lo 3) (e 1 a3 sw)
(M)J>
VY /8 Y Y0 AN /¥ VA oY
Sl sl
(oys)  (doys) G oy ST k) (O sekeo 53 o)

ALVAI YA/A o) f-’j

/A YN0 VY 'O

555wl bl o5 53 sl Sup LS il OlalS
o 5 ps s s S5 OIS & Ll Jisl Ol
DS .03 8 ool il JLe 558 i Jlas! 5l e
A e 558 Oy By iy 5 slos e Al

53 adlg Sl 31 oo G 8 53 8 Hles Jles!
Shesliad b syl s dlesl DL 5 58 Slas QIS
Dustin-Miser Model 1212 Includes ) jlaacs olKiws
A el SIS e 3 Il 528 oL (Deflector
Slads sluas Loy V0 g/mmonth 1 o5, Sl lids
s Ahmadi Foroushani ol lul, aés 55 )L S
g/m#month 1 5 &5, JLe sl OLas &S (VYY) O, en
sle Jad 5 Y70 gim?month il s 5 st Lad s /Y
Sb o sl sl sl o GLi) el y5e ailaie s
b ags 8 bt SblS Sl aals OlalS &S JLe 55,5 Jlasl
St w08 51k 538 4 sl 2,55 3 Wl ) ke
ol S Jol d Slaal 35 s ol 5 08 056
ol O ) F 5 Y Jads) s eslizal gtale — 51 sl
Ol 53 5ls 558 Llite o pmt 53 eddplanil Slidos
i) A3 Sl Gl Gl mnd 5 Ohas s
Slond o8aws a5l le o, 5l e (1YA7
el Sl eslial b s e o S oy (B35 5LE s
ol zy Ddeas a3 L S IS m e e VXYY el 4
W &Jw&igu; adole b

plasl 31 o tetag) 5 (N5 Slho (5 xS0l
Slilesl bl sl B e gladle Al Joli

2 O B VN U B U O RS [ S PH K L S
Jolo o i 02) olS 55 S e (o SL il S el
i Bacillus pumilus ¢ SL L b (s SL =S O
535 09> H5SU «(Zhihengliuella halotolerans s =L L
Ol 558 dlesl 5 Jle 5 585 Lol b 52 55) JLE
L85 e
AS Ay S 55 55 Sy w5 e
o !, Zhihengliuella halotolerans s Bacillus pumilus
AL s ol Gl A a8 e s Sl
5 (Bacillus pumilus) sl doy3s OLS any
Amini L. UWs « (Zhihengliella halotolerans) oLl
el L,y S e Sliv 5 gilealls (Y0TY) oLKea
oslizl 3 g 0 bl o kS 65y 0T e 5 e
2l Ol S5 SL s pa shila dadlg =26 sl
Nutrient ciShow o Ao O sl (g d e Voo
Al S S mils wle 4 ¢l s S g Broth
Sl Ol S Jol Bl s oy andls St s
S b SS G 6 SL A Gl Lol S b
S 313 15 e s 453 YA (slas 5 aids 45 5 1Yo
YV o B Camex b by g il wle el YA 51
oo 3l oslinel b (5 8L e o) ) e Jsbo
Glls 8L ot s plad b b 8 oy g e yib 5 xS
) O gl s LS e o3l (A2l Ol Coma

aiy) Jee 5l cus 93 5 5 ) L O Hlade 4 (g S s


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

VY ...‘;ijawﬂ}ﬁGL;MJ‘S,’M&LQ‘SJSL:}::‘U‘;MJJ.:

OHKer 5 oW

L@leﬁjju‘géjfg;hé‘féu—* J}.\>

(M)J) C,.]al.& JM

(M))) C,.]QLG W

(.L.,p))) ol e

£V ol Y/¥Y

WA POES /4 A

NS YNV elS

oo sl \An% R

Wl ke 5 4, IS 4 slekgas Jbb 5 3 8 & ol Y Jyur

a¥ U

i 523015
YT b

W 035
Yo/ry o

ov/A RE3)
VO/A e
YV s
\/48 plos)
/8 C}:uls

53 A3 Yo Sl 4 baged e s S Olo (blo
5 0l Gl Sl 5 L eals L3 Feer rpm 5 sl
Shoeslisal b gl FVe 5 SETA SPYY Glaz s b
518 laon, Bl A5 sl e Sl dSes
Ly, 5l el b p S o S b b J35)0S 5
3 S sl

Y e

Ch|a = 12.5A6632—2.79A646.8
Ch|b =21.5A64655.1A6632
Total chlorophyll = Chl, + Chly

a Jbsls chle 55 4 Chly 5 Chla Jsa 3 ol 5o oS
slils sl Hldie e Lailgy ;3 A Lol b Lss0S
el D 5 IS s 5 IS (sl e Sl Ja 5 0
5055 p S 0 e S Sl Al s 51
S pdlie ol 2233 O Jloe 2 Joo V0 elen 4 S5
e 4y ahool bl 5ol LS 5k 4 s Osls s
 Olid Jghos B 58 5k Sl Averg s adds Yo
O L ek §ai Sl ojlas 1 2 e 53 e T S
CEIEARUIA PORWINTCI | PO Wi s [N B X R
Al ) SapsSal el Bas bl sl S
S Sl esliad b dals Jglowe S A4S Sy Sl sdns
Ak /0 03558 5 Az 0 Sk Al 2 L
alal b 5 duls IS (63 % 5 Y e s JUge oo ¥ sl

JS Ju S e dd (ool paises Lluss 5 SOS s
Aol Ko, Sl (Lichtenthaler, 1987) is,a S,
Mc) IS | slse (Mukherjee and Choudhuri, 1983)
sl (Bates etal., 1973) .., . «(Donald et al., 2001
Tak and Kakde, ) & ,; o ,Las pH «(Kochert, 1978) J g
S4S, (Aebi, 1984) UL T cJls (2017
Ritchie ) o1 s (gls=s 5 (Hemeda and Kelin, 1990)
Oloo gzt o opl 3 A (6, Se3lul (et al., 1990
gl Sl 5 les plll S 055) (S5 s 5e
Aebk s Calgs 5 ki LSell 5 (b Skl
(2l ol 5l Sis 035 g pemms) J§ KU o
Ll (Seedling quality index) Jlg cesS exls
desls iags ol 53 ((V4%0) O 5 Dickson J s 3
LS s

\ alal

() g s S 03

T s —
el aslo = {

el g () il K0

(R ]

L’dfje)bg;&bvﬁ'/ry&;#d;e)‘x‘é‘f

B Ly odel s w0 gl OF 51 e 5 AE edole

{ () aw  (18) ey 2o


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

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

anils & sad a5 Jsbes Sl e G eatda S 23S
Ao s el doys 0 b ) e SOl s s
A ALl Ble S s Ll 2 e O e A 035
e Ol oy & S el s a5 355 b I
M3 g 3 oy 35 M LS b, Sle s 4 5 0313 K,
b Sl ol8aws 3l eslinal b ol le3T sles 55 (6,106
Sl L 5 ot o i Ol e 51 YAD zpad b s
RSk e S ek Ol SIS s
S Lol S ass e S

SppSes bl (S oslas pH (g, Se3lul gl
o 2 2,5 Sl e 1 e ler sdda 2 o36
LS oo cole S cipad JolS 008 byls g A
Foo e & Sl st caalsl 3 B S 15 s YON s
LS 5l alole oslas B ey mle Fore us L 4ids
A calg s s b JWl o Gy b a s e Slo
ol Cos @ Jlzes e pH L pH

ol UGS 5l b gl 5L 550 (2S5 Jshoma
Sl PHEVA) L SU0se 2700 Dlind 3L 25 e Ve
Sde &8 sl JUge s Ve 05550 AnST 2 See 00
Sl el 5 Lol O @ el olas 1)y S )
A el e gy il b 25U Y 2 ped sl 5o sl
Sl Rl 5 s Ll O3k LSl 033l L STy
e Ol Colg s s (S esll wids Y e
H202 0355 oSl Jsns o o SUBES (5
aids 5> (/¥ mMIem™® gl (oo L) el G yene
455 aloe (Unit mg™ protein) o555, o S e 5l
Lo 2 s GlanS T S (5 Se3ll 6l
Or Dland conly — e Bl s S Ver Juls sty
5 o S JSLE s S Yoo (pH=P/2) U e s
I S I LR RAVA NN TESW SN WL SR PR O
BIELS] Olsen iy 3enS 5T b 3y o i
oo S el by gl YV msedsb s JSLE

A3 S s YE/Z MMTEmMT S el

s s 4 1) oyl m e S dn Al e s s S
Y51 Ugn e Vo Jskon 2 e (S s okt 3L1 Al
SLo Las skl 5 baaisas 4 oppshies ids i o5 -F 5
Lol Sl sl Jds s oo - 5 Y Gle Uoul
S dals Jalme 0 Js opd JS S, Sl g s
YOR VU PPN IAPE - VT S W1 JUOVINE VOor B p 00"
wiliS ol 8 Sl ax s 00 O o 55 el ke
@)xg.xxb@¢w)s a3y Vo e 4y e LS
25 8l sladsai 4 Loy AD S Aol 2 L Y/
pla= 53 adl ] o T3dzee LS 0353 2y ysb 4 plax
Aol e S G B S 13 RS T Do 4
A S5 baaluill 5 bl s 4 dopn Ve S5l 5
@ obde b 63 =Y 5 Y LU e Ve Jgdoe
sddag Jald b aslis 5o Ol Hlude .l Ll dals d )
o a gy il ol Sl oslinal b e gU OV = sad b s
Al Sl 5 055 0 S 5o e S e e

036 olS ¢ 8 S (do3) IS b Oljee (6 e3100 )
ke md e Vo o ol (i O0la D3 ol 58
oolas Ad edole 483> 53 e 4y 5 Ay, Aged (S
Vool Jame Jlosl W) 4 e 5 Gl il sddag
A A S 0 el e ) ol Sl s S
gl ol edagd) ool Sl aly S YOO s 5w
Blol O & doys Vo s 1) e YO 5wy bl
ool DS Jske e Voadds I3 51 G s S
4l N0 Sl Sl e e S Gl U S
Sy Sl ous b gl VRO gsadsb 5o ad gl
A el g

Fodle o 500 Sl eslinal b S 2 s 5 5m 5o (s Ol
ois s sdtians G b LSty Lalel o3l S
R eSS e a0V e sh 5o e g oS
Ik A3 Ol Sl gl s S el 5 05 rjf
(S ) AS i osle 0/ 4 don Ve J 61 2d e Ve
S e S Jloy s atie K Sode 4 5 LS


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

o ...ﬁj}&‘g«éﬂéﬁa\.:f..\.ﬁjquu‘_;h‘_;}:Slg,;‘ijﬁ

OHKer 5 oW

oS as 3l 0L bl 4 S e 5 13 e
3OS a5 Of e Gl oS el (55
ot o2l e Sl oSy atdenl y jle 538 S
33 slagme FU ladly s ks jatls 5 I8 S
(F Jsa)

s 0L (1 IS08) Ly Kol alie ol 1S by S
Eel w5 4 Z halotolerans 3 B. pumilus slaa s oS
53l VIOV 5 ANE Sldie a4 IS Lds S s sme il
AR YXE VY prmen 5 e 555 s Os Bl 3
L sk 5 S dleslb s 5w

LoSle amlie @bt 4 ar s b il Ko 8l
Sty s85l Slde oleS @ 5le 538 sl Jlesl (Y JS2)
s Boopumilus 4 g 53 by ill dsns VY 1 Al
3P e 5 a1 el Ko, Sl Z, halotolerans
ot 5,k 558 Jle Jlasl O ll 12 3 Ao WY
G s s 558 Jlesl L g 4 gl VO 5 5
Sl rall s dals

Ol (1 K)o Sile anlie ol 18 0,Lae pH
s (680 050) 2l @ ke 508 Sl Jlesl S 50
@y e ol Al sy YA I, S eylas pH
Ao ys YW lis 40 1, S 5 oslas pH 0150 Z. halotolerans
35 dald 4 Cod DLE 558 Sl dlesl O Ll s
Bl als ol e b

OLES (F JS8) Loyl aglis s 1 JS 5 (5 sious
Ao WA IS 8 e 2l 4 5le 5 55 Jlest ol
Z. halotolerans s B. pumilus s ,,,IS piomen ols il 58l
Lyl b 53 Ao 53 00 5 A Jlddeas i S a |y IS Jid (6 g
sl b o 5 4 Aoy OF 5 VA 5 JLe 558 Jlesl G5
Bls EalS (gl gme psba s dals @ ces JLe 55 S

Jlas! sls 0L (0 JK2) b Sle anslie o] 895
SRl A s AL s e ples 4 e 55 S Jles
4 Iy ;s Z halotolerans , B. pumilus 4 s .3l

sled dlesl Oy Lol 15 5o Aoy P4 5 ¥F e 4 5 5

S Ml 53 S O e Slsme (S 0310 lates,
G315 L s ot o3 S s b alas 5 055 e
)Jujﬁw.,umdbsfﬁp\ﬁ&a;gdtﬁa
Bl b 4 haieol sl ey slad o =
¥l po sy s coll VY b 4 5 LUl b g
Wde cpl CBIE Gl e LA (OIS 3l S Sl 4z s
St S, Ol b oesls S5 glo B g5, 1, WS,
ey o 30 pldl A 4 S Sl el s s S
338 asalwe 5T Ldl 035 b LS 055 oslss LS
Osl s cele A Sl 4 FLil (S ladiged
ol ) de s e 318 sl amys Ve Gles L S S
Lot S el b et 033 o ol 5 L ode
11335 ploes S 2 O ol (sl gte 5 J o5 1 el

¥ bl
w'ijxluu

t
Wd}alcfaju gj, 4.3}»4' u_}bf Qj)Wt 4.24.‘) Qﬁ‘)b

RWC% = (

wi —
W

Y Cde w sl s an S 15 olS S L Sit 0
el 318 Sl am Ve sl s sl
‘al.:s W) E) v{_bﬁ: 6Laf‘.bl S g_})j wﬁ.aj 6|f
sl ys el VY QJ.ce\...ij_-r.mjl miﬁ)}&\}af\.xil
QT}\J&_,)J\;:A;)()E PO J‘;&:.;Lﬂ a3 Ve
sk 4 ldd cpsg e S ) el g5l ahs @
e gl bl Sl ol glaesls S 5 4
UJ‘J)N ERE™ oslawul SPSS16 )\Jj‘€j )‘ ol L;;a)‘.b‘
(5 pmanl = oy S 5lS a3l 5l eslizal L Laesls O3
L esls BT )y 0 Laley il Cobam o Sl
0531 b Kl anslie ulgs 53 5 lsls s 003

L OR ((1:'/'0) ‘Jgﬂ.}

ab
535 X 8L San a8 sls LS bl s
(JS g s ol S Sl (IS Jebs IS ke LS
FU ladly Slawst, 5 UGS Jle gladd (s


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

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

BU 68 S5 5 (o) Sl puibols w i i -F dsir

sloee 03

RARSY a2 sl

b 5 Al JSJhs s e S e
Sz 5 Sy Sl @bl
VYV N RVA R A7ARN JARRN R VAAN/OY™ Y &Sk
YYOV/ YT farY VYT YT R T AT VYT | e s S
V0NV OF/8N " /AN TS RS S VI S ‘vt \ SLe 53 8% 68U
\TARN oYY /0¥ ey Y/AEX o \/VE \Y Uast
/¥4 YV /00 AR Y AL (1) O s s
—F Jgdo aalsl
el Bt s b a3 L
g cis 5 S ] T ’ &3l e
COYN T Y/AYY S Y/ e \ &S
TAMCH A YY/00" VRV~ vA P K \ BIIPEY
o/aayns V/YATS Y/ VT REYRY e T Y Sle 55 8 x 558U
VAR VA Y/ 0 /e VAAES K VY Uast
\TAR% YIVO +/¥aA AN f (L) &N s i
oo b g o sd gy g Ao sd S el 3 s e S 4 NS g
H Control B. pumilus W Z halotolerans
60 - a
z 50 - b
gg 40 1 c
$% 30 - d
g = 20 - e e
10 - . .
0 .

Control

Dust

BB ol 55U Sy sl sl oile (Sl 0g3T ulal ) S U5 J85JS 5 JLe 5 58 5 S bl Sb ) s

Eel Z. halotolerans 4, s 3, b 51 sl 20580 Aoy Y00
sl b5 e 555 Jles Ouy il 3 3 5w Ao

Al 55 S

(M /0 J‘édw ch—-l BL Jb‘é&d JUJ:"‘

Loy o shoys 78 5 V8 cpiomen 5 5l 555
Bls EalS s dald 4 s L 55 8 Jles

JS8) b SKils aslie i @ x5 L 1 glows glakS

1) b SlaciS e e & e 5 5,5 s Jlosl <


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

W gy Slhogad ol wd, S e slas S S o p O\Ker 5 oW

= Control B. pumilus 8 Z. halotolerans
0/06 -

a
b
0/05 -
0/04
0/03 ; ¢
0/02 = f R
0 :

Control Dust

B alie 050 Sy lls Ll (Sl Baa3l wlal p) Sy Ky sl dol 5L 535 5 S Jlie ST - S

(M /0 J‘.ﬁg;'-'.d ch.d BL )‘.)‘l;'.'.d sl

(mg/g F'W)

Ascorbic acid

b a a
8 - g ] a a
6 - > = 6 b
z 2 5
= B
5 41 34
= = 3
2 2
1 |
0 T 1 0 T T 1
Control Dust Control B. pumilus Z. halotolerans

alis 55U Sy slls bl (S5 05T olul ) S oslas pH 5 (0) SLe 555 5 @) 55U gl S - JSs

(M /0 J‘b&“ ch—d BLJ )‘5;;2'.4 Ju}'.;" .XSB

mControl mB. pumilus mZ halotolerans

0/8 -
0/7 -

a
b

0/6 -
0/5 -
0/4 - c
0/3 - ¢

i d
0/2 d ¢
0/1 - -

0 T 1

Control Dust

B 4lis o5l Sy ol s Kl (Kils 0051 bl ) S IS Jb ssmme 5 5LE 5 5,5 5 6,5 Jlie ST -F IS

(M /O J‘b‘;'-’.é ck.d BL )‘é‘_;'\M <l

Total phenol
(%)

UG 5T cdles ol 0L 53,8 55 sV JS) LSl elis b 4 a5 L U6 o5l c s


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

40
35 -
30 -
25 -
20 -
15 -
10 -

proline

(ng/g F'W)

VY Jl 0F G)W&\Yﬂ?g&gféjs)u"%]) VA

EControl = B. pumilus M Z halotolerans

a
b
c 1
d
II de
e

Ol 6 alie 35U Sy slls

Soluble sugar
(mg/g FW)

Control Dust

SLoilbe (Sils 0ga3T ool ) S dsn 2 0L 5 58 5 G SL i ST -0 K

(M /O )‘.5‘.;'.'.4 ch.djb J‘J‘l;'.'.d

= Control B. pumilus ™ Z. halotolerans

aﬁ
| aln
| I
B
7 :Ed .
. ™ |

Control Dust

WU gl o5l Sy gl Lpibe (Sils Dga3T el ) S Jglowe g 5 5LE 5 38 5 S Jlis L350 -5 K

0/016
0/014
0/012

0/01
0/008
0/006
0/004
0/002

Catalase activity
(U/mg protein)

(M /0 J‘J‘;'M ch.ﬂ BL )‘.3‘5'# sl

H Control B. pumilus M Z. halotolerans

a
_b

Idd ic
‘ 1 ]

Control Dust

BB slie ol Sy slyls LoKile (Sils Osa3T bl ) S U Cdls 5 ,Le 5 58 5 o SL bline b v UKo

(M /O )‘b‘;'-’.é ck.d BL )‘é‘_;'\M <l


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

114 ...‘;i.g‘g)owpﬁel:fM)qudhdﬁlgjg‘l?w)ﬁ OHen 5 ol

B Control ®B. pumilus ™ Z halotolerans
0/8 -
0/7 -

a a

0/6 - b
0/5 - .
0/4 -
03 -
02 - d
01 - ¢ =

0 :

Control Dust

Peroxidase activity
(U/mg protein)

B lie 050 By shls slapile (Sl Da3T wlal ) S SaeS 1y by 5Le 53,5 5 8L bl 36 -A S

(M /0 J‘.ﬁ‘jM ch.d BL )‘.3‘.;'.'.4 sl

a b a b a b
80 - 80 -
£ 60 - £ 60 -
@) @)
z ] Z 40 -
z 4 =~
20 - 20 -
0 - 0 T T 1
Control Dust Control B. pumilus Z. halotolerans

o0 By glls e pils (il 05T bl ) Sy DT (b slgme 2 B) 5L 55 5 @) S e S -8 U3

(M /0 J‘Q;;'M ch—-l BL Jb‘_;i.u JUJ?"‘ -L;L; QL‘:‘J

Aol 55 8 Sl Jls! Ole 53,5 Jlesl O Ll o 53 sls Jaall ds s OF
sy 0l (A K0 b oSl anglin ol 10T oo (5 5200 <l Z. halotolerans 5 B. Pumilus (slags SL L dls
Ol s Gl ol a5l 5 58 ks sl & o Aoy W5 VY (5 UGS 5l ol jtals
@y 3> ialS Asys YOI, (Relative Water Content) Sl 538 Sled Jlesl Ll 5 55 pizean (A 3 dals @
Sldde 4 UTJ““’ Slgmma s gme JAul581 Eel B. pumilus Gheyd PO 5 2Y el Sl 55w g sw ol 58

A SLE 58 sl s a3 s a5 4 A 5 dald 4 S UGS o 5T e

O KD bSile amlie mls S SE5 g 31 0L L Sls dmglie ol 351emS s"d'j s
g olie oled w0 le 5 08 Sl Jlesl &S sl OLE el b Ol e w5 58 ks Jlesl
Sldde sls JialS Ao 3 4 | (Total dry biomass) Js e Gy (A SE) s Il dsns YY) slast,
s Z. halotolerans sls s =SU C,J,L 2 S Sis s s kld sy slast rﬂjﬂ <l Ol 5.0 Z. halotolerans
A5l s dald 4 cod adlg L B. pumilus o ol rals dopn VY Gle 55 8 ks Jlesl O
O JS2) b Sols alin il 11 kS s Ls e a0l Ol Jls gme [2alS sl B Pumilus s

Jbe 558 sles Jlasl 05 Lol 15 55 ds s VA 5 AT lie


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

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

11

Total dry biomass
(2)
S =W R Sy

Control

Dust

23 ls e Sl W30 alie 55U Sy (slyls oKl (Sl D031 ulul p) JS SiS juagm 5 ,LE 555 Sb -V IS

1/2

a
0/8 -
0/6 - b
- l
0 .

0/2 -
Control Dust

Seedling quality <
index

Seedling quality =
index

(Lzes 10 13 ne o

S
(=2 - - )
1 1 1 1

1/2 a
b
C
0/4 - -
0 T T 1

0/2
Control B. pumilus Z. halotolerans

U Sy slils GlSile (s 0ga3T wlul ) g CodS Sasls  0) Sl 558 5 @) S Gl ST -V S

Sl ke S5 b Hsd sk il g SU ) baw g
ol 51 aS ol NIl aler 51 a5l 51 5 0 L L
.(Santoyo et al., 2019) ol ki IS cxle gl (555,20
¢ ,.<.w;-" -

ol Gz ohlIS 2l L olS W, S e slag S

o Kles Jle 58 i E TR U

R3lie CBle Gl L RS | s i St
53 elS Ay 5 st s g a0 e b LS5 IS sa L IS
o295 5> (Cheng et al, 2007) KL4i o A5 Ll s
a 35S pslie hale Olse (Al el L 8L ol
v onl o3 S Sldles s LS si b LS
(Najafi Zilaie et al., 2022a, b; Zilaie et al., 2022)

Sl cllas

(M /O )‘Q&M chal BL J|>‘_$J.~e JUJ?" -L;L; QL:J

oele s pme bl Gl Bl pumilus 4 s sls OLES
bl s ol o) VA 5 A e & g oS
A3l 55 S sl Jlesl b5 JLe 555 sles 05k

Cou

IS Jss s Slade Lo 538 Sl Jlesl iz ol 53
GlaesSs, Jlie JEals Lcdl 2alS L alS 68
Jdsa Ll Sl 5 08 S5 kil cod g
LS il S mha 555 2 L 528 b cily 5
Sl e o blie a1y 35 IS i 5l 5l 0 Sl
.(Setsungnern et al., 2018) b o alS Lo, S cLle
el nl 53 olS Ad) S e glag SL 5l eslanal
ol A Rt R ST CO P CR R VIRt |
S5 Dbk W5 e 4l (S by ISl


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

WY gy Slao e ol wd, S e las S ST

OHKer 5 oW

3t Rl O a8 o (Gl S b » Lol 3
2 s bl I8 5 She 4 aedo 5 ROS glas S 2
Ghanem et al., ) coul sz aul s s Jlatl cylys
o a Ol e bad gl ol dol by sl (2021
B TR R S G H P ST
Gl is s 55 OLLS [ a8 55 oLl O gl St g
ol (Heetal, 2010) dule o Wyl dadls 28 Jaove
oo 3l (ROS) o5nst sl GadiKsl, s & bS5
Calas LS s 3T SadISesl, mi 5 5l S
Hasanuzzaman et al., 2019; Singh, ) ;MTJG Jos &
.(2004

e 5 o asl gl dple Olpe meas 5 U
IS G Olgs & s 25 Ll 0l LS 5
53 b 28Ty 51 lo s 3llely b Ll o 4 635 Jes
Moslen ) 6y DAL 3 (25 foomd 51 e ol
=5 syl 555 o SULL 3L (Arany et al., 2008
Gl L5 e olS S 1y 555 » O iSs 5 b 5
Sarala and ) 50 S, gl alpl 5 Oas eSO
9 S Okl Jals Eel el ol 5 (Saravana, 2012
George and ) 55 o il il alS ClS 5 ASg
oslanul 5550 o SL ol iass s (llias, 2007
Db 50,8 S5 5s S 5 3 chl s pae als s,
S Aas e OLE mAl ans s S K alS Lus
ok 53,5 G it S Blasaslg b SL slasy g
Gl Lok iy QLS a3 5 esls [2alS olS
W5 S Jb s a5 3 S 5 e S oL st
s> > (Saleh et al,, 2019) | cble 2als s .
st Ol o s Slalllae 53 olS A, S e slags S
sl

s Gl 58 Jlasl L &S sl 0L Gl gl
W3l I SaST s UGS slaa Bl c s s
s OLLS 5o el bl g el AE (s
Cote glalaly s ael o] ==~ (Saddiq et al., 2020)

5355 s Jlesl b oS 2 oslaae PH 5 Sy Sl
Saaly QLS S s S oas cpl L il L
b S sSal ol SauSel) cld Ll e Lol
PH ;5 5 (Ukaetal., 2017) 5,05 Koo J b ansdesl Ol s
.(Agbaire and Esiefarienrhe, 2009) ...l sJls SUL sla
G Sl S Sal deal LS5 odiS s Sy and
s opl Jlaam pHil530 oS Sys cpl 4 ool 55558
My s ol (Liu and Ding, 2008) das o sl 1,
o 3G SeusSel dl Bl st
ol e Sl ES il e DL sl (sl
5 o3ls STy (H202) 03s5den 4SSy sl s
Jlb 0381 i Sl DLS 5 K 5 O 03 8-
Sbis e badmss cbli- 4 e 5 o) B
s &b 3l (Chao et al., 2010) 555 o Jaows Cilites
sl ) e S 0 mhae 555 2 DL 5 28 DS 5l
55,8 o oo 53 W8 Bl sl 5 S st s g
ol jags > (Kumar Rai and Panda, 2014)
Olyee il s ime 2alS Eol eslinal 5,50 lacs SL
DL 558 5 5 S eslas pH 5 S Sy Sl sl
6 op 2 Z. halotolerans s ;SU Ol cpl 3 45 Wi
oS i) S e slagSL 38 i 5 e il |
3 OMeS1 5T (ot Sdlad Olr 535 5 OIS S0 L
ol 51T ISl Sla05mST L oS os ool s i
23 S Sl ol Oln 208 o 355 ol ol 5 038
oS (Gadd, 2004) ol eds Jle 5 5 S i Sl
cl S b Bl oSl Al ol
SIS 2 s Sl 55 olS Ad, S e slags S
.(Foryer and Noctor, 2000) <ol oL
e s Sl dlel b gl S s IS e ol
Sl b aile o 56 Slacd e wamd 5 s 3L 230
Wakeela et ) <ol (i pl 5 55 OalS Jass S s e
h oS s 125 sl GLE 558 25 Gal., 2010
) w5l sbedpbe ials 5 p S Cud 5l Cailes CO2


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

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

s =3l .(Bohnert et al., 1999; Karimi et al., 2009)
Djr Skl & S s 2351y sl (SadkS o
Geholtetal., ) el S, Ol Jeily 5 O ol (gl 52
L ol el OF UL @ 5 (5 0ml Lol 2l 45 4(2005
i p LS o DLl sk 0 1 O Gl 5 s
sl el =l 55 50l 505 s D3 read
2l 5 e S 3508 clle 2al L el
Amal and ) s,ls Lo Js Jd=e land 5 Olydn s S
of sl W 2alS cuw culg s 45 (Mohamed, 2012
58 bl 5 dey o L« «(Meravi et al., 2021) 555
ol v gle S ol 5 5l 508 mea L LS
eSE e Calgys 3 oS aly RS S s
03 Akd dal gl gbaas bl 5 S clads
Sol oS LE) S e Glag SU L mdl GOl ey
foe Ok il 52 3 LS s ol ladd el
Cads Ol 2S5 |, 3b oy ziy Zo halotolerans
clhle (Ll &S C8 S amd Olg e Sl sl
L S oS Sy S e glag S e s IS
Sl St a5 5l 5l S WS e sl
Olges il ey s wuT3 SRl 5o S
ot Sy s 1SS 5l Cailes a5 5 Juds IS
o5 Ll 5o oS ol o Shes L 5 alS glas S s
S e Gl SU L il ol rasn 53 38 sl
BB L S L s iyl ladd Jals Csly oS s,
a4l cales (Najafi Zilaie et al., 2022a)
Sl s Glme Ul Gl 5 38 Ll Jlesl L
Sp <l o Glpme 3L RS 56 4SS (RWO)
4 oS Sl alS plul s o eyl el atls
Ul s olgdy (Jame A5 Jaod g S pme S Olpe
das e Ol 1 i calises Lol s Of i gl olS O
ol L Le s 58 olyd (Sharifi Rad et al., 2014)
sl 5 ol oy cas 5l el alS ladshe 500358

5 Soxd sl s oS w0 olS Cuslis Sl L
50555 g lyea 5 s 5L Dse 53 5 20l (S
Mosleh Arani et al., ) 5.8 o 13 oLS eslizal 5550 (55
S S s UGS s i dal i s (2018
(ke bkl 5l Clslee s s azils Sl ol
I sl 0 o 3 5 LdSpes Sk Ol
b & s, (Abdelaal et al., 2021) &kls 5,508
o ) e la i 511 LT 5 asdls LS s aga
(Yaghmaei et al., 2020) &S .« clil=s Lo 5 55
0> et Sl sle 508 Jlesl b oy (sme 2015
oS rshu s 2 W 508 cat s 4 8 dals
G el oS S, S e SL L il
gy Ole opl 2 S LGS s s s
s Ol ials s 1, 35U o xi Zo halotolerans
Sals 5y b o nis B pumilus e s 5 UGS ol
LoolS i) S glag 8L cdls (6 68 5l
Ghesyy e 03,56l Gk Sl el Sl L1
Rl s oSt W B b sl T e
SEalS sl S S eSS lke (i RalS s ks
Abd-Allah et al., ) &S o a5 |, bolaas! o1 1)y
05 ey A lal s s g (slsee S (2018
s Sladllae 3 olS w8 e 8L L il glasles
Najafi Zilaie et al., 2022a,b; Zilaie ) —osl sls 25155 50
(etal., 2022
Oy ol 53,5 Jlesl L oS 3l 0L G o) il
S dsle lans il il Jale slans
4 oS Lzes ALS cbadshe = 5o S5l g s
S pan 5wl Sl (el Sl oS o Ol g
0358 dsko Jotls 53 SLS 5 opl lgime 5 Jams S5
«(Singh and Jha, 2016; De Oliveira et al., 2013) >33 -
Olyes 53> JMalS Ol o 1) A5 Tl 5o 58l cnl s
S S gl @ (waldd) Sy glodd (2uss o s
Cdls olS g Shdan S feS e Lo (SH0)


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

Y YY ...‘;ijawﬂ}ﬁGL;MJ‘S,’M&LQ‘SJSL:}::‘U‘;MJJ.:

OHKer 5 oW

Yaghmaei ) <ol ol 550158 50 Sos Sldlas o JLé
S e sla SU c.d.l; ol Jags s (et al, 2020
AB LSk Al 68 Sis ool W5 s oS L,
Ll glasles o Jlg ClS yasld (Sl (g)ls e
Aald b anslis 5o A5 sled mhw 3 686 sbaalu
L =6 cpmis B PUMINUS o o 45 a5k (3L 5 5
So50 b 5ol oslle LS L3 S e slags S il
mF Mg b 6K sl Gk Sl elS S
dsls S5 DS 5 il 5 W Gleeles -ACC
(_;L;awﬂ Wy op s o K8 5 (Cdsend)
Caslis olS 3 Siatomwr Caoglie Wl (Sl ol
Etesami ) s> ilpl Jass sla i Ll 5o 1, ObLS
Sag Jg sad 5 Ad, 4= 5 5 (and Maheshwari, 2018
Sl SL 5, Ce G il Gla sy AL s
g codsS jatls (oS5 bl elS Ay S e

.(Bhatt et al., 2020) wlssls oLis |, calises OlalS

& S dom
Sl Sy ol di) S e slag SL oS sl Ol b
Loke o8 S o fU sladle sy 5 (SSsls s
ot OlF o amen L UAlSy s Al led 4
Slelizr sl mbie e g5 QLS gy o S
03 APudy g LSl e g tlaas oS Uy S e slas SL
Rl bl S e GRlRl s S s ol
2 S Sosen eSS sbaiasy slal J-
s 5 Slae Ul 6,0 Sl 655 Gl o2,
sl fes 28 aleoly Olgea oL SL Glaa s ol

2h SIS 555 5 sosd A Ll b alie ol

Db 538 e i Of ol Glsme L 0LLS 500!
olia=s s (Taheri Analojeh et al., 2016) dos 2o 5les
Sl Slse a4 5l 5 58 b Jles!l alia
Yaghmaei et al., 2020; Najafi Zilaie et al., ) L& 2w
» L b i Bopumilus s b il (20222
Rl 5l S atls $6 S 5 T el Sl Ol el
Mg LS e ekd mdlh 0L s RWC 5058l
G s dsb Rl ams 5o g St e Al G0 5a ) 50
Lol b cod aals QLS L anslie 3 azaty, b el 2ty
Oeomen lag xS ool (Ansari et al, 2019) Al is
Naz et al., ) osls _ul5l 1) Gl dond W55 ol o
Colda sy o ) A5 e SIS Gk el 515 «(2009
S L O 358 ol ol 5 smasn 5 sl
OlalS A, ki « .(Etesami and Beattie, 2018) Luas
Sele i LUl olS Ad,y S e slag S L oldimadls
Bertrand et ) &L ls |, RWC il 5 bl e
slols 53 a0 bls 5 S RWC il (al., 2015
5 S Sllas s oS Ab, S 8L L il
.(Shilev, 2020; llyas et al., 2020) ol o 5,158
St eage e OLE 50,8 Jlesl bl ool 5o
S popshe L a8 olS Jlg cuis el 5 S
L5 plomil (gl (68 58 DL 538 Sl Ledd ety
Wiy OAd a4 e el ol 5 S e SBL s s g
Al ops T Glasss Colta Al and s 5 LS,
5 escen; kS kil 0LLS 5o Glas, Syl
GRS L ke 58 I S e e 1 elS 5 Shee
ol 5 atyy S 035 Sy 2 Sp ol S Ol
53 St esle g Lges 5 anils (ls ome 3G olsa
Bauerle et al., ) das o ialS |, alS sleplll oJs

58 S 5l iU olS IS SList s s e 1als (2006

GL&


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

VELY Jlo OF oyled AY W alE 5 SIS 5 anl \YY

Do gart Sl F s OV ) ey (LS 5 esms 0155 clbsiam wslipdie aol (ST mhas Ly, (3l
ANVEAODFF gl Ol s mie Slided alee sy Okl s Sl 88 Sl S54S)
https://doi.org/10.22092/ijrdr.2015.13236

S ok 53,8 05 Ol s G0 SIS s Sl 53,8 ey b dilie ol - Sllas sl 2 b (Y49) el
c’lf) LQJKJ;.- Oledoed dus 30 ‘L_;)'Jjw@);}uiijuL@bd Olasle . eials —5lsal Lolbas1dsl 5B lsal 3,5
Ol )5S

s el S5 55 5 S sim gl e (OT99) Lo slicdis 5 GUT il 3T« paids ool (ST pebeas
MY (D)4 ol eldcay) abes (Sy5s i35 4l 5> (Gleditschia caspica) SU olS s s

https://doi.org/ 10.22108/ijpb.2017.94779.0

Abd-Allah, E. F., Algarawi, A. A., Hashem, A., Radhakrishnan, R., Al-Hugqail, A. A., Al-Otibi, F. O. N., Malik, J. A,
Alharbi, R. I., & Egamberdieva, D. (2018). Endophytic bacterium Bacillus subtilis (BERA 71) improves salt
tolerance in chickpea plants by regulating the plant defense mechanisms. Journal of Plant Interactions, 13(1), 37-
44, https://doi.org/10.1080/17429145.2017.1414321.

Abdelaal, K., AlKahtani, M., Attia, K., Hafez, Y., Kiraly, L., & Kunstler, A. (2021). The role of plant growth-
promoting bacteria in alleviating the adverse effects of drought on plants. Biology, 10(6), 520.
https://doi.org/10.3390/biology10060520.

Aebi, H. (1984). Catalase in vitro. Methods Enzymol, 105, 121-126. https://doi.org/10.1016/S0076-6879(84)05016-3.

Agbaire, P. O., & Esiefarienrhe, E. (2009). Air pollution tolerance indices (apti) of some plants around otorogun gas
plant in Delta State, Nigeria. Applied Sciences and Environmental Management, 13(1), 11-14.
https://doi.org/10.4314/jasem.v13i1.55251.

Ahmadi Foroushani, M., Opp, C., & Groll, M. (2021). Investigation of aeolian dust deposition rates in different climate
zones of Southwestern Iran. Atmosphere, 12(2), 229. https://doi.org/10.3390/atmos12020229.

Amal, M. A. R., & Mohamed, M. I. (2012) Effect of cement dust deposition on physiological behaviors of some
halophytes in the salt marshes of Red Sea. Egyptian Academic Journal of Biological Sciences, 3(1), 1-11.
https://doi.org/10.21608/EAJBSH.2012.17001.

Amini Hajiabadi, A., Mosleh Arani, A., Ghasemi, S., Rad, M. H., Etesami, H., Shabazi Manshadi, S., & Dolati, A.
(2021). Mining the rhizosphere of halophytic rangeland plants for halotolerant bacteria to improve growth
and yield of salinity-stressed wheat. Plant Physiology and Biochemistry, 163, 139-153.
https://doi.org/10.1016/j.plaphy.2021.03.059.

Ansari, M., Shekari, F., Mohammadi, M. H., Juhos, K., Vegvari, G., & Biro, B. (2019). Salt-tolerant plant growth-
promoting bacteria enhanced salinity tolerance of salt-tolerant alfalfa (Medicago sativa L.) cultivars at high salinity.
Acta Physiologiae Plantarum, 41(12), 195. https://doi.org/10.1007/s11738-019-2988-5.

Bahrami, A., Jariani, M., & Mohamadkhan, S. H. (2003). The role of Haloxylon in wind erosion. In: Proceedings of the
1%t National Conference on Saxaul (Haloxylon sp.) and Saxaul Plantation in I.R.Iran.

Bates, L. S., Waldren, R. P., & Teare, I. D. (1973). Rapid determination of free proline for water-stress studies. Plant
and Soil, 39(2), 205-207. https://doi.org/10.1007/BF00018060.

Bauerle, W. L., Wang, G. G., Bowden, J. D., & Hong, C. M. (2006). An analysis of ecophysiological responses to
drought in American chestnut. Annals of Forest Science, 63(8), 833-842. https://doi.org/10.1093/jxb/erm177.

Bertola, M., Mattarozzi, M., Sanangelantoni, A. M., Careri, M., & Visioli, G. (2019). PGPB colonizing three-year
biochar-amended soil: Towards biochar-mediated biofertilization. Journal of Soil Science and Plant Nutrient, 19,
841-850. https://doi.org/10.1007/s42729-019-00083-2.

Bertrand, A., Dhont, C., Bipfubusa, M., Chalifour, F., Drouin, P., & Beauchamp, C. J. (2015). Improving salt stress
responses of the symbiosis in alfalfa using salt-tolerant cultivar and rhizobial strain. Applied Soil Ecology, 87, 108—
117. https://doi.org/10.1016/j.aps0il.2014.11.008.

Bhardwaj, D., Ansari, M. W., Sahoo, R. K., & Tuteja, N. (2014). Biofertilizers function as key player in sustainable
agriculture by improving soil fertility, plant tolerance and crop productivity. Microbial Cell Factories, 13(66), 1-10.
https://doi.org/10.1186/1475-2859-13-66.

Bhatt, S. H., Pandhi, N., & Raghav, R. (2020). Improved salt tolerance and growth parameters of groundnut (Arachis
hypogaea L.) employing Halotolerant Bacillus cereus SVSCD1 isolated from Saurashtra Region, Gujarat. Ecology,
Environment and Conservation Paper, 26, 199-212.

Bohnert, H. J., Nelson, D. E., & Jensen, R. G. (1999) Adaptations to environmental stresses. The Plant Cell, 7(7), 1099-
1111. https://doi.org/10.1105/tpc.7.7.1099.


https://doi.org/10.22092/ijrdr.2015.13236
https://doi.org/10.22092/ijrdr.2015.13236
https://doi.org/10.22108/ijpb.2017.94779.0
https://doi.org/10.21608/eajbsh.2012.17001
http://dx.doi.org/10.1007/s42729-019-00083-2
http://dx.doi.org/10.1186/1475-2859-13-66
https://doi.org/
https://doi.org/
https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

\YO ...ﬁ})&@ppﬁak‘f.&)dﬁdhd,‘fgﬁﬁhdw)j._» O Ken 5 ol

Chao, Y. Y, Hong, C. Y., & Kao, C. H. (2010). The decline in ascorbic acid content is associated with
cadmium  toxicity of rice seedlings. Plant Physiology and Biochemistry, 48(5), 374-381.
https://doi.org/10.1016/j.plaphy.2010.01.009.

Cheng, Z., Park, E., & Glick, B. R. (2007). 1-Aminocyclopropane-1-carboxylate (ACC) deaminase from Pseudomonas
putida UW4 facilitates the growth of canola in the presence of salt. Canadian Journal of Microbiology, 53(7), 912-
8. https://doi.org/10.1139/W07-050.

Compant, S., Samad, A., Faist, H., & Sessitsch, A. (2019). A review on the plant microbiome: Ecology, functions,
and emerging trends in microbial application. Journal of Advanced Research, 19, 29-37.
https://doi.org/10.1016/j.jare.2019.03.004.

De Oliveira, V., Camelo Marques, E., De Lacerda, F., Tarquinio Prisco, J., & Gomes-Filho, E. (2013). Physiological
and biochemical characteristics of Sorghum bicolor and Sorghum sudanese subjected to salt stress in two stage of
development. African Journal of Agricultural Research, 8(4), 660-670. https://doi.org/10.5897/AJAR12.861.

Dickson, A., Leaf, A. L., & Hosner, J. F. (1960). Quality appraisal of white spruce and white pine seedling stock in
nurseries. The Forestry Chronicle, 36(1), 10-13. https://doi.org/10.5558/tfc36010-1.

Dumroese, R. K., Williams, M. 1., Stanturf, J. A., & Clair, J. B. (2015). Considerations for restoring temperate
forests of tomorrow: forest restoration, assisted migration, and bioengineering. New Forest, 46, 947-964.
https://doi.org/10.1007/s11056-015-9504-6.

Ebrahimi Mohmmad Abadi, N., Kaboli, S. H., Rejali, F., & Zolfaghari, A. A. (2021). Promotion of the seedling growth
of Nitraria schoberi L. in cultivating trays and seedling bags with seed priming. Desert, 26(1), 43-53.
https://doi.org/10.22059/jdesert.2020.299139.1006769.

El-Nashaar, F., Hafez, Y. M., Abdelaal, K. A. A., Abdelfatah, A., Badr, M., El-Kady, S., & Yousef, A. (2020).
Assessment of host reaction and yield losses of commercial barley cultivars to Drechslera teres the causal agent of
net blotch disease in Egypt. Fresenius Environmental Bulletin, 29(4) 2371-2377.

Esmaeel, Q., Vilanova, M. L., Rondeau, M., Leclere, V., Clement, C., Jacquard, C., Sanchez, L., & Ait, B. E. (2018).
Paraburkholderia phytofirmans PsIJN-Plants interaction: From perception to the induced mechanisms. Frontiers in
Microbiology, 9, 2093. https://doi.org/10.3389/fmich.2018.02093.

Etesami, H., & Beattie, G. A. (2018). Mining halophytes for plant growth promoting halotolerant bacteria to enhance
the salinity tolerance of nonhalophytic crops. Frontiers in Microbiology, 9, e148. https://doi.org/10.1007/978-981-
10-3473-2_7.

Etesami, H., & Maheshwari, D. K. (2018). Use of plant growth promoting rhizobacteria (PGPRs) with multiple plant
growth promoting traits in stress agriculture: Action mechanisms and future prospects. Ecotoxicology and
Environmental Safety, 156, 225-246. https://doi.org/10.1016/j.ecoenv.2018.03.013.

Foryer, C., & Noctor, G. (2000). Oxygen processing in photosynthesis: Regulation and signaling. New Phytologist,
146(3), 359-388. https://doi.org/10.1046/j.1469-8137.2000.00667 ..

Gadd, G. M. (2004). Microbial influence on metal mobility and application for bioremediation. Geoderma, 122(2-4),
109-119. https://doi.org/10.1016/j.geoderma.2004.01.002.

Geholt, H. S., Purohit, A., & Shekhawat, N. S. (2005). Metabolic changes and protein patterns associated with
adaptation to salinity in Sesamun indicum cultivars. Journal of Cell and Molecular Biology, 4, 31-39.

George, D. N., & llias, F. I. (2007). Effects of inert dust on olive (Olea uropaea L.) leaf physiological parameters.
Environmental Science and Pollution Research, 14(3), 212-214. https://doi.org/ 10.1065/espr2006.08.327.

Ghanem, A. F. M., Mohamed, E., Kasem, A. M. M. A., & El-Ghamery, A. A. (2021). Differential salt tolerance
strategies in three halophytes from the same ecological habitat: Augmentation of antioxidant enzymes and
compounds. Plants, 10, 2-21. https://doi.org/10.3390/plants10061100.

Hajiabadi, A, A., Mosleh Arani, A., & Etesami, H. (2022). Salt-tolerant genotypes and halotolerant rhizobacteria: A
potential synergistic alliance to endure high salinity conditions in wheat. Environmental and Experimental Botany,
202, 105033. https://doi.org/10.1016/j.envexpbot.2022.105033.

Hasanuzzaman, M., Bhuyan, M., Anee, T. I, Parvin, K., Nahar, K., Mahmud J. A., & Fujita, M. (2019). Regulation of
ascorbate-glutathione pathway in mitigating oxidative damage in plants under abiotic stress. Antioxidants, 8(9), 384-
390. https://doi.org/10.3390/antiox8090384.

He, F., My, L., Yan, G. L., Liang, N. N., Pan, Q. H., Wang, J., & Duan, C. Q. (2010). Biosynthesis of anthocyanins and
their regulation in colored grapes. Molecules, 15(12), 9057-9091. https://doi.org/10.3390/molecules15129057.

Hemeda, H. M., & Kelin, B. P. (1990). Effects of naturally occurring antioxidants on peroxidase activity of vegetables
extracts. Journal of Food Science and Technology, 55(4), 184-185. https://doi.org/10.1111/j.1365-
2621.1990.th06048.x.

llyas, N., Mazhar, R., Yasmin, H., Khan, W., Igbal, S., El Enshasy, H., & Dailin, D. J. (2020). Rhizobacteria isolated
from saline soil induce systemic tolerance in wheat (Triticum aestivum L.) against salinity stress. Agronomy,
10(989), 1-19. https://doi.org/10.3390/agronomy10070989.


https://doi.org/10.1016/j.jare.2019.03.004
https://doi.org/10.5897/AJAR12.861
http://dx.doi.org/10.1007/s11056-015-9504-6
https://doi.org/10.3389/fmicb.2018.02093
https://doi.org/10.1016/j.ecoenv.2018.03.013
https://research-repository.uwa.edu.au/en/publications/oxygen-processing-in-photosynthesis-regulation-and-signalling
http://dx.doi.org/10.1016/j.envexpbot.2022.105033
https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

VELY Jlo OF oyled AY W alE 5 SIS 5 anl \YS

Javanmard, Z., Kouchaksaraei Tabari, M., Bahrami, H., Hosseini, S. M., Sanavi, S., & Struve, D. (2019). Dust
collection potential and air pollution tolerance indices in some young plant species in arid regions of Iran. Forest
Biogeosciences and Forestry, 12, 558-564. https://doi.org/10.3832/ifor3063-012.

Jha, B., Gontia, I., & Hartmann, A. (2012). The roots of the halophyte Salicornia brachiata are a source of new
halotolerant diazotrophic bacteria with plant growth-promoting potential. Plant and Soil, 356(1-2), 265-277.
https://doi.org/10.1007/s11104-011-0877-9.

Karimi, H., Zaidali, A., & Omidipour, R. (2018). Evaluation of Yield of Rained and Irrigated Wheat under Drought
Stress in llam Province. The 2™ International Conference on Dust, Ilam, Iran.

Karimi, S., Rahemi, M., Maftoun, M., & Tavallali, V. (2009). Effect of long—term salinity on growth and performance
of two pistachio (Pistacia vera L.) rootstocks. Australian Journal of Crop Science, 3(3),1630-1639.

Kochert, G. (1978). Carbohydrate determination by the phenol sulfuric acid method. In: Handbook of Physiological
Method (eds. Helebust, J. A. and Craig, J. S.) Cambridge University Press Cambridge.

Kumar Rai, P., & Panda, L. L. S. (2014). Leaf dust deposition and its impact on biochemical aspect of some roadside
plants of Aizawl, Mizoram, North East India. International Research Journal of environment Sciences, 3(11), 14-19.

Li, X., Sun, P., Zhang, Y., Jin, C., & Guan, C. (2020). A novel PGPR strain Kocuria rhizophila Y1 enhances salt stress
tolerance in maize by regulating phytohormone levels, nutrient acquisition, redox potential, ion homeostasis,
photosynthetic capacity and stress-responsive genes expression. Environmental and Experimental Botany, 174,
104023. https://doi.org/10.1016/j.envexpbot.2020.104023.

Lichtenthaler, H. K. (1987). Chlorophyll and carotenoids: Pigments of photosynthetic bio-membranes. Methods in
Enzymology, 148, 350-382. https://doi.org/10.1016/0076-6879(87)48036-1.

Liu, Y. J., & Ding, H. (2008). Variation in air pollution tolerance index of plants near a steel factory: Mplications for
landscape plant species selection for industrial areas. Wseas Transactions on Environment and Development, 1(4),
24-32.

Loni, A., Radnezhad, H., Martynova-Van Kley, A., Hassanvand, A., Sadeghi, M., & Zaremanesh, H. (2018). The role
of Haloxylon plantations in improving carbon sequestration potential of sand dunes of Iran. Applied Ecology and
Environmental Research, 16(1), 321-333. https://doi.org/10.15666/aeer/1601_321333.

Marsafari, M., Asoudar, M. A., & Kordi, S. (2011). Aerosol Resources and Adjust their Harm Effects. 21" National
Conference on Critical Management. Tehran, Iran.

Mc Donald, S., Prenzler, P. D., Autolovich, M., & Robards, K. (2001). Phenolic content and antioxidant activity of
olive extracts. Food Chemistry, 73(10), 73-84. https://doi.org/10.1016/S0308-8146(00)00288-0.

Meravi, N., Singh, P. K., & Prajapati, S. K. (2021). Seasonal variation of dust deposition on plant leaves and
its impact on various photochemical vyields of plants. Environmental Challenges, 4, 1-6.
https://doi.org/10.1016/j.envc.2021.100166.

Mosleh Arany, A., De Jong, T. J., Kim, H. K., Van Dam, N. M., Choi, Y. H., Verpoorte, R., & Van der Meijden, E.
(2008). Glucosinolates and other metabolites in the leaves of Arabidopsis thaliana from natural populations and
their effects on a generalist and a specialist herbivore. Chemoecology, 18(2), 65-71. https://doi.org/10.1007/s00049-
007-0394-8.

Mosleh Arany, A, Jong, T. J., Kim, H. K., Dam, N. M., Choi, Y. H., Mil, H. G. J., Verpoorte, R., & Meijden, E.
(2009). Genotype—environment interactions affect flower and fruit herbivory and plant chemistry of Arabidopsis
thaliana in a transplant experiment. Ecological Research, 24(5), 1161-1171. https://doi.org/10.1007/s11284-009-
0597-2.

Mukherjee, S. P., & Choudhuri, M. A. (1983). Implications of water stress-induced changes in the levels of endogenous
ascorbic acid and hydrogen peroxide in Vigna seedlings. Physiologia Plantarum, 58(2), 166-170.
https://doi.org/10.1111/j.1399-3054.1983.th04162.x.

Najafi Zilaie, M., Mosleh Arani, A., Etesami, H., & Dinarvand, M. (2022a). Improved salinity and dust stress tolerance
in the desert halophyte Haloxylon aphyllum by halotolerant plant growth-promoting rhizobacteria. Frontiers in
Plant Science, 13, 948260. https://doi.org/10.3389/fpls.2022.948260.

Najafi Zilaie, M., Mosleh Arani, A., Etesami, H., & Dinarvand, M. (2022b). Halotolerant rhizobacteria enhance the
tolerance of the desert halophyte Nitraria schoberi to salinity and dust pollution by improving its physiological and
nutritional status. Applied Soil Ecology, 179, 1-16. https://doi.org/10.1016/j.apsoil.2022.104578.

Naseri, H. R., Shakeri, R., Yousefi Khanghah, S., & PourRezaee, J. (2019). Assessment of soil carbon storage in Saxaul
forests in the Buin Zahra desert of Iran. International scientific journal of mechanization in agriculture and
conserving of the resources, 65(6), 226-227.

Naz, I., Bano, A., & Ul-Hassan, T. (2009). Isolation of phytohormones producing plant growth promoting rhizobacteria
from weeds growing in Khewra salt range, Pakistan and their implication in providing salt tolerance to Glycine max
L. African Journal of Biotechnology, 8(21), 5762-5768. https://doi.org/10.5897/AJB09.1176.


https://doi.org/10.1007/s11104-011-0877-9
https://doi.org/10.1016/j.envexpbot.2020.104023
https://doi.org/10.1016/S0308-8146\(00\)00288-0
https://doi.org/10.1016/j.envc.2021.100166
http://dx.doi.org/10.1007/s00049-007-0394-8
http://dx.doi.org/10.1007/s00049-007-0394-8
https://link.springer.com/journal/11284
https://doi.org/10.1007/s11284-009-0597-2
https://doi.org/10.1007/s11284-009-0597-2
https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

\YV ...ﬁ})&@ﬂiﬁagﬂjdﬂdudﬁgﬁjhw)j..» g)‘)m‘gduij

Noori, F., Etesami, H., Zarini, H. N., Khoshkholgh-Sima, N. A., Salekdeh, G. H., & Alishahi, F. (2018). Mining alfalfa
(Medicago sativa L.) nodules for salinity tolerant non-rhizobial bacteria to improve growth of alfalfa under salinity
stress. Ecotoxicology and Environmental Safety, 162, 129-138. https://doi.org/10.1016/j.ecoenv.2018.06.092.

Orozco-Mosqueda, M. D. C., Glick, B. R., & Santoyo, G. (2020). ACC deaminase in plant growth-promoting bacteria
(PGPB): An efficient mechanism to counter salt stress in crops. Microbiological Research, 235, 126439.
https://doi.org/10.1016/j.micres.2020.126439.

Prasad, M., Srinivasan, R., Chaudhary, M., Choudhary, M., & Jat, L. K. (2019). Plant growth promoting rhizobacteria
for sustainable agriculture: Perspectives and challenges. In: PGPR Amelioration in Sustainable Agriculture. Pp. 129-
157. Woodhead Publishing, Cambridge, UK.

Ritchie, S. W., & Nguyen, H. T. (1990). Leaf water content and gas exchange parameters of two wheat
genotypes differing in drought resistance. Crop Science, 30(2), 105-111.
https://doi.org/10.2135/cropscil990.0011183X003000010025X.

Saddiq, M. S., Afzal, I, Basra, S. M. A, Igbal, S., & Ashraf, M. (2020). Sodium exclusion affects seed yield and
physiological traits of wheat genotypes grown under salt stress. Soil Science and Plant Nutrition, 20(3), 1442-1456.
https://doi.org/10.1007/s42729-020-00224-y.

Sakai, Y., Nakamura, M., & Wang, C. (2020). Soil carbon sequestration due to salt-affected soil amelioration with coal
bio-briguette ash: A case study in Northeast China. Minerals, 10(11), 1-17. https://doi.org/10.3390/min10111019.
Saleh, M. S., Al-Garni, M. D., Mohibul A. K., & Ahmed, B. (2019). Plant growth-promoting bacteria and silicon
fertilizer enhance plant growth and salinity tolerance in Coriandrum sativum. Journal of Plant Interactions, 14(1),

386-396. https://doi.org/10.1080/17429145.2019.1641635.

Salehi, F., Abbasi, N., & Darabi, F. (2018). An investigation of the effects of haze on the physiology of plants. In the 2t
International Conference on Dust, llam.

Santoyo, G., Sanchez-Yanez, J. M., & Santos-Villalobos, S. D. L. (2019). Methods for detecting biocontrol and plant
growth-promoting traits in Rhizobacteria. In: Microbes and Signaling Biomolecules against Plant Stress. Pp. 133—
149. Springer, Singapore. https://doi.org/10.1007/978-981-13-5767-1_8.

Sarala, T. D., & Saravana, K. R. (2012). Correlation analysis and exceedence factor among the ambient gaseous
pollutants and particulate matter in urban area. Journal of Research in Biology, 2(3), 232-240.

Setsungnern, A., Treesubsuntorn, C., & Thiravetyan, P. (2018). Chlorophytum comosumbacteria interactions for
airborne benzene remediation: effect of native endophytic Enterobacter sp. EN2 inoculation and blue-red LED light.
Plant Physiology and Biochemistry, 130, 181-191. https://doi.org/10.1016/j.plaphy.2018.06.042.

Sharifi Rad, J., Karimi, J., Mohsenzadeh, S., Sharifi Rad, M., & Moradgholi, J. (2014). Evaluating SiO; nanoparticles
effects on developmental characteristic and photosynthetic pigment contents of Zea mays L. bulletin of
environment. Pharmacology and Life Sciences, 3(6), 194-201.

Shilev, S. (2020). Plant-growth-promoting bacteria mitigating soil salinity stress in plants. Applied Science, 10(20), 1-
20. https://doi.org/10.3390/app10207326.

Singh, A. K. (2004). The physiology of salt tolerance in four genotypes of chickpea during germination. Agricultural
Science and Technology, 6(3), 87-93. https://doi.org/20.1001.1.16807073.2004.6.3.6.4.

Singh, R. P., & Jha, P. N. (2016). A halotolerant bacterium Bacillus licheniformis HSW-16 augments induced systemic
toleranceto salt stress in wheat plant (Triticum aestivum). Frontiers in Plant Science, 7, 1890.
https://doi.org/10.3389/fpls.2016.01890.

Siqueira-Silva, I. A., Pereira, E. G., Modolo, L. V., Lemos-Filho, J. P., & Paiva, S. A. (2016). Impact of cement dust
pollution on Cedrela fissilis Vell. (Meliaceae): A potential bioindicator species. Chemosphere, 158, 56-65.
https://doi.org/10.1007/s11356-016-6793-z.

Taati, M., Ghanbarian, Gh. A., Safaeian, R., & Afzali, S. F. (2019). Comparative assessment of carbon sequestration
capability in plant and soil of three dominant halophytic species, including Aeluropus littoralis,
Halocnemum strobilaceum, and Seidlitzia rosmarinus in fars province. Ecopersia, 7(2), 69-77.
https://doi.org/20.1001.1.23222700.2019.7.2.4.8.

Taheri Analojeh, A., Azimzadeh, H. R., Mosleh Arani, A., & Sodaiezadeh, H. (2016) Investigating and comparing short
period impact of dust on physiological characteristics of three species of Pinus eldarica, Cupressus sempervirens,
and Ligustrum ovalifolium. Arabian Journal of Geosciences, 9(4), 1-12. https://doi.org/10.1007/s12517-015-2241-5.

Tak, A., & Kakde, U. B. (2017). Assessment of air pollution tolerance index of plants: A comparative
study. International ~ Journal of Pharmacy and  Pharmaceutical  Sciences,  9(7), 83-9.
https://doi.org/10.22159/ijpps.2017v9i7.18447.

Treesubsuntorn, C., Setiawan, G. D., Permana, B. H., Citra, Y., robthong, S., Yingchutrakul, Y., Siswanto, D., &
Thiravetyan, P. (2021). Particulate matter and volatile organic compound phytoremediation by perennial plants:
Affecting factors and plant stress response. Science of the Total Environment, 794(10), 1-11.
https://doi.org/10.1016/j.scitotenv.2021.148779.


https://doi.org/10.1016/j.ecoenv.2018.06.092
https://doi.org/10.3390/min10111019
http://dx.doi.org/10.1080/17429145.2019.1641635
http://dorl.net/dor/20.1001.1.16807073.2004.6.3.6.4
http://dorl.net/dor/20.1001.1.23222700.2019.7.2.4.8
https://doi.org/10.1016/j.scitotenv.2021.148779
https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

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

Uka, U. N., Hogarh, J., & Belford, E. J. D. (2017). Physiological responses of some plant species as a bio-indicator of
roadside automobile pollution stress using the air pollution tolerance index approach. International Journal of Plant
Research, 3(2), 9-16.

Wakeela, A., Asif, A. R., Pitann, B., & Schubert, S. (2010). Proteome analysis of sugar beet (Beta vulgaris L.)
elucidates constitutive adaptation during the first phase of salt stress. Plant Physiology, 168(6), 519-526.
https://doi.org/10.1016/j.jplph.2010.08.016.

Wu, Z.'Y. (1995). Vegetation of China. Academic Press, Beijing.

Yaghmaei, L., Jafari, R., Soltani, S., Eshghizadeh, H. R., & Jahanbazy, H. (2020). Interaction effects of dust and water
deficit stresses on growth and physiology of persian oak (Quercus brantii Lindl.). Sustainable Forestry, 41(2), 134-
158. https://doi.org/ 10.1080/10549811.2020.1845742.

Zilaie, M. N., Arani, A. M., Etesami, H., Dinarvand, M., & Dolati, A. (2022). Halotolerant plant growth-promoting
rhizobacteria-mediated alleviation of salinity and dust stress and improvement of forage yield in the desert
halophyte seidlitzia rosmarinus. Environmental and Experimental Botany, 201, 104952. https://doi.org/
10.1016/j.envexpbot.2022.104952.


https://dor.isc.ac/dor/20.1001.1.23222727.1402.12.56.8.2
https://jispp.iut.ac.ir/article-1-1826-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1402.12.56.8.2 ]

AAL) ...ﬁ})&@ppﬁak‘f.&)dﬁdhd,‘fgﬁﬁhdw)j._» O Ken 5 ol

The effects of plant growth promoting rhizobacteria on the morphological and
physiological characteristics of Haloxylon aphyllum under dust stress

Mahmood Najafi Zilaie!, Asghar Mosleh Arani*?, Hassan Etesami®

! Faculty of Natural Resources and Desert Studies, Yazd University, Yazd, Iran
2 Department of Environmental Sciences, Faculty of Natural Resources and Desert Studies, Yazd
University, Yazd, Iran
$ Department of Soil Sciences, Faculty of Agricultural Engineering and Technology, University of
Tehran, Tehran, Iran
(Received: 10/12/2022, Accepted: 07/03/2023)

Abstract

Increasing concerns about the phenomenon of global warming caused by greenhouse gases have led to increased
attention to the sequestration of atmospheric carbon dioxide in arid and semi-arid ecosystems. However, in the desert
areas, stresses, especially dust stress, have made biological restoration operations difficult. In this research, the effect of
plant growth promoting rhizobacteria on the vegetative and physiological characteristics of Haloxylon aphyllm under
the influence of dust (control and 1.5 g/m2/month) was investigated. In the conditions of dust application, the
Zhihengliuela halotolerans strain compared to Bacillus pumilus increased total chlorophyll (236%) and decreased
ascorbic acid (75%), soluble sugar (53%), and catalase enzyme activity (65%), respectively. Under dust conditions, the
B. pumilus strain performed better in terms of total phenol (52%), proline (66%), peroxidase enzyme activity (79%),
and total dry biomass (108%) than the Z. halotolerans strain. The results also showed that both bacteria were able to
reduce ascorbic acid, total phenol content, proline, soluble sugar, catalase and peroxidase in Haloxylon aphyllum, which
showed that the use of plant growth promoting rhizobacteria can reduce free radicals and thereby prevent damage to the
plant. The results of this research showed that plant growth promoting bacteria isolated from saline pasture plants can
increase the seedling quality index under dust stress conditions and can help in the afforestation of Haloxylon aphyllum
and the promotion of carbon dioxide sequestration in climate change conditions in arid and semi-arid ecosystems.
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