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growth and some physiological factors of tomato under salinity stress
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Abstract

Mycorrhizal fungi cause plants to withstand environmental stresses. This research was
carried out in order to investigate the effects of mycorrhizal fungus (Glomus versiforme)
on tomato plants to ameliorate the salinity stress. This completely randomized
experiment includes salinity (0, 4 and 8 dS m™) and mycorrhizal (0 and 5% w/w)
treatments in the research greenhouse of Urmia University in 2017. Morphological,
physiological and biochemical characteristics such as plant height, root volume, proline
and malone dialdehyde content, catalase activity, electrolytes leakage and content of
soluble sugars were evaluated. Plant height and root volume in symbiont plants were
more than the control, significantly. Increased catalase activity and proline and soluble
sugars content in inoculated plants indicates reduction in stress damage due to salinity.
Also, electrolytes leakage and malone dialdehyde content in symbiont plants under
salinity stress was less than the control. These positive effects of mycorrhizal symbiosis
could be due to physiological impacts such as cell turgor control and osmolytes
production and also due to morphological characteristics including root development
and following ameliorating effects against salinity stress.

Keywords: Catalase, Malonedialdehyde, Mycorrhiza, Osmolytes, Tomato

* Corresponding Author: j.khara@urmia.ac.ir

Copyright©2019, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and share it
with others as long as they credit it, but they cannot change it in any way or use it commercially.




FHTY donio OFAA Ol ol Silod con33l Il 0l gl LS palidiony 5
WAVAV/YY tdllie 3L s )6
WYY 1 S5l g 56

WA FNF Gl 5 gl

Jolas B 9 wby 53 Glomus versiforme 3 jakae z 36 b zwili WG
G300 (S paxes ol iglg 3

Toalisle 003 ! Hs o Sl 3
[)lj_\ M.:ajjl cﬂ\.:njjl a\iidl: c()l& 5 USCisls nwu(;.w.l) u);‘

Ol ! cage s ) cage s )l ol (55 5LaS” 8aSCtsls ¢ SLel o 5"

S

ST 1 S S n 3Ll Coaglin  amms (Lo 225 4 i DALS )3 515 S0 (slag B
a5 (S e S oS (5558 25 BT Al s Glomus versiforme ,, Se 7 )6 s jor
GO 5 e i) 3 A 5 F o e an L) 6550 Jele 53 sl Sals” A B
Pl Y48 Il 5 a gyl ol GLains G157 55 (553 s> gy 5 o Slie 53 L) 55580
Ao lsome caty s o olS i) ol oo g 5 S05 05 58 (LB S, o S hs Al
s Lol e Glads (gl smmee 5 Lad s 2SN s 0o YIS Cdlad cdaa T (650 e
25T dlad 53 s s 1 i (513 gme ) sbty S b OB 3 4k 5 o 5 0lS 5L
O Dl (RALS S0l 2B b o jen DS 3 I gloe ok 5 s 1 (s gmn 5 SYBIS
23Sl s sbay LAl (630 e (sl smmn 5 5 S ot ¢ oo ol g ar QLS s
San S35 e o e BT s gy Aald 1 20T (650 G 0 e 53 S jeb OBLS
wile (gl 5 BT omen 5 b pol 5 (Jobor wleT @lats Aile 655050 58 SBT ¥ o
sl 25 5 S5 53 Sote LET 0T lis 4y 5 olS 4oy ey

520555 A lT (630 e ¢ K e 58 VOIS (sl 15087 SlBCS1S

CPPFVAFYY V0l 6yl o khara@urmia.ac.ir 1S5 Sl oy LS 1 sme 65,

Copyright©2019, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and share it
with others as long as they credit it, but they cannot change it in any way or use it commercially.



WA Sl el 85l ozl Jlo 01l (AL ity 5

\§3

ol Al e B ST g S g dlax
Lilps 03 O ol (515G il g8
SR Jle bleiy s lad Ol 5 S
ST zslie 55 Aol b awlis 5 ol gl
(Beltrano et al., 2013) .wS™ .5 o LSS
355 Oljn oS Gad sho & 515 e sz,
S 5 S o 3585 Do ST 3L i
Il ot £, 2 el 5 1 T
S Sdie 5lsn (BLOL o 6l (S A smsd
S 4 o€ S S LS 5 5 olE 4 S
CoMw 5 Ly LgT sl 3 opl s s o LS5
Sl Lzl ol ol s e 3 a1y kg
BT S B - S RS F A ST
o) (Oruru and Njeru, 2016) X,ls il
@Me pole e 53 o8 U5 55 L oz 5B
S daw 4 &GS (Malusé et al., 2012)
cJle Las (Giri and Kapoor, 2011)
=151 (Rabie and Almadani, 2005) s 5T
o130 5 (Colla et al., 2008) Jsé, 18" cbls
it 3 s B s ol feos
Iy ol As, 5,5.¢ (Abdel Latef et al., 2016)
Conl odd iyl s Gl tdish o sl
Piriformospora indica ..l a8 3,58
S SLS 5 e a4 ol e o e sdle
(OB slacia b pnly 5 s e 15
glas 290l oS 55 1y osh A5 LET rals
ol 3l s o Tl ol e S
S S5 g 4 Cuglie WL Ll zob
2 SaSata siba by gails oS ol s,
(Khalvandi s 5 5 bys OTL LT Ll 2

e S alie Liasy 5o etal, 2017)

.

dodio
S ae B2 g folo ) b Sl
1y 2l ol &8 Llolgr o 55 DY peaee
(Kafi 545 o0 055 cpeded deo s Y0 (5 58 i
3 s la ) 3 Ao,y caa et al, 2015)
35 Jbl ool & Az (5555 55 na
5 Obwgds (o 3 e Ol (Sle Ck“ 33
2l 1y s Gl deys p i OkSTL
Frags a0y (i oS g plb Asy 65
5 Fest (ST ST GlaeiT W ol
(Kafi s ls ¢ Kt 56 (65 s saala&,
5t SasewT gl et al, 2015)
ST oS s s Vsamn (5555 395
Sl s Jge oS Cble S Wik
s (Kaya et al., 2009) 4L oL Hlew
bl oo (e Sl Gl 5)5leS
oS m 0T ol 5 sl 5 slaadl 3o o ol
) sladl 3o (gl oS sl Ojl5 5y ST
Loadd 30 2165 593 5 S gn b (53 51 ST
SLOjly 5 S sbosle o8 S ol
Ty 5 ded Sl @S 3L 5 plend
Sy G Fee S o B |y aady ;) LS
b opd A5 Sl Liy 2alS (5)sh 4 ol
B Ty N I
Sl L i 8 )8 e b wsy ce
ORIl sk o olen (g 0y S Uil
fglin 53 S o OBLS 3 S5l 5 jind O
Slr 68 ke Sl (Sae 5 dals L
cnl (533 2 AL o jon OLLS $ sl )5
oS L 55 Coaall ey ole uls

J.&)LSLAQ)A)}A&L:J@WM}M))J)M



Yo Gosb 25 93 S par £ oS oS5 g 53 Jelse 5 4 55 Glomus versiforme 5, e = 6 b il 3G

A S el DS Sl 55 (e b o
Sdady S 35 0lE 55 L OllE oK fuls 1SS
5 dn gl Ol s eSS s ol Cuta
L) ol 05,8 Slidow glaoltylejT
oSS Gl ey obe ez ((uls paged S
05,8 oKalsT 45 &S & gel izl s g3,
OT Sl a5 &sd opl oAb )y owlsS>
RT-2 Jdo) S 51 o 53 35 b= go )
95 Cele 93 Sea (0,1 (Reyhan Teb 5™ a
e s ol 318 Bl G s YN (cles
Sty oS s eds bzl S
Uil s 5 Aoy 48 U1 L s S sieds
S AS Cds S b b e le Yo kS 5 YO
K S Galis OT Sl e b aibe, S
Ly S ool Al e b oS gla g s oS
OIS sl JUsl Lol 4 W g ols osls
sl A e Olen 53 (s job Sla)led (g5l
0348 L il 58 B 3 ey b
Aigh e a5 Ao dloaen oKsLT e
BV er spd ool el Lo clalis JUst 1 3
4 G593 0 Ol p 8 a 53 sl V00
o ok Db‘}r&‘&egﬁjob}_}é‘ Lol oSl
S B LSS Gy 55 a Lo (cals
Yo o 5o s LT o ¢ Seny lalis
2o A 0 F 6osh slales (S s
S8 sladSlay I slo b (LT &y g0y S
b o8 Dosen S5 ilh . Lus Jlsl
>y Yo LY O o,u:v:h; by 5 looes
Gl Ao s A BV s Cogby 55l 5 sl

() JS8) Ls gal 3 SIS s OlaLS

(ol 551AST| 5 (55 25 Sl O L
Sl BlST Jale 1) oSS b e e
(Abdel Latef and Chaoxing, c.ulods 5 s
2011)
Sy s e 55 Gosh Joos kT
VWO ¢ se i yls 6l s AD ¢ gy SO o S
ol 03 s Sl el el e e e
sl el 51 olem 53 HIs gme S ¢ polas
Liy 4 olE Lol s sdalive dals b auslie 43 i
(Talebzadeh et al., 2009) sls aslsl 54
e 3y sl LOS S e (S S
Sosd 4 Caslie SRl 5 del &S, ST
la g lew 5 BT 51 & 5 4 S oSl .o
53505 s B Caaglie 5y 58 AT e
S5 el sl Bk e W
(Rabiei and Ehsanpour, 5, » i 4
oslenl 5o Lol iags 5l Coda ol L 2015)
sl Glomus versiforme ;S zob
(S e £ oS 55 (6ysh A i BT b
385558 Jelse Fn 50 5 Delvar o3,

Jy&f.h”"ﬁ))d.”}u@.)

by w9y 9 3lg0
NSl 58 08 Sl wsp Glp
> s Soss s Glomus versiforme
SNpe S &S s S5 b S
S Delvar B (Lycopersicon esculentum L.)
Sopeh SR el Gosh 4 pslasded
sl 33 b olad Il 2 b 6 s o, ST
33 o3 iy 5 e SMie 53 L) s Se 2B
A s ¥ oGao Hldae 4w L) g0 5 (S



WA Sl el 85l ozl Jlo 01l (AL ity 5

¥

(G o) o 5o O3y 9 (Cnly Cam

SE Jlome 5 b byie updacs 05
e 355 o podaa o Bl sl Oyl >
A0l ol o s Cole ¢ Siden Lad
Ale Cub 5 s 0Ll 62T &K, b s esls
f T S bl s 2T &) o Sl e
@lol gl & g 2l Ao ¥ oy Ldd esls Hl 3
J.;.::,'u};u.uuo;jra@g};udg.m
3 pape sl S b2y S8 )L
S 5 S2100 Jue) e g5 Sl L 0T ods
st Y zpdsb s (0SS Biovawe
Syl §ged gl ke OT jldd 6,8 o100
J1 e den &8 As oslatal Cde Ol 05 5 40
s g0l | ol OT s adiisly
OLSer 5 Zhang sy L YLK CJle
STy 0555 sdalin oy ulal 5 (Y01V)
Sl s Y0 (o5l 2SIy bogliee T S
Ov /P L pln PH L Y e e 00 Dlaud 3L

5 ozl Al 3T BabGE, bk 2l S

-

) S b Sy gty S5 I > (K per 5 olS ) IS

bas (s sled sl 51w 5oy ¥

@ gyl dsle LSy Jalge 5 il
b e &S5 558 Sl S s 5 4k s e
S ekadlTesodle Slie GYBS o5T
el (Jslme GladE 5 s e S
b olS gLl . Ls (5,5 o310 g se (sla b,
gote Blgal b oS o 5 Gds S Ls
boodsgy clle s o8 el A e
Li dewloee olS 5 05 bl 3 Ikl Sls gl
» S x5 oile S 0 (Bates et al., 1973)
NEIP\UVSST VUM LS W | WS DU i WS
Sl e ¥ 4 Olo ails o b b gl
5 JLdE ol Sl 2 oo ¥ wokbiags 6 )luas
S5l s Bl s 5 o jme 1) e ¥
i gl el bl SO s bayles den ol
Pkl i e Yo aoa s e
VOY 5 JLwdE ol Szl 2 oo ¥0 L Y 5



1% Gosb 25 93 S par £ oS oS5 g 53 Jelse 5 4 55 Glomus versiforme 5, e = 6 b il 3G

5 Al 2 ¥ e 100 (gl 5 L
Vil 5 055 8 2 Jses S e
MDA = (Asz2-Asoo/155) x 1000 Y il

3 s 5l Jsleee saus (o, S5l (sl
Sldie . oslizul (Fales, 1951) dwl ¢S 54 sur
1 (’Jf 0 Gy Ao Ve dgbl 2l e Y
b adu, ke s gl el e bk
OLas3T (gl bl d 5 Lud ates bl J o s
doie 53 wis & Doty Jylous (lanti
sl cada 65 GBS Gl e L (6,134
33 a3 Fron e L aids Yo Ot Lo sal
sobae I md e Ve 4SS § 9wl 4dds
O J8 Ade V s s b iy o)
OT & Lls ol &S0 55l g 2 s © 5 o
bl s cwlile 8 Sada J5STy ol s $Ls|
Jsbee (o fipds 250 plil JulST bl
Cele ¢ Sdon S LT Cs 4 Kje,s
Koy Sdi e L 5m oibeT s
Je) PD-303 UV e 26 5 2Scusl b coka T sy
z3dsb 53 (0SS Biovawe =S5 ($2100
Loyl Hlsges s (6,8 o3lhl 2 46 FAD
A Sk BT X O o ekl
Ay S I8

Glosls LT s 1sbl ko
Beus SAS lle 5 L (ledT 51 sdaTss
S e 5l s sad ey (sl 5 i plnit 4/
5 SKile dwlie gl 5 YoV Jle Excel
T2 3 Sl 5 oSOl glaselsir 05037
A eslizul Ao s

Dy ey VLS 05 e /)
FUYF Zaad b 5o LS 05 falS
S el IO b sl
sMao ps, L L Lus e b glacS
Seh e S S s (V) oK
YUY Sesojips ST b siand SU Y Sl ey
Yo s S haks 0 (ilsT Uy s caids
54k ¥ Sdeas 5oy Hl 3o s O o) e
SO Colie s 635 oa JLES 4iSs 0
S 5 HI2300-02 Jue) ze EC oKows L
K S ol s s (Ul (Hanna
Sdets G le3T glad ) (gl gms OLLE g2 51 e
Leds S i 5 T Cows 4 adds 10
V- N KT FY-N WS E RGP PPy
o Sl wadlTesod o Selul sl
31 eS8 +/Y A eslizul (147A) Packer 5 Heath
Sals S 55 ke 000 2S5 il
Lol)sen i sdule dsys V (TCA)
a3 53 > Frer e Loaads V0 Sdew
Centurion 5,5 C2041 Jus) ;s 5ls
Foiass dstomn 51l e oS5 4 s (0L
Aol Sl g IS (55 sy dloue 1 s
BLol Lo ys /0 dewl K su)lisd g Lo ys Yo
ST plam 53 425 ¥t Dats o god s LS
s sl o8 Sl b s 4 gl L e 8
aady Vv Odeas 9 LAd > &= Ol )5 b gas
23 LS gy Sl 4285 53 593 Pt S
oo 5OFY zsedsk 53 5 bdsai Sl (ulgs

(MDA) waddTg50 sl O jn .l okl 55 20 3L



WA Sl el 85l ozl Jlo 01l (AL ity 5

YA

Chay I i Aoy TP 0SSk s
AoCosh 03 i Dy SRS d
US| S son DS B ey s § g
Ay oo B 55 s gae DglE (il (¢ ra
LK1, G, versiforme U (g8 s job
g, 2alS 5o o) 5h SET Jials (gl amle

¥ ) asl (Kjper £

el
poy S sl

By gl S oph A ol £
B L e b L (S S
Lot gLyl 53 1y (5058 AT (giie BT 32,58
Soss et D9l Cows o OLAL_.? sl u;uLf

W a
£
-,
2 b
..
.
-
.-]l F-
— ¥
T
A K
FJJJ—;

B ol

SRy
c
b
d
¥ soas M5 e

o dSoph 09 Mals lad) Lo (5550 1 S5 pr 5 oS gl )5S0 B b G sob 5 (655 Bliza LET-Y ST

M . - /' - . . B - B3 . . B -
Sl il £ 1SS Sl ke 3l —(a py tes s (3 A (6555 D) A (S8 5 (o eimss o B (550 5Le) F

iz Sls G 505T alal 5 P<e/e) g 53 I ime S5l SIS Ol e slite Cop i

dald b awlas 5o o5 Hled b glaade
Ay e Gosh 53 GRIB ol s i S e
Vosd 055 doys N0 e e (o

.(\"Jg.’;)bﬁwjbq‘ﬂjw@ﬁ)'wb

A Gosh ol ragh 5o iolS Ay aee>
r.?o-ﬂlf)} ‘_g)bd'du J:.JUJ:"‘J"M)J"’J
Q}A)T LJ’“L"‘J" Loy g‘_g..:_ cb.u B ol:? Z':ﬁ’.)

(s o OLLE s (1 JSK2) sl Ol STl



G 6)}.1J.:Jpﬁ;@feﬁ&jgﬁgJ.«\}p64-,.,.x;:,),;GIomusversiformeJu_)jifG,Gpc,wjgt

Q.
B sl O sros5en
a
a

a.. |
4 b >
S oAes o bc
]
’_‘% [o
oA |

ve.

Ve T ]

A S Foosms A

Fosholed) ¥ (6osh d(6)ss Doy dald L) o (555 1 Kb 8 ol Ay ooy s on 5 6050 T Y S

. . . - . - . . . - . - . N
Sy s e Bl ol 1SS Dl S0ke palin ~(e p iar) (3 A 558 D) A S5 5 (o p e (oo
RUCCHNY Ogi\: Ose30 ol Py ch,ujs Sl sne O las SOl (o gline

2 Spr S oS s eaTsaogl
O e i) o2 A s B b
Ll 62l ol dals 4 Cos T o305l
Li5 odalive (gyld gae gl ()8 cb.»)b O
SRS 33 S jer OLE (e () Jsus)
Loawlie 55 g8 dadTeaodle )ss
3 SlE ol s ST S (6558 e DS
() Jsda) 59 55 gme (658 Hldas 95 a
Salp 95 5 e Sl Bl ibewg g ol
A s Foslles s ey S s Ol
SLlis o A 80l 55 e p petes g
gl (V Jgir) ol s5lnSTt 25 G  (J sk
Sldis 53 ,a 5 Glomus versiforme b s 5 5
D dals b oawlas 53 Cid s gme falS i

Q\ J)J?-) ol ol g0

O399 38 Jolge

2 85l S el s e g Slgiow
Soxe S 00 & Sl sk (gieml oS
OLLE 55 0T Jldie 5y ol 5l 63,05 ol J1E
23 Bl gy 53 S ey Goph A
o isd A 9 T alie 5 gosd S Ll
33 1B Gl bl 3 S e e
b odalin oS (slacS ol Ol 53 641
el gnT ol Caonl sdasOlis o7 (Y Jsds)
sl GRIB s Gosd S JRS 5 Sl
Sbsles )3 Goss polie des yls Jekug)s
Aals QLS L (sl sme ol (G b o jen
Ol aaldl azals blas (gysd polie o
DL b awlie 55 S s LS 55 oy,
Cbls v/00 cla..u 03 Gl gme Sl dals
Y Jgus)



WA Sl el 85l ozl Jlo 01l (AL ity 5

ﬁ);:a@tsbu,;,@,zJg:,;,'yquw,uq,,&nwg%,a.ul;;g,su‘oguﬂm—u,.@

+A 5,55 +F s Ao Gss Ao P S5 s
D
GusSed g6 GosSed b G o6 ds/my - (ds/m) Jr
J:.c'v;n
(ds/m)
RALY
5/0v° 5/Yq° 2y /08 /51 /Y v/FF8 ~
(505305 2dssS)
c c a b b a “\?’“’U ! ‘5°Q3"L‘
Vav/oY YA/ Y \OF/5F YASD Y ARAY NV _
(505305 2dssS)
d c a b b a R ..
Y/ » FE/TY YA/ VY85 sary ¥ (o)) ey S et
VG o 5T e
J o -
Y5/YAC Yy y§/£420 Dyassn AN VEPAD r

(505508 paids 5 ly)

Az Sl Ogo3T sl 2 P</00 el 53 Sl gme o3l 508 0Ly ¢ sline Gy 9L, Sl ke ¢ slae

Golsgme LIl Cawjen OLLS W, s

ool il Gl (Sae OT s 87 s otalis
(SMith sl a2y ) g da 5 Lol 12 ole
Jelse Sl ads,y dawy 5, and Read, 2008)
s BB oS Gnsm 0315 dler )l il
Wl ol Glalsmsm p AU L oK slag B
oSV 5 S e Ol G135 ABA rals
Slr thisber o 1y oS (Slatyy ot dauy
oS bl 51l ol Kaags 31 goldas (g
NS 5055 B L e jen OLLE s
s 5l (Giri and Kapoor, 2011) Lles S
ST osbdal mis b6 glhan, Ko
ol 311 s ol o plonsls glaclind 548 J>
Ol dpeda caly)y ez A1 Aas e SRl

{(Etukudo et al., 2015) Coul 5 Shos 2ol 31

Sl gl g8 VG 3T Culled
35 8 53 Ghalpl pl s G 1) SYUST 0 5T
Sl sme Salis als b o5 ows A 5 F It
Cils oSSls 05T bl o s o= ol o
S 55 5T ol Sl (s () Jsi)
Glomus =6 b Cajor Spar & olS
ler 33 G0 e jea 3l 0lis versiform
Jadr) Sl oals 5301, VG Clles byl
QO
BIYE VA S TSP R 'Y C T L
L A5 e 5 slsles s sl glads
Gl (gl (pummen (P SE) A e
235 S8 Rl 5, 20 g b J o
Aald Loyl gme Sole (g8 polie Ao

(P <o) cils



i Gosb 25 93 S par £ oS oS5 g 53 Jelse 5 4 55 Glomus versiforme 5, e = 6 b il 3G

Boal Oy, sSe
W - b
3
) .
g\ d
-2 5er
3 ) ;
\\:1\‘ oo |
-
Y C
\\11‘ oo |
-
-
7y
Es)
-, Yeour
\ -
T T 1
e (S Feoss A yss

Aals L) o (5555 1K par S olE 55 gkme SUaE Oln 5150800 OB b (o 5 (5558 blime BT -F JSCa
e 5Sbe ol (e s eiass swd A (o5 Sled) A G55 5 (Gin e (503 B (6 555L) (6555 (6555 D5k
s (S5 05031 bl P70 Y b 53 5l s 5l 5AS Ol D glite Cop o kied Slme Sl il £ 1SS

ety Sloas 0355 5 oS ol Gy
Ske0srs sy S 4 rea 4,E
05 slee b Colgyn 5 Sl ads e OLLS
el PHIEY s Slgmms ol 3l ProDHL
ProDH2 &5 ols J =85 555 Ggm 3l 2358 oo
(Chunet coalons i)l sys8 L5 51 5 5
al., 2018)
o Bl @b S5 s 5 sl S
el ads Blgii Gosh AT ) B6 s
S o S Sl Jge losle (odsn
Ab ol (Il LLT hi (el
nii)s 5 T cleb Loy Sasas
sshp e |y e bable I Cbls

s 21 s, S (Ashraf and Orooj, 2006)

2> o s p Shle GnI s s

p—é—ﬁﬁ“ewﬂé‘*‘fﬁﬁﬁéjﬂJW
Bah e 03l S (Gogh RS L ablae > OT
Llos g OLKaasn
A' 5 (OAT) jl,iusl 5 gl i ysl (ProDH)
(PSCDH) ;L5555 oS 5 S —0- s
Azer sy pedple 5 GulST 5T an

oRIF s Jsl BT Sl el i

B TPRW NI

iy 5 dlodd o |y paw 5 p33 Glae 5T
(Monteoliva et b o i3l o dg s (sl ses
05 > Arabidpsos thaliana ;> .al., 2014)
O Ol Lleds aslis USe,das sy
oo e s Sax a5 5l ke ProDHI

b odon 2055 szl Sl (Jleds)s



WA Sl el 85l ozl Jlo 01l (AL ity 5

Yy

PSR 03 ;I LaldT 650 I Sldda

L ¥*\\ JL ,5 Chaoxing , Abdel Latef
S8 oS 55 dadlTies0Jle (5,505l
7055 Gzl LS Ol dals 5 e jen
ST 0L slie o 1) aldT g0 e j2als
GIMLST AT g o A5 ke
db e S Uy & osh Lsdpe s
O serldenSTT 53 3 gdoesli Ul b (ROS) 038
Sl (S o3 g e aliies I b 515
(e Hisd s d gl s5ST Cy A 4
Khara s Rahmaty ., 5l edsTonsa mb
33 LA llT0 Pl Ol e SralS 5080l (Y+1Y)
035 03,5 A5 8 me 33 S50 S 5 OlalS
3 eS| 25 Gy fSn X357 0Ly LT ol
5 Sl o3l 2l 1 0581 Jb slaa S W g
S8 QLS )3 s Julse ol Ol
e yd el 03y S OLLE Ll 4 Ced
SalS 0l ol s walTeso b Ol
OL&es 5 Enteshari copl » 03580 b o
e 03 S8 Ol DS 3 55 (YY)
Sloms OIS ool 53 Wl (4 Sosd ST
el 208 OLLE L 4 s AT 630 b
ke sy g e 25 53 ROS Ll
Gl IS Cl S b e s Ll 6l
03 Sl
OISl =T ri}sT (Al-Hassan et al., 2015)

Aib L sa,lS g5l
e - R TP SN RO V‘J"T SV
Ose mil ol s JW o sTeS)
ﬂ)};)’ JS@ dv\:-)r.m\) J.:“s‘ﬂ
oL:.? BL j}!t?lf &J}T Q,.:Jw U'i./':‘:‘?-" ‘J"l’-

5 din Sl e Soes 3
Lyls 505 OLLS 5 Jasee gla i 4 i3l
(Al-Hassan et al., 2015)

(Y+10) Ehsanpour 5 Rabiei ¢ sl » osdMe
Lo odan Ol SSper S s a8 I8
o ()13 grn Jsboar L IS ke ke )31
53 0T Olje o5 (p5b 4 il Jhll el
s oS Ve e 0 L bl
P Ll KU 4 s (513 e
3 Ve de WY 5 A4 b eSS bl
Msgme RIB 5 Gda s Ol «oiS b
st ool Sean s Ol 131 el
s B 53 5,8 slag B sl b
2 oalie Ghags 3 Ak oS glad e (6 el
oz A5 b b S par S Oglize o)
A R K S PR PP P
25 ods, cble (Syed Ghias et al., 2011)
SogB b T jen DL 53 A5 4 el
3545 Gysb e Slize WY ST 5, S
A Slan 03 5 SR by S
) 03 dap oS e s )18 0T el
b s A5 S EE Slde galS 0bLE
O s 5 OBLE ol e bl Ay
(Auge et al., 2007) das o

Sy eele el wadTsa0 b
sl &8 Gl Lis gladd O gnlalST,
(IR G R K PPN W S RIS
3 Gl 2358 o 3wl O3S 31T SIS 5I,
L8 SNF sss b 3 Sy LS

29555 3l T slie @ gl o



ad Gosb 25 93 S par £ oS oS5 g 53 Jelse 5 4 55 Glomus versiforme 5, e = 6 b il 3G

6 & WS slgiy 0LE b s 1y e

s g e A5 Lol 5 53 QLS i Caaslis

Clelond
oS 5o 1y aiy slaetls alS ()50
SRR sk xS S
ST s 5 aadTesosdbe 5 e, S
S 5055 Sz b e (558 O e
od 4 65,58 s Sl bl e
SR 5 3 ool dde HUT 4 a5 L &S Wy 0
3 S S oS hiy dan g 5 IPIL ol
Jolse 5 b Gl g5l | NN
Sosd o5 e BT zals 5 i 6T suals
SIskiS Caeal 4 ax g L Lyl gl A
S p & ool 25 Gy el Glis o S|

.;}j»‘_gla}ijex?}::\;:ﬁja\):ﬂu

Sl Rl
OIS, 5 OV s 1 D8, bl s
9 dw)ﬁ C,.’L’ 4::.4))‘ a\i..f;}‘) db@u‘.} w)ﬂ

&b
Abdel Latef, A. A. H. and Chaoxing, H.
(2011) Effect of arbuscular mycorrhizal
fungi on growth, mineral nutrition,
antioxidant enzymes activity and fruit
yield of tomato grown under salinity
stress. Scientia Horticulturae 127(3):
228-233.

Abdel Latef, A. A. H., Hashem, A., Rasool,
S. and Abd Allah, E. F. (2016)
Arbuscular mycorrhizal symbiosis and
abiotic stresses in plants: a review.
Journal of Plant Biology 59(5): 407-462.

b om0 055 b sdiimdls (S jper
S el ST SR L )5S slag
SN 1wl gbadle 51 S
' » (Ashraf and Orooj, 2006) —..l ROS
Sy AS (o Jos SV Sl 5153
N T ST W R SISEPRTS
Sy tlots plol Caliee OLS s lagy 5T
Sl ol YNy Jle js g Eagh 55 (4 gel
Lyl 5o S 5s W 5 5lansT,
DT als 5 5058 laz b s L 25
OLKes 5 Kafi (poen s 5,18 i
SelBl Goss A5 LS ol (Y40)
ool 0T JUs a4 5 biga OgmldnST,
Calien LS )3 1) dh glid (5ol asls
5055 Gz b (g ses Al 58 0 el
sdisl ate HBT Jlisay bzyB oyl sls Ol
Lol s (S lad e lalis o 55 el
B 03 QB 53 g Sk Dl s Lsd e
DALE L awslie 53 Coms jon 20 (slls 5 25
Sl Bl (St A pejer O
(Valentovic et al., 2006)
o L SR ORI Py
DL 53 1) 28 4 Jaoss Ol e 5 homn (slas
(Sadeghi and  Wles S i 18 Cakies
< Lle Shekafandeh, 2014; Amirjani, 2011)
San s jon QWL 3 e glas sl
Soxh 4 Twglie 5 S 5e (Sl oo Jdsa ol
5 (Y009 o, 5 Subramanian ..l
25 bl salin b (K fer £ alie e
055 OB GLeS 55 e slans
b5 b cals SlE 4 co (Spar S



WA Sl el 85l ozl Jlo 01l (AL ity 5

Y¢

Al-Hassan, M., Martinez Fuertes, M.,
Ramos Sanchez, F. J., Vicente, O. and
Boscaiu, A. (2015) Effect of salt and
water stress on plant growth and on
accumulation  of  osmolytes and
antioxidant compounds in  cherry
tomato. Notulae Botanicae  Horti
Agrobotanici 43(1): 1-11.

Amirjani, M. R. (2011) Effect of salinity
stress on growth, sugar content,
pigments and enzyme activity of rice.
International Journal of Botany 7(1): 73-
81.

Ashraf, M. and Orooj, A. (2006) Salt stress
effects on growth, ion accumulation and
seed oil concentration in an arid zone
traditional medicinal plant ajwain
(Trachyspermum ammi sprague L.).
Journal of Arid Environments 64: 209-
220.

Auge, R. M., Toler, H. D., Moore, J. L.,
Cho, K. and Saxton, A. M. (2007)
Comparing contributions of soil versus
root colonization to variations in
stomatal behavior and soil drying in
mycorrhizal ~ Sorghum  bicolor and
Cucurbita pepo. Journal of Plant
Physiology 164: 1289-1299.

Bates, L. S., Walden, R. P. and Teare, I. D.
(1973) Rapid determination of proline
for water-stress studies. Plant and Soil
39: 205-207.

Beltrano, J., Ruscilli, M., Arango, M. C.
and Ronco, M. (2013) Effects of
arbuscular mycorrhiza inoculation on
plant growth, biological and
physiological parameters and mineral
nutrition in  pepper grown under
different salinity and P levels. Journal of
Soil Science and Plant Nutrition 13(1):
123-141.

Chun, S. C., Paramasivan, M. and
Chandrasekaran, M. (2018) Proline
accumulation influenced by osmotic
stress in  arbuscular  mycorrhizal
symbiotic plants. Frontiers
in Microbiology 9: 2525,
https://doi.org/10.3389/fmich.2018.0252
5.

Colla, G., Rouphael, Y., Cardarelli, M.,
Tullio, M., Rivera, G. M. and Rea, E.
(2008) Alleviation of salt stress by
arbuscular mycorrhizl in zucchini plants
grown at low and high phosphorus
concentration. Biology and Fertility of
Soils 44: 501-509.

Enteshari, S., Hajbagheri, S. and
Razavizadeh, R. (2012) Role of
mycorrhizal fungi and salicylic acid in
salinity tolerance of Ocimum basilicum
resistance to salinity. African Journal of
Biotechnology 11(9): 2223-2235.

Etukudo, O. O., Babatola, L. A., Ojo, O. D.
and Fagbola, O. (2015) Effects of
mycorrhiza, organo-mineral and NPK
fertilizer on the performance of sweet
corn. Journal of Horticulture and
Forestry 7(4): 99-103.

Fales, F. (1951) The assimilation and
degradation of carbohydrates by yeast
cells. Journal of Biological Chemistry
193: 113-124.

Giri, B. and Kapoor, R. (2011) Contribution
of Glomus intraradices inoculation to
nutrient acquisition and mitigation of
ionic imbalance in  NaCl-stressed
Trigonella foenum-graecum. Mycorrhiza
22(3): 213-217.

Heath, R. L. and Packer, L. (1968)
Photoperoxidation in isolate chloroplasts
I. Kinetics and stoichiometry of fatty
acid  peroxidation.  Archives in
Biochemistry and Biophysics 125: 850-
857.

Kafi, M., Borzuyi, A., Salehi, M., Kamandi,
A., Masoumi, A. and Nabati, C. (2015)
Physiology of environmental stresses in
plants. Mashhad University Press,
Mashhad (in Persian).

Kaya, C., Ashraf, M., Sonmez, O,
Aydemir, S., Tuna, A. L. and Cullu, M.
A. (2009) The influence of arbuscular
mycorrhizal colonization on key growth
parameters and fruit yield of pepper
plants grown at high salinity. Scientia
Horticulturae 121(1): 1-6.

Khalvandi, M., Amerian, M., Pirdashti, H.,
Baradaran, M. and Gholami, A. (2017)



vo Gosb 25 93 S par £ oS oS5 g 53 Jelse 5 4 55 Glomus versiforme 5, e = 6 b il 3G

Effects of Piriformospora indica fungi
symbiotic on the quantity of essential oil
and some physiological parameters of
peppermint in saline conditions. Iranian
Journal of Plant Biology 32: 1-20 (in
Persian).

Malusa, E., Sas-Paszt, L. and Ciesielska, J.
(2012) Technologies for beneficial
microorganisms  inocula used as
biofertilizers. The Scientific World
Journal, Article ID 491206.

Mao, L., Pang, H., Wang, G. and Zhu, C.
(2007) Phospholipase D and
lipoxygenase activity of cucumber fruit
in  response to chilling  stress.
Postharvest Biology and Technology 44:
42-47.

Monteoliva, M. I., Rizzi, Y. S., Cecchini,
N. M., Hajirezaei, M. R. and Alvarez,
M. E. (2014) Context of action of
proline dehydrogenase (ProDH) in the
hypersensitive response of Arabidopsis.
BMC Plant Biology 13: 14-21.

Oruru, M. B. and Njeru, E. M. (2016)
Upscaling  arbuscular ~ mycorrhizal
symbiosis and related agroecosystems
services in smallholder farming systems.
BioMed Research International 2016:
4376240.

Rabie, G. H. and Almadani, A. M. (2005)
Role of bioinoculants in development of
salt tolerance of Vicia faba plants under
salinity stress. African Journal of
Biotechnology 4: 210-222.

Rahmaty, R. and Khara, J. (2011) Effects of
vesicular arbuscular mycorrhiza Glomus
intraradices on photosynthetic
pigments, antioxidant enzymes, lipid
peroxidation, and chromium
accumulation in maize plants treated
with chromium. Turkish Journal of
Biology 35: 51-58.

Rabiei, F. and Ehsanpour, A. A. (2015)
Effect of salt stress on protein pattern

and some physiological parameters of
Lycopersicon peruvianum under in vitro
culture. Iranian Journal of Plant Biology
23(7): 15-28 (in Persian).

Sadeghi, F. and Shekafandeh, A. (2014)
Effect of 24-epibrassinolide on salinity
induced changes in loquat (Eriobotrya
japonica Lindl). Journal of Applied
Botany 87: 182-189.

Smith, S. E. and Read, D. J. (2008)
Mycorrhizal symbioses. 3" edition,
Academic Press, London.

Subramanian, K. S., Santhanakrishnan, P.
and Balasubramanian, P. (2006)
Responses of field grown tomato plants
to arbuscular mycorrhizal fungal
colonization under varying intensities of
drought stress. Scientia Horticulturae
107: 245- 253.

Syed Ghias, A., Rab, R., Khan, U. and
Nawab, Kh. (2011) Enhanced proline
synthesis may determine resistance to
salt stress in tomato cultivars. Pakistan
Journal of Botany 43(6): 2707-2710.

Talebzadeh, Z., Mehdizadeh, H., Ejtehadi,
H. and Abrishamchi, P. (2009)
Determination of two tomato
(Lycoperscon  esculentum)  cultivars
tolerance threshold to salinity. Plant
Ecophysiology 1(1): 64-76 (in Persian).

Valentovic, P., Luxova, M., Kolarovic, L.
and Gasparikova, O. (2006) Effect of
osmotic stress on compatible solutes
content, membrane stability and water
relation in two maize cultivars. Plant,
Soil and Environment 52(4): 186-191.

Zhang, H., Yao, H. Y., Chen, F. and
Wang, X., (2007) Purification and
characterization of glutamate
decarboxylase from rice germ. Food
Chemistry 101(4): 1670-1676.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Monteoliva%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=24410747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rizzi%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=24410747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cecchini%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=24410747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hajirezaei%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=24410747
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3902764/

VAN Ol 4(..’.@? 5yleds L‘..héj‘i Ju ‘L.)‘;j.‘ @Ll’{ LS"'L.“;;““iJ

Al




